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DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
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BUILDING 53, DENVER FEDERAL "ENTER
.DENVYER. COLORADO 80225

-'Mr Wllham E. Warne Dlrector -

- "Department of Water Resources

- State of Callforma R
'Sacramento Ca]ﬁorm.a 95802

QDear Mr. Warne- a

I am pleased to: submlt Hydruullcs Branch Report No Hyd-— 540
which constitutes our final report on downpull studies conducted

:-_-; on the intake gates for Oroville Dam Powerplant, ‘I believé: ‘this-
: -‘freport will satisfy the requirements of your office for.a com—

prehens:.ve dlscussmn of .the extens:.ve test program

S

_ Smcerely yours

B P Bellport
Chlef Engmeer
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PR EFACE

Hydraullc model stud1es of features of Oroville Dam and Power-
.plant were conducted in the Hydraulic Laboratory in Denver,
_ ‘Colorado. The studies were made under:Contract No. 14-06-D-
' 3399 between the California Department of Water Resources and
‘the Bureau of Reclarnatlon ‘
The designs were concelved and prepared by Department of Water
- Resources engineers. Model studies verified the general adequacy
©-of the designs and also led to modifications needed to-obtain more
‘satisfactory performance. The high degree of cooperation that _
- existed between the staffs of the two orgamzatmns helped- materlally
“in sPeedmg fmal results : : " ;(,
‘:Durmg the course of the studies Messrs H G. Dewey, Jr.u, D. P.
. Thayer, G. W. Dukleth, and others of the California staff visited .

o ‘the laboratory to observe the tests and discuss model results.

~ Mr. K. B. Bucher of the Fluid Mechanics Section of the Department '.

was a531gned to the Bureau laboratory for: trammg and for assisting .

- inthe test program. Mr. ‘Dukleth- prow.ded liaison between the-
- Bureau and the’ Department
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ABSTRACT

Hydraulic model studies to determine d'::wnpu]l forces occurring in the -
direction of travel of the 21- by 34-foot intake coaster gates for the
Oroville Dam underground powerplant showed that the design was ade-
quate. Ultimaté development of thé project calls for later construc-
tion of a2 second powerplant at the toe of the dam. Initially the com-
plete left intake structure and the base of the right one will be built,
Each intake structure includes two trashrack-covered sloping intake
channels with large movable shutters. A coaster gate is positioned
in each channel at the entrance to a vertical 22-foot-diameter pen-
stock, Model studies were desirable because orientation and loca-~
tion of gate made theoretical downpull computations difficult. A
maximum downpull force of about 376, 000, pounds will occur at 25
_ percent gate opening for emergency closures during normal full-load
. .powerplant operation at maximum reservoir elevation. No uplift
forces were found at any gate opening or operating condition, and
the shutters had little effect on the downpull, At maximum reservoir
elevation, the intake gate assumes control of flow at 21 percent gate
opening. The downpull forces on the 1; 24 scale intake gate were
computed by the pressure-area method. A method of computating
turbine discharge with wicket gates moving to full open as the head is
-reduced during emergency closure of the intake gates is given.
Dimensionless downpull and discharge coefficients included may be

used for gate structures of similar geometmc demgn
FFat

DESCRIPTORS—-Hydrauhcs/ "‘hydraullc downpull / hydrauhc models /

_ hydraulic gates and valves/ hydraulic machinery/ calculations/ model

" tests/ research and development/ discharge coefficients/ *intake gates/
‘coaster gates/ laboratory tests/ penstocks/ powerplants/ negative

" pressures/ uplift pressures/ underground powerplants/ trashracks/.
'.dlscharges/ open channel flow/ %intake structures/

- IDENT IFIERS—-Orov111e Dam Powerplant, slopmg intake structures/
w1cket gates /. pressure area method/ emergency closures/




: - . UNITED STATES
DEPARTMENT OF THE! INTERIOR
' BUREAU OF RECLAMATION

Off1ce of Chlef Englneer lxeport No. Hyd 540
Division of Research ' fAuthor + K. G. Bucher

. Hydrauhcs Branch = .’ Checked ' by: W. P. Simmons -
Denver, Colorado . . ' / Rev1ewed by: W. E., Wagner

September 30, 1964 o ’ Submuted by: H. M. Martin

: HY DRAULIC MODEL STUDIES OF DOWNPULL FORCES
7 ON THE OROVILLE DAM; POWERPLANT INTAKE GATES
CALIFORNIA DEPARTMENT OF WATER RESOURCES
STATE OF CALIb ORNIA

PURPOSE

f :

. Studles were made’to determme the downpull forces that would occur-
“in the direction of travel of the 21- foot w1de by 34 foot-long mtake '

b E,gates durmg emergency closure

CONCLUSIONS

1 The mammum downpull force of about 37 6, 000 pounds will oecur
“at a 25 percent; ‘pate opening for an: ‘emergency closure during normal
- full- load powerplant operatlon at reservoir elevat1on 900 (Flgure 13A)

. 2.' No. upllft forces were found- at any gate openmg or operatmg con--
: d1t10n (F1gure 13B) .

= Dlmensmnless dlscharge ‘and downpull coeff1c1ents may be used
_ for gate structures of 51m11ar geometr1c deslg'n (Flgures 8 and 12)
/

b 4 In general the shutters had 11tt1e effect ‘on the downpull

eservoir: elevatlon 900, the intake gate assumes control of
t21 percent-gate opening (Figure 10C), At lower reservoir
atlons the gate assumes control at sllghtly 1arger opemngs

INTR ODbU CTION

?' The 747~ foot hlgh earth and rock £i1l Orov111e Dam is located on'the
_Feather River about 4 miles northeast of: Oroville, California{Fig- .= = -
‘ure 1), An underground powerplant with a rated .capacity -of 600 mega- .
..:Watts w1ll be constructed in the left: abutment of this: mu1t1purpose R
Ultlmate development w111 be the constructlon of an exposed LR




powerplant at the toe of the dam on the right abutment. During
initial construction, the base of the right intake structure and the
complete left intake structure will be built, The intakes for the
powerplants will be located on the sides of the reservoir about

1, 000 feet upstream from the axis of the dam (Figure 2). Each
1_ntake structure consists of two trashrack-covered channels spaced
70-feet, center io center. Under the trashracks and over the top
of the channels are large movable shutters that permit selecting
the level, and therefore, the temperature of the water released
through the powerplant into the river. The trashracks are supported
by concrete arches and struts along the full length of the struc—

_ tures (Figure 3)

. The 1eft intake structure is about 650 feet long and is inclined up the
" side of the reservoir at a slope of 27245', In the base of each of

‘the two sloping channels is ‘a‘transition into a vertical 22-foot-
diameter penstock (Flgure 4). Positioned at the entrance to each
penstock transition is a coaster gate which serves as an emergency
closure gate and will also be usedto seal off the penstocks for rou-
tine inspections and maintenance (Figure 5). These 21-foot-wide
by 34-foot-long by 2-1/4-foot-thick gates and their hydraulic opera-
. tors-are locked into position by hydraulically operated bolts. The
hydraulic operator power units contain sealed pumps, oil reservoirs,
and hydraullc controls that w111 move the gates across the penstock
“transitions in 5- m1nutes C ; ‘ :
'The concrete-lined penstocks extend from the base of the intake

. channels through sound rock to the underground powerplant, Rup-
tures .in these penstocks are veryimprobable. Therefore, the'most
' severe emergency closure condition anticipated for the intake gate
is a001denta1 closure with-all- powerplant turblnes in operatlon

The Callfornla Department of - Water Resources requested that model
studies be made to determine the downpull forces that would ocecur °
“-in;the direction of travel of the intake gates, The model study was -

_=des1rab1e because the orientation and location of the gate made theo-

retical downpull‘computations: difficult. Pressures on piezometers
'in the model gidte were read and recorded for various gate openings,
-‘discharges, and reservoir elevations. From these pressures, the
downpull forces were computed by the pressure-area method. The
‘test equipment used in the model studies, the analytlcal procedures

- _ 3followed and the results obtamed are dlscussed in this. report

i-Deta11ed hydraullc studies of the 1eft 1ntake structure and other fea- R )

“itures-of the Oroville Dam and Spulway are dlscussed in other

.".__"reports 1! 2! 31, 4/ 5/

‘ _1 f Numbers refer to Blbllography




MODEL

The model of the intake gate was built at a scale ratio of 1:24 to
-allow testing in the already-constructed 1:24 model of the left intake
structure (Figure 6},  The gate was fabricated:from machined brass
bar stock and 1/8-inch brass plate. The seals on the underside of
the gate (Figure 7A) were.designed as part of the gate body and were
machined after the gate was assembled. The general shape of the
roller trains was machined from bar stock and bolted to the sides
of the gate body (Figure 7B). The gate moved on a machined seat
that was made from cast brass pieces to insure surfaces that would
remain flat during machining. No-.attempt was made to make the

~ weight of the model gate equivalent to that of the prototype gate. -

. The orientation, location, and weight of the model gate dictated that
the pressure-area method be used to determine the downpull forces.
Accordingly, 15 piezometers were placed in the gate to measure
pressures on the ends and underside of the gate, Previous laboratory

'  experience showed that pressures, measured on the bottom of a gate

along the centerline of the flow passage, are reasonably representa-
_tive of pressures nearer the walls. On the model intake gate,
Piezometers 1 through 8 were placed near the centerline of the lip, =
and to check the distribution assumption, Piezometers 9 through 11
were placed-in line with the edge of the gate.slot. Piezometers 12,

13 and 15 measured the pressures acting on the’ transverse gate seals
‘(Flgures 7 and 11). .
The. 1ong,_ 1/ 16 1nch—mterna1—dlameter plezometer leads were bundled
_together and passed through a narrow slot in the floor of the intake
channel (Figures 6C.and 7). “Below the slot the piezometer leads

- were connected by plastic tubing to a coupling panel in the floor of
. the headbox From ther_e the leads were connected to a manometer

“board.: L ' '

: _The hydrauhc operator of the 1ntake gate (Flgures 5 and '?) was -
“modeled’in general shape only. Two threaded rods passed through '

' a transverse member of the operator -which was bolted to the floor of

the intake channel, The gate was moved by turning the rods with a-
.crank. The rods were connected together by a chain-and sprocket

drlve (Flgure 7) ‘

_Flow into the: headbox and subsequently past the intake gate, was -
"measured by Venturi meters in.the laboratory supply system. The

g - réservoir elevation and the rate of -flow out-of the headbox were con- . '

| ".trolled by valves in: the dlscharge system S e .




INVESTIGATION

Discharge Coefficients

“The discharge coefficients of the intake gate were determined for
the-full range of gate positions and reservoir elevatlons The dis-
‘ charge coefficient was defined by the equation:

- Q
Cqg=——7——
d Ap \’2 gH

where: ' @Q = discharge in cubic feet pér second
A_ = cross-sectional area of penstock (square feet)
H = head differential across the gate {(feet)

The head differential, H, was determined by subtracting the head (in -

‘terms of piezometric elevation) at a ring of piezometers one pipe

diameter below the penstock transition from the reservoir elevation

- {Figure 4A), The position of the intake gate was expressed as per-
.cent gate opening, where the opening was taken as the distance from

" the center of the lower seal seat to the center of the lower seal on

"‘the gate (Figure 4B). This gate opening was divided by the 30-foot

- distance between the loweér and upper seal seat centerlines, Thus,

“the gate was 100 percent open when the center of the lower gate seal
- ~coincided with the center of the upper seat. A plot of Cj4 versus gate
. _opening is-shown.in.Figure 8. ; . :

Dis charge for Downpull Tests

‘When gate closure occurs, the head’ losses and differential head -
‘across the gate will increase as the gate is moved across the penstock
entrance. During normal powerplant operatlon these additional head .
losses will be compensated by automatic opening of the turbine wicket
gates. The wicket gates are fully opened at.critical head, which'is at
‘reservoir.elevation 730, or at an equivalent head which results when
‘the subtraction of veloc1ty head and gate losses from reservoir eleva-
tion produces a piezometric elevation equal to: that of reservoir eleva-_
.,tlon 730 under normal condltlons

. The dlscharge cr1ter1a for various reservoir elevatlons at dlfferent
gate positions were:not.available, so the needed data were derived by
_computation. The computatlons assumed that-the downpull tests would

" be made with four:shutters on the intake channel Previous tests

| _' '_determmed that the head loss coefficient, K, ‘in- terms of velocity head
in the penstock, with four shutters.in place and with the intake gate

- rfully opened'was 0, 36.. The head loss was measured from the reser-

L :v01r surface to the rmg of plezometers below the ‘penstock tran51t10n




(F1gure 4). Values of discharge for reservoir elevations ranging
from 580-to 900 feet were selected from the powerplant discharge
‘rating curve (Figure 9A). For each selected discharge the velocity
head in the penstock, H,, and the loss from the reservoir surface

to the ring of plezometer in the penstock, KHy, were computed, The
computed loss plus velocity head in the penstock were subtracted
from the reservoir elevation to obtain the theoretical’ p1ezometr1c
elevation at the r1ng of piezometers in the penstock.

Example: From Figure QA for Penstock 1, and reservoir
elevatlon 730 - _

-Discharge = 8;600 cubic feet per second

Area of penstock = 380 square feet :

Velocity head + head loss = 1 36 (8, §00)2
(380).-'2

= 10. 81 feet o
P1ezometr1c elevatlon Hp = 730 00 ~--10.81 = 719 19feet

. 'The -above: process was cont1nued for reservoir elevat1ons rangmg
“from 580 to 900 feet. The curves of discharge versus piezometric.
elevation in.the penstock are:shown in Figure 9B, These curves will

be used in Part-4 of the followmg development

When the 1ntake gate moves across the penstock trans1t1on the differ-
ential-head increases, the d1scharge coefficient decreases, the dis-
charge increases to a maximum .of 8, 600 cubic feet per. second as the

" wicket.gates open and then. decreases as the intake gates assume con-
trol, Also, the initial operating discharge varies with the reservoir
.elevation (Flgure gA). ‘A curve that correlates all of these param—
eters was’ plotted as. follows _ .

1. Values of Cqa for intake gate openlngs rangmg from 21 to 100
percent open were. selected from Figure: 8

_2 Usmg the selected values of Cqd, the: d1fferent1a1 head across
“the intake gate was computed for d1scharges of 5,000, 6,000, 7, 000
8,000, and 9,000 cubic feet per’ Second by the equat1on

QZ :
cd2 Ap2zg

T

= 3 A, curve of - H versus Q -was plotted for each gate open1ng,
F1gure 10A and 10B , :

4 Superlmposed on the. above famlly of curves were’ plotted the
d1scharges that would result 1f closure was’ 1n1t1ated at reservo1r




7" elevations of 730, 760, 790, 820, and 900 feét (Figures 104 and
10B) These dlscharges were determlned as follows:

a. By prevmus definition, H = reservoir elevation minus H
therefore, Hp = reservoir elevation minus H,
‘b. From Figure 8A an initial reservoir elevation and dlscharge
were sélected. For example, reservoir elevatlon 820,

T @=1,120 cub1c feet per second '

P’

c. As the dj.fferentlar head, H, increases, the piezometric

elevation, Hp decreases and the discharge varies. For

.example: assume H = 20, 40,' and 60 feet. The resulting -

‘plezometric elevations are; 820 - 20 = 800, 820 - 40 = 780,

820 - 60 = 760. From Figure 9B, the dlscharges that cor-

‘respond to these piezometric elevations are 7,300, 7,550, and
- 7,830 cub1c feet per second, reSpectlvely

"d. The above process was contlnued with | varymg from 10 to

180 feet for each of the five selected reservoir elevations. ‘
‘Curves of discharge versus differential for each reservoir ele-_'

~vation were plotted over the; farm.ly of gate openmg curves
(Flgures llJA and 10B) - , ‘ _

8. Data contained in: F1gures IOA and 10B were plotted in F1g~
- ure-10C.in a‘more convenient form, i.e., discharge versus gate :
"L.Opemng for reservoir: elevatlons 730 760 790, 820 and 920

" 6. The: pomts where the mtake gate theoretlcally assumes eontrol
Cof the d1Scharge were computed and plotted on Figure 10C.. These
“points were found by.a trial and error matching of-discharges
from Figures 10A and 1OB w1th dlscharges computed by the
-equatlon _ . .

5.

Q- chp \lng'

‘ -r-where H‘ —-the head between the reserv01r surface and the m1d—- o
: pomt of gate opemnf_r . :

The dlscharges for the downpull tests were derlved w1th the assump~ L
‘tion'thatthe pressure‘underthe intake gate would remain atmospherlc
- after the gate assumed control'of the flow. A 24-inch- diameter air . -
wvent is provided in the prototype structure for this- purpose (Flgure 5)
Cornputatlon ‘methods are- given:later in the report foricases where '
subatmospherlc pressures are: present under thn gate -

Ly




Downpull -_Coeff_i'cients,; :

For each downpull test, the intake gate was set at a specific open-
ing, a discharge and reservoir elevation were selected from Fig-
ure 9A and established in the model. After a stable flow condition
. was reached, the piezometric heads of the 15-gate piezometers

. were read from water-filled manometers and recorded.

In the pressure-area method of downpull computation, the pressure
of each contributing piezometer was multiplied by a specific area -
to obtain the forcz acting on'that area. The forces were then
algebraically summed to give the resulting model downpull. For the
intake gate, the area of influence for each p1ezometer was taken as
‘a projected band on a plane perpendicular to the axis of the intake
gate (Figure 11).. The band width was taken from midpoint to mid-
 point between piezometers on the gate lip, and-the band length was
the width of the gate body, ‘not including the roller trains (Figure 11).

- The pressure distribution was fairly uniform across the lip so the:

pressures of Piezometers 9, 10, and 11 were not included in the :j _
downpull computations. An example of the piezometric pfessures
' and pressure -area computatmns is shown in the append1x

The powerplant rating curves indicate that the reservoir can fluc-
~tuate between elevations. 640 and 900 (Figure 9A). 'However, the
- maximum reservoir elevatlon obtainable in the model was 820 feet.
‘Therefore, downpull data were obtained from the.model for reservoir
elevations, 730,. 760, .790, and 820, and the datar were extrapolated

<" to reservoir elevation 900, Dowhpull was computed for the various

gate‘openings at each of the above reservoir elevations,; Then.a '

. dimensidnless coefficient (Figure °12), was computed for each test

' “using the downpull and discharge as factors. No uplift forces: were
?fou'1d at any gate opemng or. operatmg COl’ldlthﬂ (Flgure 13)

'=.Many of the downpull tests were repeated w 1th the shutters removed
S Generally, tne rem0val of shutters had very l1ttle effect on.the down- - -

R iﬁleflculty was experlenced in obtalnmg downpull c‘oeff1c1ents at ‘gate |
"+ openings less 10-percent.” The gate is essentially closed at about the.

'8 ‘percent;’ positien’ because the ‘gate lip reaches the lower seal-seat.

e - The small d1scharges in thls range are ve, 5y difficult to measure with

.-precision,. :Due to the; mariner in wh1ch cuscharge appears-in the down- "

Soypull: coefflclent errors-in measurement’ of 'small: dlscharges result’

. -inlarge deviations in coefficient values. _The coefflclents -at-gate -
_‘.--“opemngs below 10: percent were not plo’r:.ed 1n Flgure 1.»3 because of
'5»-thls scatter o . i : . L




ot

The coeff1c1ents of downpu]l were not affected by changes in reser--

‘voir elevation. Therefore, the dimensionless coefficients of Fig-

ure 12 can readily be’ used for computation of downpull.forces at any
.reasonable water: surface level, 1nc1ud1ng elevation 900.

S Apphcatlon of Data

The downpull forces ior. ‘teservoir e1evat1on 900 were computed by
the equatlon
Cdsz ‘)’Ag

Down u]l-'
ownpul T

l' '_ ‘where: _..Cdp downpull coeff1c1ent (F1gure 12) |
| Q. d1scharge in- cub1c feet per second (Flgure 10C)
A spec1flc welght of water (62 4 pounds per cublc fOOt)
Ag = ‘cross- sect10na1 area of 1ntake “gate. (61 4 square feet) ‘
e Ap- cross- sect10nal area’ of penstock (380 square feet) |
| é —"aCCeleratlon of grawty (32 2-feet per second per
‘-;} : second) o=
For example o |

- A 25 percent gate opemng at reserv01r elevatlon 900

o ';_Sdp?-- 13. 85 (Flgure 12).

R

Q’"’" 8, 120 cub1c feet per second (Flgure 100)

'_,D . 1'1‘_ 1s. 85(8 120)2 62. 4(61 4)
o} ‘npul (380)22g .

. V '.

376 000 pounds

- The downpull forces deterrmned for reserv01r elevatlons 7 30 and 900
-..are-'plotted:in. Flgure ‘13A.. The downpull: computed for reservmr _
velevations. 760,:.790, and’ 820 li¢'between these two.curves. Fig-
uure 138 shows a: comparison-of: downpull forces: determ.lned directly . .~ . .
from: ‘model data:for;réservoir: ‘elevation 820-and by’ cornputatlon LT e
smg the downpull coeff1c1ents Agreement 1s excellent :




_The dlscharge curves of Flgure 10C were based on the cond1t10n with
‘four shutters on the intake channel. The loss coefficient, K, with
-~all shutters removed is 0.21, compared to 0. 36 with four shutters
“in place. However, the maximum velocity head in the penstock is
' only 7.95 feet, and the use of a lower K factor will not significantly
change the plezometrlc head-versus- dlscharge curves (Figure 9B}
or the discharge curves.of Figures 10A and 10B. The discharge-

versus-percent gate opening curves (Figure 10C) may be used for any .

number. of shutters W1th an error less than 1 percent at maxlmum
: downpull : :

" The cond1t10n‘when subatmospheric pressures exist under the intake
gate when the gate has control of the flow has not been discussed.

In this situation, the subatmospheric pressure is added to the head -
acting onthe gate, and the discharge is computed using the increased
~head, The downpull forces are then computed by the same downpull
equatlon (Equatlon 1) usmg the increased d1scharge

For example
. Reserv01r elevatlon 900 20 percent gate opemng, pressure
“under gate = 15 feet of water below atrnospherlc head at mid-~

pou‘t\of gate openlng = 313 feet

.-H-'— 313i+ 15 = 328 feet

© 12) ,[2g(328

6 630 cub1c feet per second

18. 3(6 630}2 62.4 (61 4)
.(380)2 (32 2)2):

'.?(Downp.u_ll =

1 ='332,000 pounds

';-in the above exafnp le, thc 15~foot subatmospherfc—dpressure 1ncreased=.i_
‘the- d1scharge from- the initial value of 6,480.to 6,630 cubic feet per

j'--:_.f.\_second "The. correspondmg downpull forces 1ncreaSed from 316 -000.
©oLtor 332 000: pounds ‘or.an 1ncrease of about ¢ percent

‘.-ZV_iThe downpull forces may be computed for any reservoir. elevatlon by S
- :deriving:a.discharge -curve (Figure 10C) as outlined in: thls report and
'Eby_...usmg the downpull coeff1c1ent curve (Flgure 12) S

Wnpu_ll and d1scharge :coeff1c1'ents pres ented 1n th1s report may - -: v
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- The downpull forces on the intake gate were computed by the
pressure-area'method. Typical pressure readings from the 1:24 -
scale model for various gate openings at reservoir elevation 820
_ ' The downpull computation for one of the
- - SR . gate positions given in Table 1 is shown in the sample calculation..

N

i

are presented in Table ‘1.

APPENDIX

.. . Table 1.

‘_,ZQ'P‘iezpm'et_er readings, feet of water, model |
' Reservoir elevation 820 Four shutters”

Gate-.,-:;- T
‘opening -

33.9

32,2

5

27,2

25.5

123

9

22.2

20.

5

 TubicTeet-

~per-second

‘prototype |.

8, 075

8,600,

8,325

7, 800

7,500

7,100

8,650

5,680

 Piezométer.numbers

O 0o =3 OV N ik L8 B

'8.30
6,99

1.6.23
6.25.

6.26
1 6.28
. 6.82
1 5.10

6.51

7.60

g 5,08

15..97

f 9,07 |1 g

6.13|

1 8.00
| 8.65

4,40

19,00,
/8.55

| 9.

6.42
-5..32
5.41
5.44

6. 17
'3.47
' 5.56

1 5.06 |

6.71
3.42
4,05

07

8. 14

5.53

9,00}
:8.54

8.11
6.19

4,72
4,89
5.12

5,52
6,32

2,174
‘5,32

4,83
7,01

2.12 ¢

2,83
9,01

8.47

9

.07

8.09
6.00
4.29

5,05
5,70

6,37
1.28.

‘5.25

4.66
6.78

1.21
2,02
°9.01

8.40

9'

4,30

07

8.11
5.94
4.15

5.10°
5,89
6,52
-0,61
+95.11
4,41
6.36
0.45
1,25

9,07

3.98 ¢

soa ]
8. 36

. 16
.01
.13
01
.17
.06
-6.63
-0.19

Sy b O

5.20

4.48
6,40
-0,30
0,45
9.02

8,68

9.07 |

.34
.02
..86
.88
LTl
.45
.98
.45
.32
.28
.00
.34
11 :
L04s
.31 -

PR OINNOD 0L D

o

IR

- *Piezometer 62 registers model reservoir elevation. .



SAMPLE CALCULATION OF DOWNPULL
FORCES BY PRESSURE-AREA METHOD |

23.9 percent gate opening Dlscharge = 7,100 cublc feet per second
Reservoir elevation = 820 Four shutters in place

“Piezometer —pard | Bard _ .
Piezometer, . - reading. ‘width. . . length Area’ Force
‘number (Table 1) (Ft HzO) (Figure 11) | (Figure 11)| (in. )2{Ft HoO in, 2

.14, =473
.85 -11.35 -
.75 -24,23
.66 -27.45
.00 -13.03
.52 -9, 22
.81 +1.45
.10 +154.17
.81 -15.13

.15 S 0,12 : 9.50
.98 L. 0,30 9.50
.10 o 0.50 " 9.50
. 89 N 0,49 . 9.50
. b2 : 0.21 9.50
.07 : 0.16 9,50
.80 . 0.19 ‘9.50
.02 : o 1. 80 g.50
.36 o 0,19 f? 50
j v

hie'y

R
o T = DN DO

BOODND L LW

Z Force 1 +50.48

.Multlpllcatlon factor :
e Force'prototype = Force model X (LR)3

62, 4x(LR)3_62 4x243 | ' S
T2 T T 14 = 5,990 (#lF_tHzom._)

Downpull = 50.48 x 5,990 = 302, 3804
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FIGURE 1
REPORT HYD. 540
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Fipure 6 ';A-"-‘-\
Report Hyd-540 o

A. General view of intake model, .
Gate studies were conducted
in detailed structure at left.
Eight shutters are in place Rl
under trashracks. 1

- PX-D—42I35NA

B. In its normal position the gate
is above the entrance to the
penstock transition.

C. The gate moved on & machined
gseat, Piezometer leads {rom
the gate passed through a slot
in the channel floor and were
connected to a junction panel
in the floor of the model.

OROVILLE DAM
INTAKE GATE DOWNPULL STUDIES

General Views of 1:24 Model

h_.#




Figure 7
Report Hyd-~540 He?

A. Underside of intake gate and operator. The gate
was moved by turninpg the threaded rods with a crank,

The rods are linked topgether by a chain and sprocket

gear drive, The bundle of tubing is the piezometer

leads.,

" " PX-D-46242 NA

* B. Fifteen piezometers were placed in the gate to measure
pressures [or downpull computations, Ten piezometers
were placed in the downstream end {small numbers on gate},

onc on upstream end and four on the underside., The
oblong shapes on the side of the gate represent the coaster

trains,

OROVILLE DAM
INTAKE GATE DOWNPULL STUDIES

General Views of Model Intake Gate and Operator




FIGURE B
REPORT HYD =540

3

o
Gq = AV2 H
A=Area of pensfock
H =Res.Elev. minus piezometiic
elevation tD below pensfock
‘i'runsmon e
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FIGURE 11

"PROJECTED PIEZOMETER BAND WIDTHS '
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© T17530 - .
T (10-64)

_ : CONVERSTON- FACTURS—-BRITISH TO METRIC UNITS OF MEASUREMENT
' The' fallowing canveraism factors adopted Yy the Bureau of Reclamation are those pablished By the American Society for
‘Testing end Materials (ASIM Metric: Practioe Guide, Jamuary 196Z) except that edditicoel factors (#)} comxmly used in

“the Bureau have been added. Furthes digcuasicn of definitions of quantities and'wurita is glven on pages 10-11 of the
"ASTM Metric Praetice Gudde, - : o S T N

"

The metric uniie anl cooversion factors adopted Wy the ASTM are based on 'the "Ioternatiomal System of Undts™ {denigrated -
S1. for Systeme International A'Unites), fixed by . the Internetiopel .Ooomittee for Weights and Meamures; thie system is
© . also lmown ap.the Giorgl or MECA (meter-kilogran (mabs)-sscond-ampere) system, This Eyctem hag been gdopted by the
. Intersaticmal Orgenization for Stendardizetion ipn IS0 Recommerdstien R-71, . S Co
" The metric technical unit of force i the Mdiogram-foree; this ip the foree which, when applied tc a body having & '
‘mass 27 1 kg, gives it an aceeleration of 9.80665 n/Bec/aec, the standard accelergtion of free fall toward the earth's )
@ cemter for-sea-level: at 45 deg latitude, ' The metrlc undt of force in SI.units i the newton {N), which i= defined as
;. that’ force which, when epplied to e body having s mess of 1 kg, glves it an aceeleration of 1 m/seq/sec. -These unita
must be'distingulabed from the {inconstant) local welght of a body having & mass of 1-kg; that is, the welght of & °
body is that-ferce with which & body is attracted to the earth and. is equal to the pass of a body multiplied by the -
acceleration due to gruvity, However, because it is genemi practice to use “pound” rather than the techricelly - .o
correct term “pound-force," the term "idlogran” (or derived mass unit) has been used in this guide instead of "idlogram—
-i-fores" in expressing. the. conversion. factora for forces, The mewbon urdt of force will find incressing use, ‘and. is
.- easentisal ip ST wnits, | - ’ e LT Co . ‘ : .

__GUANTTTTES 4ND TNTTS OF SPACE
ey
7 LENGTH

25,4 (exactly), .,
254 (exactly). ..
" 2.34 (exactly)e
30.48° Y-

i .D.0003048 (exmatlyhe . ..
v Ceolaie e 0,51k (exestly) L,
Mles (ptatute) . Dece e 21,6093 (axnctly)e o .
: R " Do 1.609344 (exmctly) .-

Sqnaneinch:s
. Square. feet, .

Cubletimches., L L. L L16.38TL . L .. L .. .. Cuble cemiimeters
“Cuble feat . ', .. el : . - Cuble metera -
. Cubie - ) s s+ Cuble meters

.Fluld ounces (0.8.) - : S AR Cubdc:centimaters - .

i Mi1141f ters A
- Cutde. dacimeters
T
Gubdo-eentimeters
‘Liters .. o
Cuble. centimatars .
Cuble decimetors
. Cuble matera o
‘Cuble. decimeters .

© T1Aquid pinte’(1.85) |
- Quarts (1.8.). .3
- Galiong (U.8:).

el (V) . LD
. Cublo- et -]
" .Cubde-yards .
here-feat, , .-,

a s s

S T T S S

Tooa




" 'Long ‘tons (2,240 1b) -

Table 11

ANTITIES AND UNITS OF MECHANTCS

. Mnitiply

By

FORCE™

" Greten (147,000 1b) . . . )

(Qunoed (avip i
Poumds {avdp) , . ., .
. Shart tens. {2,000 1b) .

‘Troy oinces 'Ym graing)

.
.

MASS -

110
a8, 34

0.25359237 (exnetlr) o
1 . s

Orams .

K logram
Klograms ..
Metrie tms
- ¥ilograms

Pu.mds pu' aqum lmt\_
Pul.mds par equa.re rcm. -

288243
47.8803 ,

. Knoznm per aqu.ln centlpeter

Newiong per square centimetar
+ Kllograms par aquare mater

mss'/vo LI (DENSITY) -

Hewtons per sguars mster

Qunced per cuble imgh | , ,
Potnda per w‘bic foot ..

(1_nﬂg) per nubiu yuﬂ o

L1,72999 .

1650185, - .
-0.0160185 .
1.32894; .

s +
.. .
o .

Orema per subla centimeter
Kilegrams per cubic.meter
Orams per cubie cemtimeter

: HASS/GA.FAEI'I’I

Grama per sublc centimeter -

Pounds per gallop

am

62362
9.7

Oém per liter
Grams per liter
Qrama per liter .

. Pomds per gallem

nmialma L
pm.mﬂn P :
Foo‘t pourds per inch

Orame per liter

082 |, .
1,35582 x 107 |
SGEL L L

5! Pl )

Mater-kXilograms
Centimeter-dynes
Meter-kllograne
Centimeter-dynea

", Gentimeter-kilograma per aentimeter

_s Oram. u:'um-cmtimuu Al

Omme-inches PP

VELOCITY

" Feat por secand

P;ee_t For ydar ,
- Mlep per hour -

30,48 (exmctly) ,
10,3048 {exactly)w

T 1,609344 (exbotly)

0, 44705 Lexactly)

Centimetera per aecond
‘Maters per’sscand -
Centlmeters per seccnd
‘Klxmters per hour
Yetars per seccnd

-Btuperﬁmm:.......

!ilm
Hawtons

Dynew

British thermal wnita (Btu).

2. 326 (enutl,y)
1.,35582a , ,

- Kilogram salocies

Joulea
Jaules P, gram
Joulas

Foot-pourde, .. , ., . .

POER

!iuruupam......
Biu per hour . . o0 .

500, ... .,
0.2937. ., . ..
1.05582 . . . .

Vatie
Watin
Wattn

I-‘not-pgﬁa per gecond

Biu in,/hr 142 deg F (X,
therml cenductivity) ., .

Btu tthr M2 deg F oL .. . .
Btw/hr £12 deg F (C, . thermal

contfuctance) . . . . . . .
Deg F hr £t2/8tu (R, thermal
- resletanca) . .
Btu/lb deg F {e, heet capeeity)
Etu/ib deg F ,

(mmu difruam.ty)

Miiliwstta/en deg ¢
Kg cal/hr m deg G
kg ool m/hr oR deg G

.Ili.ll.tntt-a/unﬁ deg C

¥g oal/hr o deg @

Deg ¢ ank/mill{watt
I/g deg ¢
Cal/jgran deg G

(12

Graina/hr £42 (water vapor
tranapdesrion), . . . . .,
!’am {peroeence),

Parm-inches gEmeabiut'y]

Grace/24 hr o?
Metric perms
Matric psrm-tentimeters

Teble TII

Wltipiy

QTHER QUANTITIES AND UNTTS

By

To obtain -

ACCELERAT IOK«

:Feat per aecandz

0.30484, , . . ..

Meters per sacapd<

e

Cuble. feet par second (aeecmd-
feet) o L v e i sl
- Guble feet per moute , , . .

. Cuble meters per ueumﬂ

» » Liters per asrond

“; . Oalloms (1.5.) per efpute i, .

» o Liters per secomd

Cuble feat per sguare foct per
dey {seapage)

Found-secondn pet square foot
SAVISUAIAW). » v b b s

T ‘.qum feet per secand (viscnsit,y)

Fehrenheit degrees {[changels .- . .
Yolta permll, , . . v - v 4 4« 4
Lumens per square fool {[‘ool.-

. eandles)

Ohetecireuler mils per foot , ., , ,
M 1icuriea per oubio faoot . . . .
Milliamps par square foot ., , , .
dallong per square yard , , . , .

NLEe L L L.

4 8824% .
0.02903 (e:nnt].y)
5/ exsotly, . . .,

0,017, . ...,

0764 . .
0.001662
353047
10,7635« .
4. 52721594
0.17358 .

.
.

D
. e
o1
e
PR

Litera per square meter per day

Kilcgrasm socond per square meler
Square meters per sacood

Celsiun or Kelvin degress {ahange)w
Kilovolte por millimeter

Lumens per square mater
Oha-square millimeters per moter
Milliouries per cubls metar
Williasps per oquare meter
Litera per square maoter

Kilograns per cemtimeter

Pourds per dnch, . . . .
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