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Hydraulic model studies for the design of the Harshall 
For~ Dam. 2 - 

i. X~trodu.ction. When a project invo1:~es the caastruc- 

tion of' %we eeparete structures, as in the ea~ of the initial and 

uiti~te development of the Marshall Ford Dam, many features of 

the first structure must be designed for the m o r e  movere ~dltionB 

encountere.~ in the second. Two suoh features ~n the Marshall Ford 

Daa, outstanding from the hydraulic staudpoint, are the trai~ing 

walls and the stilling pool. Xt was nainly for the purpose of 

deter~ning the best design of these two features that a sectional 

model of the ulti~te development was constructed st the Fort Collins 

laboratory. 

The first plans of the ultimate development provided a 

730-foot (gross length) uncontrolled ovez~all spill~ay| a slph~ 

spillway, consisting of 28 individu~l siphons; and a set of 24 

sluice conduitsp for handling floods. These three methods Of f l o o d  

regulation combined in one structure made the stilling pool problem 

complicated and except for the siphons, pointed to the construction 

of a model whioh would include as much of the prototype as possible. 

The less-than-atmospheric pressure, present in siphon action, ~de 

a lar~er model more desirable so a sectional model on a scale ratio 

of 1:40.8 was built, figure I. It included four slphons, four 

sluices, 105 feet of prototype crest and required a flow about 

equal to the mxinu~ capacity of the laboratory pup.. 
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2. The Mode!. A metal lined tank II feet long, 2 feet 

6-7/8 inches Wide and 8 feet deep was connected by a f~nge to one 

of the 24-inch conduits of the laboratory supply system. The up- 

stream face of the model dam was installed at one end of the tank. 

The model under-structure was a framework of welded angle iron 

surmounted by 16-gage galvanized iron bents shaped nearly to the 

crest outline. A covering of 20-gage sheet metal gave the final shape 

of the model dam. An apron of sheet iron was fastened to the floor 

and soldered to the model under-structure. The flume, which contained 

the sand bed and apron, extended i05 feet beyond the end of the apron. 

Glass panels were installed along one side to aid in vimml studies 

as well as to facilitate photographing the stilling pool in aotlon. 

The woode~ tailwater regulator, which was a gate hinged at the bottoa~ 

extended the full width of the flume. Regulation was obtained by a 

windlass and ratchet mounted across the top of the flule. The metal 

siphons were attached to the model f~ce by flanges. The parabolic 

curved sluice conduits were shaped from cos~ercial brass tubing w the 

inside diameter (2~ inches) determined the model scale ratio. The 

tubes were soldered ~t the downstream end and were held In-place by 

flanges at the upper end. Each tube was provided with a bell-sh~ped 

entrance, figure 2. 

T  RrLIMISA.  DE IGS POOL 

3. Initial Te~s. Preliminary observations on the model 

with the original design of apron shown on figure 2~ consisting 

mainly oi visual te~ts, were made during the second we~k of December 

1936,vers~ rough flow attributed to the siphon jets, resulted. However~ 

the siphons ~ere eliminated from the design before organlzed testing 

of the model beg~, so test lj and all subsequent tests were conducted 

accordingly. 
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The crest and sluices were calibrated individually and 

collectively to ascertain the protot.~e quantity represented on the 

model. Coefficient and discharge curves were prepared fro= these 

calibration data, figures 3 an~ 4. A study of these curves shows 

a reduced discharge through the sluices with flows over the crest. 

This reduction was attributed to the back pressures exerted on the 

exits of the sluice conduits by the spillway Jet. Three possible 

operating conditions were studied; the sluices discharging alone, 

%he sluices azAd crest discharging together and the crest dlscharglng 

• alone. 

4. Sluices Dischar~in~ Alone. Very satisfactory conditions 

prevailed in the pool, with normal tailwater, when various quantities 

were pa~sed through the sluices only, plate I. The remote possibility 

;=:i~=:~ ~ of always operating all sluices at the same time with a low reservoir 

elevation led to further tests, in which an attempt was made to 

determine a satisfactory procedure for setting the sluiceways in 

operation when the reservoir surface was near the crest elevatlono ~ 

Sluice I, n e a r e s t  the powerhouse, was operated ri÷~h a mLinlmum tail- 

water to simulate conditions when opened with no flow in the river 

below the dam. At 5,000 ~econd-feet the jet swept down the apron 

over the sill and excessively scoured the river bed immediately 

downstream from the sill, plate 2. A dentated ~ill was placed on 

-. - the apron. Slight improvement was noted and a complete set of tests 

with v~rious discharges and normal tailwater were made. A di~ .harge of 

2,000 second-feet gave conditions which, slthough not serious were 

not altogether desirable. The return flow on the apron~ fro~ the 

right crowded the Jet against the wall of the model where rough con- 

ditions, with considerable splash resulted. Although the Jet e o n t i m u e d  

i downstrea~ over the sill, very little erosion w~s noted in the stream 

bed, plate 3. Sand w a s  deposited on the ~pron to the right of this 

sluice. Discharges of 3,000 a~d 4,000 second-~'eet gave considerably 

worse conditions with excessive erosion immedictely below the sill 
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and uore eand deposited on the apron, plate 4. ~i%lens were . ,~ .,, 

Three sluices operating improved condltlonm. HOwever~ the i~- . 

provement may not be representative because of %he narrowaoo~ of %he ii*/~: 

.water. A visual test with the two center sluices on the ~del operat~g ,.,~ 

gave fairly good results and it was believed that a a~temat~o o p e ~  .~ ,...~:. 

of the sluice~, starting at the oe~ter of the spillway, mi~t oli~U~s%o. 

amy danger to the toe of the apron. It was also believe~, tha%"~@h 

better condltlonB would ~sult with the .apron deprea~ed in the~g~om ' 
immediately below the 4~i slope in the ~ectio~ containing ~lulces ~ . :.-, 

and 6. The short sectional ~del prevented a satisfactory Inve~i~at~ 'i'~!. 

either of the sluices operating program~ or of the depressed see%i~# " :"'"; 

and it was decided t~ build-a model representLug at leant ihalf of %he ~Ji: 

spillway. Commercial size brass tubing and the laboratory ~ ea~ei~y ~.i~?i: 

made a i~68 ~cale the most desirable. The designs are practically .... : 

completed and the model will be o~structed i~e~tely. ""~:~"~:"~;~ 

5. Crest and Slul.ce~ Oj~ra~in~ Toget.~hA~. ~, :The second p~ssibXo ;"~": 

operating oonditio~, crest and sluices operating ~Imultane~s~, wee 

~tudied. Although the Jump did not s~eep o f f  the apron at %he hi~er " !;ic~i:'i,!~i; 

discharges, the conditions in the .pool. were very r ~ h ~  pla~ 6 .  The ~ ~..-~'-~i.,. 

tailwater .was deepened until a very good Jump fc~me~. Thi~ p ~ e e d ~ i :  '/::~,~ 

was followed in order to deters~ne approximately the :a~t.'the. m ~  " ~';' 

should be lowered to obtain good conditions, The o~IgimaX ~foot . ;,..'..~, 

trapezoidal sill with a 211 slop~.ng upstream face indleated %h~% the ....;~':~i I 

apron should be lowered about 3~ feet, figure 5. When the same :~ 

prooedure was followed~ with a ~f~t i~i sloping trapezoidal '" ' / ~:'' 

inst~lled at the end of the apron, the pool became, rougher. ~d .~4~ i. i" i ':"....'~ 

additional depth was . neoessary to produce a ~atisfactor~ J~p in ~e : ..... "' 

pool. A dentated sill imstailed ~ ~he..ay~---~...c~iderab!~ ~z~v~dl. 

conditions with a satisfactory jump forming on ~e ap~a% ~ " " . 

tailwater, plate 7. 
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Comparative water surface profiles and erosion profiles along 

the center-lime of the model flume were taken, figure 6. The 

demtated sill proved to be better than either the 211 or the izl 

trapezoidal sill. More water was held on the apron and less erosion 

occurred downstream. 

6. Dis char~es_over Crest On l~. The third possible operating 

condition, discharge over the crest only~ was imvestigated. The 

sluices were closed and ~scharges from 4OpO00 to 360~000 second-festp 

the latter about maximum reservoir elevation, were allowed to pass 

over the crest. The pool action (with 2:1 trapezoldal sill) was very 

• desirable for flows up to and including 80,000 seoond-feet, plates 8 

and 9. For higher discharges the roughness of the pool increased 

and the Jump formed downstream over the sill. The sheet of water 

entering the pool swept along the bottom and turned upward at the sill. 

Two rollers were formed, one back on the apronp and another in the 

stream immediately below the sill. The i:I sloping trapezoldsl s111 

gave practically the same results while the demtated sill showed 

co~iderable Improvement. Because the crest is never likely to 

operate without the sluices and simce the Jump does not sweep entirely 

off th~ apron, the conditions encountered in these studies are not 

considered critical. The pressure distribution on the crest was 

obtained, figure 7. All discharges below 360,000 second-feet pro@used 

positive or zero pressures. Slightnegative pressure was noted at the 

downstream end of the parabolic carve for thls discharge. Because of 

the remote possibility of the occurrence of a flood of this mm~aitude 

and because of the pressures for the other flows, this condition is 

not considered critic~l. 

?. T rainin~ .Wall Tests. The maximum water surface along the 

wall ~nd the pressures in the pool (on both sides of the wall) will be 

obtain6d on the 1,68 model which is now under cc~st~uctica. Praetlca~ 

the same time will be required to coustl-aet this model as to alter 

the is40.8 model for obtaining the same data. 
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sills. ~ 
~lu!ces ~ly O~erating. Very gcod conditions ~will result when 

all sluices are opened under e low head and th~ reservoir znd 5all- 

water elevations increase simnltaneously- 

Opening ~luice 1 or sluices :i and 2~ under high headp wilX ~ 

give undesirable action in the stilling pool and cause excessITe 

Bcour  ~t the end of the apron ~nd t~alning wall. 

~so~ the opening of two adjacent sluices near the center of 

the spillway (under high head) would be undesirable because of the fin 

that forms between them when they spread on the apron. The fin shoots 

The 7~foot dentated sill l,as superior to the trapezoidal ..... . ~ 

k 

over the sill and might c~use erosion of the stream bed. Tho operati~ 
...... 11 ~ 

of alternate or every third sluice might improve conditions. Howeve~B 

it is felt that a satisfactory solution of the sluice problem can oLly 

be obtained by :tudles on a modal wi~h more flexibility than the narrow 

one used for the tests discussed in 'this memorandum. The I16~ model 

previously mentioned ,ill serve to r~olve this problem satisfactorilY. 

S_l.ulce and Crest Oper~.ting~ . Floods up to 500,000 ~° 

second-feet can be efflcien%lY handled when the sluices and crest 

operate together. The conditions in the stilling pool will be rough 

but the Jump will alweys form on the apron. 

Crest Dischar~in~ Alone. /A very effective hydraulic jump wi~ 

form on the apron for all dis'~harges up to approximately i00,000 second- 

feet. The pool will be rou~ for higher flow's with the Jump forming 

well out on the end of the apron ~_nd over the sill. Improvement will 

result if the sluice~ are f;et in operation before the discharge over 

the crest reaches iO0,000 second-feet. 

VerY slight negative pressures will @cq~r on the crest for 

360,000 second-feet, pr~ctic~lly zero pressures ~ill exist for smaller 

discharges and the condition is not considered serious. 

 i:i ̧ ¸ 

J .  E. Warnock 
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Title 

All Sluices Discharging - Normal Tailwater 

Sluice No. i only Discharging- Minimum Tail~ter 

Sluice No. I only Discl~arging - Norm~l Tailwater 

Sluice No. i only Discharging - Normal Tailwater 

Sluices I and 2 Discharging - Normal Taiiwater 

Stillin~ Pool Action with 2=i TraT~zoidal Sill Crest 
~nd Sluices Disch~Lrging. 

Stilling Pool Action with Dentate6 Sill, Crest and 
Sluice s Dischargi~Lg. 

Stilli~g Pool Action with 2=i .Trapezoidal Sill Crest 
only Disch~glng. 

Stilling Pool Action with 2=i Trape~oldal Sill Crest :~ 
only Discharging. 
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