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pillwsy, and river outlet s~ of 
n ~Pro~ ect .. Montana. i ~i 

General. Canyon Ferry Dam, which is loc.~ted .~n ~ the upper.~reach 

of the Missouri River, east of Helena, Montana, figur~ i, is~apart 

of the m,sourl Basin Pro ect. he stature.  ill a gravity 

approximately 175 feet high with an overfall spillway UtiliZing a 

combination sloped and horizontal apron stilling pool for the dissi' 

pation of energy. In addition to the ispillwayJthere ~vill be four 

river outlets through the dam controlled by four~Jet-flc 

will also discharge into the spillway stil].ing :pool and ..... 

~o supplement the maximum spillway discharge as~well ast0; re~la+.~ +ho 

river flow downstream du .... • 

The discharge from the 

upstream end of a reserv, spill- 

way discharging into a lake, it is not possible..to obtain a s~tisfactory 

hydraulic jump with the conventional horizontal floor inthe stilling 

pool, so the combination sloped apron and horizontal floor desi~ was 

employed. It wa~ expected that a suitable hydraulic jump would form 

on this apron -,:ith the tail water elevstic ....... ~ ........ installa- 

tion. The stilling pool was intended to ( .y ~or ~ 

disch~.:rgds up to O0,000 secono-feet with the t~il ~water level con- 

stant ~,t elevation 3650,00, 

The spillway was desi~naed fcr a maxitm~m flood of 200,000 •second- 

feet. The hi~hest recorded flood was 3.3,500 sec'..~nd-feet ~nd other 

maximum yearly flows have been as low as 5,000 second-feet, ~o it is 

doubtful if the maximum designed flood will ever occur, or should it occur, 



the ~axismm flow will be of short ~hlration. Under these circum- 

stances it seemed inadvisable to construct ~ stilling pool surf i" 

ciently large to function perfectly at the: maximum flood. Instead, 

the pool was designed for satlsfactory operation with flows of~iDO,O00 

second-feet or less with the tail waterat elevation 3650. To provide 

rlo.s above second-feet a 2,1 upw r  sloplng 

placed on the downstre~Lm end of the stilli ~or to deflect the • 

bottom flow upward ~und produce-a bucket ac svent excessive " 

scour. It was not expected that the pool wou 

latter condition but that a partial or rl 

combined with a boiling action immedi~Itely d¢ 

from a bucket. At the ~s 

concerning tall water levels was .lacking. L 

were in progress, information was re 

- to estlmate th~ tail water elevatiom 

charges. 

The model. The model of the ~ original design~wa 

a 1:60 scale according.to figure 2. T' 

lets, gates, and the curve at the toe 

.b 

The component parts of the model were place 

lined, wooden box which cnt~prised the hea4 

part of Hauser Lake D~.m reservoir. Th~ ~pi 

to the sheet metal lining of the box and fo 

for sealin~ the model such that all water entering the model passed 

over the crest with none ].e%king past the sides or bottom. 

I nlti%! test:l. The initi~l tests cousl~t~, ~, of visu~l observa- 

tions to determise the ~de.~ u;cl" of the de:]i~<'l sho~,n on flh~re 2. 

These tests indlcate, i tb~t ~ s~.tisfncto:'y jump cou! ~ he n%nintained in 

the stilling pool for spillw:-~.y :~.ischar~es up to 60,000 second-feet 



with the tail water level st elevation 3650. With flo'~s in excess of 

60pOO0 second-feet, there was a pronounced surface boil orbucket 

action ,.lhich formed immediately downstream from 

sill on the apron. This did not pro~uce anexcs 

in the river channel until the spillway discharge exceeded i00~000 

second-feet. Flows above i00,O00 second-feet,with the tail water at 

elevation 3650, caused the pool to s.~out, This resultec] in a 

trajectory Jet springing from the stilllmg pool and striking ithe river 

bed approximately 200 feet downstream, which ~ if allowed ~ to continue for 

a sufficient period of time L>would hav~iproduced deep scour at this 

point. 

Fig~res 3 and l, sho,v the model erreagement an5 flow :: conditions 

discharges of 25,000, 50,0OO, and iOO,000 second,-feet, At flows:of 

~.,0OO z.nd 50,000 second-feet, 

was little disturbance:of the I 

4A. At i00,000 second-feet th 

4B. This is partly obscured b 

close inspection will revec~l a 

downstream from ~ trajectory bucket which is partly ~hm~r~ ~:'- 

Tests were not made on th ~. outlets ,:,t ~ this 

the m~Sel wss completed, it was decided to rais 

normal reservoir elevation of Hauser Lake to ke 

accessible for periodic inspection. Also, the 

w~lls were not placed in the stilling pool because their only purpose 

was to st.~bilize the pool when the riv,r outl~.ts "~ere operating, and 

since the outlets were not operated, the ~bseace of the wal].s did :not 

have any ef~ec~ cn the stilling pool performance. 

It a'as necessary" to use a considerable rlepth of concrete over the 

sound rock foundation to obtain the 4:1 slope :.~t the toe oC the dam, 

and ai~ce the_ p=~rformance oi the pool '~ n~t as efficient as ~'as 

anticipated, it was decided to ch..n~e the slope of the ~,ron to 6:1. 
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This served to save concrete as~well~as !increase ,the efficiency of'the 

pool without lengthening~ it. The ChAnge was accomplish intain- 

ing the horlzont~Al portion of the pocl~in its original and 

extending the 6sl slope upstreamtowards the ~toe of the damuntillt 

became tangent to,the new iocation of the 50,fo0t radius:curve , 

figure 5. Other changes and addltion-s to thelmod~l inv01ved raising 

the cemterllae of the outlets f~ to . 

increasing the conduit diameter , mg 

the outlet beavertails to~allow ~rge h0rizon- 

tally, placing the~ gates on the .a~e 

tra~llng walls in the stilling ] Ls 

installed at this time were of the same as shown oa 

figure 2. 
: [ 

Tests leadin~ to the recommended Spillw~ Z desi~. Studies with 

the revised model indicated that disch rlz~on- ~ 

tally, without the use of the beavert~ 
I 

satisfactory provlded, there ~ was no, fl¢ 

both the spillway and outletswere di~ 

vacuum of sufficient magnitude f'O~e~ 

to cause them to be pushed doYm against 

certain discharges this condition becam 

river outlet would intermittently flow i 

short period of time, then! suddenly bre 

spillway mappe. Flow ~ould continue in ~thls ~. manner until the a ~ 

beneath the Jet was evacuated, after which time the outlet ije t 

be forced back to the face of the dam. Operation under these con- 

ditions will produce vibration and possibly cavitation, neither of 

which is desirable. The outlets and the spillway should not be 

operated simultaneously except in an emergency where the addltion~ 

capacity of the river outlets is an absolute necessity. This should 

be resorted to only when the river discharge ~pproaches 200,000 

L 
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second-feet. The outlets could have been designed to function 

along with the spillway by providing aeration to'the underside Of 

the jets. This ~ was considered unnecessary because sufficient ~flexi- 

bility Of spillway operation was provided. This :~will 5e explained 

more fully later in the report. :~ 

Study of the spillw~y flow atithe JUnctlon of ~ 

with the face of the dam revealed that the~ spillway 

ing the invert of the outlets and that d~m~geat th 

expected. Piezometers placed immediately below the:outlets, figume 5,. 

indloated negative pressures of approxlmately 12 feet 0f ~ water pro- 

totype. While this pressure was not sufficien 

age by cavitation, it was considered -'..dvi:able 

upstream of the openings to divert the flow over theoUtl~t inverts. 
+. The deflectors shown in .igure 5,~prow 

however, a certes.in amount of aeration 

showed that a vent equivalent to a 30-: s 

adequate. Special vents will not be ni 

the prototype, since it was planned to 

conduits. The ~ir vents, provided for these gates ~will:be adecua~:e 

to aerate the conduits when the spi/_lway only is opersti~ 

gates ~re not ' • nown on =igures: 2 and 5: Figure 6A :shows 

of the recommende~.design ~with deflectors over the riVer"i:~i " 

outlets on the -'-~ '" "" ream. Deflectorswere aot placed 

over the left peratlon would ~have i~en similar 

and their installation would not have added anything to,the ~studY. 

The results of tests to determine the adequacy of the still~ng 

pool are shown on figure 7. The curve labeled, "satisfactory Jwmp," 

represents the minimm, m water surf~.ce at which the conventional ~yue 

of hydraulic jump will occur. The cu~e l~-beled, "pronounced bucket 

action from stilling pool sill," indicates the minimum tall water 

allowable for a particular discharge which will not cause excessive 

5 
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scour in the river. At the low st.~ge :of t,~il water, thepO'~l ~i:d 

not sweep out but there was in.~mfficlent depth to destroy tli e bottom 

velocity whic ~ bad ~m[~le force to ?roduce ;a dlstinct boiling action 

immediately do,mstre~..~m fro,a the pool Sill:. ~-~.~=ure 6B~ 8 md :gA, 

the pool for ' " .... of ; show the conditions in 

25,000~ 50,000~ i00,000,, and 200,000 sec( ~er 

[ 

200,000 second'feet is 

at the downstream end c 

of eddies caused hyth~ 

water the deFth of thi 

200,000 second-feet wi 

if the tall water is ~ 

action from the stilli 

of tlm~. At di~charg~ 

of movement cf bed mT~terial occurred ~mt de~o 

at ~my point. 

1 

the ~l!s 

ed perio  

d .amount 

TeQts !engine to the recommenSed outlet des~am. Studies to 

determine the effect of iischarging the 

demonstrated th .~ mece~sity of providing to 

ilize the flow. 7!it~hout lhe walls ~Jets ..... : 

caused two large vortices to form . which 

had sufficient energy to move b~ ~n~io the ; 

stillinQ, basin. Oper-~tion i r- 

ial to rot~te slowly ol~ the ~ _ .... 

a pe~'iod of tlme, might cause ~rosion of the concrete aFron, As 

originally designeo, the intermedi:~te walls extended to the ~tilling 

.,o. 1 sill, with ~he tc 2 of the walls ~.~% t?~e rater aurl'ace elevetion 

sn~wec %h,-,t the ,%o~,nstr.~,~m &A feet 

could ~ remove'5 -ithout imimiring the cction it, the pool. The model 

with the river outl~t~ ~ischarging is shown on figure IOA. 
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The J~ction ~of the intermediate itralnlng .all,:wlth the iTace ! 

of the dam introduced a potent lal source i Of cavitation. ~: 

design consisted of extendin 1 

wall into the face of the d~ g ~n~intersection 'wh 

changed the direction of flow. A piezometer-placed as i 

figure 2 indicated unstable/flow at the },Junction ~ of the two~isurfa~es. 

At times the flow would spring free Of the intermediate wal,l ~a~IC~ing i 

it to aerate. Other times the surface 

reduce to that eouivalent to the v~por 

type. . . . .  , ~ 

Similar intermediate tra.ining walls were used at Marshall Ford i! 

Dam to stabili'ze the pool when ~ center ioutlets ~ i 

operating. These walls had a 9 

~hown on figure llC. The same:arran~ :~ o 

and tested. This had a stabilizing ~ .< 

the intermedi:~te training walls~but~1 

with the face of the dam I 

water, prototype, indi 

Other shapes of splitt 

pressures in conformity %. ~ 

in figure IiA. Th~s was 

it would have been an exc 

struct. The third splltt 

not curve .up the face of 

as the previous splitLer and was ~parallel • .t~ 

ement mediate training wall. The negative pressures on arrang 

varied between four and six feet of water, ~prototype. These negative 

pressures were completely eliminated by increasing the radius of the . .  

splitter from five feet to six feet three inches as shoe cn Figure 

liD. The positive pressure on t~is design varied between ~two and 

four feet of water, prototype, with no negative pressures present 

at any discharge. 
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rapidly in the high .:~elocity ~ 

prevent damage to this part .oJ 

armor plate for the edge or a 

In view of the difficulty of c 

at the J~ction of t h e  armor ] 

advisable to round the sharp 

indicated that the point for~ 

three-lnch radii can be round in 

0 .~e. r at..ion of the S~illway anti'Outlets. The installation of~•Inter- 

aediate training walls in %he~ stilling acreased the fleXl. 

billty of flow regulation at the' dam. not 

to operate the spiliwaF gates iwlth uniform ge 

nor will it be necessary to operate:ell of the '~ates i~t~one time. The 

two end gates may be opened lslngly or 

one end gate may be different!from the Oth~r. The only 

water level~ the discharge should be 

should not be operated unless the two 

similar qua~titi gure the • flow with thel,two 

end gates operating. 

AS stated previously the outlets~ should not be operated :Sima~It-il 

ameously with the spillway. The only exception~tothls is that the 

left end gate and the right river outlets, or the opposite combina- 

tion, may be operated at the same time. In these instances there will 

not be flow over the operating outlets and satisfactory performance 

will be obt~.ined. 

• , , rl 
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8DLllway rat i~ e~rves. The relation 

on the crest and discharge :are shown cn~fl 

obtained froz the ,~del. by cl 

opening the spilling gates, r the 

spillway~..crest and recording e- 

peate~for various discharges .until ~ the~ entire head-discharge~~ 

was obtained. 

The coefficient curve • shown, on figure ~12, - - 

spillway~ dlscharge, data ..... It~was ~computed from 

where Q wa~.-'the to ta l  discharge,  C"the,.coeffic 

the net length of the crest~ (meanin~ width~ ~ of 

H the total head (including veloci~ 

of the spillway crest. The maximum ~as 

determined from~the model, was~5065o /~ : 

-~ the.top - 
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FIGURE 3 

A - U,d~l Aru.~sn~m,'Tz~ 

n - ,£1~c~.nz.g ,, .',,, Otto ~.~'. - ~.,~. EL,.~al I, TI '.'6L~O.CJO 

CANYON FE3~RY DAN - ORIGINAL DE.~IGN 



FIGURE 4 

P t l ;  

!!~i~'i!i~i!ii!~ii~ ̧ 

A - Discharg* 50,000:5.F. - W.Z. Elevation 36'o0.00 

CA/~I<N FEKRY 3A~ - CRIGINAL D~IGN 
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FIGURE 6 

A - Model Arram6~nt 

B - Dischaz~e ~5,000 S.F. - W.S. Elevatlon ~650.00 

CANYON ~ Y  DAM - RECOMMENDED DESIGN 
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FIGUHE 8 

A - Discharge 50,000 S.F. - W.S. E l e v s t t o n  36D0.00 

B - Discharge I00,000 J.F. - WoC. ~levatlon '.~6~0.00 

CANYON FERRY ~M - RECOMMENDED DESIGN 



FIGURE 9 

A - Discharge ~00,O00 S.F. - W.S. Elevat~on B670.00 

B - Scour eft,.'r flew ~,f 20%000 Second-feet 

CANYON FERRY DAM - RECOMMENDED DESIGN 



FIGURE- 10 

A - ]R ive r  5 u t l e t s  d i s c h a r g i n g  1 0 , 0 0 0  ~ c o n d - f e e t  

CANYON FERRY DAM .- REC0~-~DED DESIGN 
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