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PURPOSE

The studies were made to verify the hydraulic design of
the spillway, the approach channel and the spillway
chute. Also included were tests to relate discharge
capacity to pier location along the spillway profile,

RESULTS:

¢, 1, The turbulence created at the entrance to the
" initial spillway approach channel was significantly re-
duced by rounding the entrance. An entrance radius of
650 feet (15.2 meters) at the botiom of the side slope
{elevation 1024) yielded good model resuits.

2. Although the wide-flange {12 WF 31) pier nose
created more flow disturbance than the elliptical pier
nose, identical design discharges were recorded for
both shapes.

)
3. Freeflow and uniform (all Gates equally open) gate--
controlled flow were smooth through the spillway
chute without tendency to overtop the training walls.

4. Free-flow discharges with the spillway head, H
= 18.5 feet {6.6 meters) through the two center bays or
three adjacent bays produced flow conditions in the
spillway chute which resulted in overtopping of the
“"training wall. For these gate operations and a training
wall elevation of 1030, the spiliway head should not
exceed 17.65 feet (“ 33 meters) and 15 90 feet (4.85
mPters) re5pectwelv ' 5

8. Wlth alternatP ‘ree—flow bays operating at 4 = 18.5

feet (6.6 meters), the 12 WF 31 pier nose produced a .

'stable flow separation at the pier nose. The same gate
operation with the elliptical pier nose yiclded a rela-
tively unstable but minor flow separation at the pier
nose, However, either pier nose would serve adequ;\telv.

6. Relocation of the pier nose from 7 feet (2.3
meters} upstream of the spillway crest, to the crest, to
6 feet {1.83 meters) and 13 feet (3.96 meters)
downstream from the crest, resulted in an increase in
the effective spiliway width of 38, 67, and 91 percent
of the total: pier width [9 ft {2.74 meters}],

{842.4 cms}, 30,800 cfs (872.2 cms), 31,620 cfs {895.4
cms), and 32,300 cfs {914.6 cms} for a design head, H
= 20 feet {6.10 meters}. Tests without piers yielded a
spillway discharge of 32,580 cfs (922.6 cms) for the
design head.

respec:n
tively, The respective design discharges were 29,750 cfs’

APPLICATION
The results of this study cari be applied yualitatively to
the hydraulic design of 51m|lar fow head, gated struc-
'IJ..II'ES . o
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lNTRODUCTION

O'Sullivan Dam is ‘a feature of the Co:umbla Basin
Project, located 25 miles {40.2 km) ‘southeast of
Ephrata, Washington, on Crab Creek {Figure 1}). The
29,000 acre (117.4 km?2 ) Potholes Reservoir formed by
O'Sullivan_ Dam collects return flows from all irrigation
in the northern portion of the project for reuse in the ~
southern portion. The dam was constructed in 1949,
The present spillway has an uncontroiled crest.which
also serves as a highway crossing at elevation 1052, A
rock cut extends downstream from the crest and
terminates in a dry coulee.

Modifications to the original plan of operation for
O'Sullivan Dam resuited in the need for a gate

. controlled spiliway structure which will pass the design
" ‘flood without exceeding a reservoir elevation of 1048

{Design head = 20 feet (6.1 meters)). The structure
will consist of four bays controlled by four 24- by
19-foot, 4-1/2-inch {7.3- by 5.9-meter) radial gates. The
new spillway structure will support a 32-foot (9.8-
meter) wide highway bridge.
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Figure 1. Location map.

THE MODEL

The model, constructed to a scale ratio of 1:36,
included a portion of the upstream reservoir, the intake
channel, the spillway and 460 feet {140 meters) of the




downstream channel {Figure Za). The model spillway
was constructed of wurethane plastic. The existing
500-foot {152.4-meter}) wide rock excavated channel
downstream of the spillway was modeled and a gravel
basin was placed immediately downstream of the
spiflway chute to observe the erosion tendencies of the
flow, Field geological data later indicated that the frac-
tured granite in the downstream channel would ade-
quately resist the spillway flows thus eliminating the
need for the erosion study.

Water was supplied to the model through the permanent
laboratory systermn and was measured by one of a bank
of Venturi meters instatied in the laboratory.

THE INVESTIGATION
Initial Design

Early during the mode! study the basic spillway design
was changed from seven to feur bays resulting in an
increase in design head from 14 feet {4.3 meters) to
20 feet (6.1 meters). Preliminary studies with the
seven-bay model spillway (Figure 2) indicated two
problem areas which were eliminated while modifying
the model spillway. Turbulence resulting from the
abrupt drawdown at the entrance to the spitlway
approach channel was significantly reduced by round-
ing the entrance. The preliminary design also had a
transitional warp from the 1:1 approach channel side
slope 1o the vertical spillway wall in 28 feet (B.5
ineters). This warp was replaced in the modified model
with a curved transition from the 1:1 side slope to the
vertical sidewall of the spillway in the same length,
Figure 3b. These design modificatians are shown on the
detailed plans included in the appendix.

The four-bay modified spillway was also constructed
of urethane plastic. Slots in the spiliway surface per-
mitted pier sections 1o be added to the fixed model
piers which were located 13 feet (4.0 meters) down-
stream from the crest {Figure 3b). Provision was made
to place the radial gates on the structure once the piers
were extended to the crest. The study results discussed
in this report refer to the four-bay spillway design
(Figure 3).

Spiliway Flow Characteristics

The proi::.,pe spillway will have the pier nose located
at the crest. The radial gates will thus seat 0.88 foot
(0.27 meter) below the crest. Various gate operations
were tested during the investigation to determine the
flow characteristics in the approach channel, at the
piers, and in the spillway chute,

b. No flow. 1222.0-73811

Figure 2. Initial design.

Approach channel. The tendency for an eddy along
the 1:1 side slopes of the approach channel progressively
increased as the gate operation changed from two out-
sidegates {t and 4), to the inside gates {2 and 3}, to one
outside gate {1 or 4}, Figure 4.

With uniform gate-controlled operation, a standing
wave appeared in the approach channel upstream of
the spillway gates but it did not create surging in the
approach channel {Figure 5), The size of the wave
depended on . : gate opening and reservoir head.

Spillway piz~ Tests were conducted to determine
discharge ¢cc» 1 :ients for a wide-flange pier nose and an
elliptical phwi- nose placed at the crest. The test of a
6:1/2- by 12-inch (165 x 305 mm)} wice flange is
shown in Figure 6a. The two pier configurations yielded
the same model discharge. Figure 6b illustrates the flow
patternsaround the elliptical and wide-flange pier noses
{elliptical pier nose on right).

Sl




a. O’Sultivan Dam model, P222-D-73813 b. Spillway pier slots, P222.D-73812

Fiyure 3. 1:36 scale maodel layout.

¢ Gate 4 open. P222:0-73816

Figure 4. Flow in spillway approach channel,




Head = 20 f1.
Gate lip 12 ft. above crest

Figure 5. Wave at spillway gates. P222-D-73817

With free-flow or gate-controlled operation, the wide-
fiange and elliptical pier performances were essentiatly
the same. A drawdown occurred argund the piers
when gates were fully opened adjacent to closed gates.
At H = 185 feet {(5.64 meters) (reservoir at the top of
the closed gates}, the flow separated along the full
height of the wide-flange pier. The contracted flow
rejoined the parallel pier wall downstream from the
pier nose, Under the same conditions the flow alter-
nately separated and rejoined the elliptical pier nose.

Figure 7 illustrates flow around the twg pier nose
shapes when adjacent gates are closed. The wide-flange
pier nose yielded a more stable flow caondition at the
pier than the elliptical pier nose under the abowve
cperating conditions. However, the flow instability
related to the elliptical pier nose did not create a surge
in the approach channel and the fluctuation was too
random to create structural vibrations.

The wide-flange pier nose could serve a dual capacity
of stoplog slot as well as pier in this particular design
where the pier will not extend upstream of the spillway
crest, However, it is envisioned that the reservoir ele-
vation will recede below the spillway crest each year
which should provide for normal gate maintenance
without the use of stoplogs. Therefore the elliptical

a. Wide-flange pier nose. P222-D-73818
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b. Design flow through spillway. Mote less flow contraction
around elliptical pier nase on right side. P222.0-73819

Figure 6. Wide-flange pier nose.
Q = 30,800 cfs

H = 18.5 ft.

Figure 7, Wide-llange ano
P222-D-73820

elliptical pier noses.
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pier design will be utilized for this spillway. Stoplog
slots will be provided in the spillway training walls at
the crest. If reeded, long stoplogs could be placed
across the spillway and rest against the nose of the
elliptical piers.

Spiflway chute. For free-flow spillway releases and gate-
controlled releases with four gates equally open {uni-
form), a typical diamond-shape pattern appeared in the
spillway chute and there was no tendency toward
overtopping the downstreamn training walls, Figure 8.

Tests were also conducted using various free-flow gate
combinations with H = 18.5 feet {5.64 meters}). Flow
through one or both {Figure 9a) of the cutside gates {1
and 4) yielded guite satisfactory hydraulic conditions
in the spillway chute. Flow through one of the inside
gates alone also produced satisfactory hydraulic con-
ditions in the spillway chute, Figure Sb. Spillway
operation with flow through the two ceiiter gates (2
and 3) resulted in a flow condition which overtopped
the training walls, Figure 9c. The designed training
walls were adequate for H = 17.65 feet {5.38 meters)
ar less with the two center gates operating under a
free-flow condition, When three adjacent gates operated
under free-flow conditions, the flow in the spillway
chute overtopped the opposite training walls, Figure
9d. The designed training walls were adequate for H
= 15.90 feet (4.85 meters) or less under this operating
condition.

Pier Location Studies

In a study reported by Tht:wnpsc:n.l * an increase in
effective spillway length of 40 percent of the total pier
width was realized by moving the pier nose from the

Q = 30,000 cfs, pier nose at crest
Figure 8. Spillway chute (all gates open). P222-D-73821

*Numbers designate references at end of text.

upstream face of the spillway to the crest. To determine
the effect of gier location in the O'Sullivan mode!,
tests were conducted locating the pier nose at various
stations along the spillway profile.

The spillway profile is described by the equation:
%2 =80y
where: x = the horizontal distance downstream
fram the crest
the vertical distance below the crast
elevation

Y

The basic equation to describe flow over a weir or
spillway is
Q= C LH)3?
where: Q = discharge
C = coefficient of discharge
L = length of weir
H = total head

Equation 1

Utilizing methods deseribed by Braciley2 the coeffi-
cient of discharge was estimated to be 3.49 (The
O'Sullivan spillway profile coincided with the Tiber
spitlway profile.) The spillway lengtn, L, was 96 feet
{29.3 meters) for the case where the piers extendzd
upstream from the crest and 105 feet (32.0 meters)
for the case where the piers were located downstream
from the crest. This difference in spillway length was
due to the total pier width. The design head, H, was
20 feet (6.10 meters).

For the normal pier nose locrtion, upstream from the
crest:
Design discharge = Q = 3.49 (96) {20) e
= 29,966 cfs

For the case where the pier is located downstream from
the spillway crest:

Q = 3.49 (105} (20) 3/2

= 32,775 cfs

However, with the pier nose located near the crest,
the flow contraction around the pier nose resulted in
an effective spillway length less than the 105 feet {32.0
maters) and a discharge less than the theoretical quan-
tity computed above. It is possible to locate the piers
at somen distance downstream from the crest such that
they no longer affect the spillway discharge.

Pier nose located 13 feet (3.96 meters) downstreamn
from the crest. The fixed section of the model pier
with the elliptical nose was placed *3 feet (3.96 meters)
downstream from the crest, Figure 10. The flow im-
pinging on the pier nose climbed approximately 4.5
feet {1.37 meters). Figure 11 illustrates half cross
sections of the symmetrical approach channel in the
zone 4 feet (1.22 meters} upstream to 11 feet {3.35
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meters} downstream of the spillway crest. Due to the
transition from the 1:1 side slope to the vertical train-
ing walla larger portion of the discharge passed through
the center bays than the outside bays. The discharge
for a design head of 20 feet {6.10 meters) was 32,300
cfs {915 cms).

Pier nose located 6 feet (1.83 metors) downstream from
the crest. A section of pier representing 7 feet (2.13
meters} was fastened to the upstream znd of the fixed
section with the elliptical nose fastened to the end of
the addition. The pier nose was therefore located 6
feet {1.83 meters}) downstream from the crest, Figure
12. The flow impinging on the elliptical nose climbed
approximately 3.4 feet (1.04 meters). Figure 13 illus-

0= 31,620 cfs, i

Figure 12, Pier nose & feet downstream from crest.
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trates half cross sections of the flow as it passed ovir the
crest. The water surface profiles again indicate a larger
discharge through the two center bays. The dii;s:harge
for the design head, H = 20 feet (6.10 meters} was
31,620 cfs (895 cms).

Pier nose located on the crest. A section of pier repre-
senting 6 feet (1.83 meters) was fastened to the earlier
addition with the elliptical nose fastened to the up-
stream end; the pier now extended to the crest, Figure
14, The flow impinging on the nose climbed 2.0 feet
{0.61 meter). Figure 15 shows half cross sections of
the flow in the same area as mentioned previously. The
discharge for the design head, H = 20 feet (6.10 meters)
was 30,800 cfs (872 cms).

0 = 30,800 cfs.
Figure 14. Pier nose on crest, P222-D-73828
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Pier nose located 7 feet (2.13 meters) upstream from
crest. A section of pier representing 7 feet {2, 13 meters)
was fastened to the earlier additions, With the elliptical
nose attached, the pier extended 7 feet {2.13 meters)
upstream from the crest, Figure 18, Figure 17 illustrates
half cross sections of the flow in the area 4 feet {1.22
meters} upstream to 17 feet {3.35 meters) downstream
from the crest. The discharge for the design head, H = 20
feet [6.10 meters}, was 29,750 cfs (B42 cms).

Spillway without piers. The piers were removed from
the model crest and tests conducted to determine the
spillway capacity without piers, Figure 18, Figure 19
illustrates half cross sections of the flow in the same
area as mentioned previously. The discharge for the

Q= 29,750 cis

Figure 16. Pier nose 7 feer from crest.
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design head, H = 20 feet (6.10 meters) was 32,580 cfs
(922.6 cms). This would vyield a coefficient of

discharge of 3.47 in Equation 1.

Q = 32,580 cfs,

Figure 13, Spillway withgut piers.
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Discharge Capacity Rating

The discharge rating curves for the four pier locations
are illustrated in Figure 20. It was originally assumed
that the pier locatio:: 13 feet {3.96 meters) downstream
from the crest was also downstream of the critical
section. However, Figure 11 indicates a slight disturb-
anc: in the water surface 2 feet (0.61 meter) upstream
from the center pier. Althougi: the average depth was
below critical, the depth near the center pier and ~
therefore the flow in this zone was slightly above the
critical condition. This result was further verified by a
plot of design discharge [H = 20 feet (6.10 meters}]
versus pier nose location, Figure 21. With the pier nose
located 13 feet (3.96 meters) downstream from the
crest, the design discharge is very close to the no-pier
discharge. - *

A decrease in discharge is noted as the pier nose is
moved up through the crest to a location 7 ieet (2.13
meters) upstream from the crest. At some location
upstream from the crest the lower end of the curve will
level off to a constant discharge where the location of
the pier nose will no longer affect the discharge rating.

As the pier nose was moved progressively downstizam
from the position 7 feet {2.13 meters) upstfeam of the
crest, to the crest, to 6 feet {1.83 meters) downstream
from the crest and to 13 feet {3.96 meters) downstream
from the crest, the effective spillway length was in-
creased by 38, 67, and 91 percent of the total pier
width, respectively.

A modei study of Horseshoe Dam spilh-o.rav3 showed an
increase in the effective spiilway length of 59 percent
of the total pier width, by moving the pier nose 20
feet (6.10 meters) downstream from the crest. The
O'Sullivan crest yielded a greater increase in the effec-
tive length in a shorter. distance [91 percent in 13
feet (3.96 meters)] . Thiswas due to the relatively steep
spillway profile of the O'Sullivan spiliway compared to
the broad crested horizontal weir profile of- the
Horseshoe spillway. :

Dischafge measurements ‘were ma&e for uniform-con-
trolled flow at gate openings of 4, 8, and 12 feet {1.22,
244, and 3.67 meters), Figure 22. The gate openings

. were measured vertically from the spillway crest eleva-

tion to the bottom of the gate. Although these dis-
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Figure 20. Discharge capacity {variolis pier locations).
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' charge measurements were made with the wide-flange
pier nose placed on the spillway crest, the elliptical pier
nose would yield identical results.

It is interesting to note the required height of the spill-
way gate as the piers are moved through the range
from upstream to downstream of the crest. When the
pier nose is located some distance upstream from the
crest the gate seat is usually placed on the crest or
immediately downstream from the crest. For the
Q'Sullivan Dam spillway with the pier nose located at
the crest, the gate seat is 8.5 feet {2.59 meters} down-
stream from the crest and approximately 0.9 foot
{0.27 meter} balow the crest elevation. If the pier nose
were located 6 feet (1.83 meters} downstream from the
crest, the gate seat would be approximateiy 15 feet
{457 meters) downstream from the crest and
approximately 2.8 feet {0.85 meter} below the crest, It
is obvious that the greatest improvement in dischirge
for a given increase in gate height occurs as the piers
are moved from the position 7 feet {2.13 meters)
Lipstream to the crest. Once past the crest, any more
shortening of the piers results in an accelerated increase
in " gate height which quickly- leads to a point of
diminishing economic returns.
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71750 (3-71)
Bursou of Reclamotien

CONVERSION FACTORS—BRITISH TO METRIC UNITS OF MEASUREMENT

The following conversion factors adopted by the Bureau of Reclamation are those pubtished by the American
Society for Testing and Materials (ASTM Metric Practice Guide, £ 380-68) except that additional factors {*)
commonly used in the Bureau have been addecl “Further diseussion of definitions of quantities and units is given in
the ASTM Metric Practice Guide,

The metric units and conversion factors adopted by the ASTM are based on the “International System of Units”
{designated Sl for Systeme Intemational d’Unites}, fixed by the International Committee for Weights and
Measures; this system is also known as the Giorgi or MKSA {meter-kilogram (mass)-second-ampere) system. This
sy$iem has been adopted by the International Organization for Standardization in 1SO Recommendation R-31.

The metric technical unit of foree is the kilogram-force; this is the force which, when applied to a body having a
mass of 1 kp, gives it an acceleration of 9.80665 m/sec/sec, the standard acceieration of free fall toward the earth’s
center for sea level at 45 deg latitude, The metric unit of force in S units is the newton (N], which is defined as
that force which, when applied to a body having a mass of 1 kg, gives it an acceleration of 1 m/sec/sec. These units
must be distinguished from the {inconstant) local weight of a body having a mass of 1 kg, that is, the weight of a
body is that force with which a body is attracted to the earth and is equal to the mass of a body muitiplied by tha
acceleration due to gravity. However, bacause it iz general practice to wse “pound” rather than the technically
correct term “pound-force,” the term “kilogram™ {or derived mass unit) has been used in this guide instead of
"kilogram-force” n expressing the conversion factors for forces. The newton unit of force will find increasing use,
and is essential in §1 units,

Where approximate or nominal English units are used to express a value or range of values, the converted metric
units in parentheses are also approximate or nominal. Where precise Engllsh units are used, the converted metric
units are expressed as equally significant values.

Table |

QUANTITIES AND UNITS OF SPACE

Multiply By . - To obtain

LENGTH

25.4 (exactly}

254 (exactly)
2.54 {exactly)* X

30.48 {exactly) Centimetars
0.3048 (exactly}® Meters
0.0003048 {exactiy)® ' . Kilometers
0.9144 {exactly)

1,609.344 (exactly}”
1 R0OM4A [auantlyl .. Kilometars

AHREA

Square inches 6.4516 {exactly} ", Square centimeters
Square feet ) *929.03 Square centimaters
Sauare feet 0.082803 Square meters
Sguare yards 0.836127 Square meters

FO4B9 L. i e e e e e aa s Square meters
Squaie kilometers
Snuare kilometers

VOLUME

Cubic inches 16,3871 Cubie centimeters
Cubig feet 0.0283168 Cubic meters
Cuhic yards 0,764555 . .. Cubic meters

CAPACITY

Fluid ounces [U.5.) 29,5737 " Cubic centimeters
Fluid ounces (U.5.) . Milliliters
Liquid pints {U.5.} 0.473%79 -+ . Cubic decimeters
Liquid pints {U.5.} 0.473166 Liters
Quarts {U.S) . 5 Cubic centimeters
Quarts {U.S.} . Liters
Gallans (U.5.) 785, Cubic centimeters
Galions (U.S.) A Cubic decimeters
Gallens (U.5.) X «+ ... Liters
Gallons (U.5.) X Cubic maters
Galions (UK.} i ]
Gallons (LK) . Liters
Cubic feet X Liters
Cubic yards N Liters
Acre-feet i
Acre-fest




Table It

QUANTITIES AND URITS OF MECHANICS

Multiply

By

To obtain

MASS

Grains {1/7,000 Ib}

Tray ounces (480 grains}
Quness {avdp)

Pounds {avdp] .

Shart Tons {2,000 1b)
Short tons {2,000 ib)
Long zons {2,240 Ib}

64.70891 (exactly}
31.1035

28.3485

0.45359237 (exactly) .

Miltigrams '

., {Grams

Gramse

Kilograms
Kilograms

v+ Metrictons

FORCE/AREA

Pourds per square inch
Pounds per square inch
Pounds per square foot
Pounds per sucra fapt

0.070307

Kilograms per square centimeter
KNewtons per square centimeter
. Kilograms per square meter
Newtons per square meser

MASS/VOLUME {DENSITY)

Qunces per cubic inch
Pounds per ¢ubic foot
founds per cubic fa0t . .
Tons {1ong} per cubic yard

172998 ...,
16.0185 ...
0.0160185

. . Grams per cubic centimeter
Kllograms per euhic meter

. . Grams per cubic centimeter
Grams per cubic centimeter

Cunces per gailon 1LL5.)
Qunces per gallon [LU.K.}
Pounds pet gallon (U.S))
Pounds per gallon {U.K.}

. . Grams per fiter
Grams per liter
Grams per liter
Grams per liter

Table ti~Continued

Multiply

8y

To obtain

WORK AND ENERGY”

British thermal units {Btu)
British thermal units [Biu}
Sty per pound
Toot-pounds . ..

2.326 (exactly)
¥1.35582 .. ..

. - Kilogram caleries
Jaules
.« « Jaules per gram

POWER

B perhour ,.....
Foot-pounds per s-eeond

5700 ...,
0,283071 , .
1.35562 , ..

HEAT TRANSFER

Btu in/br 12 degree F {k,
thermal condzictivity) .
Btu infhr £ degres F &,
thermal conductivity)
Bus hi/hr ftZ degree P, , |
Btufhr ftZ degres F [C,
thermal conductance} . . .
Btufhr fr2 degree F (C,
thermal conductance) .
Degree F fir 42/B (R,
thermal mesistance)

8tu/lb degree F {c, heat cepacxt\r) .

Btu/lb degree F
Felfhr {thermal diffushity)’
Ft2/hr {thermal diffusivity)

. Milliwatts/cm degree C

. Kgcal/hr m degree C
¥g cal m/hr me degree C

Mitliwacts/em? degree ©
. Kgcat/hr m? degree C
. Degres C cm@/milliwatt

v . Mg degree C
Calfgram dagree C

BEEDING MOMENT OR TORQUE

Inch-pounds
Inch-peunds
Foat-pounds ., .
Fool-pounds , . .
Foot-pourds perinch . .
Qunee-inches

0.011521
112085106 |,
0.138255 . ...
135582 x 107, .

Meter-kilograms.
Centimeter-dynes
Meter-kilograms

. . Centimeter-dynes

Centimeter-kilograms per centimeter

Gram-centimeters

VELOCITY

Feet per second
Feet per second
Feet per year . . .
Mites per hour
Miles per hour

30.48 {exactly)
0,3048 (exattly]

*0065873 % 10—8
1609344 (exacily)
0.44704 (exactly)

Centimeters par second
Meters per second
Centimeters per second
K¥ometers per hour
Meters per second

ACCELERATION"

Feet per second 2

03048 ..

.+ Meters perseeandz'

FLOW

Cubic feat per second
(second-feet} . ...

Cubic feet per minute . . .

Gallons [LLE.} per minute

"0.02B317
04719
G.0B305 . .

. Cubic meters per second
. Liters per second
Llters per second

FORCE*

*0.453502
*4.4382 . .
*4.4482 105

Kilograms

Grainsfhr 712 fwater vapor}
transmisston} . . .
Perms |permesncs)

Permeinches (permeability] . .. ..

Grams/24 hr m2
Me1ric perms
Matric perm-centimeters

Table 1il

QUANTITIES AND UNITS

Multiply

Te cbtain

Cubic feet per square foot per day {seepage)
Pound-seconds per square foot {viscosity) , .,

Square feet per second {viseasity)
Fahrenhait degrees {change)®

Valts per mil
*Lumeng par square foot lfoot-candles] e

Ohm-circular mils per foot
Milkicuries per cubic foat
Milliamps per sguare foot . . .
Gallons per square yard .
Poundsperinch . ......

5/9 exactly -

£.03937
w0wres ...

Y3/M47 ...

*10.7839 “:
*4527219
“D.17858

Liters per square meter per day

. Kilogram second per square meter
Square mepers per second

Celsius ar Kelvin degraes (change} *

. Kilevolts per millimater

Lumens per square meter
Ohm-sguare millimeters per meter

« 1+ .. Millicuries per cubic meter
Milliamps per square metar

. Liters per square meter
Kilograms per centimates

GPO 835- 168
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REC-ERC-73-15

Burgi, P H

HYDRAULIC MODEL STUDIES OF OSULLIVAN DAM, COLUMBIA BASIN
PROJECT

Bur Reclam Rep REC-ERC-73-15,-Div Gen Res, Sept 1973, Bureau of Reclamation,
Denver, 17 p, 22 fig, 2 ref, append

DESCRIPTORS—/ hydraulic structures/ *discharge coefficients/ discharge measurement/
*hydraulic models/ spillway “crests/ water surface profiles/ radial gates/ approach
channels/ critical flow/ gate control/ *soillway piers/ hydrauiic design

IDEMTIFIERS—/ O'Suilivan Dam, WA/ Columbia River Basin Proj/ Pothales Reservoir,
WA/ pier noses

REC-ERC-73-15

Burgi, P H

HYDRAULIC MODEL STUDIES OF O'SULLIVAN DAM, COLUMBIA BASIN
PROJECT

Bur Reclam Rep REC-ERC-73-15, Div Gen Res, Sept 1973. Bureau of Reclamation,
Denver, 17 p, 22 fig, 3 ref, append

NESCR!PTORS—/ hydraulic structures/ *discharge coefficients/ discharge measurement/
*hydraulic models/ spillway crests/ water Surface profiles/ radial gates/ approach
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