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PURPOSE

The studies were made to develop an acceptable energy
dissipator for the outlet works.

CONCLUSIONS

1. in the initial arrangement of the energy dissipator
the downstream tailwater partially - submerged the
control valve at the design discharge.

2. Diverging walls, ceiling, and floor and corner fillets
prevented submergence of the valve.

3. Very little of the flow deflected upstream. Most of
the jet followed the flaring surfaces to the 452 inward
projecting surfaces of the deflector.

4, Baffles installed in the basin intercepted and spread
the jot in the pool and d|55|pated ‘rhe eneryy before the,
flow entered the canal.

5. A slopmg sill at the downstream end of the basin
provided a smoother transition for the flow from the
basin into the 0utlet channel.

6. A 6-inch {15.24 centimeters} high sill in the channet
7.5 feet {2.29 meters) downstream from the basin

increased flow depth in the basin and upstream end of -

the outlet channel, providing more efficient energy
dissipation and a smoother water surface downstream.

* APPLICATIONS

The energy dissipator. discussed in this report was

developed for an existing outlet where the elevations of;

the conduit and outlet channel were fixed. Although %,

some of the principles used in containing the flow and
dissipating the jet energy will be useful in future
designs, a more efficient structure probably would be
used at new installations where submergence of the
valve is not a problem.

INTRODUCTION

Ute Dam in northeastern New Mexico, Figure 1, is part
of the New Mexico Interstate Stream Commission’s
Canadian River Project. [t is an existing struciure
having an overffow spillway crest and an outlet works,
Figure 2. Plans are to modify the existing outlet works
by installing a control structure where the 36-inch-
{91.44-cm-) diameter conduit discharges into the outlet

{ Office at Amarillo, Texas.
“‘studles followed to aid

channel, Figure 4. The valve, a surplus 48-inch
{121.92-cm}) horizontal cylinder fixed-cone} valve from
the E! Vado Project, is 12 inches {3048 cm) oversize
and, therefore, requires a short tansition from the
36-inch (91.44-cm) conduit to the valve. A stop to
prevent a valve opening of more than about 60 percent
was also required to insure retention of hydraulic
control at the valve.

The outlet works is designed to discharge 275 cfs {7.79
cu m per second) with the reservoir water surface at
spillway crest elevation 3760 feet {1155.19 m], 87 feet
{20.42 m} above the valve centerline. Some time in the
futura, gates may be added to the' spillway, at which
time the operating head for the design flow would be

 increased to 97 feet (29.57 m).

. Formal action for the design of the control structure
by the Bureau of Reclamatlon was initiated bv the
_State of New Mexico through”'the Bureau’s Redion 5
These hvdraul.c ‘model
in developmérit of an
at‘ceptable energy d|55|pator for the dlscharge from the
I_-ntrol valve,
R
Y

|
S

THE MODEL -

The miodel, built to a scale of 138, included the valve,
the energy dissipating enclosure, and a 64-foot
{15.90-m) length of the outlet channel downstream
from the dissipator.

The 36-inch- (91.44-cm-) diameter conduit “and
transition to the 48-inch {121.92-cm) valve were not
modeled. Instead, a 6-inch- (15.24-cm-} diameter
supply ~line, which actually represented a 48-inch
(121.92:cm) conduit, was used. A plezometer tap at -
the conduit centerline eievation one pipe diameter .
\upstream from the valve measured the pressure head.
‘Thus the correct quantity of water at the proper
Operahng head to the valve was represented in the
model. The curved alinement of the 64-foot (15.90-m)-
length of the outlet channel was not represented in the
model since it was not considered critical in the
development of the energy dissipator and the model
,construction ‘could be greatly simplified by using a
straight channel. It was desirable to contain most of
the flow. within the concrete lining of the channel *
banks; therefore, the channel banks above the lining
were.not modeled except for a 3/4-inch (19.05-mm)’

- extension to the lining which represented 9 inches’
- {22 .86 cm) of unlined rock cut.



A B-inch (15.24-cm) horizontal cylinder (fixed-cone)
valve available in the Hydraulics Branch was used to
represent the prototype. This valve was similar to but
not an exact mode! of the 48-inch (121.92-cm) El
Vada valve. The major difference was in the seating
arrangement for closure which was unimportant as far
as hydraulic flow conditions in the energy dissipator
were concerned. Another difference was that the
G-inch {15.24-cm)} model valve -had four vanes to
support the cone, whereas the 48-inch {121.92-cm)
valve has three,

INVESTIGATION

The preliminary design of the energy dissipator, Figure
5, was tested for a range of discharges up to and
beyond the design fiow of 275 cfs at reservoir heads of
37, 67, and 97 feet (11.27, 20.42, and 25.57 meters)
above the centerfine of the valve, Calculations by the
designers were used to determine the pressure head at
the valve and gate openings required for a range of
discharges. The calculations indicated that a valve
opening of approximately &0 percent would be

-‘required to discharge the design flow of 275 cfs {7.79

cu m per second} at present design operating head of
67 feet (20.42 m), Figure 6. Therefore, an ad;ustable

: stop wnll ;b2 placed on the ‘valve to limit the vaive

opening: to about 60 percent to prevent the valve from
dlschargmg more than the design capacny

Des:gn ﬂow conditions in the prellmlnary basm'and tha
downstream channel, Figures 7. and .8, were wvery

. unsatisfactory -at both present and \‘future dzsign

operating heads of 67 and 97 feet {20.42 and 29.56
m).. The portion of the control structure around the
valves should be relatively dry, and the flow leaving the
dissipator to enter the outlet channe! should be
relatively smooth and steady. Neither was true in the
operation of the preliminary design. At 67 feet (20.4Z

m} of head, much water spiashed upstream over the .

valve, the valve was 50 percent submerged, and the

waves in:the channel downstream rose very high.on the,

extended higher lining near the "dissipator and
overtopped the ‘existing concrete lining - firther
downstream. At the anticipated future operating head
of 27 feet (29.96 m) much water sprayed from the
roof over the valve. The valve*/ﬁmrnergence was
reduced to approximately 25 percef’t,- but the
magnitude of the waves.in the basin and outlet channel
increased. At both heads.the high waves frequently

splashed and surged to the roof of the downstream

portion of the energy dissipator and a turbulent eddy
persisted under the valve, -

o

Several modifications of the |)reI|mmary design were
made and tested in arriving at * *he recommended design
shown on Figure 4. Some' of the aims of the
modifications were to reduce the amount of spray
traveling upstream over the 'I';alve to keep the portion
of contro! structure around the valve relatively dry and
to reduce the amount of submergence of the valve
which might cause vibratidn or cavitation damage.
Other aims were to stabilize the turbulent flow in the
downstream portion of the energy dissipator:: to
provide steady, umfnrmly distributed flow from’ ‘the
stilling” basin; and to corutaln the flow in the outlet
channel within the wiélls of tno exlstmg lining
extension. ]

The various modlflcatlons tested |ncIuded placing a
large fillet at the upstream end of the dissipator under
the jet to reduce the, eddy and valve submergence;
changing the angle ,of the upstream face of the
deflector on the walls and ceiling from 45° to 60°, and
extending the deflector across the floor to accomplih,
more effectively, energy dissipation; placing =!%"or
various parts of the floor of the dissipator at higher

_elevations; and sloping the basin floor upward to the

downstream channel.

All of these modifications partially accomplished their
purpose but created other problems. For example,

~many of the modifications that provided better energy

dissipation in the stilling basin and better flow
‘conditions in the outlet channel increased the valve
submergence. Modifications that were efféctive and
that were used in the recommended design, Figure 4,
included: (1) placing the floor of the dissipator 2.5 feet

{76.20 cm) higher, which eliminated the large eddies

and reduced the volume of turbulent water resulting in
a smoother more steady flow from the basin: (2)
shortening and streamlining the upstream portion of
the dissipator by addind' fillets to the lower corners and
flaring the walls, ceiling, and floor from a point near
the end of the valve so that the cone-shaped jet from
the valve intercepted these surfaces at a flat angle and
prevented spray” over the valve; “{3) placing the
deflector at the downstream end of the flared section,
4 feet {1.22 ) closer ta the valve, provided a longer
stilling portion; (4} installing three large baffles in this
section more effectively dissipated the energy; (5)

placing a 1-1/2:1 sloping floor at the end of the basin -

allowad the flow to enter the channel more smoothly
and increased thé self-cleaning capabilities of the basin;
and (6} placmg a 4-foot- {1.22-m-} wide by 6G-inch-
%15.24-cm-} high sill in the canal 7.5 féet {2.29 m)
downstream from the basin, increased the flow depth

in the basin and upstream portion of the channel and.

w2




reduced the wave heights in the outlet channel. These
modifications made it possible to reduce the height of
the additional lining on both sides of the first 20 feet
(6.10 m) of the channel downstream of the dissipator
by sloping the top of the linings to a minimum height
of 2.5 feet {(D.76 m) above the existing lining at the
downstream end.

The performance of the recommended energy
dissipator, Figures 9 and 10, was much improved over
the performance of the preliminary design, Figures 7
and 8. At the 67-foot (20.42-m) head .he water leve! in
the upstream portion of the control structure was
about 2 or 3 inches (50 or 75 mm)} below the valve

invert; at the 97-foot {29.57-m) head the water level _
was 10 to 12 inches (250 to 300 mm) befow the valve.

A clear plastic tube was inserted in the flow to observe
the flow inside the cone-shaped jet, This observation
showed that the water was well entrained with air and
that the pool surface was near the elevation of valve
centerline for the 67-foot {20.42-m} head and about a

foot below the valve centerline for the 87-foot {29.57.

m) head. Since the total head at the valve will not
exceed 25 and 55 feet (7.62 and 16.76 m) for reservoir
" heads of 67 and 97 feet (2042 and 2957 m),

respectively, and since the valve is adeqguately aerated;
no cavitation or vibration in the valve is expected. Even

by lowering the reservoir to elevation 3730 feet

{1136.2 m), which reduced the total head at_the vaive
to 16 feet (488 m), the water level under the valve rose
only to the valve invert.

Average flow depths through the energy dissipator and
the outlet channel downstream, Figure 11, showed the
average velocity in the channel 10 be approximately 10
to 10.5 feet {3.00 to 3.2 m) per second for the design
flow of 275 cfs (7.9 cu m per second) discharging from
reservoir elevations 3760 feet (1136.9 m) and 3790
feet (1155.19 m). At these flows, waves occasionally
overtopped the existing wall linings downstream of the
lining extensions by 2 or 3 inches (50 or 75 mm).
However, due to the curvature of the channel, which
was not represented in the model, overtopping will be
greater in the prototype. Occasional overtopping of the

lining can” be tolerated because the rock-cut banks

extend above the lining.

Other operating conditions were observed, Figures 12

through 16, including-operating with the valve 100

percent gpen at reservoir elevation 2790 feet {1155.71

m}, Figure 12. The dissipator..and channel was:
satisfactory in discharging at this 100 percent opening

of the valve, as well as at any of the anticipated

operating conditions.

-
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FIGURE 6
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Res. EL. 3790 (Future) /qy‘}rFig. 12

h = 97 FEET . -
///)"-Fig. 14 |
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———-i—— MAXIMUM LOSSES
———— MINIMUM LOSSES
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h = 87 FEET
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Res. EL. 3730
h = 37 FEET ..

20 - 40 . . 80 - 80
PERCENT VALVE OPENING . .

UTE DAM OUTLET WORKS -~ -
DISCHARGE Vs "VALVE OPENING




FIGURE 7

Turbulence and waves are excessive in the channel. Photos
P1199-D-66228 and P1199-D-66229

NOTE:

Top of the canal lining in the
downstream portion is 1-1/2 model
inches higher than the top of the
existing concrete lining in the
prototype. '

Part. of the valve in the control structure is sub'merged by overhead
spray and backwater effect, Photo P1199-D-66230

Reserveir elevation 3760,
Discharging 275 cfs with the valve
60 percent open. Total head is 67
feet assuming design mean losses to
valve. {See Figure 6} ‘

Turbulence in the basin, Photo P1199-D-66231

UTE DAM OQUTLET WORKS®
PRELIMINARY DES!IGN DISCHARGING AT DESIGN HEAD
1:8 SCALE MODEL
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Turbulence and waves are excessive in the channel. Photos
P1199-D-66232 and P1199-D-66233

NOTE:

Top of the canal lining in the
downstream portion.is 1-1/2 model =~
inches higher than the top of the
existing concrete lining in the
prototype. '

Part of the vaive in the control structure is submerged by overhead
spray and backweater effect. Photo P1199-D-66234 _ o

Reservoir elevation 3790.
Discharging 275 cfs with the valve
60 percent open. Total head is 97
{eet assuming design mean losses to
valve. (See Figure 6) i

Turbulence in baéin. Photo P1199-D-66235

. UTE DAM OUTLET WORKS :
" PRELIMINARY BASIN DISCHARGING AT FUTURE DESIGN HEAD
1:8 SCALE MODEL
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" FIGURE 2

Reservaoir elevation 3760 discharging
275 cfs with the valve 60 percent open.
g Total head is 67 feet assuming:mean iosses
el 5 to valve. Compare with Figure 7.
' {See Figure 6)

UTE DAM QUTLET WORKS
RECOMMENDED DESIGN DISCHARGING AT DESIGN HEAD
1:8 SCALE MODEL




FIGURE 10

Reservoir elevation 3790 discharging
_ 275 cfs with the valve 37 percent oper, :
Total head is 97 feet assuming mean losses
to valve. Compare with Figure 8.
{See Figure 6}

UTE DAM OUTLET WORKS
RECOMMENDED DESIGN DISCHARGING AT FUTURE DESIGN HEAD
1:8 SCALE MODEL -
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e

Reservoir Elevation’3790 A
100 Percent Valve Opening
Discharge 400 cfs

Reserveir Elevation 3790
60 Percent Valve Opening
" Discharge 360 cfs

NOTE: Head losses to vaive were assumed to be above the
average computed values. ‘These are not anticipated
operating conditions. {See Figure 6) d.

UTE DAM OUTLET WORKS
FLOW IN RECOMMENDED DESIGN
1.8 SCALE MODEIL.
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FIGURE 12




FIGURE

Reservoir Elevation 3730_4 ) . ) = Reservoir'Elevation 3760
100 Percent Valve Opening ' i B 100 Percant Valve Opening
Discharge 200 cfs =~ e Discharge 275 cfs

NOTE: Head lﬁsées'jd value were assumed 16 be the minimum
computed values. These are not anticipated
:-operating conditions. (See Figure G}

UTE DAM:OUTLET WORKS
FLOWIN RECOMMENDED: DESIGN _

1:8 SCALE MODEL
b ) -(16':.‘: . )




FIGURE 14

Reservoir Elevation 3790 ‘'Reservoir Eievation 3730

P 60 Percent Valve Opening L 60 Percent Valve Opening
Discharge 330 cfs o Discharge 200 cfs

- NOTE Head losses to valve were assumed to be the average
computed valm (See Figure 6)
*\.
P : UTE DAM OUTLET WORKS
) FLOW IN RECOMMENDED DESIGN
- B} : . 1:8 SCALE. MODEL




Reservoir Elevation 3760 L Reservoir Elevation 3730
32 Percent Valve Opening : 30 Percent Valve Opening
Nischarge 210 cfs : Discharge 165 cfs

NOTE: Head losses to valve were assumed to be the average
computed values. (See Figure 6}

UTE DAM OUTLET WORKS
FLOW IN RECOMMENDED DESIGN
1:8 SCALE MODEL
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Reservoir Elevation 3790 Reservoir Elevation 3730
10 Percent Valve Opening 10 Percent Valve Opening
Discharge 95 cfs Discharge 60 cfs

NOTE: Head lasses to valve were assumed to be the average
between the computed maximum and minimum.

UTE DAM OUTLET WORKS
FLOW IN RECOMMENDED DESIGN
1:8 SCALE MODEL
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CONVERSION FACTORS--BRITISE TO METRIC UNITS OF MEASUREMENT

The following conversion factors adopted by the Bureau of Recla.matio:i are those published by the American Saciety for
Testing and Materials (ASTM Metric Practice Guids, E 380-88) except that additional fasters {*) commonly used in

" tha Blireau have been added. Further discussion of definitions of quantities and units is given in *he ASTM Metric
Praztice Guide. .

The metric units and conversion factors adopted by the ASTM are based on the "Inlernational System of Units" [dezignated
SI for Systeme Internationat d'Unites), fixed by the Internztional Commiitee for Weights and Measures; this system is
also known as the Giorgl or MKSA (meter-kilogram (mass}-second-ampere) System. This system has been adopted by
the Internstional Organization for Standardization in ISO Recommendation R-81. .

The metric technical unit of force is the kilogram-force; this Is the force which, when applied to a body having 2

mass of 1 kg, gives it an acceleration of 9. 80665 m/sec/sec, the standard acceleration of free fall toward the earth's
center for sea level at 45 deg latitude. The metric unit of force in SI units is the newton {N), which is defined as

that force which, when applied to 2 body having a mass of 1 kg, gives it an acceleration of 1 m/sec/sec. These units
must be distinguished fiom the {inzonstant) local weight of 2 body having 2 mass of 1 kg; that is, the weight of 2

body is that foree*with which a body is atiracted to the earth and is equal to the mass of 2. body multipli by the
acceleration due to gravity. However, because it is general practice to use "pound" rather than'the technically

correct term "poungfforce, " the term "kilogram" (or derived mass unit} has been used in this guide instead of “kilogram-
force” in expressing the conversion factors for farces. - The newton unit of force will find increasing ise, and is

essential in 8T units, :

Where approximate or nominal Engll'i'sh units are used to express a value or range of values, the converted metric units
in parentheses are also approximate or nominal, Where precise English units sre used, the converted metric units
are expressed as equally significant values,
' Table I
__ QUANTITIES AND UNITS OF SPACE

By To cbtaln

LENGTH

26.4 (exactly). . . . Micron
25.4 (exactly). . . & . Millimeters
2.04 {exactly)*. . . Centlmeters
30. 48 (exactly) Centimeters
0. 3048 {exnctly)* Meters
0. 0003048 (exactly)* ¥ilometers
0. 9144 (exactly) Meters
1,808, 344 (ezactly)* Meters
1.6089344 (exactly} . . . Kilometers

AREA

6, 4516 (exactly) ". Square centimeters ;7
. U3¥, Square centimeters
Square meters
Square meters:”
Hectares _
Square meters
Square kilometers
Square kilometers

-

- Square mjleE'L a

VOLUME _

Cubic inches 16,3871 . . . ."+ . . . Cuble centimeters
Cubic feet. . e I - 0.0283188. ", . . . Cublc méters
Cubie yards. X 0. 764665 . . . .. . Cuble meters

" CAPACITY
Flutd ounces (U.8.) . . . . 205737 . . .. ... Cubie centimeters -

. . e - - . Milliliters - -
. Liquid pints (U, 3.) s e . . Cubic declmeters
. . . . + ., Liters
“Quarts {ULS.) . . 35 . Cubic centimeters.
Cx . . . _, . . . + Liters - .
Gallons (U, 8.). 4 ; .« Cubic centimeters
= . . 3, 78543, . s Cublc declmeters |
. . : « Liters-
. ) K . . » Cuble meters: "
Gallons (U1 K.} K . - Cuble decimeters
. ‘ . ) i e Liters
Cublc feet. _— X s X - Liters :
. Cubic yards g 3 . . : . -Liters
Acre-feet, . .. . 1,233.5% . .. . Cublc meters
e ._.1,233, 500* : . Lilters - o




Table ][,
RUANTITIES AND UNITS OF MECHANICS

Multiply : By To obieln Mulilply - By, To obtaln
MABS WORK AND ENERGY*
Qralng t1/'?,000!b) e e e s B4,79801 lemmetly) . . . . . . Milligrams British thermal unfts (Bl), . . . . . D 252* w4 s v v s s« Kllogram calorles
.. Troy ounces (480 grains). . ... . . . 311...........Grama R W) v e v e o Joules
Ouncesa\rdp).-..‘........ Sy« v . . Grams ) Bluperpound. . .+ v v b 0 b o« b . 2326(amcuy).......qu.lesperqmm
g)...'.......-.. O.4535923Hemct1y).....Kuoqrnms' Foot-pounds . .+ . o e a4y . 1,3 et v s e s 4. . Joules
Bhorltona(OOOlb)......... 185 ., .. ... ... .. Kilograms :
e E e 0.00786, . » . « 4 . 2 . . Melric tens POWER o
longtons {2,240009. . . . . . ...1018.06. . . ... . ..... Kilograms - -
: Horgepower . . + v o v 0 v ¢ a v o TELTOO. ..., ., ..., Watls
¢ FORCESAREA Blutperhour............ 0.293071..........Watts
; Fool~pounds per seeond . . o 2 . . . 1.95682 . . . . . . . . . . Walls
Pounds per square inch . . . . .. . 0.070307. . i . . . . . . . Ellograms per sguare centimeler
e 0.689478, , , ., . . .. . . Newlons per aquare centlmeler HEAT TRANSFER
: Pounds per squarafool . ., . . . . . 4.88243 , ., , ., ., ., . . Kllograma per square meler
- ses o oo 47,8808, . . . . .. . ... Mewlons persquars mgter _ Btu In. /hr &2 deg F ik,
therma! conductivity) . . . . . . . 442 . .., ... .., .. Millwatts/emdegC
MASS/VOLUME (DENSITY) e e e g.1240, G e e a4 e anu.l/hrmdg
Bl\lﬂ/h.rzitzdeg .. N 1.4880* , . . . ... ... KJealm/hr mIdegC
Qunces percubleinch, o . . o . . 1.72089 . . . . . . ... . Gramaper catle centmater Btu/hr ft2 de c, thernm.'l
Pourds percublcfoot . . . . . . . . 18.0186 + + e 4 - 4+ . . Kilograms per cublc meler conductanee) . .. .4 L . .0 . 0.688 . . .,. . ... .. Mlummits/c 2 deg
. . [ P 0.0i60185 | . . . . . « + « Grams per cabiz cerliatay 4,B82 ..........Kgca.'l/hrm deg
" Tona (long) por c.ble YBFd . 4 .. . 1.92894 . . . . ... Grams por c:bie cerimetar Deg F hr ftZ/Bh: (R, tharmal
- resistance} , e L8l oo i e Deqﬂcmﬂfmjmwm
MASS/CAPACITY Blu/ib d.egF(c " heat capa.c!lty). P 4,1888 ., . .. ... 1
3 Loo0* ... ... ... éqramdegc
Cuncespergallon {iL ) . . . . .. .4863, . . ... .. .. . Gramsper lier /hr(thermn.‘ldlztuslvitn s 02681 ., ... .. ...
Qunces por gallon (LK.} v & o+ o 6.8382. . . . .. .. ... Qrameper lter .t e s 0.09290,*....,,,.,,
Pounds per gallon (U.8) .. .. .. 11880 ... ... ... . . Gramsper ller -
Pounds per gallon (UL, B} o .- . . . o 8,78 . . . ... ., .. . Gramsper liter WATER VAPOR TRANSMISSION
BENDING MOMENT OR_TORQUE Gralns/hr 12 {water vapar ;
i - !.ransmisslon}........... 8.7 . ... .. Gramss24 hr m?
Inchpounds v . « ¢ v o & s v » v 0011521, , .. .. . ... Meter-ldlograms Perms {permeance} . f e 0856, .. ..., ..., Metrlcperms
F e e e e e 112086 x 2080 . . . . ... Cantimeter-dynes Perm-Inches (permes llitsr) P iy Mealric porm-centimeters
Fool-pounds . . . + & v 4 o« 4 - = . 0.1382 s v s » s+« » Meterekllograms
P 135552::107.......Cenumeter-d:.rnes
I-‘Dat-pnundsperlnch e r e r e e 6.4431. . . . . ... ... Contlmeter-kilegrams per cenumeter
Ounce-fnches, . o o 0 oo 0 s a s T2.008 . ... ... . Gram-cemtimeters - -
__VELOCITY
Feet per .secomi. Ve e e e oo 3D, 4B (oxactly), i« + » + Lentimeters per second
c e e 0.3048 (emcﬂy « % « 4 . . Meters per second
Feetper VEAL, v v v nhon e on s 0. 266973 x 10-8* , . . . . . Centlmeters per second Tanle II[
Milesperhout . . .« v oL ., . . 809344 {exactly), ., . ., . . Kllometers par hour
: N NN 0. 44704 (emactly} -, . . . . Maters per secend OTHER QUANTITIES AND UNITS
ACCELERATION" Multiply By ‘T¢_chtain
Feetpersecond® : . .-.°. .1 ... - 0.3048% . ., .. .., . Meters per second® Cuble feel per square 1ol per
- - - day {seapage} . . o . B04.8%, Liters per squarc meter per day
i . FLOW : Pound-seconds por square oot
= . (vlscosity) , , . P d.8B24*. , ., ... ... Kilogram second per square meter
Cumc feet per seccn.d (second- - Souase ieelé:er seaond (viscus!ty). .. 0.002803% . . , . . ., . Sguire meters per second
P 0,028317% , , . ... .. . Cublc meters per sécond Fahrenhelt eqrees (changel*. . . . . b/@exactly . . . . .. .. gelslug or Kelvin degrees {change)*
Cu’nlcfeetper mWE L e . e 0.47M9 . ........ . Liters per secend Volts par mil. , . PN Q.03837. . ., , ., . .. Kilovells per mlillmeter
Gallens (U. L) per m.lrmte P 0.08308 . . ., ., . . . . . Litersper gsecond Lumens rsqua:e foat (rnut-
- = I} e e 10,784. , . .. .. ... . Lumensper sguarc meler
FORCE* ) Chm-ctreular mils par oot . . . . . o.o0wéee . . ., ., , .., Ohm-square millimeters per meler
- B B Millfeurles per cuble foot , . ., , 35,3147* . . . . . . . .. Millcurles per cuble meter
Pounds, o+ v v v v v v »se e v o w e - 0.453582* , ., . ... ... Klograms Milifamps per square foot . . . . . 10.7838* , . . . ., .. .. Milamps per square mater
: 4, 4483¢ v v s e s o s Newtons Gallons per square vard. « « « + . 4527216 , L . . .. . . Liters per square meler
N 44482 x30°8* [ 1 1 D0 1 | Dymes Poundsperinek. .. . . . . . Q. 17868%, . . . . .. . . Kélograms par centimater

GPO 858 -6%55%

o
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HYDRAULIC MODEL STUDIES OF ‘AN ENERGY DISSIPATOR FOR A FIXED CONE
VALVE AT THE UTE DAM QUTLET WORKS '
" Bur Reclam Lab Rep HEf‘-DCE 70-11, Hydraul Br, Mar 1970 Bureau of Heclamatlan, Denver,

12p, ‘IG flg, Jtab
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