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SUMMARY 

The Moon Lake spillway as in the preliminary design would 

not carry the maximum discharge of 10,000 c.f.s. without producing 

an undesirable choking effect in the chute and tunnel. At this dis­

charge, the 15-foot tunnel flowed completely full and the transi-

tional chute flowed partially full, which in turn impeded the flow in the 

side channel. The diameter of the 15-foot tunnel was increased to 

16.5-feet and the lower portion of the chute was enlarged accordingly. 

This revision gave the spillway ample capacity for the maxinrum discharge. 

Flow in the chute and tunnel subsequent to this change was 

rough, unsymmetrical, and noisy. As a result of an extensive series 

of tests, a design was reconnnended which had incorporated in it the 

following features: the shifting of the center line of the chute 

to coincide with the center line of the side channel; a more grad­

ual transition between the side channel and the portal of the chute; 

a check 4 feet in height, to be added at the portal of the chute to 

act as a control and aid in smoothing out the surface of the water 

before it enters the chute; and a step 4 feet wide on the downstream 

face of the oTerflow section to help in preventing the rolling motion 

of the water in the channel. Each of these revisions or additions 

improved the flow to some extent, and with the combination, flow con­

ditions were very satisfactory throughout the spillway. Figure 5 

shows a comparison of the original and the recommended designs. 
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THE PROJECT 

Moon lake Dam is to be constructed at the lower end of 

the present Moon I.Ake, which is located on the West Fork of the 

Lake Fork of the Duchesne River in northeastern Utah. The dam 

site is 32 miles north of the town of Duchesne and about 75 miles 

east and slightly south of Salt lake City. The dam will be of the 

earth fill type having a height of approximately 120 feet above the 

river, and will increase the storage capacity of the present Moon 

I.Ake to 30,000 acre feet. The additional storage will create a 

supplementary supply of irrigation water for lands already under 

cultivation, and will open up additional crop acreage in the vi­

cinity which has hitherto been restricted due to the shortage of 

water. 

In connection with the dam, the spillway which will carry 

off the excess flow during flood seasons is to be located in the 

east canyon wall somewhat upstream from the axis of the dam. {See 

figure 1). Due to the abruptness of the canyon walls and the stable­

ness of the rock of which they are formed, a side channel spillway, 

which proves to be a unique design in this particular case, .ras 

proposed. A detailed drawing of the spillway is shown in figure 2. 

The side channel proper which will be about 200 feet long, will con­

sist of a conical tunnel having a diameter of 30 feet at the upper 

end and 36 feet at the downstream end, roofed completely by the canyon 

wall. Thus the canyon wall will be practically undisturbed and the 
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side channel will be protected from rock slips. The spillway will 

have a free overflow creot whjch will be in the open and visible 

from the reservoir. Water passing over the crest will enter the 

conical channel through a long horizontal slot-like opening in the 

canyon wall. Six concrete piers equally sp�ced and resting on the 

crest will serve as supports to �trengthen the arch of the conical 

channel section. The piers serve only this one purpose as no gates 

or devices for controlling the spillway flow are provided. With 

168.67 feet of free crest, it will be possible to obtain the maximum 

discharge of 10,000 c . f.s. through the spillway with a head of 

aprroximately t feet on the crest. 

Befinning at the lower end of the conical ctannel, a traa­

sitiona.l chute, circular in section but gradually decreasing in diam­

eter, will conduct the water from the spillway through a drop of 

60 feet in a distance of 122 feet, to a 16.5-foot constant diameter 

tunnel. The 16.5-foot tunne\�. which will have a slope of 0.043, 

will convey the water to the outlet portal from whi h it will dis­

charge directly into the river below the dam. The original diver­

sion tunnel will be utilized to conduct water for irrigation purposes, 

when the spillway is not in operation, from the reservoir to the 

16.5-foot spillway tunnel, which in turn will deliver it to the river 

below the dam. (See figure 2). The control works will be located 

just above the junction of the two tunnels. 

3 



THE IABORATORY 

The laboratory in which the model of the Moon Lake spill­

way was constructed and tested is located in the basement of the Old 

Custom House in Denver, where it is easily accessible to the design­

ing staff of the Bureau of Reclamation. A plan of the laboratory 

is shown in figure 3. 

Water for supplying.the models is measured over a 90° V­

notch weir located in the end of a weir tank 6 feet by 12 feet by 

4 feet deep, which is partially below the laboratory floor. From 

here, a 6-inch centrifugal pump having a capacity of 3 c. f.s. raises 

the measured water up into a constant level tank, located as high as 

the ceiling of the laboratory will permit. A stationary skimming 

weir makes it possible to me.intain a constant head of water in this 

tank. The water flows from the constant level tank through two 8-inch 

calibrated gate valves, then through large expanding cones into two 

head tanks located dir�ctly below the constant level tank . Water is 

then supplied to the models directly from these head tanks. 

With this arrangement, two models can be operated simultan­

eously. After passing through the models, the water is collected in 

sheet metal flumes and returned to the weir tank. Thus, the same 

water is continuously circulated through the system. Two hook gages 

are used to observe the head on the V-notch weir and one hook gage 

is provided for measuring the elevation of the water surface in each 

of the head tanks . 

4 
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THE ORIG:\NAL MODEL 

A model of the Moon Lake spillway was constructed in the 

laboratory on a scale of 1 to 40 . A drawing of the model as orig­

ina lly bui lt is shown in figure 4. The spillway proper, which in­

cludes the conica l  side channel and the overflow section, was made 

of No. 24 gage sheet metal, shaped and soldered to eight heavy sheet 

metal ribs whi ch were in turn mounted on a frame made up of light 

structural stee l angles .  By us ing thi s  method of construction , the 

resulting mode.l was very accurate and rigid . It was thus possible to 

set this piece on a p latform and level the crest by means of a lev­

eling screw located at each corner of the stee l frame . The s ix piers 

were made of redwood and were dowelled to the crest . Pressure from 

above was provided to hold them in place. The approach to the spill­

way repres�nted the prototype topography to scale, and consisted of 

a wooden framework covered with sheet metal. 

The transitional chute leading from the lower end of the 

conical side channel to the 1 5-foot constant diameter tunnel was 

carved in a laminated block of wood . Pieces of 2- by 12-i nch Cal i fornia 

white pine were marked and sawed such that the greater part of the 

material to be removed was sawed out before the boards were assem-

bled. The pieces were then glued and screwed together so  that 

the block was i n  two halves. The remainder of the material to be re ­

moved was dug out with gouges and chi sels to the final shape . The two 

halves were then bolted together as a unit . A portion of the top of 

the chute was made removable for observation purposes . The two 39-inch 

5 
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A.  SIDE CHANNE L - DISCHARGE 10 , 000 C . F . S . 

B .  LOWER END OF CHUTE - DISCHARGE 1 0 , 000 C . F . S . 

ORIGINAL DESIGN. 

C .  UPPER END OF CHUTE . 
DISCHARGE 10 , 0 0 0  C .  F .  S .  
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square conduits which will connect the original diversion tunnel 

with the spillway tunnel were bui lt  into the lower end of the 

chute block . Before installat ion, the block was thoroughly oiled 

and varnished to prevent swe lling and warping. A large heavy sheet 

metal collar was soldered onto the downstream end of the 

conical side channel. Both collars had various sets of holes 

dri lled in them so that it would be possible to shift the position 

of the chute to the left, ri�ht, up or down with respect to the 

center line of the side channel . 

The 15-foot circular tunnel which connects the chute with 

the outlet portal was rolled out of sheet metal . The outl et portals 

used in the following tests were also ma.de of the same material. 

A watertight sand box which had an adjustable we ir  at the downstream 

end was constructed around the outlet portal . The we ir  made is 

possible to set the tailwater at any desired elevation , and the sand 

in the box gave some indication as to the points where erosion could 

be expected in  t '1e prototype. A pic zometer connected to the box 

registered the tailwater elevation directly . 

Five piezometers were located in the throat of the wooden 

chute for the purpose of investigating the pres sures in that zone . 

These were connected by rubber hoses to a reading boar1 where the 

pressures were ohserved . Water surface readj ngs were also taken by 

means of a point gage for various sections in the oi d.e channel, 

chute , and tunnel . The head on the crest was observed fro� a hook 

gage which was connected to the head tank. 

6 



' 

THE OR IGINAL DESIGN 

The model as originally designeJ i ndi cated that a few 

changes should be made . A sketch o f  the original design i s  shown 

in figure 5 and photographs of  the same are �hown in plate l .  At 

the maximum discharge of 0 . 988 c . f.s . vhich corresponds to 10 , 000 

c . f. s .  in the prototype , the side channel was flowing nearly full 

at the downstream end and the crest was submerged at the upper 

e nd .  The rolling motion ,  ever present in s ide channel sr1 llways, 

was repeatedly broken up on the right siie of the channel by the 

six  piers , but it persisted on the left side and the water E:ntered 

the chute with a pronounced whirl . The greater port ion of the 

chute was fl owing full  at maximum discharge , and the 15-foot tun­

nel was flowi ng completely full . Photograph C ( plate I )  shows 

the water Burface in the upper pa.rt of the chute , and photograph 

A shows the s ide channe l in 0peration for the mximum discharge of 

10, 000 c. f. s. From all evidence , the 15-foot tunnel was too small 

and it backed the water up in the chute . Tr. i s  in  turn rai sed the 

water surface in the side channel sufficient ly to suhmerge the 

crest at the upper three pier spaces. 

In order to prove definitely that the 15-foot tunnel was 

too small, a run was made with the tunnel disconnected from the 

chute . As the water flowed out of the chute, it  was caught in a 

temporary sheet metal flume and returned to the system . With the 

tunnel removed ,  the choking effect was partially relieved in the 

chute ; but it can be seen from photograph B ( plate I )  that the chute 

still flowed full at the lower end . 
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REVISIONS 

Revis ion A - Larger Tunnel and Chute 

The design department suggested that the 15-foot tunnel be 

increased to a diameter of 16. 5 feet and the lower portion of the 

chute be enlarged accordingly . These changes were ma.de with the re­

sult that both chute and tunnel flowed partially full at maximum 

discharge, which wa s the object desired. With the first di ffi culty 

solved , another became quite cons picuous. The rolling motion 

of the water in the side channel continued downstream caus ing the 

flow to be very rough and unsymmetrical in the chute and tunnel. 

Revision B - A l ignment of Chute 

In an effort to iron out the rolling flow, the center line 

of the chute was shi fted to various pos itions with respect to the 

center line of the channel. It was found that flow conditions , al­

though short of satisfactory, were best when the center line of the 

chute coi ncided with the center line of the channel. Shifting the 

chute up or down ma.de no appreciable di fference, consequent ly the 

elevations of this portion of the spillway remained unchanged. 

Revision C - Entrance to Chute 

A smooth conical transition 15. 33 feet long, extending from 

stat ion 3+04. 67 to station 3+20 (See sketch of recommended design in 

figure 5 )  was installed between the 36- foot diameter side channel snd 

the 30-foot diameter chute p0rtal . Also, the :mal l protrudin� vane at 

station 3+04. 67 , which was originally used in conjunction with the off­

set, was removed. A slight improvement in flow conditions was notice-
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abl e  due to the se cLar ;:e r, .  Te st 8 - 1  shown i n  fi f,ure 6 shows tLe 

�ate r  surface at var ioua sect i ons taken a long the channe l ,  chu te . 

and tunnel , and a prof i l e  of the wa ter surface on the center l i ne 

for a discharge of 10 , 000 c . f .s.  In test 8 - 1 ,  the abcve three  re ­

v i s ions A ,  B ,  and C ,  were incorporated in  the model. There was 

s t i l l  cons iderable room for improveMent in f low condit ions. Note 

the irregularity of the water surface in sect ions A, B, C ,  and D 

sho\fll in  figure 6. Photograph A ( plate II ) i s  a view looking up­

stream at the conical si ·le char.nel through the upper port ion of 

t he chute . Photograph B shows the spillway in operat i on for a 

discharge of 10, 000 c · . f .  s .  

Revi s ion D - Check at Chute Entrance 

Another attempt was ma.de to smooth out the flow by insert ­

i ng checks of various hei ghts at stat ion 3+20. It ,._·as thought t�.at 

a check of the proper height would act as a control a.nl tend to smooth 

out the surface before the water entered the chute . Best results 

were obtai ned whi le us i ng a check 4 feet high and t h i s  ·,1i l l  be re ­

ferred to as revi � ion D .  When  the check was much lower tran 4 feet , 

i t  lost the greater part of its e ffectiveness in smoothing out the 

flow, and when i t  was higher than this  amount, it increased the sub­

mergence at the upper end of the cre st. For a more detai led descrip­

tion of these checks see the log of tests i n  the appendi x .  

Test 7-1 ( figure 7 )  shows the plot of a run at maximum dis­

charge with a flat topped check 4 feet high i nstal l ed at stati�n 3+20 . 

Photograph C ( plate II ) shows a picture of the check, and photograph 
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I 

D show� tiIB spillway didctargln� at a 10,000 c . f.s. with the check in­

stalled . The mode l as  for te st 7-1  involved a comb ination of  all re­

vi s ions so  far ma.de, r.amely A ,  B, C, and D .  Flow condi tions in  the 

chute showed a slight but not iceab le improvement over those encoun­

tered i n  previous t�stJ . 

Revin ion E · - Step Si l l  Below Overflow Cre st 

A lthough the revis ions made thus far improved flow condi­

tion.; to  some extent, they fai led to produce the desired results. 

Thi s  bei ng t l1e case, an attempt was made to deflect the water as i t  

fcl L over the crest and prevent the fami liar rol ling flow from form­

ing in the side channe l .  To do thin , various smal l steps were con­

structed on the downstream face of the ov rflow section in many 

pos it ions . In some cases, the step was in  one piece extending the 

full length of the cre st, whi le in others , it was made in two pieces 

with the upBtream pi .ce set h igher on the overflow sect ion than the 

downstream piece. Results at tai ned us i ng these steps were very en­

couraging as t�e in�ens ity of the rolli ng motion was greatly re ­

duced. Likewi se, flow conditions in  the chute were much improved. 

The best results were obtained with the step in  two pieces . The 

upstream piece was placed direct ly agai nst the downstream edge of 

the piers from station 1+00 to station 1+57 . 83. The downstream 

piece was set about 6 feet down the overflow face from the down­

stream edge of the piers , from station 1+57. 83 to station 3+04.67. 

The actual locations of these steps are shown in  the sketch of the 

10 
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recommended design on figure 5 , The upstream step reversed the cus ­

tomary roller in the upper portion of the side channel as shovn be­

low in sketch I. The downstream step split the jet so that a roller 

was formed in both directions as shown below in sketch II. In this 

case, the counter clockwise roller predominated. 

Sketch I Sketch II 

This combination of rollers evidently counteracted one another to 

- some extent as very good flow conditions were produced in the side 

channel , chute, and tunnel. For a more detailed account of the 

various step sills tried and their locations, see the appendix of 

this report. 

Te st 4 -1  (figure 8 ) shows a profile on the center line and 

some sections for a run at maximum discharge using steps 4 feet wide 

installed as shown in figure 5. Photograph A (plate III ) is a view 

of the layout , and photograph B shows the spillway operating at 

10 , 000 c. f. s. The mode l during these te sts had ir,corporated in i t  

revisions A, B, C, and E (D being omitted ) . 
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THE RECOMMENDED SPILL�AY DESIGN 

The layout recommended to the design department as the best 

from a hydraulic standpoint , had incorporated - in it all revisions 

thus far made , namely A to E inclusive . It was found that flow con­

ditions were further improved when both the step on the crest and 

the check at the chute portal were installed in the model. The step 

broke up the rolling motion in the channel , and the check acted as 

a control helping to level off the surface of the water before it 

entered the chJte .  As  the proposed revisions offered no especially 

difficult problems from a structural standpoint , the design depart­

ment accepted the layout recommended by the hydraulic research de­

partment . 

Tests 16- 5  and 16 -2 (figure 9 )  show the center line pro­

files and . some sections taken aiong the channel ,  chute , and tunnel 

for runs of 10, 000 c . f . s .  and 6, 000 c . f. s . respectively for the model 

as finally revised . Tests 16- 1  and 16- 3  (figure 10 ) are plotted for 

runs of 8 , 000 c.f. s .  and 4 , 000 c. f . s . Photographs C and D ( plate 

III ) show the model of the recommended spillway discharging at 10, 000 

and 6 , 000 c. f. s .  respectively. 

With some of the previous layouts ,  flow conditions for a 

dis charge of 6, 000 c . f.s .  were in some case s inferior to those at 

maximum discharge . For the recommended design , however, it can be 

seen from the plots and pictures that flow conditions were very sat ­

isfactory at all dis charges. A sketch of the spillway as recommended 

i s  shown in figure 5 .  A drawing of the original design is also shown 
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A .  GENERA L VIEW OF MODEL.  

C .  VIE W LOOKING U PSTREAM 

THROUGH PORTAL OF CHUTE . 
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on the same page for the purpose of comparison .  Other photographs of 

the model representing the recommended design are shown on plate IV . 

The pressures recorded by the five piezometers which were 

located in the invert of the chute are shown pl<,tted on figures 9 and 

10 for the four runs ma.de on the recommended design . In no case was 

a pressure recorded which was below atmospheric. 

A false floor ma.de of sheet metal was installed in the 

upper portion of the chute commencing at the top of the 4-foot check 

and extending downstream 35 feet to a point where it joined the in­

vert of the chute as shown in sketch A, figure 5. With this in 

place, the upper portion of the chute was transformed into a horse­

shoe section with the invert hor i zontal ( perpendicular to the center 

line of the spillway ) .  Inasmuch as there were no pressures recorded 

below atmospheric without the false floor, it is practically cer­

tain that this would also be true with the false floor installed . 

As it woulJ have meant a considerable amount of work to get pres­

sures on the false floor and as time was limited, they were not ob­

tained . However , there seems to be no objecti onable reason against 

rais i ng the chute invert in the prototype, if desired. Observations 

showed the water surface in the chute to be as smooth with this false 

floor as without it , at all discharges . 

It was fo11nd that water flowing from the original diversion 

tunnel to the 16.5 -foot spillway tunnel produced a negligible effect 

on flow conditions in the latter . 
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TaE COEFFICIENT OF DISCHARGE AND TEE HEAD DISCHARGE RELATION 

. As it i s  difficult to est imate the coeffi c ient of dis charge 

for an overflow sect ion such as that of the Moon Lake spillway, where 

part of the crest i s  submerged e.t maximum di scharge, a series of runs 

were made on the model to determine the coe fficient experimentally for 

various heads. Us ing the formula Q = CLH3/2 , the coe ffic ient s were 

coflputed using two crest lengths namely, the ful l  length of cre st or 

204.67 feet, and the net length of cre� t ( exc lusive of the pier 

widths ) or 186. 67 feet. These coeffic ients are plotted as two sepa­

rate curves on  figure 11. Due to  the piers being located on  the down ­

stream s ide of the overflow section rather tr�an on top of the cre st 

as is  usually the case , doubt was expre ssed as to what extent the 

piers would affect the flow over the crest  - hence the two curves. 

The piers did affect the discharge, but not as much as would have 

been the case had they been located on top of the crest . Also plot ­

ted on figure 11, indicated by a heavy full line, is  a curve showing 

the relation head bears to discharge in the recommended de sign. Sub­

mergence commences when the head on the crest reaches about 5 feet, 

as both the head-di s charge and coe ffic ient curve s indicate. Above 

5 feet , the value of the coefficient falls off and likewise the rate 

at which the discharge is increasing, decrease s. For the maximum 

designed dis charge of 10, 000 c . f . s . , the head on the crest is 5 . 90 

feet and the coefficient of discharge computed using the net crest 

length is 3. 80 . 
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The maximum capacity of the spillway is about 13, 000 c.f.s. 

but this would require a head of about 8. 2 feet on the crest. At 

this discharge, submerged flow existed at the upper four pier spaces, 

the chute was flowing partially full, and the 16.5-foot tunnel was 

flowing practically full. Note how the coefficient of discharge drops 

from 3.80 for a discharge of 10, 000 c. f. s .  to 3. 00 for a di scharge of 

13, 000 c . f . s . (figure 11 ) .  

Successive calibration runs were made on the model of the 

recommended de sign with checks 2, 3, and 4 feet in height placed at 

the chute portal in order to determine how the he ight of the check 

affects the water surface in the side channel, and in turn, the dis­

charge over the cre st. The results of these tests are plotted with 

broken lines on the head-discharge curve in figure 11. Up to a head 

of 5 feet on the cre st, the checks did  not affect the discharge. For 

a head above 5 feet , the checks decreased the discharge over the 

crest directly as the he ight of the check i ncreased. For the de­

signed head of 5.90 feet , the ch�ck 4 feet in height decreased the 

discharge about 500 c. f. s .  as compared with the corre sponding dis­

charge for the spillway with all checks removed. As the head required 

for a discharge of 10,000 c.f. s. was sti ll le ss  than 6 feet and flow 

conditions were much the best in the chute and tunnel when the 4-foot 

check was ins talled, it was adopted in the recommended de sign. 
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THE ourLET PORTAL 

Origina l Design 

Ina smuch as eros ion of the river bed below the tunnel out­

let can have no serious consequences , no attempt was made to design 

the outlet to cause the formation of a hydraulic jump . Instead , it 

was designed to shoot the jet upward and outward so as to clear the 

outlet and strike the river some 150 feet downstream . As the ou 'let 

portal will be constructed on a sand and gravel depos it , the problem 

in this ranticular ca.se is to reduce back wa.sh, produced by the jet 

striking the river , to a minimum. 

It was found that the outlet as originally designed ( See 

original design, figure 12 ) would be endangered by undercutting . 

A large fin was present at each side of' the fan-shaped jet which 

upon striking the river created a whirlpool on each side of the 

portal structure . The high veloc ity currents undercut the portal 

and also washed away most of the sand that was piled against the 

side walls when the tailwater elevation was normal or gr eater than 

nornal . Photographs A and B ( plate V )  show two views of the jet 

issuing from the original portal . Notice the heavy fin on each 

side of the fan and the resulting whirlpools on each si de of the 

structure . Photograph C ( plate V )  is a picture of the sand box 

after a 15-rninute run at maximum discharge and normal ta ilwater. If 

it had not been for the board and the bricks shown in the photographs , 

practically all of the sand whi ch is behind them would have been 

eroded . Unfortunately there were no p ictures taken to veri fy the 

fact, but in  previous tests made without the board and bricks , the 
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A .  PLA N  VIEW OF JE T .  

B .  VIE W SHOWING TRA JE C TORY OF JE T .  

C .  SAND BED A F TE R  1 5  MINUTE RUN .  

ORIGINA L DESIGN O F  OUTLET PORTA L .  
DISCHA RGE 1 0 , 000  C . F , S . 

PLATE V 



portal was left standing with practically nothing to support it . 

Model tests were made on the portal structure in an effort 

to eliminate the fins on the sides of the fan-shaped jet and to shoot 

the jet as far down the river as possible . It should be mentioned, 

that due to the limited amount of space in the laboratory, it was 

necessary to cut 120 feet off of the 16 . 5-foot tunnel in order to 

make the tests on the outlet portals. It was desired not to build 

the spillway oodel on a scale smaller than 1 : 40 so shortening the 

tunnel was the next best thing to do . 

Portal X 

As a first attempt to improve conditions about the outlet 

portal, the structure was revised as shown for portal X in figure 12 . 

The side walls were drawn in parallel, the sill was omitted, and the 

floor was changed to slope upward in  a downstream direction , The re­

sulting jet was more concentrated and did shoot farther out into the 

river than the one in the original design . Its concentrated shape, 

however, caused considerable disturbance in the form of waves and 

surges which gradually washed away a good part of the material around 

the portal . Erosion was less pronounced than in the former case , but 

was still sufficient to make it necessary to classify this structure 

as questionable. Photograph A ( plate VI) shows this portal in op­

eration, and photograph B shows the sand box after a run of 15  minutes 

duration . 

17 



A .  VIEW SHOWING TRAJECTORY OF JE T .  
DISCHA RGE 1 0 , 000 C . F . S . 

B .  SA ND BED AF TE R 1 5  MINUTE RUN . 

OUT LET PORTAL X ,  

C .  VIEW OF JET .  
DISCHARGE 1 0 , 000 C .  F .  S .  

D .  SAND BED AF TE R 1 5  MINUTE RUN .  

OUT LET PORTA L Y .  



Portal Y 

A third but entirely di fferent type of portal which was 

tried on the model is shown as portal Y, in figure 12. The floor on 

the center line, beginning at stat ion 9+00 , sloped upward in a down­

stream direction with a slope of 0 . 375. From the center line , the 

floor sloped downward on either side until it met the side walls .  

The lines of intersect ion on the floor with the side walls had 

slopes of 0 . 25 .  A cross section taken perpendicular to the center 

line would show the floor to be of triangular shape. The purpose in 

sloping the floor away from the center line was to spread the jet 

laterally giving an exce ptionally wide fan of equal thickness . In 

addition , the upward slope in the downstream direction should throw 

the jet a cons iderable distance out into the river. 

The results obtained from the model of thi s portal did not 

come entire ly up to expectat ions. The jet had a wide spread of uni­

form thickness but it d i d  not carry as far down the river as vas de ­

sired . It was imposs ible to increase the slope of the floor in the 

direction of the center line as it was already necessary that the 

tunnel be three - fourths ful l  before water could begj_n to run over the 

downstream end of the portal floor . Photograph C ( plate VI ) shows 

this portal in operat ion , and photograph D is a view of the sand box 

after a 1 5-minute r ln .  

In an attempt to increase the hori zontal trajectory o f  the 

jet ) 
a small triangular s ill was constructed at the end of the portal 

floor . A s  a res ult
) 

the water instead of j umping straight off the 

end of the floor veered to either side, making the jet thin at the 
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center and thick at the sides. This was exactly the condition ex­

perienced in the original design . 

The Recommended Portal Design 

After a series of teats on floors of different slopes and 

side walls flaring at various angles, a portal was constructed which 

embodied a combination of the original design and portal X. 

The flaring side walls resembled the original design and 

the parabolic slope on the floor was similar to that in portal X. 

In addition, a small triangular sill  was constructed on the end of 

the floor to give the jet increased elevation. A sketch of this 

portal whi�h is designated at the "Recommended Design " is shown in 

figure 12. Photographs of the portal d.ischargirg at 10, 000 c. f. s. 

are shown in B (plate VII) and A ( plate VIII). Photographs A and C 

( plate VII) show the river bed before and after a 1 5-minute run 

made at maximum discharge and normal tailwater. The tags shown in 

C represent elevations from 801 3  to 8105. Photographs B and C 

( plate VIII) show the recommended portal discharging at 6, 000 and 

2 , 000 c. f . s. respectively . 

It can be observed from the photographs that this portal 

worked very well.  The jet did not spread as evenly as in  the ini­

tial design of portal Y, but it did carry to a point farther dmm the 

river. Very little back wash was noticeable at any discharge and 

erosion was a minimum . Notice in the pictures showing the portal 

in operation, that with normal tai lwater, the river bed under the 

19 



PLATE VII 

A ,  SAND BED BEFORE RUN.  

B .  DISCARGE 1 0, 000 C , F . S . 

C .  SAND BED AFTER 1 5  MINUTE RUN.  

RECOMMENDED OUTLET PORT AL DESIGN. 



A ,  DISC HARGE 1 0 , 000 C ,  F .  S .  

B ,  DISCHARGE 6 , 000 C ,  F .  S ,  

C ,  DISCHARGE 2, 000 C , F , S , 

RECOMMENDED OUTLET PORTAL DESIGN 

PLATE VIII 
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jet was unwatered fer all discharges. This was due al�ost entirely 

to the absence of back wash . 

Figure 13 shows a plan and section (dra.rn to scale ) of the 

jet discharging at 10 , 000 c. f. s.  with normal tailwater. The full 

lines represent the present topography at the portal site . The 

dotted lines indicate the topography of the sand in the model sand 

box after a 15-minute run at maximum discharge. 

It should be mentioned, that erosion shovn by the model is 

not in any way indicative of the amount of erosion that will occur 

in the prototype. It indicates only where it will probably occur. 

Sand box tests are of greater value as a means of comparison . In 

other words , it can be definitely stated that the layout in one test 

is better than that in anothe r as erosion indicated by the model was 

less in the first than in the second . 

A complete summary of all model tests made on the Moon 

Lake spillway is recorded in the appendix of this report . 
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APPEND DC 

MOON LAKE SPILLWAY - MOON LAKE PROJECT 
LOG OF TESTS 

: lleight : 
of 

: Check : Width 

Step On 
Overflow Section 

Elevation 
in ft . 

: Note : 
The break between the upstream 

: and downstream steps occurs at 
: Sta . 1+57 . 8 3 .  

. Unles s  otherwise stated, all 
: Down- : : checks are 2 ft . wide and have 

: Upstream : stream : Outlet : vertical upstream and downstream 
Chute 

Test : Di scharge : and 
No . : in c . f . s . : Tunnel 

: Chute : Transi ­
: Offset : tion to 
: in ft . : Chute : in ft . : in  ft . : Step End End : Portal : faces . 

1-1 10,042 : Origi nal : 2 . 57-L : Original : None 

2-1 10 , 000 See : 2 . 57-L : Original : None 
: Remarks 

2 -2 10,000 : Original : 2 . 57-R : Original : None 

2 - 3  10,000 : Original : 0 . 00 :Original : None 
: (Rev . B} 

2-4 10,000 : Origina l :Rev . B :Original : None 4 

2 - 5  10, 000 : Original : Rev . B : Original : 3, 4 & :  4 
6 

2 -6& :  10,000 
2-7 

: Original : Rev . B :  See 3 
Remarks : 

: (Rev . C ) : 

4 

: None 

: None 

: None 

:None 

. -� . 

Remarks 

None : Choking effect at tunnel entrance . 

None : Flattened upper portion of chute 
: curve with Plasticene ; had no 
: effect . 

None : Conditions as bad as for 1-1 . 

None : Best chute position in relation 
: to spillway . 

. •, . See :remarks None :Tried steps on ogee below piers . 
:Square step discarded. Triangular 
: step very effective i n  eli minating 
: whirl of water i n  s ide channel ,  
: and stoppi ng spiral flow down 
: chute . 

: One- : 8122 . 75 : 8115 .85: None : Check helped to level the flow 
: piece : thru chute . 

JI : 8122 . 75 : 8115 B6: None : Rev. C - Installed smooth transi ­
: t ion from 36 1 dia . s ide channel to 
: 30 1 die . chute , and removed pro­
: truding vane from acros s sec . at 
: Sta . 3+04 . 67 .  Improved flow down 
: chute . 
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: Height : 

APPENDIX (Continued )  

Step On 
Overflow Sect i on 

Elevation 
in ft. 

Chute : Chute : Transi- of : Down-
Test : Discharge : and : Offset : tion to · Check : Width :Upstream :stream : Out let : 

No. : in c . f. s. : Tunnel : in ft . :  Chute : in ft. : in ft. : Step End End : Portal : Remarks -------------=----------------------------------

2-8 

3-1 

3 -2 

4-1 

5-1 

10,000 :Original : Rev.B : Rev . .  C 

10, 000 

10, 000 

10, 028 

10, 028 

:See Re ­
:ma.rks 
: ( Rev. A ) : 

: Rev. A 

" 

II 

" " 

" I '  

" II 

I I  II  

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

One- :8122.75 :8115 B6: None : Includes Rev. B ,  C, 3 '  check , and 
:piece :4 ' step. Best arrangement . Flow 

:conditions fair. 

:Up- :8125  . 13 :8124 ,36: None 
:str ' m  
:Down- :8119 .19 :8n5 136: 
:str ' m  

: Up- : 812 5.13 : 8 124.36: None 
: str ' m  
: Down- : 8118.48 : 8115 .1� 
: str ' m  
: (Rev E ) : (Rev. E )  : (Rev.E ) :  

:Rev. A - Changed chute profile 
: curve and tunnel dia. ( from 15 ' 
:to 16 . 5 1

) .  Flow in side channel, 
:down chute , and thru tunnel quiet 
:and smooth . 

:Various positions and different 
: lengths o f  steps tried. Best 
: arrangement (Rev. E )  - Upstream 
: step at base of 2 upstream piers ,  
: downstream step 6 1 down ogee from 
: base of 5 downstream piers. 

: Rev.E Rev.E Rev.E : None : Same arrangement as 3-2. Flow 
: conditions good.· 

II " " None :Same as 4-1 except check 4 1 high 
: and 3 '  wide used. Flow improved . 



Chute 
Test :Discharge : and 

No . :in c. f.s . : Tunnel 

: Height : 
:Chute :Transi- of 
:Offset :tion to : Check :Width 

APPENDIX ( Continued ) 

Step On 
Overflow Section 

E levation 
in ft. 

: Down­
:Upstream : stream: Outlet : 

:in ft. : Chute :in ft. : in ft. : Step End : End : Portal : Remarks 

6-1 9 , 998 :Rev . A :Rev . B :Rev . C 6 4 :Rev . E :  Rev . E :Rev . E :  None :Same as  5 - 1  except check 6 1 high 
:and 3 '  wi1e used. Increa.sen head 
:over crest and splash at chute 
: bottom . 

6-2 :See 
:Remarks 

7-1 10, 028 

8 - 1  10, 028 

9 - 1  10, 028 

9-2 : 6, 061 

9 - 3  1, 943 

9- 4  See 
Remarks 

II  

tt 

I I  

I I  

I I  

I I  

" 

II II 

" " 

If " 

I! If 

11 11 

II 11 

If 11 

6 

4 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

:Up-
: str ' m  

:8125 . 13 :8124 .36: None :Same as 6-1 except steps 3 '  wide 
:used . Coefficient of discharge 

:Down - :8ll8. 48 :8115 J.5: : runs. 
: str ' m  

None 

None 

:Up­
: str ' m  
:Down­
: str ' m  

If 

11 

" 

None :same as 5 - 1  except no steps on 
:ogee . Flow very unsatisfactory 
:down chute. 

None :Same as 4 -1  except no steps on 
: ogee. Flow very bad down chute. 

:812 5. 13 :8124. 36: None :Same as 4 -1  except steps 3 '  wide 

:8118. 48 : 8115 .15: 

If I I  

1 1  I I  

t i  1 1  

: used . Flow quite satisfactory . 

None : Flow rough and splashy down chute. 

None : Flow very good . 

None : Coefficient of  discharge runs . 



, 

Chute 
Test :Discharge : and 

No . : in c . f . s .  :Tunnel 

10-1 : 6, 041 

11-1 : 10, 000 

I\) 
+" 

11-2 : 10, 000 

11-3 : 6, 000 

11-4 : 2, 000 

11- 5 : 10 , 000 

12-1 : 10 , 038 

12-2 : See 
: Remarks 

:Rev . A 

I I  

1 1  

1 1  

I I  

II  

I I  

1 1  

:Height : 
: Chute :Trans i - of 
:0ffset :tion to : Check :Width 

.. 

APPENDIX ( Cont inued ) 

Step On 
Overflow Section 

Elevation 
in ft. 

: Down­
:Upstream : stream: Outlet : 

.. 

: in ft. : Chute :in ft . : in ft . :  Step End : End : Portal : Remarks 

:Rev . B :Rev . C 

II I I  

1 1  I I  

1 1  I I  

" II 

II II 

II I I  

11  II 

4 

4 

4 

4 

4 

4 

4 

3 

3 

3 

3 

3 

3 

3 

3 

:Up­
:str ' m  
:Down­
:str ' m  

1 1  

" 

I I  

" 

11 

11 

II 

. . . . 
:8125 . 13 :8124..36: None :Same as 9-2 except check 4 '  high 

:8115,. 15 : :and 3 '  wide used . Flow great ly 
:8118 . 48 :improved, but stil l  rough. 

I I  I I  

" I I  

1 1  II  

" , , 

1 1  II  

11  " 

" " 

Orig . �ut 120 ' off lower end of tunnel, 
:and installed original outlet por­
�al . Scour of river-bed bad. 

£ee :Same as 11- 1 except outlet changed 
�emarkato one very similar to recommended 

:portal . Jet improved and scour 
:reduced . 

I I  :See remarks for 11-2. 

I I  : See remarks for 11-2 . 

:Portal :Changed portal. S cour bad . 
X : Removed curved wall at Sta . 1+00; 

: had no effect . 

: Recom- : 0utlet portal very s imilar to that 
: mended : of 11-2. 

" : coefficient of discharge runs. 



: Height : 
:Chute :Transi- of 
:Offset :tion to :Check :Width 

APPENDIX ( Continued ) 

Step On 
Overflow Section 

Elevation 
in ft . 

: Down­
:Upstream : stream : Outlet : 

Chute 
Test :Discharge : and 

No . : in c . f .s . : Tunnel : in ft . :Chute : in  ft . :in ft . :  Step End : End : Portal : Remarks 

13 -1 : 9 , 977 :Rev . A :Rev. B :Rev . C 

13-2 : See 
:Re:rmrks 

14-1 : 10, 084 

I\) 

14-2 : See 

�emarks 

15- 1 : 5 , 960 

16-1 : 8, 024 

16-2 : 5,960 

16- 3 : 3,946 

16-4 : 2, 125 

ff I I  

" " 

n " 

It It 

ff f f  

" ff 

" I t  

f f  It  

II  

It  

" 

ff 

t i  

ti  

It  

It  

4 3 :Up- :8i2 5 . oo 
:str ' m  
:Down- :8118. 48 
:str ' m  

4 3 
" ff 

See 3 :Up- :8125.13 
:R�l'll ' ks : :str ' m  
: Q:{ev.D ) : :Down- :8118 .. 48 

:str ' m  

:Rev. D :  3 " " 

f f  3 :One - :8126. 48 
: piece 

ti 4 : Rev . E :Rev. E 

ti 4 ti ti 

It 4 " " 

I t  4 ti " 

:812�36 :Recom- :10 ' of the crest removed from up ­
:mended :stream e nd . ( Upstream end of up-

:8115,.15 : :stream step is at Sta . 1+10 ). 
:Flow did not change . 

ff " :Coefficient of discharge runs. 

:8124.36: I I  :Rev . D Check 4 1 high and 2 '  wide -
:on top, with vertical upstream fac� 

:8115.15 : :and 1 :  l slope on downstream face . 
:Flow good. 

" " :Coefficient of discharge runs. 

:8114.08 : " :Not as good as previous runs at 
:same discharge. 

:Rev . E :  ti  : Flow good. 

" " : Flow rough and noisy down chute .  

" ti : Flow fair. 

I t  ti  : Flow good . 
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APPENDIX (Continued ) 

Step On 
Overflow Section 

.Elevation 
in ft . 

:Height : 
Chute :Chute :Transi- of : Down-

Test :Di scharge : and :Offset :tion to :Check :\.;'idth :Upstrearn : stream : Out let : 
No . :in r. .  f .  s Tunne l  :in ft, . :Chute :in ft . :in ft . Step End : End. : Portal : Remarks 

16- 5 : 9 , 977 :Rev . A : Rev . B :Rev .  C : Rev . D :  4 : Rev. E : Rev . E · : Rev . E :Recom - :Flow good 
: mended : 

16 -6 : See " " " I I 4 " I I  " II : Coefficient of di scharge runs . 
Remarks 

17- 1 : 9, 977 " II I I  " 4 :One- :8119 . 80 :8115. 1 5: II :Flow good. 
I\) :piece 

17-2 : 6 , 071 I I  I I  " II 4 " I I  " " :Flow rough and noisy . 

17-3 : 8 , 191 II I I  I I  I I  4 ' " " I I  It  :Flow good . 

17-4 : 1,923 I I I I  II " 4 It " " II :Flow good . 

17- 5 = 3 , 936 
I I  I I  I I  II 4 I t  " I I  II  : Flov good . 

18- 1 : 1 1,000 " I t  " II 4 =Rev . E =Rev. E =Rev . E :  
II :Windows put over tunnel holes . 

12, 000 II II " fl 4 " I I  " II :upper half of chute put OD . Flow 
1 3 , 000 " " " " 4 " II " " : good ; be comes rougher and more 

: noisy as discharge increases. 
: 13 , 000 is max. discharge Witt- no 
: choking . 

19- 1 :  See I I  " I I  '.:l 4 I I  I I  " II : Coefficient of discharge J runs . 
Remarks 



Chute 
Test :Di scharge : and 

No . : in c . f  . s . : Tunnel 

:Height : 
:Chute :Transi - of 
:Offset : tion to :Check :Width 

... • 

APPENDIX ( Cont inued ) 

Step On 
Overflow Section 

Elevation 
in ft . 

: Down ­
:Upstrea.m : stream : Outlet : 

: in ft. : Chute : in ft. : in ft . :  Step End : End : Portal : 

.. 

Remarks 

20-1 : See 
Remarks 

:Rev . A :Rev . B :Rev . C 2 4 :Rev. E :Rev. E :Rev. E :Recom- ·:coefficient of di scharge runs . 
:mended : 

H-1 10 , 000 

21- 1 :  10 , 000 "' 

22- 1 : 10, 000 

ti " 

" ll 

I I  It  

" :Rev. D :  4 

" " 4 

ti l l  4 

" " " 

ll " " 

" ti " 

:Portal :Scour of river-bed slightly exces -
: Y : sive. 

:Recom- :Finished model of recommended 
: mended : portal insta lled . Jet improved 

" 

: and scour reduced . 

: Visual runs with false floor in­
: stalled in upper portion of chut e . 
: Flow very good at all di scharges. 
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