


Hydraulic model studies of the outlet works for  the Soldier Canyon 
P Dam, Colorado-Big Thompson Project were conducted in the Hydraulic 

Laboratory of the Bureau of Reclamation at Denver, Colorado, during 
the period October 1946 to August 1949. 

The final plans, evolved from these studies, were developed through 
the cooperation of the staffs of the Qutlet Works Section of the Dams 
Division, and the Hydraulic Laboratory. 

During the course of the model studies, Xlessrs. H. W. Tabor, 
I. B. Kirkwood, and R. W. Winner&, of the Outlet Works Section fre-  
quently visited the laboratory to observe the model studies and to discuss 
the test results.  

These studies were conducted by W. E. Wagner, L. R. Thompson, 
R. H. Slykehouse and T. J. Rhone under the supervision of Messrs. 
J. N. Bradley and A. J. Peterka of the Hydraulic Laboratory staff. 

Reference is also made to the paper "Progress in New Designs for 
Outlet Works Stilling   as ins" by A. J. Peterka and H. W. Tabor which 
was presented at the Fourth International Congress on Large Dams at 
New Delhi, Lndia, in February 1951. 

Excerpts from Field Trip Report No. 1191, a report on field tests  
performed on the prototype outlet works by B. R. Blackwell in September 
1951, a r e  included as an appendix to this report. 
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SUMMARY 

The hydraulic model studies discussed in  this report were made 
to determine the operating characteristics of the Soldier Canyon Dam 
Outlet Works and to develop a sti l l ing basin that performed satisfactor- 
ily for a particular type of valve control. The stilling basin to be satis- 
factory not only had to provide effective energy dissipation but also neg- 
ligible wave action in the unlined canal section. 

The results and recommendations contained herein were deter- 
mined from studies on 1:4.67 and 1:6 scale models of the control vdlve. 
stilling basin. and a section of the downstream canal. Tests were made 
using hollow-jet, butterfly. and pivot valves for  the outlet works control 
on basins using the hydraulic jump and dispersion devices for energy 
dissipation. 

The preliminary design used a hollow-jet valve discharging hor- 
izontally onto a curved trajectory floor leading to a long, narrow stifi:rg 
basin and utilizing the hydraulic jump as an energy dissipator. The t<dsts 
made on the jump basin showed that a long trajectory was necessary to 
spread the jet from the valve and that even then there were large mils 
and surges bn the stilling basin that carried down into the canal section, 
causing high velocity surface flow and damaging wave action, Figure 5B. 
When the valve was depressed a small amount, the basin was s t i l l  unsat- 
isfactory. Figures 5 and 6. A longer stilling basin might have quieted 
the water surface sufficiently to make the performance satisfactory, but 
since almost o~e-half  of ?he length of this basin consisted of the trajec- 
tory curve, it was felt that better use of the basin length could be red-  
ized by using some other method of energy dissipation. 

The trajectory floor was then removed and tests  were made 
with the valve depressed a t  various angles up to 45O. The tests showed 
that the high velocity jet f rom the valve did not penetrate into the pool 
sufficiently to produce satisfactory energy dissipation. 



substituted for the hollow-jet valve. The studies were continued using 
the basin that had been developed for  the hollow-jet valve. 

The jet leaving the butterfly valve was dispersed in such a 
wide variety of patterns for  different heads and degree of openings that 
it became necessary to use a hood to insure a uniform flow pattern en- 
tering the stilling basin at all discharges. Accordingly, the basin was 
developed fo r  use with a hood o r  discharge guide on the valve. A basin 
that operated satisfactorily with the butterfly valve and discharge guide 
was developed and submitted to the designers s o  that the prototype basin 
could be constructed, Figure 4. 

Several. months after the prototype stilling basin had been con- 
structed, increased discharge requirements made it necessary to use 
a larger valve, and an 18-inch commercial pivot valve was specified 
for the outlet works control. Since this valve had operating character- 
istics similar to the butterfly valve, minor modifications permitted the 
u s e  of the same type of hood, 

The stilling basin was rebuilt to a scale of 1:6, Figure 15, and 
the modified hood tested and developed, Figure 23. Operating tests 
showed that the stilling basin was adequate and that the energy dissipa- 
tion was sufficient to provide a smooth water surface in the canal sec- 
tion, Figures 25 and 26. Piezomcters placed in critical a reas  on the 
hood, Figure 29, indicated that the pressures were above atmospheric 
and that there was no danger from. either cavitation or from excessively 
high pressures. 

Calibration of the model valve confirmed that the  required dis- 
charges could be attained at the avaiilable heads, Figures 30 and 31. 
Piezometers placed in the invert of the valve indicated that the pres- 
sures in that area  were also safe, Figure 16. However, no attempt 
was made to prove o r  disprove that the entire valve was safe from 
cavitation. 

In September 1951 tests on a limited scale were perfomed on 
the prototype of the Soldier Canyon Dam Outlet Works. The results of 
these tests were reported in Field Trip Report No. 1191. The essen- 
tial parts of this report a r e  included as an Appendix to this report. 

The prototype tests showed that the model and prototype still- 
ing basin performances a re  simi1a.r and that the pressures in the hood 
and wave heights in the canal compare favorably. 

Two prototype calibratiorl points obtained fo r  the pivot valve 
indicated that the prototype coefficient of discharge is lower than that 
obtained f rom the model valve. ?%is discrepancy cannot be explained 
at the present time. 



Soldier Canyon Dam is one of dour earth-fill dams bmpound- 
ing water in Horsetooth Reservoir, approximately 10 miles west of 
Fort  Collins, Colorado, Figures 1 and 2. Soldier Canyon Darn is ap- 
proximately 1,400 feet long with crest  elevation 5440 feet, and rises 
150 feet above the original ground surface. The maximum water sur -  
face of the reservoir is elevation 5430. 

The principal hydraulic feature of Soldier Canyon Dana is the 
outlet works which consist of the outlet conduit, the stilling basin, and 
the 18-inch pivot valve for releasing the Gater through a supply canal 
for irri,gation purposes. 

Water from the resemoir  flows through a 5-foot-diameter 
circular concrete conduit, 550 feet in length, to the gate chamber which 
encloses a 24-inch wedge -gate valve. From the gate chamber the water 
passes through a 30-inch circular s teel  conduit, 722 feet in length, to 
the pivot valve and thence to the stilling basin. 

The hydraulic model tests discussed in this report were con- 
fined to studies of the entry of the jet from the valve into the stilling 
basin, the stilling basin performance, and the flow into the canal. 

A s  originally designed, the outlet works control and regulation 
was accomplished with a 14-inch hollow-jet valve. During the course of 
the stilling basin studies, an economic analysis by the designers brought 
forth that considerable savings could be realized by the use of a 14-inch 
butterfly valve. Accordingly, the laboratory was requested to develop 
a stilling basin that would be satisfactory for  this type of valve. Still 
later developments increased the maximum discharge from. 60 to 108 
second feet, and since the 14-inch butterfly valve could not pass this 
quantity at the available head, it w a s  necessary to use a larger valve. 
An 18-inch pivot valve was found to be available and was specified for 
use. Before the type of control va.lve to be used was definitely decided, 
tile prototype construction schedules made it necessary for the design- 
e r s  to issue drawings of the stilling basin outline to the contractor. The 
stilling basin developed for  the 14-inch butterfly valve was recommended 
for construction since i ts  performance was satisfactory, and it  was be- 
lieved that i t  could be made satisfactory if another type valve were used. 
Tests from this point on, therefore, used the recommended basin out- 
line and changes were confined to the valve hood. 

THE MODELS 

The 1:4.67 model. A 3-inch hollow-jet valve m d  sections of 
3-incli pipe were both avaihble in the laboratory, Therefore, a scale 
ratio of 1 :4.67 was selected for  the model studies. This model of the 
outlet works consisted of a straight section of 3-inch steel pipe, the 
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3 -inch hollow- jet valve representing the 14-inch prototype valve, the 
stilling basin, and a section of the canal. Figure 3 shows the model 
lay-out, giving the actual model dimensions. 

Water was supplied directly to the 3-inch pipe by a laboratory 
pump through a Venturi orif ice meter  for  accurate, measurement of dis- 

. charge. One diameter upstream f rom the valve a piezometer was in- 
stalled to measure the head on the valve. 

The connection between the straight pipe and the valve was 
constructed so  that wedge-shaped shims could be installed to depress 
the valve f rom the horizontal to 10° in increments of 2 - 1 / 2 O  

The hollow-jet valve was accurately machined from brass  
stock and constructed s o  that i t  could be opened and closed in a manner 
s imilar  to the prototype valve. 

The trajectory apron under the valve and the transition lead- 
ing to the canal section were of concrete screeded to sheet metal tem- 
plates. The stilling basin and canal section were constructed of wood 
lined with galvanized sheet metal. The canal section was molded in 
pea gravel about 3 inches thick, as shown in Figure  3. 

The tailwater elevation was measured by a staff gage in the 
canal section and controlled by a tail  gate installed at the lower end of 
the canal section. The tailwater eievations for  the discharges used in 
this study a r e  shown in Figure 29. 

The 1:6 model. The stilling basin outline had been submitted 
for field construction and the 1:4.67 model dismantled when the labosa- 
tory was informed that an 18-inch pivot valve had been specified to 
meet increased discharge requirements.  As a result  or' this informa- 
tion, the stilling basin model was rebuilt fo r  further  study and a scale 
of 1 :6 selected so  that a 3-inch model pivot valve could be used. 

The second model was constructed s imi lar  to the 1 :4 .67 model 
with the exceptions that the trajectory floor under the valve was of wood 
covered with sheet metal and one side of the basin was made of glass  
panels, Figure 15. 

The valve was constructed with a transparent plastic barre l  
with machined-brass leaf and operating mechanism, f rom drawings fur- 
nished by the valve manufacturer, Figure 16. The hood o r  discharge 
guide was constructed of galvanized sheet metal and was part of the lab- 
oratory development. Piezometers connected to open- tube glass manom- 
e te r s  were placed in both the valve and discharge guide, Figures 16 and 
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1 :4.67 Model, Hollow- jet Valve Stilling Basin Studies 

F o r  all studies made to develop a stilling basin for  use with 
the hollow-jet valve, a maximumdischarge of 60 second feet at r e s e r -  
voir elevation of 5430 was used, resulting in a head of approximately 
200 feet at the valve which was the maximum expected head. This com- 
bination of head and discharge provided the severest  operating condition. 
The tailwater elevation at  this discharge was 5225.0. 

F o r  each stilling basin the model was operated at the above 
discharge; then on a basis of visual observations confirmed by photo- 
graphs, measurement of the magnitude of the su rges  and waves, and 
from the movement oT the riprap in the canal section, the effectiveness 
of the basin, and the probable changes needed to improve the basin were 
determined. 

Preliminary basin. The control valve fo r  the preliminary de- 
sign was a 14-inch hollow-jet valve that could be depressed f rom the 
horizontal to 100 in increments of 2-1/2O. The stilling basin was 111 
feet long and 6 feet wide, with a depth of 13. 5 feet. Under the valve 
was a parabolic trajectory floor 60 feet long, Figure 7. Figure 3 shows 
the preliminary basin with model dimensions. 

The model was operated for  this design with the valve in a hor- 
izontal position and depressed 2-1/2', 5O, 7- 1/2O, and lo0. In each of 
the valve position::., the flow spread uniformly on the trajectory, but the 
hydraulic jump formed on the lower part of the trajectory apron. There 
were excessive disturbances in the form of large boils in the upstream 
portion of the jump, causing surges in the pool and movement of the rip- 
rap in the car.al section. In the downstream part of the stilling basin, 
a l l  of the flow was in the upper 2 to 3 feet of the pool making the surface 
velocity excessively high, Figures 5 and 6.  

It was apparent that the basin in this f o rm  was not satisfactory, 
primarily because the jet f r om the valve did not penetrate sufficiently 
deep into the basin to obtain good energy dissipation. 

Basin No. 2. Fo r  Basin No. 2 the preliminary basin was al- 
tered s o  that there Gas a deeper pool for  energy dissipation and the 
valve was moved close to the water surface s o  that the jet could pene- 
t r a te  the pool. This was accomplished by lowering the floor of the ba- 
s in  2 feet and the centerl ine of the valve 1 . 4  feet, Figure 7. The para- 
bolic t ra 'ectory under the valve was changed to a straight line slope of d about 10 below horizontal. The 0.6-foot relative change in elevation 
of the valve and the basin floor combined with the changes in the trajec- 
tory floor increased the total length of the stilling basin by 2 feet. Other 
features of the stilling basin and the canal remained unchanged. The 
axis of the hollow-jet valve was depressed lo0 f rom the horizontal, 
Figure 7. 



not improved with this basin. The ourflow was still  confined to the 
upper 2 to 3 feet of the pool and the surges were even more pronounced 
than for  the previous basin, Figure 8. The surges in the stilling pool 
caused waves of a choppy nature that extended down into the canal sec- 
tion, and in a short period of time, moved the riprap on the bank.s of 
the canal for several feet downstrean'. 

The trajectory apron under the valve was  removed, and with 
the valve depressed lo0, the jet was allowed to plunge into the pool. 
With this arrangement the jet did not penetrate into the pool but skipped 
along the surface of the water with no energy dissipation. This high 
velocity of flow extended down into the canal section causing consider- 
able damage to the riprap banks. 

The valve was then depressed 30°. At this angle the jet plunged 
into the pool but the width and depth of the pool was not adequate to ab- 
sorb. the energy, with the result that the jet struck the floor of the basin 
and was deflected back to the pool surface causing large boils and surges 
with some of the flow near the surface directed back toward the valve. 
The return flow interfering with the jet from the valve resulted in an 
even greater amount of surging accompanied by large quantities of splash- 
ing and spray thai covered a considerable area  around the model. The 
mist and spray occurring with this operation was an additional undesir- 
able feature that could not be tolerated in the prototype structure, indi- 
cating a definite need for improvement. However, it  was noticed that in 
the extreme downstream end of the basin the flow had become nearly uni- 
form, and the wave action in the canal was smoother than for the previ- 
ous tests. It was concluded that this type of energy dissipation might 
perform satisfactorily with a wider and deeper stilling pool. 

Basin No. 3. Since it  was felt that a wider basin would dissi- 
pate more energy, f i e  model was altered so that the sides of the basin 
diverged from a width of 6 feet at the valve, to a width of 12 feet in a 
length 03 37 feet. The basin was 12 feet wide for a length of 55 feet and 
then had a 20-foot transition leading to the canal. The floor of the diverg- 
ing section ivas sloped about 10' below horizontal. The valve was de- 
pressed 100 but the elevations of the valve and the basin floor were the 
same as  in Bas* No. 2,  Figure 7. 

The model was operated with this design but the jet did not pen- 
etrate the pool. The flow skipped along the surface of the pool, creat- 
ing considerable spray and disturbance, Figure 9. Since there was no 
improvement over Basin No. 2 and since the jet from the valve did not 
penetrate the pool, the valve was depressed below lo0. 

The method of depressing the valve was made simpler by using 
a section of flexible rubber hose in place of the pipe upstream from the 
valve. With a tilt slightly greater thai  10° the jet penetrated the pool 
to a greater depth and the energy from the jet seemed to b e  better dis- 
sipated, but the trajectory floor was too flat and the valve could not be 



rnived and the jet allowed to plunge directly into the pool. This ar- 
rangement resulted in better stilling action, but the elevation of the 
valve was too low and it became submerged at all flows. 

The valve and connecting pipe were raised to eliminate this 
3 submergence. The model was then operated at a discharge of 60 sec- 

ond feet with the valve depressed at several different angles to deter- 
mine the most satisfactory angle of depression. For  2 4 O  the jet dived 

P under the water surface and resulted in the best stilling pool action ob- 
served so fa r .  However, due to the entrained air and the concentration 
of the jet in a small  area, large boils and unsymmetrical flow prevailed 
in the basin, Figure 9-C.  The boils and unsymmetrical flow were con- 
fined to the upstream portion of the stilling basin and the flow had be- 
come more or less stable by the time it  entered the canal section, d- 
though the s l~r face  velocity was st i l l  too great. 

Basin No. 4. During the previous tests it was observed that 
most of the stilling action was confined to the upstream portion of the 
basin with very little use being made of the downstream half. Also, the 
stilling action that did occur was not thorough and the flow in the down- 
stream part had a high surface velocity that carried over intosthe canal 
section, causing damage to the riprap. Therefore, it was decided that 
with a deeper pool a more complete dissipation of energy could occur 
and the length of the stilling basin could be shortened. On this basis, 
for Basin No. 4, Basin No. 3 was made 4.5 feet deeper and shortened 
by 18 .62  feet, Figure 7. 

The model was operated at 60 second feet with the valve de- 
pressed 24O. The stilling action was much improved, there was better 
distribution of the flow, but large surges and waves were still  present 
indicating that the jet was not penetrating to the bottom of the pool. The 
waves extended down into the canal section and caused some movement 
of the riprap banks. 

MOOD STUDIES 

Deflectors. The best stilling action obtained so  f a r  had been 
with the jet plunging directly into the pool. However, the energy dissi- 
pation had not been complete, indicating that these might not be suffi- 
cient penetration and spreading of the jet into the pool. It was thought 
that a device which protected the jet from the tailwater until the jet was 
close to the floor of the stilling basin would provide the penetration net- 
essary to distribute the flow evenly and to obtain a more thorough energy 
dissipation. 

v A flat sheet, the ful l  width of the diverging section of the basin, 
called a deflector, was  placed over the valve and parallel with the angle 
of tilt of the valve. The deflector extended to within 2 feet of the floor 



greatly improved over t+e previous tests.   ow ever, the ftow from 
under the deflector was not evenly distributed and rose to the surface 
of the pool in surges that shifted from one side of the basin to the other. 
This action was reflected in waves that carried down into the canal sec- 
tion causing movement of the riprap banks. 

The deflector was then extended to within 13 inches of the still- 
ing basin floor. The deflector then exerted more control over the jet 
from the valve, and consequently the distribution of the flow emerghg 
from under the deflector was more evenly distributed across the basin. 

.p The surges were dampened to the extent that the waves resulting from 
the surges caused only a slight movement of the riprap banks in the ca- 
nal section. Whereas the improvement in the stilling action was notice- 
able, it was still  not sufficient to give the best possible energy dissipa- 
tion. 

Discharge guide. Since there was a definite improvement with 
the use of a deflector over the top of the valve, it seemed likely that 
better control of the jet could be obtained by using a device that would 
confine the jet entirely until it had penetrated to the floor of the basin. 

The f i rs t  device tried was an 8 -inch-diameter pipe, represent- 
ing a 37-inch-prototype pipe, placed so  that the jet discharged directly 
hto it and was carried to the bottom of the pool. It was apparent that 
this device was not adequate. At the 60-second-foot discharge there 
were large boils and surges that shifted from one side of the basin to ~ the other, producing unsymmetrical flow in the basin and damage to the 
riprap in the canal. At flows less than 60 second feet, the jet did not 
force the flow out of the lower end of the pipe. Consequently, the water 
backed up in the pipe and flowed out of the upper end with considerable 
splashing. 

The next device tried was a transition box 28 feet long, with 
the upstream opening 3 feet 10.67 inches square and the downstream 
opening 1 foot 2 inches high by 6 feet 3 inches wide. The box was in- 
clined the same as the valve and was placed directly in front of, but 
not touching, the valve. The performance of the basin with this type 
of guide was very poor. The concentrated jet was not distributed across 
the basin and therefore rose to the surface in a se r ies  of shifting surges 
with very little energy having been dissipated. When the height of the 
downstream opening of the chute was reduced t~ 7 inches, the stilling 
action was improved for the larger flows; howe-,er, for the lower flows, 
the water backed up in the guide and flowed out the upstream end. 

b 

14-INCH BUTTERFLY VALVE 
(I 

At this point in the study it was decided to use a 14-inch butter- 
fly valve instead of the hollow-jet valve because of the economies which 



could be realized, since a butterfly valve may be obtained commer- 
cially where the hollow-jet valve must be made to order.  

Preliminary studies. During the initial studies the butter- 
fly valve without a hood o r  guide was used in conjunction with Stilling 
Basin No. 4. 

The flow from the butterfly valve was entirely different than 
the flow f rom the hollow-jet valve. Where the flow f rom the hollow- 
jet valve was annular in shape at all heads and valve openings, Figure 
11-A, the flow f rom the butterfly valve consisted of two jets whose pat- 
tern varied considerably with either a change in head o r  degree of open- 
ing, Figure 11-B. The two jets from the butterfly valve issued f rom 
the upper and lower part of the valve and were separated by the leaf, 
Figure 10. When the leaf was closed in a counter-clockwise manner, 
Figure 10-A, the upper jet formed a large fin that arched high above 
the basin and extended f a r  down into the canal section. When the valve 
was turned so  that the leaf closed in a clockvrise manner, Figure 10-B, 
the large fin was directed into the stilling pool and the part of the jet 
that now was on top fe l l  well within the stilling basin. However, in 
neither position was there appreciable stilling action o r  dissipation of 
the jet energy. The jet struck the surface of the pool and skipped along 
the surface creating a high surface velocity in the canal section accom- 
panied by large waves that destroyed the r iprap banks. 

The valve was then depressed 30' and allowed to plunge direc- 
tly into the pool. The jet was now confined in the stilling basin, but 
there was not enough penetration into the pool due to the wide divergence 
of the jet, and consequently all of the flow was along the s ~ r f a c e .  

Basin No. 5. All of the previous tests  showed that a deep basin 
cannot be fully utilized if the jet does not penetrate the water. Since in 
the last test the jet had not penetrated to the bottom of the pool, two pos- 
sible sokL1tions were proposed; either a device to c a r ry  the jet to the 
bottom of the basin could be developed o r  the floor of the basin raised 
so  that the ordinary penetration of the jet without a protecting device 
would reach the floor. 

The lat ter  solution was the most economical so  it  was tried 
f i rs t .  The floor of Stilling Basin No. 4 was raised to elevation 5215.5 
by placing a wooden false floor 4 .5  feet above the existing floor. 

When the model was operated the extreme dispersion of the 
jet at  smal l  openings prevented appreciable penetration into the pool, 
and at the larger  openings the depth was not adequate for energy dissi- 
pation. This basin was a lso  tr ied with two types of deflectors on the 
valve, Figure 13. These tests  a r e  described in grea ter  detail in  the 

I 1  section under "Hood Studies. Briefly, however, the stilling action 
was very  inadequate fo r  valve openings of one-third o r  less ,  making 
it apparent that the deeper basin was necessary. 
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sin, the side rails that supported the fa l se  floor were not removed. 
When some of the ea r l i e r  tests  were repeated to obtain photographs, 
it was noticed that the stilling action was improved. Further investi- 
gation showed that the rails assisted in turning under the boils which 
formerly had r i sen  to the surface next to the walls. Figure 1 2  shows 
a aomparison of the flow appearance with and without the side ra i l s .  
This feature was incorporated in the basin with the addition of 45' fil- 
lets on the top and bottom of the rail to facilitate field construction, 
since tests had shown that the fillets did not reduce the effectiveness 
of the rails.  Stilling Basin No. 5 consists of Stilling Basin No. 4 with 
the addition of the s ide rai ls .  

Recommended basin outline. At this point in the investigation, 
it became necessary to submit a sml ing basin outline to the field s o  
that the f i rs t  s tage concrete could be poured and the basin used f o r  di- 
version purposes. However, the type of v d v e  to be used had not defi- 
nitely been decided and conseqcently the final basin could not be recom- 
mended. The investigation had shown, however, that some type of hood 
would be necessary on the valve and that the basin a s  developed to this 
point had the proper over-all dimensions. Since the performance of 
Stilling Basin No. 5 was satisfactory, i t  was submitted to the designers.  

The recommended b a s h  outline had a valve chamber 6 feet  
wide and 8 feet long, a diverging section 3'9 feet long with the maximum 
width 12 feet, a 12-foot-wide section 36 feet  4 inches long, and a 19- 
foot transition leading to the canal section. The floor of the pool was 
at elevation 5211.  0, with the lower edge of the rails 2 feet 10 inches 
above this. The rails star ted 3 feet upstream f rom the end of the t ra-  
jectory and were each 34.6  feet long, Figure 4.  

Tests f rom here  on had to be made using the basin outline 
which was now under construction. Therefore, all changes and addi- 
tions had to b e  compatible with this design. 

HOOD STUDIES 

Deflectors. Because of the extreme divergence of the jet of 
the butterfly valve at partial  openings, it was apparent that in o rder  to 
obtain the desired stilling action it  would be necessary '9 develop a 
guide to c a r ry  the flow to the bottom of the stilling pool for  the most  
effective energy dissipation. For  all of the following tests  the valve 
was depressed 30°. 

The f i r s t  type of guide tested was a semicircular  hood 3 .5  
feet long, fastened over the top of ;i:t d y e ,  Figure 13, Deflector 
No. 1. This hood caused the jet tr ;;l:.nge into the basin, but the jet 
divergence was such that the pene.: :ion was not sufficient, and 



consequently there  were large boils and surges  in the stilling basin 
causing wave action in the canal section that moved the r iprap  f rom 
the banks. 

A curved deflector, the width of the stilling basin, was  then 
developed to attempt to confine the divergence of the jet, F igure  13, 
Deflector No. 2. With this design the operation in the stiUing basin 
was good at the larger  discharges. F o r  a valve opening of one-third 
o r  l e s s  the je t ' s  divergence was so  grea t  that i t s  energy was dimin- 
ished to the extent that the jet did not penetrate into the pool but hit 
the surface of the water and caused a considerable amount, of sp ray  
and splashing to be present. This sp r ay  backed up over the valve, 
causing the valve to be partially submerged intermittently, resulting 
in very Qoor basin operation. Side walls were placed under the de- 
flector to further  control the divergence of the jet at  the sma l l  open- 
ings, but th-re was no improvement in the stilling action, s o  fur ther  
study on this type of hood was discontinued. 

Discharge guides. Deflectors No. 1 and 2 as described above 
were of the s ame  general type, but differed in s i ze  and in the method 
of attaching them to the structure. Whereas neither of the deflectors 
were entirely satisfactory, some features of both showed promise that 
warranted fur ther  development. It was believed that if the jet could be 
carr ied to the bottom of the pool as by Deflector No. 2, but a t  the same  
time be fastened directly to the valve as Deflector No. 1, bet ter  control 
of the jet could be obtained and consequently a better stilling action. 

The l i r s t  discharge guide developed along this line consisted 
of a length of 14-inch pipe bolted to the downstream flange of the valve. 
The pipe was 11.67 feet long and inclined 30° below the horizontal. 

The operation with this type of guide was exceptionally good; 
the energy dissipation was accomplished with no disturbances in the 
form of visible surges,  boils, o r  wave action, although some eddies 
were noticeable. However, this lack of a visible stilling action can be 
explained as follows: In fastening the guide directly to the valve it  was 
not possible for  the valve to receive a i r ,  and consequently there  was 
no air carr ied  into the stilling basin as in all of the previous tests .  
The lack of a i r ,  however, caused subatmospheric pressures  in the 
pipe and valve, and the use of this device could not be recommended. 

Two a i r  vents, about 5 inches in diameter,  were then placed 
in the sides of the guide, directly downstream f rom the flange. With 
air provided, the turbulence in the basin increased considerably. Also, 
part of the flow f rom the valve was discharged through the vents, caus- 
ing objectionable spray and splashing. To eliminate this feature a pipe 
18.67 inches in diameter was used in place of the 14-inch pipe. The 
larger  pipe was fastened to the valve in the same  manner as the smal ler  
pipe, and two a i r  vents, the same s i z e  and location, were a lso  provided. 
The Larger pipe provided the additional a r ea  needed to prevent flow out 
of the a i r  vents, but the circular  pipe did not exert enough control over 
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the dispersion of the jet and the flow in the basin was unsymmetrical 
with. large shifting boils and surges. 

To obtain better dispersion, a circle-to-rectangle transition, 
11 feet 9 inches long, was used in place of the circular pipe. The up- 
stream end of the transition was circular, 18.67 inches in diameter, 
and fastened directly to the valve by a flange. Air  vents were provided 
immediately downstream from the flange. The lower end was rectan- 
gular, 5 .17 inches high and 4 feet 5 inches wide, giving the same a rea  
at tine entrance and exit of the transition, Figure 14. 

With the valve fully open, the transition helped to provide good 
operation in the stilling pool; however, a s  the valve was closed, shift- 
ing boils caused excessive waves in the transition and canal. 

To eliminate the poor stilling basin appearance at the smaller  
discharges, two methods of reducing the a rea  at the end of the transi- 
tion were tried. For  the f irst  a wedge-shaped divider, 8.17 inches wide 
and 23.35 inches long, w a s  placed in the center of the rectangular open- 
ing. This split the jet and directed the two parts against the basin walls. 
The reduced a r e a  resulted in better stilling action but the splitting of the 
jet and its consequent striking of the wal l s  with considerable force made 
the use of the dividing wedge undesirable. 

The a r e a  was then reduced by an amount equal to the wedge by 
reducing the height of the rectangular opening to 4.2 inches. When the 
model was operated with this arrangement, the action in the stilling 
pool was improved with the jet plunging sufficiently deep into the pool 
to give thorough energy dissipation. 

At this point i n  the model studies the testing w a s  discontinued 
because there was still  considerable doubt a s  to the type and size of con- 
trol valve that was to be used in the outlet works; and therefore i t  was 
not practical to develop a final discharge guide until a definite decision 
was made. 

1 :6 MODEL--COMMERCIAL PIVOT VALVE 

Introduction. The model studies were resumed after a lapse of 
several months. An  18-inch commercial pivot valve had been selected 
for the outlet works; the 18-inch valve had become necessary when the 
maximum discharge requirements had been increased to 100 second feet. 

The pivot valve is similar in performance to the butterfly valve 
in that the flow issues from the valve in  two jets whose characteristics 
vary considerably with both head and degree of opening. At smal l  open- 
ings the jet diverges, with the smallest openings giving the greatest 
divergence, Figure 11-C; at  the larger openings the jets a re  concen- 
trated and difficult to spread. These features made the control of the 
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kons&pently, the same  manner of overcoming the difficuity was 
used. 

Several months had elapsed since the model studies were 
discontinued and the 1:4.67 model had been dismantled to make room 
for  more  active studies. The model was rebuilt to a scale of 1:6 s o  
that a 3-inch model of the pivot valve could be  used. The recornmen- 
ed basin, Figure 4, was rebuilt to this scale in the same manner a s  
in the 1:4.67 model, with the exception that in one side of the 1:6 
model, glass panels were installed. Figure 15 shows the model in- 
stallation. With the panels i t  was possible to s e e  how deep the jet 
was penetrating and the effectiveness of any device used to obtain a 
better dispersion of the jet. 

'The m.odel valve was constructed of brass  and transparent 
plastic. The valve leaf and operating mechanism were machined f rom 
brass  stock, and the ba r re l  molded in transparent plastic, Figures 16, 
and 17. Piezorneters were installed on the invert of the valve barrel.  

The p ro to ty~e  stilling basin had already been accepted and 
constructed in the field; therefore, any changes necessary to obtain 
proper operation would have to be made with a hood o r  discharge guide 
used in conjunction with the valve. 

In the preliminary tests  the pivot valve was depressed 30' and 
discharged directly into the basin, Figure 17-A. The jet did not pene- 
t ra te  the pool, and a s  a result  there were large boils and shifting surges  
in the basin, with high velocity surface flow and large  waves in the canal. 
Figures 18 and 19 show the action at  two different discharges and r e se r -  
voir elevations. It was apparent f rom this test that a hood o r  discharge 
guide was necessary to enable the jet to penetrate the pool for any effec- 
tive energy dissipation. 

HOOD STUDIES 

Preliminary hoods. To provide information to determine the 
type of discharge guide that was necessary fo r  the pivot valve, the hood 
that had been used on the 1:4.67 scale model, Figure 14, was fastened 
to the pivot valve, Figure 17-B. The 4-inch-diameter entrance of the 
model hood when scaled up fo r  the 1:6 model represented a 24-inch- 
diameter opening on the prototype. This entrance was slightly larger  
than the diameter of the valve, but flanges on the valve and hood were 
matched so  that they could be fastened together concentrically. Two 6 - 
inch-diameter a i r  vents, one on each side of the hood immediately down- 
s t ream from the flange, provided ventilation for  the valve. 

Operation with this hood was satisfactory with the a i r  vents open. 
The stilling pool operation was adequate with the stilling action well dis- 
tributed throughout the basin, Figures 20 and 21. P ressure  measurements 



obtained in the valve and hood fo r  several  discharges were al l  above 
atmospheric. When the a i r  vents were closed, the appearance in the 
stilling pool was much better since there was no entrained a i r ,  but 
pressures  in the valve and hood dropped to below atmospheric, which 
increased the discharge. This was an undesirable feature, and because 
of the comparatively smal l  openings for  the a i r  vents, it was possible 
that at  some time they might become closed off in the prototype struc-  

. - 

The same hood was used, but instead of being fastened to the 
valve it was fastened to the side walls and floor of the stilling basin. 
There was a 4-1/2-inch clearance between the valve and hood. This 
arrangement was satisfactory at  the larger  discharges, but a s  the valve 
was closed and the jet began to disperse, part of the jet did not enter 
the hood, showing a need for  a larger  entrance to the hood. 

Another hood was constructed with the entrance diameter in- 
creased to 30 inches and the rectangular exit dimensions increased to 
7 inches high by 4 feet 10 inches wide. The length was increased to 
1 2  feet 6 inches, Figure 22. This hood was also placed 4- 112 inches 
f rom the valve and parallel to the  sloping basin floor. 

Operation with this design was satisfactory at al l  flows. The 
jet penetrated to the bottom of the stilling basin and there was good dis-  
sipation of the jet energy. However, there were s t i l l  some boils and 
surges present in the lower end of the stilling basin and they had a tend- 
ency to shift f rom one side of the basin to the other. 

Two alterations to the hood were made in an attempt to reduce 
the slightly unstable flow in the basin.. -For  the first alteration a sheet 
metal slide gate was placed on the rectangular exit. The gate could be 
raised o r  lowered by means of a threaded crank while the model was in 
operation. It was anticipated that the unstable condition in the lower end 
of the stilling basin might be controlled if the flow emerged from the hood 
through a smal ler  area .  At a discharge of 60 second feet the unstable con- 
dition had been most prevalent. Therefore, the model was operated at  
this discharge, and the slide gate slowly closed. The gate could be closed 
only three-eighths of an inch before the water backed up in the hood and 
star ted corning out of the entrance. It was decided to accept the original 
7-inch height fo r  this opening in order  to provide fo r  any inconsistencies 
between the model and prototype. 

The second alteration was to increase the length of the discharge 
guide by 6 feet in order  to bring the jet closer  to the floor of the pool 
before releasing it. This did not improve the stilling action and there 
was a tendency f o r  the water to choke up in the hood, although none came 
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ditions, neither was incorporated in the recommended design. 

Recommended hood. The hood recommended for prototype 
construction is shown in Figure 23. The slight differences between 
this hood and that,shown in Figure 22 were made to eliminate sharp 

I ? 
I 

corners where there was flowing water and for  ease of prototype con- 
struction. A 1:6 model was constructed of the recommended hood and 

I 

installed for further testing. The model hood installation is shown in 
v Figures 4 and 17-C. 

The model was operated over the full range of discharges at 
reservoir elevations 5340 and 5430. Three features: (I) stilling basin 
appearance, (2) wave action and i ts  effect in the canal section, and (3) 
pressure measurements in the hood, were then checked for a final eval- 
uation of the design. 

Stilling Basin Appearance 

The model was operated at discharges ranging from 5 to 100 
second feet at reservoir elevations of 5340 and 5430. The appearance 
of the flow in the basin was satisfactory. The water surface in the 
basin at 100 second feet was comparatively rough, but since it was 
an infrequent operating condition, the basin was believed to be ade- 
quate. For  a flow of 15 second feet at reservoir elevation 5430, the 
jet leaving the valve and entering the hood was dispersed to such an 
extent that it tended to choke up the hood, causing some water to 
splash back into the valve chamber; however, the amount of the wa- 
ter  splashed back was small enough that a 118-inch drain hose could 
keep the chamber siphoned dry while the model was operating, and 
therefore the splash was not considered dangerous. (This backflow 
was also encountered during the prototype tests,  see  Appendix. ) 

The hood did not choke up at any of the other discharges, 
indicating that it was a specific head and valve opening that caused 
the jet to disperse and would occur in the prototype only under the 
same conditions. Figures 25, 26, and 28 a r e  photographs showing 
the appearance of the stilling basin for several different operating 
conditions. Figure 3 of the Appendix shows the prototype stilling 
basin at a discharge of 30 second feet. 

Wave Heights 

The wave heights in the canal section were measured by . means of a staff gage located about 2 feet downstream from the end 
of the concrete transition. The wave height was determined by re-  
cording the maximum and minimum water surface that occurred in 

c a period of 1 minute. Several such readings were obtained and nv- 
eraged for the height that has been tabulated in the table below. 



the recommended stillLg basin both with and without the side rails. 
The wave heights at 15 second feet were negligible under both con- 
ditions. At all other discharges except 100 second feet, the waves 
were less  in magnitude with the rails in place; at 100 second feet 
the rai ls  seemed to lose their dampening effect. Figures 26 and 27 
a re  a comparison of the appearance in the stilling basin with and 
without the side rails. 

WAVE HEIGHTS IN CANAL SECTION 

Wave heights obtained during the prototype tests showed 
that at 15 second feet the waves were about 0.05 foot in magnitude, 
and at 30 second feet were 0. 1 foot in magnitude both of which com- 
pare favorably with the model measurements. 

Pressure  Measurements 

Thirty-two piezometers were placed in critical areas  on 
the model hood, Figure 23. Pressure  measurements obtained from 
these piezometers at discharges of 15, 30, 45, and 60 second feet 
with reservoir elevations of 5340 and 5430 were atmospheric o r  above 
at every discharge with one exception. When the discharge was 30 
second feet at reservoir elevation 5340, the pressure at Piezometer 
No. 7 was 0.4 foot of water below atmospheric.. Since this pressure 
was not excessively low nor the others too high, the hood design was 
considered adequate. Figure 29 is a graphical representation of the 
pressure readings. 

The prototype structure has 12 piezometers that correspond 
to the following numbered model locations: Nos. 2, 3, 6, 8, 11, 13, 
16, 18, 21. 23, 27, and 30. Figure 24  shows the location and instal- 
lation of the prototype piezometers. Pressure  measurements made 
on the prototype structure were all higher than corresponding pres- 
sures  determined from the model. The tailwater elevations during 
the prototype tests were about 1-1/2 feet higher than the tailwater 
used for the model tests, which might account for the discrepancy. 
Figure 2 of the Appendix is a comparison of the prototype and model 

readings. 



Discharge characteristics. To determine the discharge 
characteristics of the pivot valve, tests were made on the 1:6 model 
valve. 

The information thus obtained was used to determine the 
coefficient of discharge, for the valve at any opening and to de- 
termine the discharge in feet per second for  any valve opening 
and pressure head at the valve, Figures 30 and 31. 

The model discharge was measured by an orifice Venturi meter 
and the pressure head at the valve was measured by a piezometer placed 
1 diameter upstream from the 30° bend. 

T w o  approach conditions were used for  the tests; in the first 
the valve and a short section of the approach pipe were depressed 30' 
to represent the prototype arrangement; for  the second condition the 
valve and approach pipe were horizontal. 

For  the f irst  condition the maximum CD is 0.658 occurring at 
a valve opening of 89 .6  percent; fo r  larger valve openings the coefficient 
decreases rapidly. 

For  the second condition CD was the same for valve openings 
up to 75 percent; for openings greater than 75 percent CD was larger 
than it had been for  corresponding openings under the f i rs t  condition. 
The maximum CD with the horizontal approach was 0.63 and was attained 
when the valve was 82-percent open; for valve openings greater than 82 
percent the CD decreased, but not a s  rapidly as under the f i rs t  condition. 
Figure 30. 

Tests with the valve and a short section of the approach pipe 
depressed 30' showed that the maximum required discharge can be ob- 
tained at normal reservoir elevations with this valve. The discharge in 
second feet for valve openings at 10-percent intervals has been plotted 
against pressure head in Figure 31. 

The coefficient of discharge was obtained for the two discharges 
used during the prototype tests, s ee  Appendix. For  both discharges the 
prototype coefficient was smaller  than the coefficient determined from 
the model studies. This difference cannot be explained a t  the present 
time. 

Pressures,  Four piezometers were placed in the valve so that 
pressure measurements could be obtained under the most common oper- 
ating conditions. These piezomcters were located on the bottom of the 
valve, t G - o n  each side of the invert, Figure 16. Since this was not a 
comprehensive study of a pivot valve, no piezometers were placed in the 
gate leaf o r  operating stem housing. 
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A. HOLLOW-JET VALVE 
Opera t ing  at a sma l l  opening 
and la rge  head, note 
s y m m e t r y  of the jet .  

B. BUTTERFLY VALVE 
Opera t ing  at a sma l l  opening 
and la rge  headm note the 
l a rge  fin on the top of the je t ,  
a l so  the e x t r e m e  d ivergence .  

C. COMMERCIAL PIVOT VALVE 
Opera t ing  at a s m a l l  opening 
and la rge  head,  note the 
d ive rgence  of the jet.  
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Model Studies 
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A. HOLLOW-JET VALVE 
Operating at a small opening 
and large head, note 
symmetry of the jet. 

B, BUTTERFLY VALVE 
Operating at a small opening 
and large head, note the 
large fin on the top of the jet, 
also the extreme divergence. 

C° COMMERCIA L PIVOT VALVE 
Operating at a small opening 
and large head, note the 
divergence of the jet. 
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Flow patterns for three 
types of control valves. 
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SECTION ON 

DISCHARGE 
PIEZ ~1 
PIEZ 2 
PIEZ 3 
PIEZ 4 

--J~__, 2-27-51 

'1 1 ' I I 
i..- -m ---. ! 

/ 

END V I E W  

P R E S S U R E S  
FEET OF WATER 

RESERVOIR ELEVATION 
5 3 4 0  

30 G.ES. 60G.ES. 
86 FT. 24 FT. 
43 FT 8.7 FT. 

s 

84 FT. 21 FT. 
45 FT. 9.4 FT. 

/ 

SOLDIER CANYON DAM 
O U T L E T  W O R K S  

IS- INGH G O M M E R C I A L  PIVOT V A L V E  
P IEZOMETER L O C A T I O N S  AND PRESSURES 

1:6 S G A L E  MOOEL 

5 4 3 0  
30G.ES. 60 G.ES. 
1,76 FT. 112 FT. 
70  FT. 59 FT. 

173 FT. 108 FT. 
77 FT. 61 FT. 



!~(!~ s ¸ 

A. Model of commercial pivot 
valve installed J.~1 model. 

B. Hood de.~igned for  But ter f ly  
valve fas tened d i r ec t ly  to 
pivot valve. Note piezom- 
e t e r s  in hood, and side 
r a i l s  in basin. 

SOLDIER CANYON DAM 
Outlet Works 
1:6 scale model 
Hood Studics 

Pivot valve and Hoods 

C. Recommended hood ins ta l led 
4 -1 /2 - inches  in front  of valve 

' I  



B 

A. Model of commerc ia l  pivot 
valve instal led in model. 

B. Hood designed for Butterfly 
valve fastened directly to 
pivot valve. Note piezom- 
eters in hood. and side 
rails in basin. 

SOLDIER CANYON DAM 
Outlet Works 
~:6 scale model 
Hood Studies 

Pivot valve and Hoods 

C. Recommended hood installed 
4 -1 /4- inches  in front of valve. 

~° 



F i g u r e  18 

R e s e r v o i r  E leva t ion  5430 

R e s e r v o i r  E leva t ion '5340  

SOLDIER CANYON DAM 
Outle t  Works  

1:6 sca le  model  
Hood Studies 

P e r f o r m a n c e  of 18-inch 
P i v o t  va lve  without ~hood 

D i s c h a r g e  30 cfs  



F i g u r e  18 

R e s e r v o i r  e l e v a t i o n  5430 

R e s e r v o i r  e l e v a t i o n  5340 

SOIA:}IER CANYON DAM 
O u t l e t  W o r k s  

;,:6 s c a l e  m o d e l  
Hood  S t u d i e s  

P e r f o r m a n c e  of  1 8 - i n c h  
P i v o t  v a l v e  wi thout  hood 

D i s c h a r g e  30 c f s  



" ~ F i g u r e  19 

R e s e r v o i r  e l e v a t i o n  5430 

R e s e r v o i r  e l e v a t i o n  5340 

S O L D I E R  CANYON DAM 
O u t l e t  W o r k s  

1:6 s c a l e  m o d e l  
H o o d  s t u d i e s  

P e r f o r m a n c e  of  1 8 - i n c h  
P i v o t  v a l v e  wi thou t  hood .  

D i s c h a r g e  60 c f s .  



• ' F l p ~ . e  1 9  

R e s e r v o i r  e l eva t ion  5430 

R e s e r v o i r  e l eva t ion  5340 

SOLDIER CANYON DAM 
Outle t  Works  

1:6 sca le  mode l  
Hood s tud ies  

P e r f o r m a n c e  of 18- inch 
Pivot  va lve  without hood. 

D i s c h a r g e  60 cfs .  



F i g u r e  20 

J 
q 

I 
R e s e r v o i r  e leva t ion  5430 

I 

R e s e r v o i r  e leva t ion  5340 

SOLDIER CANYON DAM 
Outle t  Works  

1:6 s c a l e  model  
Hood Studies  

P e r f o r m a n c e  of 18- inch 
P ivo t  valve with p r e l i m i n a r y  hood. 

D i s c h a r g e  60 cfs  



Figure 20 

R e s e r v o i r  e l e v a t i o n  5430 

R e s e r v o i r  e l e v a t i o n  5340 

S O L D I E R  CANYON DAM 
Out le t  W o r k s  

1:6 s c a l e  mode l  
t Iood S tud ies  

P e r f o r m a n c e  of 18 - inch  
P ivo t  va lve  with p r e l im in := ry  hood,  

D i s c h a r g e  60 c fs  



F i g u r e  21 

R e s e r v o i r  e l e v a t i o n  5430 

R e s e r v o i r  E l e v a t i o n  5340 

S O L D I E R  CANYON DAM 
Out l e t  W o r k s  

1:6 s c a l e  mode l  
Hood S tud ies  

Hood as  d e s i g n e d  fo r  B u t t e r f l y  
valve  f a s t e n e d  to 18 - inch  P i v o t  

Va lve .  D i s c h a r g e  60 c f s .  



F i g u r e  21, 

R e s e r v o i r  e leva t ion  5430 

I 

R e s e r v o i r  e leva t ion  5340 

SOLDIER CANYON DAM 
Out le t  Works 

1:6 s ca l e  model  
Hood Studies  

Hood as  des igned  for Bu t t e r f ly  
valve f a s t ened  to 1 8 - i n c h P i v o t  

Va lve .  D i s c h a r g e  30 cfs ,  
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S O L D I E R  C A N Y O N  DAM 
O U T L E T  W O R K S  

P R E L I M I N A R Y  HOOD FOR PIVOT VALVE 
i : 6  SCALE MODEL 
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R e s e r v o i r  e l e v a t i o n  5430 

R e s e r v o i r  e l e v a t i o n  5340 

S O L D I E R  CANYON DAM 
Out le t  W o r k s  

1:6 s c a l e  m o d e l  
H o o d  S tud ies  

R e c o m m e n d e d  s t i l l i ng  b a s i n  and hood.  
D i s c h a r g e  30 c f s  



F i g u r e  2 5 

R e s e r v o i r  e l e v a t i o n  5340 

Reservoir elevation 5430 

SOLDIER CANYON DAM 
Outlet Works 

1:6 scale model 
Hood Studies 

Recommended stilling basin and hood. 
Discharge 30 cfs 



Figu re  26 

R e s e r v o i r  e levat ion  ,~340 

R e s e r v o i r  e l eva t ion  5430 

SOLDIER CANYON DAM 
Out le t  Works 

1:6 s c a l e  model  
Hood Studies 

Recommended  s t i l l i ng  bas in  and hood. 
D i s c h a r g e  60 cfs ,  



. . . . . . .  -~ ° Figure26 

Reservoir elevation 5340 

Reservoir Elevation 5430 

S O L D I E R  CANYON DAM 
O u t l e t  W o r k s  

1:6 s c a l e  m o d e l  
Hood  S t u d i e s  

R e c o m m e n d e d  s t i l l i n g  bas in  and hood .  
D i s c h a r g e  60 c f s .  



F i g u r e  27 

Reservoir elevation 5340 

Reservoir elevation 5430 

SOLDIER CANYON DAM 
Outlet  Works  

1:6 s c a l e  mode l  
St i l l ing Bas in  Studies  

R e c o m m e n d e d  Bas in  with 
s ide  r a i l s  r e m o v e d .  
D i s c h a r g e  60 c fs .  



F i g u r e  27 

R e s e r v o i r  e levat ion 5340 

R e s e r v o i r  e levat ion 5430 

SOLDIER CANYON DAM 
Outlet  Works  

1:6 sca le  model  
St i l l ing Bas in  Studies  

R e c o m m e n d e d  Bas in  with 
s ide r a i l s  r emoved .  
D i s c h a r g e  60 cfs .  



F i g u r e  28 

R e s e r v o i r  e l e v a t i o n  5430 

SOLDIER CANYON DAM 
Out le t  Works  

1:6 s c a l e  m o d e l  
S t i l l ing  B a s i n  S t u d i e s  

R e c o m m e n d e d  B a s i n  and Hood. 
D i s c h a r g e  100 c f s  



F i g u r e  2B 

R e s e r v o i r  e l e v a t i o n  5430 

SOLDIEI:t  CANYON DAM 
Out le t  W o r k s  

1:6 s c a l e  mode l  
S t i l l ing  Bas in  S tud ies  

Recommended  B a s i n  and Hood.  
D i s c h a r g e  100 c f s  
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D e c e m b e r  19, 1951 

Fie ld  Tr ip  Repor t  No. 1191 

To: Chief  Eng inee r  
Through: Chief,  Enginee r ing  

L a b o r a t o r i e s  Branch  

F r o r n /  

Subject: 

Eng inee r  Ben R. BlackweLl 

F ie ld  Tr ip  to obtain hydrau l i c  m e a s u r e m e n t s - - S o l d i e r  
Canyon Outlet  W o r k s - - C o l o r a d o - B i g  Thompson  P r o j e c t  

Introduction 

I. Sep tember  26 and 27, 1951, were  spent  at So ld ie r  Canyon 
Outlet  Works  obtaining hydrau l i c  m e a s u r e m e n t s  u t i l i z ing  spec ia l  
equipment  ins ta l l ed  in the d i s cha rge  guide dur ing  cons t ruc t ion .  The 
ve ry  bes t  of coopera t ion  was r ece ived  f rom L. R. Fos se t t ,  Mainte-  
nance Superintendent ,  ably a s s i s t e d  by H. J.  B a r b e r  and G. H. 
Burkard ,  a l l  of the Loveland,  Colorado  office.  These  men  adjusted 
the outlet  works  d i scha rge  as r equ i r ed  by the tes t  schedule ,  they 
a s s i s t ed  in running leve ls ,  and did eve ry th ing  in the i r  power  to br ing  
the tes t ing  p r o g r a m  to a success fu l  conclusion.  

Pu rpose  of the Tr ip  

2. The p r i m a r y  purpose  of the t r ip  was to obtain p r e s s u r e  
m e a s u r e m e n t s  in the d i scha rge  guide of the Soldier  Canyon Outlet  
Works and compare  these  p r e s s u r e s  with those p red ic ted  f rom hy-  
d rau l i c  model  s tudies .  Secondary  pu rposes  include (1) p a r t i a l  ca l -  
ib ra t ion  of the 18-inch pivot valve,  (2) wave height obse rva t i ons  in 
the canal  downs t ream f rom the s t i l l ing  bas in ,  (3) obse rva t i ons  on 
the s e v e r i t y  of the e jec t ion  of water  out of the u p s t r e a m  end of the 
d i scha rge  guide into the valve house,  and (4) obse rva t i ons  on the hy- 
d rau l i c  p e r f o r m a n c e  of the s t i l l i ng  bas in .  

This  study is of spec ia l  i n t e r e s t  due to the depa r tu r e  f rom 
s tandard  des ign p r ac t i c e  by having the valve d i s cha rge  into a sub- 
merged  d i s cha rge  guide. The purpose  of this  guide is to convey the 
wate r  f r om the valve to the bot tom of the s t i l l i n g  bas in  where  ma~. - 
imum ene rgy  d i s s ipa t ion  is poss ib le  with a m i n i m u m  length  of basin.  
This  new des ign  concept  was d i s cus sed  in de ta i l  in the paper  " P r o g r e s s  



in New D e s i g n s  for  Out le t  W o r k s  S t i l l i ng  B a s i n s "  by A. J .  P e t e r k a  
and H. W. T a b o r  wh ich  was  p r e s e n t e d  at the F o u r t h  I n t e r n a t i o n a l  
C o n g r e s s  on L a r g e  D a m s  at New Delh i ,  India,  in  F e b r u a r y  1951. 

O p e r a t i n g  Range  of the Out le t  W o r k s  

3. The  out le t  w o r k s  was  d e s i g n e d  for  a m a x i m u m  c a p a c i t y  of 
100 cubic  fee t  p e r  second .  T h i s  c a p a c i t y  a n t i c i p a t e s  g r e a t l y  expanded  
d e l i v e r i e s  in the F o r t  C o l l i n s  a r e a .  At the p r e s e n t  t i m e  the c a p a c i t y  
of the ou t l e t  w o r k s  i s  l i m i t e d  by the c a p a c i t y  of the a v a i l a b l e  cana l  
s y s t e m .  A 2-foot  Parsha11 f lume  l i m i t s  the flow to C o l l e g e  R e s e r v o i r  
to about  30 cubic  fee t  p e r  s econd  whi le  the cana l  to D ixson  R e s e r v o i r  
wi l l  handle  a p p r o x i m a t e l y  8 cubic  fee t  p e r  second .  Model  da ta  w e r e  
obta ined  at d i s c h a r g e s  of 15, 30, 45, 60, and 100 cubic  fee t  p e r  s e c -  
ond. At the t ime  of the t e s t s  the head on the valve  was  a p p r o x i m a t e l y  
130 feet  whi le  the m a x i m u m  a v a i l a b l e  head,  when H o r s e t o o t h  R e s e r -  
vo i r  is  full.  wi l l  be about  203 feet .  Model  da ta  w e r e  ob ta ined  for  h e a d s  
of 35, 75, 113, 160, and 203 fee t  p r o t o t y p e .  The a c t u a l  m o d e l  heads  
w e r e  o n e - s i x t h  of t h e s e  va lues .  

Model  P r e s s u r e  M e a s u r e m e n t s  

4. Model  da ta  w e r e  ob ta ined  f r o m  a 1 to 6 s c a l e  h y d r a u l i c  m o d e l  
in the D e n v e r  H y d r a u l i c  L a b o r a t o r y .  Mode l  p r e s s u r e s  w e r e  m e a s u r e d  
on a m a n o m e t e r  boa rd .  S ince  one of the p u r p o s e s  of the  m o d e l  t e s t s  
was  to evo lve  a d e s i g n  for  the  d i s c h a r g e  guide wi thout  n e g a t i v e  p r e s -  
s u r e s ,  the low point  of the s u r g e  in ~he m a n o m e t e r s  was  r e c o r d e d  a s  
the p r e s s u r e  in the d i s c h a r g e  guide.  N £ i t h e r  the  a v e r a g e  p r e s s u r e  
no r  the m a g n i t u d e  of the p r e s s u r e  s u r g e  as  shown by the m a n o m e t e r  
was  r e c o r d e d .  A p p a r e n t l y  the s u r g e  was  not l a r g e  enough to g ive  

c o n c e r n .  

P ro to tTpe  P r e s s u r e  M e a s u r e m e n t s  

5. P r o t o t y p e  p r e s s u r e  m e a s u r e m e n t s  w e r e  ob ta ined  at  d i s c h a r g e s  
of 15 and 30 cubic  fee t  p e r  s e c c n d  at the 12 p i e z o m e t e r  l o c a t i o n s  in  the 
d i s c h a r g e  guide shown in F i g u r e  1. The  r e s e r v o i r  for  t h e s e  t e s t s  was  
at e l e v a t i o n  5358 .8  feet ,  r e s u l t i n g  in a head  of a p p r o x i m a t e l y  130 fee t  
on the va lve .  Two t e c h n i q u e s  w e r e  u sed  in  ob ta in ing  the  p r e s s u r e s ,  
n a m e l y ,  (1) an  e l e c t r i c  "we l l "  gage,  and (2) a gas  p r e s s u r e  s y s t e m .  
The  tops of the 1 - inch  v e r t i c a l  p ipe  l e a d s  f r o m  the p i e z o m e t e r  o p e n i n g s  
w e r e  a l l  a p p r e c i a b l y  above the h y d r a u l i c  g r a d i e n t  in  the d i s c h a r g e  guide,  
t h e r e b y  p e r m i t t i n g  the use  of the p i p e s  as  m a n o m e t e r s .  The  we l l  gage  
p r o b e  was  used  to loca te  the w a t e r  s u r f a c e  in  the opaque p ipes .  Both  
of t h e s e  m e t h o d s  of m e a s u r i n g  p r e s s u r e s  i nd i ca t e  the a v e r a g e  p r e s s u r e  
at the p i e z o m e t e r  s i n c e  m o s t  of the  p r e s s u r e  f l uc tua t i ons  a r e  a b s o r b e d  
in the l a r g e  vo lume  in  the 1 - i n c h  r i s e r  p i p e s  in  con junc t ion  wi th  the 
s m a l l  1 / 8 - i n c h  p i e z o m e t e r  open ings .  



C o m p a r i s o n  of Mode l -Pro to t~rpe  P r e s s u r e s  

6. In add i t ion  to the  fact  that  the p r o t o t y p e  da ta  i n d i c a t e d  
a v e r a g e  p r e s s u r e s  and the m o d e l  da ta  i n d i c a t e d  a m i n i m u m  p r e s -  
su re ,  the p r o t o t y p e  t a i l w a t e r  e l e v a t i o n s  w e r e  about I. 5 fee t  h i g h e r  
than  those  t e s t e d  in  the m c d e l .  Both  of t h e s e  f a c t o r s  t end  to r e s u l t  
in h i g h e r  p ro to type  p r e s s u r e s  than  w e r e  i n d i c a t e d  by the  m o d e l .  
The m o d e l  data  fo r  the  p r o t o t y p e  head  t e s t e d  w e r e  ob t a ined  f r o m  a 
c r o s s  plot  of the m o d e l  r e s u l t s .  The f inal  r e s u l t s  showing  (1) m o d e l  
data,  (2) p ro to type  d a t a  u s i n g  the  wel l  gage,  and (3) p r o t o t y p e  da ta  
us ing  the N2 gas se tup  is  i nc luded  in this  r e p o r t  as F i g u r e  2. F r o m  
an e x a m i n a t i o n  of th i s  f i gu re  it  m a y  be c l e a r l y  s e e n  that  the p r o t o t y p e  
p r e s s u r e s  a re  c o n s i s t e n t l y  h i g h e r  than the m o d e l  p r e s s u r e s  e x t e n d e d  
to the  p ro to type  l e v e l .  

Backf low out of the  D i s c h a r g e  Guide  

7. In both the  m o d e l  and the  p ro to type  s m a l l  a m o u n t s  of w a t e r  
w e r e  e j e c t e d  back  out of the uppe r  end of the  d i s c h a r g e  guide into 
the va lve  house  a r e a .  In both  the m o d e l  and the  p r o t o t y p e  th is  ac t ion  
was m o r e  s e v e r e  at 15 cubic  fee t  p e r  s e c o n d  than  at the  h i g h e r  d i s -  
c h a r g e s .  At 15 cubic  fee t  p e r  s e c o n d  in the  p r o t o t y p e  the  e j ec t ed  
w a t e r  was  s,~fficient to wet  the valve house  f l o o r  i m m e d i a t e l y  above  
the valve .  No d a m a g e  was done .  

S t i l l ing  B a s i n  O p e r a t i o n  

8. Model  and p r o t o t y p e  s t i l l i n g  b a s i n  o p e r a t i o n  w e r e  both 
s i m i l a r  and s a t i s f a c t o r y .  The  e n e r g y  of the  w a t e r  was  d i s s i p a t e d  
wi th in  the conf ines  of the  oasin" and wave h e i g h t s  in the  canal ,  as 
d i s c u s s e d  e l s e w h e r e  in th is  r e p o r t ,  w e r e  s m a l l .  F i g u r e  3 shows 
the p ro to type  o p e r a t i o n  a t  i5 and 30 s e c o n d  f ee t  and the m o d e l  
o p e r a t i o n  at 30 s e c o n d  feet .  Due to the h igh  ta£1water e l eva t i on  
in the  f ie ld,  c a u s e d  by the b a c k w a t e r  f r o m  the  2 .0  foot P a r s h a l l  
f l u m e  d o w n s t r e a m  f r o m  the out le t  works ,  t h e r e  was s o m e  flow 
back  o v e r  the head  wal l  at the u p s t r e a m  end of the  s t i l l i n g  bas in  
into the valve house  s t r u c t u r e ,  F i g u r e  3. In the  p ro to type ,  as 
we l l  as in the m o d e l ,  the  e n e r g y  d i s s i p a t i n g  bor is  sh i f t ed  f r o m  
s ide  to s ide  as we l l  as  l ong i tud ina l ly  wi th in  the  c o n f i n e s  of the 
s t i l l i n g  bas in .  

Wave Action in the Canal 

9. Wave ac t i on  in  the cana l  d o w n s t r e a m  f r o m  the ou t le t  w o r k s  
was  o b s e r v e d  in bo th  the  m o d e l  and in the  p r o t o t y p e .  T h e s e  o b s e r v a -  
t ions  w e r e  m a d e  about  50 fee t  d o w n s t r e a m  f r o m  the end of the s t i l l i n g  
ba s in .  Model ~7~ ..'e h e i g h t s  e x p r e s s e d  in p r o t o t y p e  fee t  w e r e  as fo l lows:  



Discha rge  

15 c . f . s .  
30 c. f. s .  
60 c. f. s .  

100 c.  f .  s .  

Wave Heights  
Negl ig ib le  

0 . 1  feet  
0 . 2  feet  
0. V feet  

Prototype observations indicated wave heights of less than 0,,05 feet 
at 15 cubic feet per second and less than 0.1 feet at 30 cubic feet per 
second. Thls prototype wave action at the lower discharges compares 
favorably with predictions from the model studies. The model studles, 
however, indicated greatly increased wave action below the stilling 
basin for the higher flows. This increased wave action at the higher 
flows should be carefully checked in the prototype. 

C~]ibra t ion  of the P ivo t  Valve 

.10. A carefu l  c,-~l.£bration of the pivot  valve  was made  in the 
hydrau l ic  l a b o r a t o r y  on a 1 to 6 sca le  model .  The l a b o r a t o r y  coef-  
f ic ient  curve toge ther  with the two proto type  c a l i b r a t i o n  points  a r e  
shown in F igure  4. The  pro to type  d i s cha rges  were  m e a s u r e d  through 
a 2-foot P a r s h a l l  flu-'--me, while the gate opening was obta ined f rom 
m e a s u r e m e n t s  of the valve  s t em t rave l .  The coef f ic ien t  of d i scha rge  
was obtained f rom the  fo rmu la  

Q = CA~'2~ 

where  A - a r e a  of an  18- inch c i r c l e  
and h - total  head at  the valve in feet  

The ca l ib ra t ion  data  a r e  sumnM~ized in the fol lowing table:  

Discharge  Gate  Openinj[_ P r o t o .  Coe f f .  Model Coeff. 
15 c . f . s .  27% 0 .09  0.117 
30 c. f . s .  43% 0 .19  0 . 2 2 6  

The pro to type  coef f ic ien t s  a r e  77% and 84% r e s p e c t i v e l y  of the mode l  
r e su l t s .  This  d i f f e rence  between model  and pro to type ,  much  g r e a t e r  
than would n o r m a l l y  b e  expected,  cannot  be e.x~. la lned  a t  the PrleoScea~ t 
t ime.  F u r t h e r  s tudy wil l  be l i v e n  to th ls  p r o b l e m  m o r a e r  ~o ~uu~ 
the cause  of the d i s c r e p a n c y .  

Future Tests 

11. Since the present tests were limRed to the lower range of 
discharges, at some future date when field codditions are appropriate, 
application will be made for another field trip to the Soldier Canyon 

4 



Outlet  Works for  obta in ing  m o r e  da ta  at h igher  heads  and d i s c h a r g e s .  
At this  t ime average  pressures____ ___._ =,. . . . . , , . ,o 4, +h4A reno  a n d W i l l  be obtained in the  ou t le t  works  
d i scha rge  guide as was done ~_ ~ n e ~ e s ~  ~ ~ : d ~ t - ~ e s ~ s ~ r t i n  

e r u l ts  wi l l  be c o m p a r e d  w~L, ~_n~. ""~. '_ ' . '_-"_~;Z~- . i . , .  ,,,, ~,. u r e  
t h  e s  . . . .  ~ _  J , _ _ ,  . . .411 l ) e  m a n e  ~ u  u u ~ , ,  ~ , , ~ , -  . - - -  v - e s s  
addi t ion to these  t e s t s  an ~Lv,-~. ,,~,* the d i s c h a r g e  guide us ing  a p r e s s u r e  ce l l  wi th  su i tab le  e l e c -  
s u r g e s  in . . . . .  . '~--- *:'~ts should be  made  at d i s c h a r g e s  
t ron ic  r e c o r a l n g  equxpmen~. - ' , ~  -~- 
approaching  the  m a x i m u m  capac i t y  o~ the out le t  works .  Expe r i ence  

that  in s o m e  ca se s  the  p r e s s u r e  s u r g e s  i n  hyd rau l i c  s t r u c -  
has  shown - , - - ' - - - . . , , - , o i d e r a t i o n  when the ave rage  
t u r e s  mus t  be g~ven p r lm.a ry  u e~ . ~ ,  ,-~_~:__,_,._.. 
hyd rau l i c  p r e s s u r e s  m a y  be o! manor  unporL~Lu~. 

/S /  Ben R. Blackwe11 
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F i g u r e  3 

P ro to type  Bas in  
Discha rge  30 cfs .  
R e s e r v o i r  e lev.  5358.8 
Ta i lwa te r  elev.  5225.7 

D i s c h a r g e  15 cfs .  
R e s e r v o i r  elev° 5358° 8 
T a i l w a t e r  elev° 5224.9 

Model Basin Discharge 30 cfs. 
Discharge 30 cfs. Reservoir elev. 5358, 8 
Reservoir elev. 5340 Tailwater elev. 5225.7 
Tailwater elev° 5224. 1 

SOLDIER CANYON DAM 
Outlet Works Stilling Basin 

Model-Prototype Photographs 
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