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Description of Structure

Unity Dam is located between the towns of Unity and Baker, Oregon
(Pigure 1). The dam is a combination earth and rockfill structure
having a total drop of 55 feet from crest 30 stilling-pool. It inter-
cepts the flow of the Burnt River to form & reservoir with an estimated
capacity of 25,120 acre-feet at the maximum water surface elevation of
3820.0. A general plan of the dam is shown on Figure 2 and the spillway.
is shown in plan and section in Figure 3. '

The outlet works and spillway, with designed capacities of £25 and
10,000 second-feet, respectively, aﬁe located near the right abutment
. of the dam. The outlet, consisting of a single 7.5-foot ID circular

. tunnel, curved in plan, has its exit in the right wall of the spillway

sti1ling-pool. The spillway is controlled by two 22U~ by 16-~-foot radial
gates, is straight in plan, its centerline making an angle of approxi-
mately 84 degrees and 37 minutes with the axis of the dam.,

chgerqf Tests

‘Bécause of uncertainty as to the ability of the spillway to pass
the discharges resquired while maintaining flow conditions not detri-
mentai to the structure itself and surrounding topography, it was
decided to conduct a thorough investigation of the original design
through the media of model festé.
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To explore completely the performance characteristics of the
structure, the schedule of tests was arranged to give an adequate indl-
cation of each of the following:

1. Approach conditions to the gate structure for the
origine) design and for each of six alternate
desigens ﬁested;

2, Coefficients of discharge for the gate structure for
each of the approach Aesigns,

3. Pressures experienced at critical pointes on the gate
structure and sti1ling-pool for the final design.

4. TFlow conditions in the chute and stilling-pool for each
design tested.

5, The maximum tailwater range for the original and final
desigens.

6, Amount of scour below the stilling-pool for the
original and nine alternate desisms,

7. The effect of cutlet discharge on flow conditions in
the 8ti1lling-pool for the final desigm.

Summary of Results
1, The approach used in the original design wae not completely

satisfactory above 80 percent maximum discharge because of turbulence
‘eaused by the abrupt transitions used. The uge 0f other designs

. incorporating elopes and curves to soften these transitions did not
improve the parformance sufficiently to Jjustify the additional cost.
This was particularly true in view of the infrequent intervals during
which the structure would be required to carry a discharge greater than
80 percent maximum,

2. It was found that the original approach and gate structure
were capable of passing flows approximately 3.5 percent greater than
for the maximum designed (Figure 8). The maximum discharges for all
of the revised approaches slizhtly exceeded that of the original
design.



3. Pressure étudies were made along the centerlines of the
channels on each side of the gate structure and at various pointe in
the stilling-pool. The resulte of these studies are shown in
Figure 9.

b, Flow conditions were discovered td be satisfactory in the chute
as originally desigmed. It was found, however, that the normal tailwater
in the stilling-pool was spproximately 2 feet low for satisfactory
functioning of the hydraulic jump in the pool. This resulted in a large
secondaryiwave about A0 feet downstream from the end of the pool walls
(Fizure 11C) end decremsed the allowable tallwater range. After
éxtensive experimentation with regard to the most efficient means for
combating this condition, a 3.5-foot step at Station 3+70.16, a 5.5-foot
841l at Station be25.,15 and a series of nool fillets were found to give
the best results (Figure 10). These did not entirely eliminate the
secondary wave, but made the location of the jump more satisfactory and
gave a 3-foot range of tailwater (Figure 12).

5. The original design allowed a maximum range of the normal
tallwater elevation of 2 feet. By the uvse of the pool design descrided
above, a range of 3 feet was easily obtainable,

6. The model was run for a total elapsed time of 4.5 hours at
various tailwater elevations with a 3.0-foot dentated step, a 5.5-foot
g8ill, and stilling-pool fillets in plase. The scour was found to be of
small consequence, and could be principally attributed to the secondary
vave mentioned above (Figures 12 and 14). Removal of the dentated step
resulted in severe scour downstream (Figure 15).

7. The outlet flow was found to be so small as to be of little
{nfluence on flow conditions in the stilling-pool (Figure 13).

Description of Model

The model of Unity Dam Spillway wae constructed to a scale of 1336
and consisted of a headbox, the entrance and channel of the spillway,
and a tailbox (Figure 4). The outlet was added at a later date. The
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headbex wes made of wood with light sheet-metal lining and enclosed
& rock baffle for flow diastribution, a portion of the topography

upstream from the gate structure, and a nortion of the gate structure
proper. The spillway entrance and channel were constructed of sheet
metal and wood. The tailbox was conatructed in the same manner as
the headbox and included a hinged, wooden canvas-lined gate for
regulating the tailwater elevation.

Water columns attachsd to piezometer openings in the head and
tailboxes were utilized to measure the reservoir and tailwater
elevations, The topography of the approach area represented in the
model was formed of a mixture of concrete, small rocks, and sand.
That of the stilling-poonl area was formed of sand only so that erosion
could be easily studied.

Approach Studies

The original prototype design provided for a right angle $transition
between the upstrsam face of the dam and the vertical left wall of ths
gate structure (Figure 2). This vertical wall extended back to
Station 0499.70, 93.37 feet upstream from the crest axis, its height
decreasing at such a raté as to remain flush with the face of the dam.
During the ini£131 test run of the model, before the radial gates were
installed, it was obvious that considerable turbulence wae inherent in
the approach channel when the maximum water surface elevation of 3820.0
wae reached. This disturbance was caused by the intersection of flow
across the face of the dam with that parallel to the axis of the
8pillway. The condition was concentrated almost exelusively along the
left transition wall, that portion occurring along the rizht apnroach
wall being of minor magnitude (Figure 5).

It was decided to install the gzates and to determine at what
discharge, with constant pond elevation of 3820.0, this turbulence
becams appreclable. If the critical discharge proved to approach the
maximum designed capacity of 10,000 second-feet, it might be advizable

to retain the original approach. Tests showed that such turbulence



FIGURE 5

A. Entrance to spillway.

B. Flow of 10,000 second-feet.

C. Flow of 10,000 second-feet.
Turbulence at left approach
wall,

APPROACH CHANNEL STUDIES, ORIGINAL DESIGN



FIGURE 6

A. Revised Approach No. le B. Revised Approach No. 2.
C. Revlised Approach No. 3. D. Revlsed Approach No, 4.
E. Revised Approach No. S. F. Revised Approach No. 6.

SPILLWAY APPROACH STUDIES, REVISED DESIGNS
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began to form at 8,250 second-feet with symmetrical gate operation,
incraasing rapidly irn magniﬁuée a8 thé flow wag increased to |
10,000 second-feat. Tre critical discherge was therefore shown to
be slightly more than 30 percent maximum.

Since the occesions when it would be necessary to pass the maximum
flow thrcough the structure would probably be rare, it seesmed reasgonable
to recommend the retention of the oriszinal approach dassigsn. FHowever,
it was requested that an attempt be made to improve the approach
conditions at high discharges. Several Jdesicns were tested. The first
revision (Tigures AA and 7) consisted of extending the gate structure
sldewslls baci: to Station 0499.70 with a constant height greater than
the maximum water surface elevation. The corners at 3%ation 049°.70
were rounded ¢$0 a f-foot radius to promote smoother flow at that point.
The performance (Figure AA) of this entrance was an improvement over
the orizinal, but was not entirely satisfactory.

Revised Approaches 2, 3, and 4 (Figure 7) were attemvts to make
the transition from the upstream dam face to the approach channel less
abrupt by substituting various intermediate slopes. In each casz, the
turdulent area still existed, although reduced in eize. Fipurees AB, C,
and D shdw the flow in these approaches. .

Revised Approaches 5 and § (Figure 7) were modifications of 1, with
the curves at the upstream ends of the two walls extended to hecome
semicircular in plen. The performance, Figures SE and P, was somewhat
improved over ths former desirsns, Tests were also made on the orizinel
approach with one zate open. V¥hen the right cete was open, 'a maxisum
flow of apvroximately 5,000 sacond-feet could be passed with a reservoir
elevation of 3820.0. XNo apvreciable turbulence in the approach channel
wes apparént. Measurement of the maximum flow with only the left gate
open was not made, dbut it was observed $to be of about the same magnitude
as that for the risht zate., No unusual disturbances were noted in this

case either.
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FIGURE 8
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Upon balancing the cost of the verious revisions ngainst the
performance obtained, it was decided to retain the cricginal approaci,
becavse of 1te low cost and adequate performance up to 80 percent

maximum ¢&ischargsas.

Spillway Calibration

Extensive tests were run on each approach except Nos. 5 and A to
obtain data for ﬁlotting head discharge and coefficient curves,

Tigure 8. Examination of the curves for the original appréach show 2
maximum flow of approximately 10,350 second-feet for a head of 16 feet,
or 3.5 percent more than required. Revised Approaches 1, 2, 3, and L
gave slightly gréater discharges then the original design at equivalent
heads, but the advantages of these designs were not considered sufficient
to warrent the additional expense. '

The original approach channel was again tested with the aporoach
floor raised to elevation 380L,0 (the same as that of the crest). The
maximum discharge for this setup wss about 92 percent of that resuired
(Pigure 8), consequently this errangement was ahandoned, The originel

approach channel was therefore recommended as the final designm.

Pregsure Studies on Crest

Plezometers were installed on the crest as shown in Figure 9.
Pressures and water surface profiles were taken for discharges of 10,000
and 5,000 second-feet. The pressure distridbution was satisfactory, end

no points of negative pressurs could be found.

Stilling-pool Studies

The original stilling=-pool design provided for the placing of a
2.5-foot dentated step at Station 3470.16 and a 5.0-foot combination
Rehbock sill at Station L428.65, 58.5 feet downstream from the dentated
step (Figures 10 and 114). This arrangement was incorporated in the
model and & discharge corregponding to the maximum prototype of
10,000 second-feet allowsd to flow down the spillway. The tailweter was

e
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FIGURE 11

A. 8tilling pool and topography
downstream.

B. Position of hydraulic jump for
maximum discharge of 10,000 second-
feet. Tallwater El., 3771.0.

C. Position of secondary wave. Maximum
discharge of 10,000 second~-feet.
Tailwater El. 3771.0,.

STILLING POOL STUDIES, ORIGINAL DESIGN



held at elevetion 3771 (normal tailwater elevation, Pigure 2). A
noticeable secondary wave ecxiated approximately AC fcet downstream
frorm the lower end of the irainingewzlls, and the hydraulic Jump
occurred Yoo far downstream on the apron, indicating a deficiency of
tailweter, Figuree 11B and C. 3By raising the tailwater surface 2 fee$,
this wave disappesred, indicating that the pool floor should be lowerad
that amount. EHowever, because of the cost of guch excavation, it was
decided to seelt another solution.

The height of the dentated step was first changed to 3.0 feet and
then to 3.5 feet in an effort to remedy the shbjectionadble featurss. Wo
differance in the relative effectiveness of any one of the three sizes
could bs noticed, exespt that the larzest step seemed tc be the more
preferable for the low discharge conditions. Previous experience hed
indicat«d twet it wss best to have the effasctive heisht of the teeth
in the denteated step emual to the thicknesez of the jet. Since the ‘et
was aporoximately 2.0 feet thick, it was Jecided tc unse the 3.50-foot
step (effective heisht about 2.0 feet because of the 0.57 foot thick
fillet later installed between the teeth, Figure 19).

The Eehbock £4ll was then moved upstiream to a point correeponding
to Station 4421.40 on the prototype. This moved the position of the
Junp upstream, but caused a marked amount of wash over the training-
walls st the higher discharges. The secondery wave moved unctream
15 feet from 1ts original positicn, but s appreciably incroased in
size. This colution wos thcrefore considered to be mndesirable,

A 3,50-foot 8ill was next vlaced &t Station U428.21. This caused
the secondary weve and the wash over the trsining-walls to disaprear,
but decrecsed the tailwater range sufficlently to render it unsatisfactory.
A series of fillets was then installed in the pool (Fimure 10). The
8111 was left at Station 4428.6F but increased to L.0 feet in height.
This proved to be a very poor design ag it caused the jump to move
beyond the 1imits of the training-walls, and reduced the tgilwater range.

18



Substituting a A.0-foot sill for the ome above increased the tallwater

range and forced the Jump upstream, but the secondary wave increased.
The gize of this sill exceeded practical limits.

It seemed advisable, therefore, to move the sill upstream. A
5.0-foot sill and a 5.5-foot sill were tried at Station L+25,15, with
the larger sill proving the more satisfactory. This desien eave the
followine performance (Fisure 12):

1, Discharge = 5,000 second-feet, tallwater varied
between limits of 3765.8 and 3767.8--conditions
very satisfactory,

2. Discharge = 8,500 second-feet, tailwater varied
between limits of 3768.1 and 3770.l--conditions
very satisfactory.

3. Discharge = 10,000 second-feet (desisgn maximum),
teilwater varied between limits of elevations 3768.0
and 3771.0--conditions satisfactory. The vnosition
of the front of the jump was approximately 20 feet
upstream from the end of the training-wall. There
was no wash over the walls, The secéndary wave s$ill
existed at normal tailwater, hut was reduced in size,

L, Discharge = 14,000 second-feet, tailwater held at sleva-
tion 377L.0-~the hydraulic jump remained in the pool.

It was therefore recommended that the final prototyve pool dssimm include
a 3.5-foot dentaited step at Station M470.15 agd a 5.5-foot dentatad
5111 at Station U4425.15, with the fillets as shown in Figure 10.

Fressure 3tudies for Stilling-pool

Plezometers were installed in the s8%1lling-pool as shown in
Fipure 5. The pressure distribution obtained from these piezometers

is pvlotted on the same Tisure as a2 matter of record.

Outlet Studies

The outlet works were installed after completibn of the spillway
studies. This is shown to the richt of the spillway on Figure 13A. 3Because
of the relatively low-maximum discharge of the outlet (625 second-feet)
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FIGURE 12

A, Position of hydraulic jump.
Tailwater E1l, 3771.0.

B. Position of hydraulic jump.
Tailwater El. 3768.0.

C. Position of hydraulic jump.
Tailwater El. 3768.0.

STILLING POOL STUDIES
MAXIMUM DISCHARGE OF 10,000 SECOND-FEET
RECOMMENDED DESIGN



FIGURE 13

A. Downstream portal of outlet.

B. HMaximum flow through outlet;
625 second-feet,

C. Maximum flow through outlet
and spillway.

OUTLET WORKS, RECOMMENDED DESIGN



in comparison to that of the svillway, no trouble Qes anticipated.

A geries of teste was made with only the ocutlet discharging and also
with the outlet discharging in conjunction with various spillway flows.
No detrimental conditions were observed, and the design was considered
to be satisfactory. Figure 13B shows maximum discharge throush the
outlet, and Figure 13C shows maximum discharge both through the outlet
and over the spillway.

Scour Studiesg

The final recommended pool design included a 3.5-foot dentated
step (effective heisht aporoximately 3.0 feet because of the fillet
used, Figure 10). In making the scour teste, it was decided to use a
3.0-foot dentated step to assure material displacement which in all
probability would be more pronounced than that occurring on the
prototype. Figure 15A shows the bed previous to the scour tests. In
the first test the model was run at the maximum discharge of 10,000
second-feet for 90 minutes while the tailwater slevation was maintained
at 3771.C. Very little scour was noted at the end of this time
(Figuresllh and 15B). Thare was very little diesplacement of the material
on both sideslopes, but a small amount of the riprap directly under the
sscondary wave was moved. Most of the material moved from ite original
location wasg deposited immediately downstream from the sill.

The model was next run at maximum discharge for an additional
90 minutes at a tailwater slevation of 3769.0. The topography below
the stilling-pool was not reset, thus giving an indication of what the
scour would be at the end of 180 minutes. The low tailwater caused a
turbulent condition which moved material from the nose of the fill
embankment and from the side topography at elevations 3774 end 3775.

Mo movement was noticed on the right slope. The pocket formed in the
riprap on the 0.10 slope was s8lightly larger, and more sand wam deposited
immediately downstream from the sill, Figures 1L and 15€C. ‘

The third test comsisted of running the model with the same discharge
and a tailwater elevation of 3768.0 for an additional 90 minutes. The
topography was again left in the position it had assumed in the previous
test. It was found following the test that more scour action at the
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FIGURE 15

A. Topography below stilling B. Scour caused by flow of
pool. 10,000 second-feet (Tail=
water El. 3771.0) for 90

minutes-model time,

D. Socour caused by flow of

C. Scour caused by flow of
10,000 second=feet (Taile

10,000 second=feet (Tail=-

wa{:er El, 3771.0 for 90 water El. 3771.0 for 90

minutes, 3769,0 for 90 minutes, 3769.0 for 90

minutes) for 180 minutes- minutes, 3768,0 for 90

model time, minutea’ for 270 minutes=
model time,

SCOUR STUDIES
WITH 3,0-FOOT DENTATED STEP AND 6.5-FO0T DENTATED SILL
RECOMMENDED DESIGN



nose of the 17t £i11 embanianent and surrounding toposaphy had
oceurred, rosulting in the formation of a siesp banx ou that side,

Tae enlargement of the pocket in the ripremn, and the deposition of
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8ill nad also continued (Fizure 13D).
The sccur conoitlions indlcated Dy the verformance of the model

in the ahove teste were not sufficient to cause concern, leading to the

)
2
3
a9

lusion that the nool design chossn would nerform satisfactorily. It
was suggested that the worth of the dentated ster could bhe demonstrated
more conclusively by rapentins the above cgeries of tests without it.
This procedurs wns followed, the results showing conclusively that the
dentated siep s necessary to reduce the weloelty of flow entering the
pool and to 2id in connteracting the effects of a normal tailwater
ingufficient for promer operation of the hydraulic jumn., In all cases,
the jump occurrad too far downstream, wlth consequent severe scour, when
the denteated step wae removed. The results of comparable scour jests

for the dentated step vemoved are shown on Figure 16.

Recommendations

In view of the model results obtained, the following recommrndations

are made:

1. That the orieinal approachk he retained hecscuse the
turtulence inherent in thies Zesign does not avvear
execept &t high dischargee and bhecause of the addi-

ttonal cost invelved ir the rliernste designs.

2, That the oririnnl) rate gtructure and chennel de
raetnined,

-3, That a 3.5=foot dentated step, a 5.5-Toot cordbination
Rehboclk sill, and a series of fillets, as shown in
Figure 10, be installed in the stilling-ponl to

reduce scour and increase the tellwater ranese,
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Reviewer's Hote

The model study om the Unity Dam Spillway was performed in 1936.
This report was prepared in 1946 from the original notes and data.
Katurally, methods of testing and design conceptions have changed im
the interveming ten yearsg, thus, the logic followad in the test pfogram
deseribed in this report differs somewhat from that whioch would be
followsed today.



