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.Subjects Model studies of the structuros at s‘bationn 581+00, 677+OD,
738455, end the slope aanal headuorks on the Sun River .
Froject, Montana., . /

1. Difficulty hes been \anommterad for some time with tbe
-operation -of the above structures 4n ths :E‘ﬂ.ald. The design section,
‘therefors, requested models const.ructed of aome typical insta-lls.—tidne;; :
+in an effort to remedy the undesirsble conditions of fIow. In o _
‘response, ‘the .mfdraulic laboratory constructed and tested four mdeln, -
all :on a Bcale of 1 to 15, betwaen the dates of October 1, 1937,
llarch l, 1938. “The foll.owing ie'm report. .on this work.

2. :Since the length of the .chute drops &t stations 581+00

‘ ﬂud 6'77+GD were excesgive, complete models could nci be made but 't.he
b‘bi,llﬂ.ng Pools were: assimileted by inserting an adjustable recta,ngula.r

or:l.-ﬂce-uhich diaoharged into & .short section of the chute. The proper
| ‘veleoity st the entrance to the pool was cbtained by manipulation of
-the or:!.fina 1o .obtain the correct cro-s—nactional area at t.his point

. hasc& on ‘i’.he original design compu't.a:bions. ' :

i ;ane tha stilling pool o:l' +the drop at station 581+00
b (ﬁgnre J.) fc.iled in tha ﬁ.eld, a rﬁplaoament Wap necesesry wh:lch
“ '-’;nffemd an, oppartuzity 4o tyy a new design. ~The three- remeining.
mémea are’ auu dn fair cond.a.t.iun atructunny, ‘hence minor
chnngva ﬂere pmposed to improva Ahe undesinable ﬂ.ov ‘ﬂonditisga
Mhamt :I.n thaa& '!.‘he flou conditions in each s,‘. fure were' a‘budied

R titin _"b.f :l’.hﬁ haadworh:s whi.ch waa t.ea‘t«ad at a mim diaaha.rgo
; "’”f_,].,éoe_mund-feet. U oo o :

hute at tion 3+oo - fé

o 3‘?',,' :rhe tivet model (ﬁgur. 2, rwined design) emiat-pd
nctiallar of .a rectansuhr chu’be and a trame.tdnl atilling 'pool
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with side slopes of 1/2 to 1, A transition served as ‘an - eanamemt
from thie to the canal .section.

At the lower .discharge of 1,136 second-fest the ‘water
surface was very rough, causing ‘severe wgves and ‘surges in the aun-
lined_canal ‘section. ‘'Various =sills were tried on the .slope and on
the borizontal apron with little improvement.

4. The model was then changed ‘to conform to figure.2,
deulgn A, which differed from the previous design in that .the pool
walls -were vertical, The reaulting flow conditions were improved.
Additional improvement .was accomplished by diverging the pool ualln
in & downstream direction. With ‘this set-up, it was then possible
to- shortan the length of the pool by 20 feat. '

Dus to the lack of sufficient tail-water datsa- it ‘¥as de-
cided to install a sill. in the pool as a factor of safety. ‘Numerous
combinations of toothed aprons and sills were tried until satisfac-
tory. flow conditions were obtained .(figuras 3 to 6, inclueive), It
‘Was-necessary to raise the downstream elevation of the transition

one foot to prevent the water from going over the top at the maximum
discharge of 1,300 second-feet. The :recommended design for this
chute drop is shown on figure 2,

Chute Drop at Station €77+00

5. This model -was made to conform to the axisting field
structure (figure 7, original design). Since the jet sprang free
of the chute at the lower-Vqrtical curve for the original design
discharge of 1,136 aecond—fsat? the firat problem was to redesign
this curve (figures 8 and 9}. ,Ehe new design was bassd on a dis-
charge of 1,300 second-feat ﬁfigure 7-4). Typical flow conditions
invariably obtained in trapezodial stilling pools were observed,
The .narrow jet of water issuing from the chuts does not .spread;
hence, the jump is effective only in the center of the pool. 'Since
the tail-water elevation is greater than that of the water .surface
at the front of the Jump, a flow in an -upstream direction persiats
on both sides of the pool. This water again contacts the jet at
the entrance to the pool, goes through the jump, and .again returns
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ORIGINAL DESIGN




by way of the:sides of the pool. !Ab:a:ralult,ithotnétlrﬂih‘thb :
pool annumesfa.constantnwhirling:motion=in‘bothadircctionn. “¥iith
low.tail water, the water 1n‘the-podlfoccanion&lly”whiildd:inrona
dirsction; by changing the dirsction of the jet with a board the
whirl could be reversed. The return flow on the aides of this
type of pool produces an unstable:condition which causes a splashing
on the sloping sides resulting in transverse waves which would: en-
danger the side slopes of an.earth canal. :The: sloping pool-wills
give rise to a beach effect and the surface disturbances thus
created are translated to all.pointa of‘the}podl~nith‘the‘roault
that the water surface is continually in a choppy state.

Previous studies indicated that the’ proper :shape of this
pool should be rectangular. For economic reasons the pool was con- -
structed as showm on figure 7, desaign B. This gave no improvement.
However, when the vertical walls were -extended the full height of
the pool (figure 7, design C) better flow conditiona wers obtained.
Due to the narrowness of the- -section a toothed apron-and"sill-wara
necessary to obtain satisfactory flow conditions. This design was
recommended by the laboratory but the design department. felt thst
the cost of such a structure wouid be. excessive.

The original design pool was again constructed and vari-
ous types of teeth and sills were tried to spread.the Jjet as it
entered the pool. It was neceesary to ralae the elevation of the
transition walls to prevent the splash from going over the top.

The proposed design is shown on figures.7, 10, and 1l. Water sur-

face profiles of the poolaafenahown on figure 12.

Drop at Station 738+8

6. The model of the drop at station 738+85 conformed to
the field structure as shown on figure 13. This drop was of such
proportions that it was imposaible to obtain a real -hydraulic jump
as shown on figures 14 and 15. Instead, mersly a surface disturbance
was evident, An examination of the curve, shown below, will be en-
lightening. The energy content per foot of width is low-and the
depths,dy, (depth upsiream from jump) and d (depth downetream from
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Jump) differ by only a small amount which bringe this structure
near the left side of the curve where the jump approaches a
atanding wave. As it was imposeible to obtain a useful hydraulie
Jump, an alternative was to provide means for a;panding the Jot |

~

DELTH OF FLOwW 3

Energy Curve
and distributing the velocity as uniformly as possible aoross the
pool. Ezmbnuive tests resulted in the propossd design which is
shown in figure 16. Flow conditions ars shown on figuraaiiﬂ and 18.

Slope Canal Headworks _
7. The model of the hdadworks conformed to the field struc-

ture (figurs 19) the essential parta being a transition into a tunnel
which containad the three gates and another transiticn frem ths tun-
nel to the canal asction. Severe erosion ocewrred in the unlined
canal as a result of the jet shooting through without spreading to
form a hydraulic Jump (figures 20 and 21), The jet followed one aide
of the transition, causing a large whirlpcol. The direetion of the
whirl could be reversed by defleating the jet to the opposite side.
For economic reasons, a revision ol the present struciure was desir-
able, '

8., Various shaped humps were tried at different locations
on the pool floor as shown on figure 22. It was posslble to obtain
satisfactory flow conditions with the tunnel air vents closed; how-
ever, under this condition the hydraulic jump foramed inside the
tunnel and produced a severe vibration. Hence, it was necessary to
abandon this set-up.




ryndl

The next trial consisted of placing a bier ir the pool to
spread the jet. Several piers were tried as shown on figure 22 but
no improveusient in fldw conditions was cbtained,

' 4 stop-log weir in conjunction with the sill (figure 23)
gave a satisfactory solution., At low discharges the }low passes
through the eight-foot opening in the weir (figure 24). It is
necessary vec have this opening when the reservoir elevation ia low.‘
At the higher discharges some energy 1s dissipated by'impact of the
Jjet falling over the weir. The remaining velocity is distributed
uniformly over the width of the apron (figure 25), The proposed de-
sign is shown on figure 26. Calibration curves are shown on figure 27.

J. E. Warnock.
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