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SUMMARY

Hydraulic model studies of the Paonia Dam spillway and the
outlet works junction with the spillway, Figures 1 through 6, inclusive,
were conducted on a 1:36 scale model, Figures 8, 9, 10, and 11, to
develop the hydraulic design of the structures.

Data and notes taken on the flow in the model showed the
general concept of the preliminary structure to be satisfactory but
indicated that certain modifications were desirable. The side channel
spillway basin was modifiéd to'gain a lower cost basin without sacri-
ficing good hydraulic performance, Figures 12 through 18, inclusive;
the left approach wing wall was modified to improve. flow conditions in
the immediate vicinity,'Figuresvl9 and 20; the chute training walls
were extended in height to increase the freeboard, Figures 21 and 22;
and the stilling basin was modified to provide a smoother water surface
in the discharge channel, Figures 25 through 41. fThe Jjunction of the
spillway and outlet works performed aatisfactorily without modification,
Figures 23 and 2k. .
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Sortember 1957.
INTRODUCTION

Peonia Dam, part of the Paonia Project, is located on Muddy
Creek, a tributary of the North Fork of the Gunnison River in the west




central part of Colorado near Paonia, Figure l. The dam; Figure 2, is
an earthfill structure, approximately 1,000 feet long and 180 feet above
the riverbed, with facilities for a spillway and outlet works.

The spillway, Figures 3, 4, 5, and 6, is an open channel chute
located near the right abutment. At reservoir elevetion €454, ‘the
spillway is designed to discharge 12,600 second-feet over a side channel
spillway crest at elevation 6447.5. The approach to the spillway con-
sists of an excavated area at elevation E44L.0 adjacent to the crest.

The crest extends across the upstream end and along the left-hand side

of the side channel basin: The side chanrel basin floor is 150 feet

long, 20 feet wide at the upstream end, and 30 feet wide at the downstream
end. - The basin floor is at elevation 6h2k at the upstream end and
elevation 6423 at the downstream end. :

The spillway chute is 547 feet long, measured horizontally,
and drops from elevation 6423 at the upstream end to elevation 6243 at
the downstream end where it joins the stilling basin apron. The chute is
straight end is symmetrical about the center line of the side channel
basin. The first 362 feet of the chute iz 30 feet wide. The remainder.
of the chute flares to a 42-foot width at the stilling basin. The upstrean
portion of the chute is on & L:1 slope, and the downstream portion is on
a 2:1 slope. The two portions are joined by & 100-foot vertical curve.
Four chute blocks are placed at the downstream end of the chute, each
L feet high and b4 feet 9 inches wide. o

The stilling basin is 120 feet long, 42 feet wide, and has
parallel training walls 48 feet high. Apron elevation 6243 is 43.3 feet
below the maximum enticipated tall water elevation for 12,600 second-feet.
A dentated end sill having five dentils is located at the downstream end
of the basin. Each dentil is 4 feet 9 inches’ wide by 9 feet high.

The excavated area surrounding the basin is riprapped. ‘Since A
there are no wing walls at the ends of the basin training walls, the
riprapped area slopes upward upstream and to the two sides as well as
in a downstream direction. Upstream and to the sides, the riprap slope
is 2:1; in the downstream direction, the slope is- upward 5 :1 to riverbed
elevation 6272.  The riverbea is in earvh. : : e

The outlet works, Figure‘3, is‘lotated in the right abutment
and discharges onto the spillway chute. The maximum discharge is 1,120
second-feet at maximum reservoir elevation; normal discharge is 780
second-feet. The flow is controlled by two 2-foot 9-inch square high
pressure slide gates located in a gate chamber in the interior of the
dam. The gates discharge into & 10-foot 6-inch wide ventilated tunnel
which carries the open channel-type flow 410 feet, on a slope of 0.03713,
to an 86~foot vertical curve that becomes tangent to the 2:1 slope of
the spillway chute. The details of the outlet works Junction with the




spillway chute are shown in Figure 6. The minimum anticipated depth of"
flow in the outlet works Junctlon section, obtained from computations,
is shown in Figure 7.

THE MODEL

The model was & 1:36 scale reproduction of the spillway and
surrounding area, including a portion of the outlet works tunnel joining
the spillway chute, Figures 8, 9, and 10. It was constructed and tested
in the Bureau of Reclamation Hydraulic L&boratorj in Denver, COLOT&dO.

THE iI\WESTIGA’"IO'

The primary purpose of the investlgation was to develop the
hydraulic design of the spillway structure, including the junction of
the outlet works and spillway structures. In developing the spillway
design, 1t was necessary to study the characteristics of the flow as it
approached and passed through the spillway as well as in the downstream
river channel. In developing the junction of the outlet works funnel with
the spillway, it was necessary to study the flow conditions when the outlet
works and splllwaj were discharglng, both separately and 51multaneously.

The model of the preliminary spillway, Figures 8 and 9, was
tested for a range of discharges ‘and, in general, was found to perform
satisfactorily. Only for discharges near the design flow was the per-
formance inadegquate in some respects. For the design flow of 12,600 cfs,
the side channel basin at the spillway entrance was not completely
utilized and a turbulent disturbance occurred near the left approach
training wall; at the downstream end of the spillway chute, the water sur-
face neared tne top of the training walls and the spillway ba51n appeared
to be inadequate to contain the hydraulic jump. - A high water surface boil
produced by the action of the hydraulic jump was observed in the river
channel at the downstream end of the basin. The preliminary desig: [
the junction of the spillway and cutlet works performed very satisfactorily.

Preliminary Spillway Entrence

The spillwey entrance as discussed here includes the approach
channel, the spillway crest section, and the side channel basin. . The
mcdel of the preliminary design is shown in Fizures 8 and 9. TFlow cendi-
tions were satisfactory except for a turbulent area at the left approach
training wall for maximum and near naflmum flows, as shown in Tigures 11A
and 12B. -

?recsures recorded cn the spillway rrofile Figure 13, at a
section located approximately 10 feet upstresam from the left approach wall




showed the crest ghape to be well designed. The pressures were near
atmospheric for the complete discharge range. Pressures at the downstream
end of the profile increased as the piezometers became submerged by -

larger discharges which raised tné water level :within the basin.

Spillway dlscharge callbration tests, Flgure 1l bhowed the
spillway to discharge .the design flow of 12,600 cfs at reservoir
elevation 6453.0 vhich is 0.1 of a foot below the maximum design reservoir
elevation. Discharge coefficients were computed from the eguation

/s
2

g = cmm3/?

the total discharge

the discharge coefficient

the crest length measured along its axis .
at elevation 6447.5, and

the difference in elevation oeuween the
reservoir and crest ‘

A coefficient of 3.72 for 12 cOO ci's was computed from the test data,
Figure 1L,

The water surface profile along the center line of the side
channel basin, Figure 15, appeared to be surficiently low that the basin
floor at its downstream end could be raised to the elevation of the chute
floor to eliminate the step up from the basin floor to the chute floor.
Elimination of the step would provide a smooth floor which would not trap
debris or require draining. In addition, wall heights would thereby be
reduced, making the structure more economical to construct:

Spillvay Entrance Modifications:

In the first modification to eliminate the step, the upstream
end of the side channel basin floor was lowered end the downstream end
raised so that the entire floor was level at elevation 6421.75, the ‘
original elevation of the upstream end of the chute floor. Calibration
tests showed that, for the design flow of 12, 600 second=-feet, the
reservoir was at design elevation €454 and the dlscharge coeff1c1en was
reduced to. 3.52. In the side channel basin, the water surface elevation
wes higher, Figure 15, but in the spillway chute it was lower. ‘

It was considered perm1531ole to exceed the design reservozr
~elevation 6454 slightly to provide a still more economical structure.
'Therefore, the basin floor was modified again by raising it 2.25 feet
to elevation 62k, Calibration tests showed that the design flow of
12,600 cfs was discharged at reservoir elevation 6454.2 which was




considered to be higher than desirable.: The coefficientyfor maximum
flow was. 3.36. The water surface elevation in-the 51de channel basin
was raised about 2 feet and remained about the same as before in the'
chute. ‘

Recommended Spillway Entrance

The sidé channel basin floor was modified once again to reduce
the reservoir elevation and to provide drainage for the basin floor. The
upstream end was placed at elevation €424 and the downstream end at ‘
elevation 6423. This design was adopted for prototype use and is shown
in Figure 3. Calibration tests, Flgure 14, showed the design flow of
12,600 cfs to be discharged at reservoir elevation 54,1, The spillway:
discharge coefficient for the design discharge is 3.53, although the '
maximum spillway coefficient is 3.63 and occurs just before the crest
of the side channel basin becomes submerged at reservoir elevation 6453.7
and a discharge of approximately 11,500 cfs. :

Poor flow appearance and excessive turbulence which occcurred
near the wall in the preliminery design, Figure 16A, was remedied quite
effectively by plecing rockfill on the dam face upstream from the wall,
Figure 16B. However, a more effective and economicel method was to
reshape the wall, Figure 17. This wall was used in the recommended
design. Water surface fluctuations at Point A in Figure 16B were suffi-
cient, however, to make it necessary to raise the wall L feet higher than
in the preliminary design to prevent overtopping by the flow. Velocity
measurements around the upstream curvature of the wall showed the  flow
velocity to be approximately T feet per second. This wes considered to
be sufficiently low to prevent riprap movement. ' - F

The recommended spillway dlscharglng the d881gn flow, Figure 18,
provides a full side channel basin discherging smoothly into the spillway
chute. The basin also performs well in discharging lesser flows: as shown
in Figure 19. The lines on the walls in Figure 18 are profiles of the
water surfaces for the various modified basins discharging the design
flow. The solid black line is the water surface profile for the prelimi-

‘nary design, and the white line is the profile’ for the recommended-design.-

Water surface profiles along the center line of the 'side channel basin
are shown in Figure 15.

Spillway Chute

The flow passed through the preliminary spillway chute in a
very satisfactory menner. The water was uniformly distributed across the
chute-and no high waves occurred, Figure 20. However, water surface
fluctuations along the walls occasionally extended to the top. After the
recommended side chennel basin was installed at the entrance to the chute,
the water surface vas about Z to 3 feet lower in the upstrean portion of



the chute and about 1/2 foot lower in the‘downstream‘portion. Nevértheless,
it was decided to increase the freeboard as shown in Figure 21.

The Spillway and Outlet Works Junction

The outlet works, Figure 3, is designed to discharge about 800
cfs at reservoir elevation 6370.0 and 1,120 cfs at elevation 6&45L.1.
During the early part of the test program, however, it was contemplated
that the outlet works would discharge 1,470 cfs at maximum reservoir
elevation &454.0 end that, normally, its maximum discharge would be T00
efs; therefore, most of the tests were conducted using these discharges.
The tail water curve in Figure 3 and the outlet works rating curve in
Figure 7 were used to set the proper flow conditions in the model.

Flows of 7700 andql,h70 cfs entered the spillwayrchute and,
stilling basin without producing any serious adverse effects, Figures 224,
23B, and 23C. The relatively large spillway stilling basin was more than
adequate to dissipate the energy in the outlet works dlscharge, and no
concentrated flow currents passed over the end sill. There was no erosion
of the riverbed produced by the outlet works flow. It seemed desirable,
however, tc improve the appearance of the outlet works flow as it entered
the basin. Flow entering the tail water pool within the basin veered to
either the left or the right without spreading and remained on one side
or the other untlil reversed by a flow change such as opening or closing
of the valve. Methods of stabilizing the flow in the center of the
stilling basin pool were discussed and tried, such as a directional vane
placed in the basin. Fownver no corrective measures were recommended
because a simple device could not be found which would not introduce
problems when the spillway was discharging. Also, thie unstablllzed flow
in this particular 1nstance caused n¢ harmful foects.,‘

t is possible that the prototype outlet works might continue
to discharge when the spillway first begins to operate. Tests showed.
that the two flows joined together very nicely when the air vent just
downstream from the outlet valves was-open, Figure 23A. Closing the
vent caused a considerable amount of spray where the two ‘Tlows joined.
With the vent open, the spillway flow passed over the outlet: works tunnel
opening with very little visible disturbance for. discharges -up:-to.and ;
including the design flow of 12,800 cfs with or without the outlet works
discharging, Figures 22B and 220. It is therefore important that ample
air venting be provided and that the vent remain open at all times.

The piezometers located in the junction area, Figures 10 and
2L, showed that only small subatmospheric pressures existed at a few of
the measuring points for any combination of spillway and outlet works
discharges when the air vent was open. However, with the outlet works
air vent closed, some of the pressures were considerably below atmos-
pherlc, particularly when the spillway was operating elther by itself




or in eonjunction with the outlet works. Tt was therefore important,
from the standpoint of pressures as well as the possibility of flow
disturbances occurring, that the outlet works tunnel be vented.

When the spillwey is dischaerging the design flow, the subatmos-
pheric pressures may be slightly lower than shown in the model test data -
because the velocity of the flow approaching the junction was approxi-
mately 10 percent less in the model than was computed for the prototype
design flow. The velocity in the model represented a prototype velocity
of about 90 feet per second. This velocity occurs for a prototype
roughness coefficient in Manning's equation of n = 0.01k; whereas, the
velocity computed using a prototype roughness coefficient of n'= 0.008‘
is about 100 feet per ‘second. ~ E

Stilling Basin

Preliminary design. T‘no preliminary stllllng basin design is
shown in Figures 3 and 25. The basin was designed for 12,600 cfs, or 300
cfs per foot of width, entering the basin at a velocity of 109 feet per
second and & depth of 2.75 feet at StatloL lh+09 where, the basin width - -
is 42 feet. The toe of the jump occurs upstream, however, where:the chute
is 38.7 feet wide and the velocity is 102 feet per second. In arriving
at these design values, a prototype roughness. coefficient of n .= 0.008 b
was used in the Manning formula.  Since the model flow surfaces were
rougher than this, considering the model scale, the velocity at the model
basin entrancprepxsented.a prototype velocity of only 03'feet per Second.

To incre&Se the veloc1uy in the model to that expected in the
prototype, a slide gate was installed in the chute at Station 9+35 to
raise the reservoir elevation. With the gate placed in the chute to form
an orifice 10.2 feet hizh by 30 feet wide, the reservoir level rose to
elevation 6496.8, the top of the model head box. The average depth of
flow at the toe of the jump was then measured to be 3.2 feet for the-
design discharge. Since the chute is 38.7 feet wide at this point, the
average velocity is approximately 102 feet per second. ' This agrees with
the design condltlons described above. , -

The Froude number for the adjusted velocity and depth was com-
puted to be 10.0. The conjugate tail water depth Do for this condition
was computed to be LL feet for a basin 38.7 feet wide and L0 feet for a
basin 42 feet wide. The expected tail water depth for 12,600 cfs taken
from the tail water curve, Figure 3, is 43.3 feet. It is possible that
the depth may be as low as 42.2 feet. Therefore, the basin is designed
for a depth which is slightly in excess of Dp.




The lenﬂth of & Type II basin for F = 10 should be I 3 Do (ko3 x
Lo) or 172 feet long.l/ The preliminary pagin was shown on the drawings
to be 120 feet long.: If baffle piers are added to form e Type III basin,
the length may be reduced to 2.75 Dp (£.75 x 40), or 110 feet. Thus, the
preliminary basin is too short if baffle piers are not used, and about :
10 feet longer than neceosary if baffLP plers are used.

The preliminary besin discharging the design flow is shown in
Figure 26. It is apparent thabi the basin is toc short. A water surface
boil about & feet high and a generally rough water surface occurred down-
stream from the basin. Waves near the right bank were 5,5 feet high from
maximum crest to minimum trough. However, a l-hour model erosion test -
produced very little scour., At the basin cornérs, the sand bed was
eroded 2 feet below the original elevation. No riprap.was used in" the
model since it wes desired to show erosion tendencies. In the prototype,
the proposed riprap at the end of the basin would provide ample protection.
The stilling basin tests were; continued to improve the- arpearanbc of the
action and to reduce the boil and wave hnichus

Stilling Basin Modification No. 1

Four streamiined baffles of the. type shown in Figure 27 were
pleced at Station 14+43, approximately 0.8 Dp or 34 feet from the upstream
end of the apron. The basin discharging the design flow is shown in-
Figure 28. The improvement in water surface roughness qownatremu from

the basin was minor, and the erosion pattern acneared to be ‘identical to
that for the preliminary basin. ‘

Stilling Basin Modification No. 2

Modification No. 2, which was guite similer to 'a Type III
basin,g/ utilized a row of sguare-edged baffle piers, 3 full width and 2~
half width piers of the type shown in Figure 27. The upstream faces vere
first placed 27 feet from the upstream end of the apron and later the
distance was increased to 4l feet 3 inches. These two positions bracket
the recommended 0.8 Do position of 32 feet.

The basin with the baffles located 27 feet downSUream from the
upstream end of the chute and a discharge of 12, ,600 cfs is shown in
Figure 29. The water surface boil: and waves. downst*eam from the basin
were greatly reduced from those cccurring for the preliminary design.
The erosion pattern was not much different than before.

1/,2/Hyd-399, "Progress Report II Research Study on Stilling Basins,
Energy Dissipators, and Associated Appurtenances,” by J. N. Eradley and
A. J. Peterka, June 1, 1955.




It was suspected that cavitation might occur on the top and
sides of the square-edged baffles because of the high velocity flow.
Therefore, the center baffle was constructed with piezometers located as
shown in Figure 27. Pressures were recorded for discharges of 2,500,
7,500, 10,000, end 12,600 cfs uith the tail water set in accordance with
the tail water curve in Figure 3. ‘All pressures were above atmospheric
for discharges ranging up to about 8,500 cfs, as shown by the solid lines
in Figure 30. As the discharge was increased above 8,500 cfs,

Piezometer 4 on the side of the baffle became more and more subatmospheric
until, at about 10,500 second-feet, the pressure was equal to the vapor
pressure of water. Pressures on top of the pier did not become subatmosg-
pheric until the discharge reached about 11,500 cfs; for 12, 600 cfs, the
pressures reached about T feet of water below atmoopheric.‘

To improve the pressures, the baffle piers were reldcated
farther downstream (41 feet 3 inches downstream from the upstream end of
the apron). However, the improvement was small as shown by ihe difference
between the solid and dashed lines in Figure 30;.at the same tlme, tne
effectiveness of the baffle piers was greatly reduced.

Stilling Besin Modification No. 3

The square-edged baffles were replaced with an equal number of
streamlined baffles shaped similarly to those ‘develobed by the U. S. -
Engineers Waterways Experiment Station 3/ for use at Bluestone Dam and
tested again by the U. S. Army Corps of Engineers' Bonneville Hydraulic
Laboratory _/ for use at Chief Joseph Dam, Figure 31. - The upstream faces.
of the baffles were placed 34 feet from the upstream end of the apron.
Several piezometers were located on the side of one baffle pier con-
structed of sheet metal, Figure 31. The piezometers nearest the bottom
of the pier showed subatmoopherlc pressures equal to the vapor pressure
of water, Figure 32; therefore, the baffles were unsatlsfactory.

If the pressures had been satisfactory, the basin performance
would have been acceptable. The performance was better than for stream-
lined baffles of Modification Wo. 1, but not as good as for ube square-
edged baffles of Modification No.‘e; '

3/Technical Memorandum No. 2-2L43, "A Laboratory Development
of Cavitation-free Baffle Piers, Bluestone Dam, New River,
West Virginia." N
L/Report No..34-1, "Spillway end Stilling Basin for Chief
Joseph Dam, Columbia River, Washington, Hydraulic Model
Investigation.” '




Recommended Stilling Basin

The recommended basin design made use of 5 baffles 9 feet highb
placed Ll feet downstream from the upstream end of the apron, Figure 33.
These streamlined baffles were shaped according to the baffle piers
developed for the outlet works stilling besin at Ademinaby Dam.5/

The baffles were also similar to those used in Modification
‘No. 1; however, one additional pier was placed in the rovw, and . the baffle .
piers were ¢ feet high rather than 7 feet high. The upstream face of
the baffle pier, or the impact area, was thereby increased about 45 .
' percent. o L e v

For the design flow of 12,600 cfs, the performance of the
recommended basin was satisfactory, Figure 34. The water surface down-
streem from the basin in the river channel was not as smooth as when
square-edged baffles were used, but it was considered to lbe satisfactory.
However, various attempts were made to smooth the water surface without
moving the baffles upstream. A second row of baffles S feet high placed
downstream and staggered with respect to the first provided only slight
“improvement. In another test, the slots in the end sill were filled
level with the top of the sill, the boil height in the basin was reduced,
and the water surface was smoother. However, the erosion pattern was
not good; much bed materisl was carried .into the basin which, in a proto-
type structure, might cause abrasion to concrete  surfaces. Therefore, -
these modifications were not adopted. ' ' S ‘ :

_ The water surface profile within the recommended basin for the
design discharge is recorded in Figure 35 along with the water surface
profiles for other basin modifications. The preliminary design had the
lowest profile, but the water surface boil which occurred downstream
from the end of the basin produced high waves in the discharge channel.
'For the recommended design having the 9-foot high baffles, the boil formed
upstream from the end sill and produced & higher weter surfece in the

- upstream portion of the basin. This resulteéd in & smoother water surface

downstream. The square-edged baff{les were most effective in filling the
upstream portion of the basin and smoothing out the flow, but were not
recommended for prototype construction because of the subatmospheric

pressures produced by the square edges.

Wave heights were recorded near the right bank of the discharge
channel at a point 93 feet downstream from the stilling basin and 57 feet
to the right, Figure 36. TFor the design flow the waves were 3 feet high,

2/Hyd-397,4"ﬁydraulic Model Studies of Outlet Works Adaminaby
Dam for Australian Snowy Mountains Authority," by J. C. Schuster,
September 9, 195k, o




measured from maximum crect to minimum ﬁrough over. an observation period
of L minute or more. This compares with 5.4 feet in the preliminary .
design and 2.4 feet for the square-edged ‘baffles.

Pressure meaJurements made on one of the recommended baffles,
Figures 37 and 38, showed the baffle pier design to be satisfactory for
prototype use. For the design flow, 12,600 cfs, 11 feet of water below
atmospheric pressure was observed in the lowermost row of piezometers.
However, it was possible to discharge 11,300 cfs before the pressure
dropped to atmospheric. It is therefore improbable that cavitetion will
occur in the prototype except, perhaps, at near meximum discharges.

To better understand the relation between velocity at the
baffle piers and pressures on the piers, ‘the total head and the ‘hydro-
static head were measured in the flow at & point 11 feet upstream from
the baffle pier face and 2 feet above the apron, Figure 39. For the
design flow, the velocity was about 80 feet per second at this point.
The velocity of the flow at the toe of the jump was 102 feet per second,
and the velocity of the flow striking the btaffles is estimated to be €5
or 70 feet per second. Usually, 50 to €0 feet per second is consmdered
to be the upper limiting velocity for use of square- edged plers '

The lowest pressure on a square-edged pier was found at :
Piezometer 4, Figure 30. This pressure becomes atmospheric at a: splllway
discharge of about,8,200 cfs. The velocity for &,200 cfs is about 50
feet per second, Figure 39. For 10,000 cfs, & pressure of minus 18 for
Piezometer 4, and a velocity of about €0 feet per second are indicated.

The.tail water elevation at which ‘the hydraulic Jump would
sweep out of the basin was determined; but first, it was necessary to
lower the level of the discharge channel by removing some of the movable
bed. The tail water was lowered until the hydraulic jump roller ceased
to roll back into the basin to form the jump. The tail water elevation
at which this action first occurred was recorded for a range of discharges
as the sweep-out tail water elevation, Figure L40. The difference between
the sweep-out elevation and the expected tail water elevation is the
margin of safety ageinst the occurrence of this phenomenon in the prototype.
For instance, the margin of safety for the design flow was epproximately
10 feet of tall water or about 3 feet more than prov1ded by the prelimlnary
design.

After the conclusion of the model s udy, a decision was made to
construct the preliminary design rather than the recommended design
because of the possibility of low pressures and cavitation occurring on
the baffle pilers. To further reduce the possibility of cavitation in
the basin, the chute blocks and the dentils on the end sill were streem-
lined to e greater degree than shown in the preliminary design drawings.
Since these modifications were made after the model had been dismantled,
they were not tested.
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FIGURE 13
REPORT-HYD 444
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SCALE IN FEET

NOTE

Pressure are shown in feet of water
above the spillway profile. ‘
Piezometer are in one line located
opproximately 19 feet upsiream
from left approach wall.

PAONIA DAM SPILLWAY
CREST PRESSURES
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PAONIA DAM SPILLWAY
DISCHARGE AND COEFFIGCIENT OF DISGHARGE CURVES
FOR PRELIMINARY AND RECOMMENDED DESIGN
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Condition 1 Preliminory design.
Condition 2+ Basin floor level:at El. 6421.75.
—— —— —— ‘Condition 4 Basin floor slopes from
1 6424.0 to0 - E1.6423.0. (Reconunended)
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SCALE OF FEET PAONIA DAM SPILLWAY

WATER SURFACE PROFILES IN
SIDE CHANNEL BASINS-12,600 GFS
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FIGURE 16
REPORT HYD 444

B. Rock fill was effective in reducing turbulence near left o
SR wall but flow fluctuations sometimes-overtopped the q -
e wall. :

PAONIA DAM SPILLWAY ‘ .
PRELIMINARY LEFT APPROACH WALL-~~-12,600 CFS '
1:36 SCALE MODEL




Velocity near the upstream end of the left wall is
7 feet per second. The flow is smooth but the water
surface at A fluctuates.

: ' PAONIA DAM SPILLWAY
RECOMMENDED LEFT APPROACH WALL--12,600 CFS
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FIGURE 17
REPORT HYD 444




Water surface fluctuates 3 feet from the
~white line average at Sta. 8+90 and
Sta. 8+885.

Water surface fluctuates 3 feet from the
white line average at Sta. 8+90.

. PAONIA DAM SPILLWAY
RECOMMENDED SIDE CHANNEL BASIN--12,600 CFS
1:36. SCALE MODEL
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FIGURE 19
REPORT HYD 444

C. 1000 cfs

PAONIA DAM SPILLWAY
ECOMMENDED SIDE CHANNEL BASIN--INTERMEDIATE DISCHARGES
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A. Left wall

B. Right wall

Zinte: The line on the training walls is the water surface elevatmn before the
recommended side channel basin was installed. The average depth of
flow at toe of the hydraulic jump is 3.6 feet. '
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SPILLWAY CHUTE--12, 600 CFS
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FIGURE 22
REPORT HYD 444

A. Outlet works discharge 700 cfs. Note: The flow veers to either
the right or the left. No spillway discharge.

B. Spillway discharge 10,200 cfs
Outlet works discharge
1,400 cfs

' C. Spillway discharge 12,600 cfs

PAONIA DAM SPILLWAY & OUTLET WORKS JUNCTION
© OUTLET WORKS AND SPILLWAY DISCHARGING
1:36 SCALE MODEL




FIGURE 23
REPORT HYD 444

A. Spillway discharge 200 cfs
Outlet works discharge 1,300 cfs
Note. Outlet works flow veers
to the right.

B. Outlet works discharge 1,200 cfs
No spillway discharge

Note: Flow veers to the left.

C. Same as B.
Note: Flow veers to the right.

PAONIA DAM SPILLWAY & OUTLET WORKS JUNCTION
OUTLET WORKS AND SPILLWAY DISCHARGING
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FIGURE 25
REPORT HYD 444

River channel is molded in sand for erosion
testing.

The apron is at elevation 6243. Top of training walls at El1. 6291.
Upstream end of apron is at station 14+09. Downstream end is at
station 15+29. Chute blocks are 4 feet high and dentils on end sill =
are 9:feet high. Chute blocks. have elliptical corners on top face

and dentils have elliptical corners on front face. Basin is 42 feet ‘
wide. o ‘ S ’

PAONIA DAM SPILLWAY
PRELIMINARY STILLING BASIN
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'FIGURE 26
REPORT HYD 444

Operating conditions:
Res. El. 6496.8
Gate controlled flow
12,600 cfs

T.W. El. 6285.2
Chute width (w) at
toe of jump ='38.7
feet

‘D1 = 3.2 feet :
V3 = 102 feet/sec

¥ =10.0

D3 =42.0 feet.

L =120 feet

Hydraulic jump
extends beyond the
end of stilling basin,

Erosion after one
hour model test.

PAONIA DAM SPILLWAY
PERFORMANCE OF PRELIMINARY STILLING BASIN
1:36 SCALE MODEL




FIGURE 27
REPORT HYD. 444

Piezometer Designation
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FIGURE 28
REPORT HYD 444

i

‘Same operating con-
ditions as in Figure
26. '

Note boil has moved
upsiream. Compare
with Figure '26.

CEIARIL)

Erosion after one
‘hour model test run.

PAONIA DAM SPILLWAY
PERFORMANCE OF STILLING BASIN MODIFICATION NO. 1
1:36 SCALE MODEL




FIGURE 29
REPORT HYD 444

Same operating con-
_ ditions as in Figure
26.

Note boil has moved
to upstream end of
basin and has been
réduced.

Erosion after one
hour model test.

PACONIA DAM SPILLW AY ,
PERFORMANCE OF STILLING BASIN MODIFICATION NO. 2
1:36 SCALE MODEL -




FIGURE 30
REPORT HYD. 444

IN-FEET OF . WATER

PRESSURES

STANDARD BAFFLE-PIER DESIGN FROM ‘H.Y.D. 389,
‘ “© RS

CHUTE' BLOCKS.
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SPILLWAY DISGHARGE IN 1000'S OF GFS

. NOTES el

When outlet works olone is discharging 1470 second feet
the pressure at all five piezometers is hydrostatic.

When five fuil piers are used, spaced 3' apart ond
located 27 feet downstream from Sta:14 +09, the
pressures are about the some as for the 5.2 foot
spacing located 4i feet 3 inches downstreom from
Sta. 14 +09. ‘ _

Operating conditions are the same as in figure 26 for
design flow of 12,600 c.fs.

PAONIA DM SPILLWAY ‘
PRESSURES CN SQUARE EDGED BAFFLE PIERS
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'f*Shope is defined by a coordinate system in
footncte references 3, and 4y. '

PAONIA DAM SPILLWAY
‘ STREAMLINED BAFFLE PIER
{36 SCALE MODEL




FIGURE 32
REPORT ‘HYD. 444

STREAMLINED BAFFLE PIERS.
{ SEE FIGURE 31)
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FIGURE 33
REPORT HYD 444
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FIGURE 34
REPORT HYD 444

Same operating con-
ditions as in Figure
26.

Note boil upstream
from end of basin.

Compare with Fig-
ure 26. '

Erosion after one
hour model test.

PAONIA DAM SPILLWAY
PERFORMANCE OF RECOMMENDED STILLING BASIN
DISCHARGING 12,600 CFS
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IrBAFFEL‘ PIER
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LONGITUDINAL SECT‘I‘ON THROUGH ’RECOMMENDED BASIN
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SCALE IN FEET

RRECRR R Pbofi‘le in preliminary basin-no baffle piers (See Figure 3)
" Profile in recommended basin. (See Figure 33)

Profile for 5 streomlined baffies (Adaminaby Type)
7" high located at sta. 14+43.
Profile for 4 square edged baffles 7'high located

at sta.14+36 ( MODIFIGAT ION NO.2)

PAONIA DAM SPILLWAY
WATER SURFACE PROFILES IN STILLING BASIN
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MODEL ARRANGEMENT

WAVE HEIGHT-FEET

PRELIMINARY BASIN=-NO BAFFLE PIERS (SEE FIGURE 3)

2 3 4 5

4 SQUARE EDGED BAFFLES, 7'HIGH LOCATED AT STA :4+36 (‘SEE.
MODIFICATION NO.2).

5 STREAMLINED BAFFLES,7' HIGH LOCATED AT: STA |4- +43 BLUESTONE
OR ADAMINABY TYPE-BAFFLE,

e )
5 SQUARE EDGED BAFFLES, 7' HIGH LOCATED AT STA. 14 +50 S w _

RECOMMENDED BASIN (SEE FI6.33)

STILLING
BASIN ~

S~

~STA.15429.0

i

‘,,WAVE MEASUREMENT
LOCATION

,-~CONTOUR . EI. 6290

LOCATION DIAGRAM - PLAN

Discharge 12,600 c.f.s
T.W:EL 6285.2

PAONIA DAM SPILLWAY

RIVER CHANNEL WAVE HEIGHTS
1.36 SCALE MODEL
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FIGURE 37
REPORT HYD 444

IN BAFFLE PIER

PIEZOMETER LOCATION
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FIGURE 38
REPORT HYD. 444

( 2'|ABOVE FLOOR
AM FROM PIER FACE)

TEST,PIER PLAN VIEW
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_DISGHARGE IN 1000 GFS.

NOTE

TOTAL HEAD IN FEET (°/w + V%2q )°

HYDROSTATIC HEAD IN FEET (P/w)

/ (o
—f— 100
; / SIRNEE oS
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) / 80
// 70
/ / 8 %0
4 50
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/ Y ‘ " 40
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/ — 30
yan ‘ :
/ ‘ \\ Py
0.
0
0 2 4 6 8 10 12 14

Total head, velocity, and hydrostatic head are measured
2 feet above basin floor approximately 30 feet
downstream from chute ‘blocks on centerline of

HEAD AND VELOCITY

basin.

PAONIA DAM SPILLWAY
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