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SubJject: The hydraulic characteristics of the 96-inch hollow-jet
valves controlling the river outlets through Friant Dam--
Central Valley Project, California

PURPOSE

The purpose of this report is to describe the hydraulic
characteristics of the hollow~jet valve based on special tests of the
one installed on River Cutlet No. 3 through Friant Dam. Also,
comparison is made with the predictions from hydraulic models during
the design studies.

CONCLUSIONS

The 96-inch hollow-jet valves installed on the river ocutlets
through Friant Dam performed satisfactorily with only a slight amount
of cavitation erosion in the unfinished portion of the body casting
due to local irregularities. This erosion can undoubtedly be prevented
in future structures by limiting the allowable roughness of the casting.

Although no subatmospheric pressures vwere predicted from the
model studies except on the large vanes, such pressures did occur at
three different piezometer locations but the magnitude of these low
pressures was not conducive to cavitation erosion. Although the
subatmospheric pressures on the large vanes were greater in magnitude
than predicted, again the pressures were not sufficient to produce
cavitation erosion.

‘ The positive pressures were within the expected range of
. values, varying from the model pressures by an amount appraximetely
equal to the variatior between the two hydraulic models.

One of the most importent lessons learned from the comprehensive
studies is that the calibration curve determined from the hydraulic model
is as accurate as the field calibration. Adoption of a policy of
accepting model calibration curves would save considerable time and

expense.




The differential thrust on the needle which determines the
power required to open and close the valve corresponds closely to
the predicted quantity, the maximum variation being as% a valve opening
of 10 percent when this unbalanced force was 29 percent greater than the
value predicted from the model studies.

The action in the stilling basin was not satisfactory since
a portion of the jump formed in the river channel downstream from the
basin; however, this condition was predicted during the model studies
but the river channel was considered sufficiently stable to withstand
the action of the hydraulic Jjump. An underwater survey revealed that
the chennel has not been eroded but the concrete floor of the basin has
been damaged by the erosive action of the small rocks carried into the
basin.
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INTRODUCTION

The search for a satisfactory valve to operate at any opening
to control the flow through large conduits discharging under high heads
has been in progress for nearly half a century. The need for such a
control device was responsible for the development of the Ensign valve
(Arrowrock Dam), the needle valve (Alcova Dam), and the tube valve
(Lower outlets through Shasta Dam). Other valves have also been
developed for the same purpose but the ones named constitute those
primarily used by the Bureau of Reclamation. -All of these valves were
inadequate end expensive to comstruct or meintain.

The increasing demand for a closer control of the releases
through modern multiple-purpose structures prompted & continuation of
studies to obtain 8 more suitable valve and led to the development of
a new type termed & hollow-jet valve. This nev type, however, is

1/ Field trip report from D. M. lancaster dated February 19,
1651, subject "Field measurements to determine the hydraulic performance
of the river outlets through Friant Dam."




limited to use as a free discharge valve preventing its epplication in
closed conduits. For those cases where the valve must discharge in a
closed conduit, a recently developed type known as a jet-flow vaive has
been proven succesgsful.2/

Description of Valve

.The hollow-jet valve is patented by the designers, Byron K.
Staats and G. J. Hornsby (Patent No. 2,297,082) with rights reserved for
use by the Government without the payment of royalty. The design was
accamplished with the aid of a 45° segment of a 12-inch-diameter air
model and a 6-inch-~diameter hydraulic model in the laboratory 3/ together
with a 2k-inch-diameter model tested at Boulder Dam under a high head.l/
The purpose of the larger model was principally to ascertain the
hydraulic characteristics of the hollow-jet valve constructed under
prototype conditions, that is, by casting the supporting vanes, the
cylinder containing the needle, and the outer shell in one piece with a
machine finish limited to the needle and that part of the outer shell
upstream from the vanes. The rough finish of the casting could
conceivably effect the boundary flow sufficiently to cause local areas
of low pressures whereas in the 6-inch model all surfaces were machine
finished. Since these model studies were made, laboratory tests have
defined to & certain extent the relationship between the degree of
roughness of a surface and the resulting effect on the boundary flow
which will produce subatmospheric pressures. Such information will be
of assistance in the preparation of specifications for castings
permitting an allowable tolerance of roughness which will prevent local
areas of subatmospheric pressures sufficient to cause cavitation erosion.

A second reason for studies on a 24-inch model was that some
of the critical areas were too small for exploration by piezometers in R
the 6-inch model. A few revisions were found necessary as & result of e
the tests of the 24-inch valve which was later installed permanently L
et Jackson Gulch Dam, Mancos Project, Colorado.

Although the design studies relative to the hollow-jet valve
were conducted in connection with facilities for Anderson Ranch Dam,
the initial installiation of large units was on the river outlets through
Friant Dam, Figure 1. Details of the installation may be seen on

2/ Hydraulic Laboratory Report No. Hyd-389. "Hydraulic perfor-
mence of the control devices in the 102-inch river outlets of the middle
and upper tiers--Shasta Dam--Central Valley Project."

3/ Hydraulic Laboratory Report No. Hyd-148. "Model studies for
the development of the hollow-jet valve--Anderson Ranch Dam--Boise Project
Idaho."”

2

L/ Hydraulic Laboratory Report No. Hyd-189. "Pests on 2h-inch
hollow-jet valve at Boulder Dam." November 29, 1G45.




Figure 2 while the valve proper is better displayed on Pigure 3. One of
the four 96-inch valves was equipped with piezometer orifices to permit
the performence of special tests to ascertain if this new type valve
possessed the predicted hydraulic characteristics. The performance
could conceivably be different from the hydraulic models due to the
roughness of the casting as previously described or the larger tolerances
necessarily allowed for the machined surfaces in the prototype valve
could ceuse difficulty. The locations of the pressure taps are shown

on Figure 3.

Field Tests

The field testing program was inaugurated in August 1950,
although the valves were placed in operation in July 1949. The program
consisted of pressure measurements at valve openings of 10, 20, LO, 60,
£0, and 100 percent, with reservoir elevations of 434.0, 512.3, and
555.1 feet corresponding to heads on the valve of approximately 102, 180,
and 223 feet, respectively. The maximum design head is 246 feet.

The discharge of the valves was obtained from operating e
records based on current meter measurements in the river channel a L
short distance downstream from the structure. In this instance, the
flow in the river channel represents only the discharge through the
outlets. Hence the current meter observations would not be subject to
possible errors by substracting the gquantity from other sources such

as a powerhouse.

Other field observations inciuded the general behavior of the
hollow-jet valves, inspection of the interior of Unit Xo. 3 during a
routine disassembling for maintenance, the character of the Jjet, and
action in the stilling basin into which the outlets discharge.

Results of Pressure Measurements

The pressure measurements were obtained in the usual manner
by connecting the piezometer orifices to manifolds joined to mercury
gages. A valve on each connecting line permitted the determination of
the pressure for any particular piezometer. Figure 4 shows the two
manifolds and mercury gages.

All pressures have been referred to the elevation of the
centerline of the velve at the upstream end. The head was measured one .
diameter upstream from the valve and referred to the same elevation as
the other pressures. Hence, the outlet was considered to be on a _
horizontal centerline to correspond to the hydraulic model, while . ‘f”
actually the centerline of the prototype structure slopes downward. S




The pressures have been plotted by utilizing a pressure factor
F, defined as the ratio of the measured plezometer pressure to the total
head (static head plus velocity head), one inlet diameter upstream from
the valve. This method is utilized to permit a direct comparison with
the model results which were plotted in this form. Quoting from the model

report 3/:

"This procedure reduces F to a dimensionless number
making it possible to obtain the pressure at any point on the
vaelve by selecting from the curves the correct value of F and
multiplying it by the total design heed on the valve one diameter
upstream from the inlet."

As an example, to find the pressure at a piezometer, when the
design head is, say, 200 feet of water and the valve is 50 percent .open,
follow the 50 percent line until it intersects the curve for the particu-
lar piezometer and read the value of the pressure factor at the left.
Multiply 2CJ iimes the pressure factor to obtain the pressure at the
plezometer for the case being considered. Of course, if the piezometer
pressure 1s below atmospheric then the F value will be negative. However,
no subatmospheric pressures were shown on the plot of the model test
results, but the report does say: "That positive pressures will exist
on all parts of the valve except the large vanes 1s indicated by the
results obtained from the hydraulic model.”

The pressure in the air space Just upstream from the vanes,
although not shown on the plot of the hydraulic model data, was stated
to tea negative 1.22 feet of water in the 24-inch valve when 100 percent
open under a total head of 196.6 feet. This pressure corresponds to
that of Piezometer 2¢P in the prototype where the negative pressure was
practically constant at 4.9 feet for all valve openings with a total head
of 196.6 feet, based on the tests at the two highest reservoir elevations.
Based on the field test at the lowest reservoir elevation, the negative
pressure was ¢.8 feet under similar conditions of head and valve openings.
The reason for the variation between the model and prototype as well as
the variation in the prototype itself can be traced to the fact that this
region is partly filled with an eir-water mixture due to insufflation of the
jet in the case of the full sized structure. This mixture could conceivably
choke the alr supply sufficiently to cause an increase in the subatmospheric
pressure while in the case of the model valve, insufflation did not occur.

The report describing the tests of the 2L-inch model states
that:

"The piezometers located on the large vanes showed
negative pressures at 10 and 20 percent of full opening. The
maximum negative pressure was 2.78 feet of water at 20 percent
opening where the total head was 330 feet of water. These
negative pressures were probably the result of local irregular-
ities in the rough casting and have no particuiar significance.”




The negative pressures were not shown in the model report but have been
included on Figures 5, 6, 7, and 8. It will be observed that the
prototype tests revealed higher pressures, in general, than the model ez
tests, except for Piezometer 25P at openings of 10 and 20 percent where -
the field tests showed a negative pressure of approximately 13 feet of
water 2t the maximum design head.

Although the‘magnitude of subatmospheric pressures was
greater than predicted from the model, none was sufficient to cause
cavitation erosion. ‘

A study of Figures 5 to 15, inclusive, will show that in
general the pressures measured in the field differ from those measured
in either the 6-inch model or 2k-inch model by an amount approximately
equal to the difference between the values determined in the models.
The prototype values at a particular piezometer may be closer to the
results of the 24-inch model than the 6-inch, but et another piezometer
the reverse may be true. The average deviation between the model and
prototype pressures msy be considered less than 10 feet of water at the
maximum head. Some of the deviation may be attributed to the slightly
different location of a portion of the plezometer orifices.

The relatively high pressure obtained at Piezometer 17 in
the 24-inch model was due to interference by & bolt immediately upstream
from the pressure orifice. Piezometer 24 is another one which shows
considerable variation in the three pressure curves but this is not
surprising when the fact is considered that the orifice is lccated on
the needle immediately adjacent to the point where the Jjet springs
free. At this pcint a very slight change in the contour of the needle
portion of the valve or & change in location of the orifice would
materially effect the pressure. PFigure 16 vhich shows the piezometer
numbers employed in the 6- and 2l-inch models and the prototype valves,
together with the relative locations, reveals that Piezometer 24 was
not located precisely at the same point in the full sized valve as in
the two models.

As previously stated, no pressures measured were sufficiently
low to cause cavitation erosion.  However, inspection of the valve
revealed that cavitetion erosion nad occurred on the valve body upstream
from the vanes. Figure 17 is a view of the velve interior looking
upstream. The dark spots in the light portion of the valve are areas
of cavitation erosion. This erosion, although not severe, has actually
pitted the metal and unquestionably is due to the rough surface of the
casting. The following tabulation shows the hours of operation of the
valve and other pertinent information during the entire period of
operation prior to the time of inspection:




Valve opening Hours of

(percent) Head on valve operation
2 163 k32
2.5 108 625

10 Gl 210
10 161 480
11 78 550
18 ‘ 162 ; 264
19 101 790
23 207 1,080
24 bk 925
31 179 270
66 193 270

Total 5,896

The fact that cavitation erosion occurred in the prototype
but was not predicted in the model studies is attributed to the rough
surface of the casting for the full sized valve, whereas the 6-inch
model was machined on all surfaces and the casting for the 2k-inch
model was hand ground on all surfaces not machined. This condition
illustrates one of the important reasons for the performance of field
tests. For future construction, consideration should be given to
writing specifications in such a way that roughness of the casting can
be held within limits to prevent subatmospheric pressures sufficient
to cause cavitation erosion. The laboratory studies mentioned previously
would be helpful in this regard.

Results of Thrust Measurements

During the design studies, considerable emphasis was placed
on the location and size of openings or ports through the needle portion
of the valve to admit pressure into the interior, thereby balancing the
pressure to minimize the power required to open and close the valve.
Figure 18 shows the thrust in the two directions predicted from the
2k-inch model together with comparable information cbtained on the full-
sized structure. For the sake of 'simplicity the units have been reduced
to those applicaeble to & 1-foot valve under a l-foot heed; this permits
camputation of thrust forces for other size hollow-jet valves operating
under various heads by multiplying the results shown on Figure 18 by both
the head in feet and the square of the diameter in feet. The results of
similar date obtained on & 6-inch model are not shown since the location
of the balancing ports established by tests on this small model wes
changed after analysis of results from the 2k -inch valve.




The values shown on the plot of Figure 18 reveal a very close
agreement between the thrust predicted from the 24 -inch model and the
quantities determined by field measurements on the 96-inch valve. The
greatest difference occurs in the downstream thrust at a valve opening
of 10 percent where the prototype value is gpproximately ¢i percent of
that determined in the model.study. Of course, the unbalanced force
or the differential between the upstream and the downstream thrust is the
most important, and the maximum unbalance occurs at a valve opening of
10 percent. This unbalanced force is 1.25 times the value predicted from

e model studies. ‘

The method of computing the thrust is believed wortny of
description, although the procedure reprzsents conventional practice.
The thrust on the needle in the downstream direction was computed as
follows: ’

Let P = measured pilezometric pressure
1 = length along surface of needle
r = radius to piezometer
217 rPdl = total thrust on the increment dl
29 rPdl cos 8 = thrust on increment dl in
X-direction

1
P Total thrust in X-direction = EﬂU/P TP cos € 4l
0 \& ©

& | dr .
d And since d1 = , then 211f rPdr = total
cos 8 o

dX torust.

The integration was done graphically since the relationship of P to r
was not known explicitly. The value of Pr was plotted against r for a
valve opening of 10 percent, and the area under the curve was obtained

R
with a planimeter to obtain‘J/ﬁ rPdr and that value of area was
o

multiplied by 2 to obtain the total thrust on the needle in the down-
stream direction for a valve opening of 10 percent. The same procedure
was utilized for valve openings of 20, 40, 60, 80, and 100 percent.

The computations were based on a unit nead one diameter upstream from the
valve and the valve was reduced to a unit diameter. Only the prototype
date obtained at the highest reservoir elevation was utilized. The
following tabulation shows the computations:




COMPUTATION OF THRUST IN DOWNSTREAM DIRECTION

Piezometer @

No.

Percent valve opening

10

20

Lo

€0

80

100

+ P :Pr

F :Pr

17
18
19
20
21
22
23
2k

:l hOO
{24001
§3.070
3. 3so
:3 850
u 000°
.h.201.

;h.30l;

997-1 396:
991-2 3’78
979 3 006
-955 3 199
STTH 2 9&>
hu'{-.l 82&

.259.1 .088'

.0k0O 'O .172

+ P + Pr

990113861
.G67 §2.321
.91 2 806
830 2. 78L
hSS l 7‘2
.218: o 802

132‘0 555

.00k :0 .017.

963 1. 3&8

881 2.11k:
730.2.2&12
550§1.8h3;
21820.839:
1u3§o.585§
lloio.héez

.006:0.026:

: F o Pr
927;1.298;
.781421.8822
.59121.81h:
.u02§1.3u7§
.17220.6622
.13020.532§
.1oh§o.h37§

.002:0.009:

F t Pr
.897§1.256;
.715§1.716§
.52621.6152
.3&7:1.162:
.158?0.6082
.12620.5152
.1c3§o.h33;

.000:0.000:

+: F : Pr

.888:1.243

.69021.6565 Eae

.523:1.606
1352:1.179
17610678
115010.61
121:0.508

.009;O.Q39

R
~4§‘ rPdr

7.2

6.8

22

5.0

L.

bk

LA Rep

dr

47.12 |

L2.73 :

34.56

31.k2

27.65

27.65

R
62. h(z)wnJ/ﬂ rPdr,

2940.29 |

2666.35

2 2156.5k

| 1560.61

- 1725.36

. 1725.36

62.h(zynv/” rpar?

82

5.k |

b1.66

33.70

30.63

26.96

26.96

With the valve completely closed the thrust in the downstream direction

would be equal to the area of the needle times 62.4 divided by the square
of the diameter to obtain the thrust on & valve of 1 foot diameter or

inside the needle times the area over which the pressure acts.

T (8.€67)5(62.4) 57.52 pounds thrust at O opening

4 (6k)

The thrust in the upstream'direction is Simply the pressure

This

area is that of a 104-1/4-inch-diameter circle minus the area of a

circle of 10-1/2-inch diameter, or 58.675 square feet.

of 1-foot diameter the area is

or 0.917 square feet.

For a valve




Representing the pressure by the corresponding value of ¥, the following
table reveals the computation for thrust in the upstream direction:

Valve : :
opening : F t Thrust in 1b =
% : : 62.4(F)A

0 : 1 : 0. : 57.22

10 . 0.962 : 0. : 55.05
20 i 0.853 i . i 18.81
b0 1 0.587: 0.917 & 33.59
60 Loz i . 2l .83
80 Z 0.363 ; .5 i 20.77
100 i o.363k§ .G i 20.77

Rate of Discharge

The rate of discharge of the valve being considered is
particularly important in relation to the comparison with the
hydraulic model study since it serves to prove the accuracy of
discharge curves prepared from laboratory calibrations. - The importance
of the advantages of dispensing with field calibration can only be
evaluated by considering the tremendous expenditures of money and time
in performing field calibrations.

It is not intended to convey the idea that all valves should
be calibrated in the laboratory, but laboratory calibration of a valve
will suffice for all installations of the same type, except for certain
situations where complicated approach conditions disrupt the flow
characteristics.

A concept may be nad of the time and expense involved in
performing & field calibration when considering the fact that apprax-
imately 600 current meter measurements were made over & period of
5 years to determine the discharge through the river outlet valves at
Friant Dam. At this same structure similar current meter measurements
vere conducted to determine the discharge through the hollow-jet valves
at the headworks to Friant-Kern Canal and also in comnnection with the
guantity of water flowing into the Madera Canal through needle valves.




None of the current meter measurements were necessary as the discharge
curves established by the model calibrations are as accurate as the
curves determined by the field measurements.5/

FPigure 19 represents data to support the accuracy of the
predicted calibration curves. For valve openings greater than 15
percent, the variation between the model and prototype may be considered
as 3 percent. For smaller valve openings, the difference is greater
but this does nct wran that the model calibration is incorrect, but
suggests inaccuracy of the field data due to the fact that lower
discharges are not susceptible to accurate measurements with a current
meter. The particular valves being described in this report were
equipped with verniers on the position indicators to permit accurate
setting of the valve opening. ‘

If all necessary precautions are taken there is reason to
believe that the valves will operate as accurate. measuring devices,
thereby saving large expenditures of money and time in performing
current meter measurements.

Other data exist to show tne effec tiveness of calibration
curves determined from hydraulic models but this report is limited to
the particular installation at Friant Dem.

General Behavior of the Valve

The general behavior of the valve during tests was entirely
satisfactory. Operation was quiet and free from vibration. The jets
remained stable and well defined.

Stilling Basin

The action of the stilling basin was definitely not in
accordance with accepted standards in that a large portion of the
hydraulic jump formed in the river channel downstream from the
stilling basin. As result of this observation during the field tests,
an underwater survey was later conducted to determine the extent of
any erosion in the river channel as well as the basin proper. This
survey revealed that very little erosion had occurred in the river
channel which is composed of rock. Some damage had occurred in the
stilling basin, probably due to cavitation erosion as a result of the
high velocities over rough surfaces combined with the erosive setion of
the small rocks carried into the basin by the hydreulic Jjump. In some
areas, the erosion of the besin was sufficient to expose the reinforcing
steel. Figure 20 shows the results of the last survey.

5/ Unfortunately the initial calibration nomographs were in
error due to an arithmetical mistake but the conclusions stated were
based on the corrected curves.




An important factor is that the substandard performance .of the
stilling basin was predicted from the hydraulic model studies during the
design of the basin. In other words, the structure was designed with
the knowledge that the performance would be substandard but the rock in
the river channel adjacent to the stilling basin was considered to be
of a quality sufficient to withstand the action thus permititing the
construction of a suorter basin for the purpose of econamy. However,
damage to the concrete floor of the basin was not predicted. Had this
difficulty been foreseen; undoubtedly the stilling basin would have
been designed more conservatively.

Appendix I contains the details of the study of the stilling

basin.




FIGURE 1
REPORT HYD 388

Y
.
N

7

wiLERE Tavw.

(rtter- .

T8

T U N 0 SO B A

5 o8on

w

s

W skt dess @i A kY b

Ly

77474

*

~,.
v
il ;

Iy o

7

5 of gom
§ J2°10 00" W

PLAN

100" =P 106" = = - Sta 21030 " fop of dom-Ei $9) 25- Ste e
-
I | S T ,,ao . i
& i b mbm ! i
SE Sooy crest f:ssam 5’“ v [
B . i P : i i H
- ! . { e PR P 1 [ESERER S ¢
| : 5 Bbcks @36 } - l 1 1: ? P
s P ) | { { ) | o | ! i t
Friant - Kern canal outiet trashrocs structures = - Cod ‘ | by ‘ Pt et (R NP " Modera Conal outiet
Origeavl ground surfoce i : { River outie! frashrock ; T trasargck steucture
EARETH structores { 4 ’
Line of escovation - - i |
~Aais of dom ke .
. Aais of dom o Aurs of dos
# £1 38025 t£1589 00\ . . ( Roudway PLEVSBRO0 & 5 Jopof bxkhil-£1 581 2% s UPSTREAM ELEVATION R LY R o £
PiLLl 58900 ’ Top of porapet - £1 58500 £i 58500 - N | [ £1582% e P1fi e 0 WEVELOPED) Top of surapel-c1 58 00 oy 40581 25 e
I o AT 597 Groutng ond Top of porapel - £1 3850 : SR LR H
3 [ SE—— A £157967 3 ~ My ws £ 510 ¥t 3
. o X A arownoge qaliery ‘e, Tog of drum gate (1 S110C > 3 £t 532 X6 “—"_" H p 5043 ';‘
Mor S oy, oss0 iz WS (15700 i Spilieay crest- £ 56103 i b
¢ - ; Lune of excarchor - i ¥ : ;
5780 5 i ! N 518" Drum gate goliery mm‘\ ) H
ol n T v % try £r £ 4350 - 3 DN R 1 E
LS S ;30 fon ganiry crane SECTION A-A bims o % R ' L g i d
. o \ fra94 /; s ST b sa6 00 ,*v-;. £ 52500 o e i I - JROA SO YV
. . \ . 3 . ) . O 28+ Jon gantry (rane 1 Tovtwator *
. . e o 148167 L wor W (14667 4 =05 ¥ b 4 - 2
(8706 . NGO AR : T prniopn e : * i | K
: fiase00- Z ; GH ' E v Aues of crest £ as2d . it : i z 3 *
. a s \.‘_ﬂ. L . i . 3 u.n u,’ £i $4€ oc- R ik . AREA - THOUSANDS OF ACNES
’ «——— . % : . ST LR RESEWSCIR CAPALITY wUNGALDS OF lsno«s;cno:“gr ache FRET
. . Y 4 " . ., ) v OUTLE T DISTHARGE - TROUSAND OF {1
: «10° Oz outie! piws -} “'"""‘7;‘5’"‘: L Snlbng boun o “Aaes 9t oam A, SACRSRA A W%&W AREA, CAPACITY, AND DISCHARGE CURVES
AN ) ' [
- r~ 96° Hollow je! voive o fsso oy 2907 D ot poes 4\,,,;\ 85" Needle vaive™ - Souling bosie THIS DRAWING SUPERSEDES ORAWING No 2i4-0-355
SECTION 9-8 . R L. Line of excarnction UNIED BTLIED
. 4 : - 327 - OEPARTMINT OF TrE my'(;Lnn
- . Bumfay OF mECLAMArE
Jf"a" “m"’ crone t o ° SECTION E-E ; CENTRAL VALLEY PROJECT-CALIFORNIA
. . - Pyl o i “ FMIANT DIViISION
.7 - .,,,ij_\\' LR AL ¥ FRIANT DAM
- f0301  and drane galkry —-96° Hollow sef wahve €333 00 ; Mor Te £ 3300 y a " fontroctar, ’“'.’1{1»,«».] , Mar T4 £13300 ; ‘ PLAN, ELEVATION, AND SECTIONS
o + ¥ ¥ TPy ; . . . T A L et . Y
07 0 410" 0n outiel oes’ Y i f1 3500 oo L, lme of enconation . ; - o : - - ————
. - T_‘_\_:;\, JUUURIIY WIS W Piuiis st NN - £1 305 0C P . } I i Y ., ) A o : L'o'-o'ﬁi ) . . €1 28550 ',‘z H o g| Ooamy 400 avs S T TR0 N 8 Keene.
PR 1 28300 O S T D TS N\‘_L“ AR B e N Y] K PO wroouvamoro L Sovage
e o LS TR L O ‘;«» LT o L DR et 4 LIRS, f" o o 1o | cmicnes mwmvan aremoveo . K F Wolter &=
4653 i 7 e T R B NS PR BCa 0 a2 A safr Ol 5 0 —r
SECTION C-C s&crion 00 TR gefiflpd[ e e T 2i4-0-636 -
P




FIGURE 2
REPORT HYD. 388

""‘"""""""‘“I‘f"loh%'.“""“

Volve control--

---- Qperating floor EI.348.00

e eeieeee . 4467 C. 10 €. CrONE rAilS- - -

.~...,.....__..>x<-.....,.....-.._.[o z,,é

oo 45 Ton gontry crane

P T

ofdam

185'-6"to axis ...,

F 1 X AR T TR

LS S TP TAR ;D,g'.. PRSP PRAN

B T LR o 2- 5.'.

RN

-\, Handrall

[ ).

: - F
]| iy -~-Dial . ||
[ [ Valve control-—{" |
i

= Diat

o

e i e el

~~Adapter

Anchor
bracket-

— (e.?bg _ R

1
N

h

----Universal joint
&
l

N

,-"""EI.335.00

: i-Operating floor E1,348.00 ”

pe ...

0jQ Ouf/e 7 i,
frad B

"<~ i1p°
: .
S Y B

- "Adapter

a
g

Valve RI

o e

<

R
Pl e
e

el

pomret et

---Universal joint

gooeecEL 335.00

UNITED . STATES
OEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION
CENTRAL VALLEY PROJECT - CALIFORNA
FRIANT DIViSION
FRIANT DAM
RIVER OUTLET

96" HOLLOW JET VALVE INSTALLATION
SECTIONAL ELEVYATIONS

et @

U

SECTIONAL ELEVATION B-8B

MR
‘o:.:'l}.’.':" R S
N R - oL
e e o

Lo, ',’_,.S’l -
L TN
o O ) --EL317.00 e LA
S, . . s N L }‘-

L 2 . s gl
e ] 'a.‘,v S L - O . 5 - ' .

L - . P s
TRAGED. . ..

-SUBMITTED.
........... nzcouunozq{?fm

Zl‘rD 11328

Tl'.

GENVER ,CJLOAADQ., JAN E> N3
SNEET JOF I




FIGURE 3
REPORT HYD, 388

PIEZOMETER CONNECTO

ONE REQUIRED ~ MARK 12504 ~1P

TYPICAL DRILLING AND TAPPING FoR
PIEZOMETERS TP 8R, 9P, IBP ISF, 20P
21p, 23R 24P

N e Fitesh smoofh See nate

R
"l thru ond tap tor { NP1

e

3

T e,
S

SECTION D-0D

/

.~ AilE toles shall be dtled normal ;|
fo the water surfoce ordbelng:’\
from burrs. See delorl... .. -7 A

Fvnr e tp NPT Prvete [
brass pyw plug ...

LR S §

.

E:

8

Where taps do not vasur roem2! 10 the
surfaue, counterborg or chip st -
feient 1o assure o good conneclion

'y

TYPICAL DRILLING AND Tdf’PING For PIEZOMETERS
2R 3P, 4R 5R.6P 28R, 23P, 26R, 27F, 29°

RN

H
'
H
N Y
e
1
: : } I ey v N
‘ I LR N RTINS A% ;\? ;
) RN
2 i i N
AN SO SN INT S S RN N NS NN, & §\\\
: ' H & =
' 4 ;
i : : .
' 5 | i
) ! -
; : : -
« H Il |
v ¥ . &
i H : 5
: P
o ) N
~.w * . B -
« L e A ¥
» o - > Dy
- -3 <
. w0y R
v H v
I : :
.
¢ H H
. 3
H ¢ “
+ H e
S, M W
SN ;s \\\\. 1A
= o

i
AU e Y
i e —

5 g}:)v\ 2

AR e N AN

=

o
'

A

J

Caenes 3:.,0"-... .
“rmaaremn ‘-I --»--»,
Y N
T
/
RS .

Y |

1LY to intersect § hoe, i 7N : M-
§ NPT Provide § square ; > - RN
bross pipe plug M X

DSEONROmN
‘f) LN X R N :}_

u’ - 9

R R ‘
YT DOl thyd NPT both ends AW ]

Vi Prowde ; square heod brass pipe. " | N

i phig for LZPA. thry R84 and JOPA N

.'-: ‘ \\\ ke
ST ol iy ¥

-y \)
e
} T s v e e n e e o e o
.o e
.|~
Ise ————B
t

//"""'f“‘//;/,-;/ A -\L/(; D

T N

e e  sgaal spoces_

VIEW E~-E

TYPIGAL DRILLING AND TAPPING ror PIEZOMETER
CONTINUANCE CONNECTIONS I7PA,18PA,19P4,
20PA, 2IPA, 22PA, 23PA, 24 PA, 30PA.

) .
Pl hole 1o tersect § nae, § NPT Frond:
 squere heod brass e plug . .-

“ Kl

el ,-’;'hale,ncvml fo surtace, ;".N PT bothends

Provde § squoré head bross pipe phg
TYPICAL DRILLING AND - TAPPING FOR
PIEZOMETERS 17R29P -AN0 30P,

(2]

‘...,N..._,.?'_,oﬂ' et imrm e aammm e e

e
;\1;;,
B
<

- e e s A G s = o

—
FLOW

oot < . TR R

"0 PETSFEES L \u"

A [ '/
] frtiad RIVER OUTLEY

"!

34,

F

Note. There shall be 0y distartn ngr chongs 1p duechon e Sny -,l. pezemeter hole i @ minimum

_1he edge of the opening s not permissible. nstead, the burr shall be removed Oy the

Connect piezometer ILE. into
vend pipe below vent
pioe valve...c. oo

length of twice its dameter Accorduwly every ef foe! shall be made Yo insure thaf the
cwzometer vperings ars driied normal fo the surfoce i contact with The waler and
that ofl burrs oze temoved. The practice of removing butrs by using a sharp fool on

wse of emery cloth over @ femphate hoving the same shope as fhe contour of the vake
in the vicimity 5f 1he piezometer opering  Atter applying the emery clotn any burc push-
ed bock info the vpening sholl be removed by the use of a reamer of the proger size
By altermately usmng a reamer and emery cloth the burr may be entirely removed wih-
«ut rounding the edge of the hole. Core must be exercized to prevent chattering of the
tool when drilling the piezometer holes. A jig should be utilized to insure the hole 15
drified- absolutely normal o the water surface of the valke os ony shght angle will
cause impact or ejector. attion on the prezometes, Power foois shoukd rol be used for
gny operations other than drilling the holes.

< s Iy GENTRAL VALLEY PROJEGT -~GALIFORNIA
'D%-‘»df.-?:qﬂgf;’ NPT FRIANT OIVISION
drass pibe plugs FRIANT DA M
RIVER OCUTLETS

L. il § noles 10 urtersect
o

TYPICAL DRILLING aND TAPPING FOR
PIEZOMETERS 258 268, 27R 28R

. .LINEZ

UNITED STATES
DEPARTMENT OF YNE iINTERIOR
BUREAY OF RECLAMATION

96" HOLLOW JET VALVE R-i
LOCATION OF PIEZOMETER CONNECTIONS

DRAWN HNR suBMITTON c%.
TRACED LRAGFNN HeECOMMINDED, A
ye

mecate V&' ‘,ﬁ’ APEROVE

loxwu,cman AUGUST 12,1946 12|4'D"¥2504




Figure 4
Report Hyd, 388

Manifold- and mercury gages for measuring pressures in
hollow jet valve R-4, Friant Dam,




FIGURE 5
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FIGURE 6
REPOAT HYD. 388
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FIGURE 8

REPORT HYD 388

STATIC PRESSURE AT PIEZ No I+¥%

u
[+ 4
2
n
[¢]
W
o>
a.
-4
uw
™
w
2
=]
N
ul
Y
Q|
W
4
=
o
<
W
3
]
u.
o
o
-
Q
<
'S
u
x
2
2]
72}
w
@
o

a0 ) 60
PERCENT OF FULL VALVE OPENING

SYMBOLS
® RESERVOIR ELEVATION 43398
B RESERVOIR ELEVATION' 312.32
A RESERVOIR ELEVATION $54.40

NOTE

Prototype data shown by symbols.
24-Inch model doto shown by solid lines.
6~Inch model dato shown by broken lines.

FRIANT DAM
RIVER QUTLETS
HYDRAUL!IC PERFORMANGE TESTS
PIEZOMETERS 21 AND 28

3=19-94 Dwmy




FIGURE 9
REPORT HYD. 388
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FIGURE 10
REPORT HYD 388
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FIGURE 12
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FIGURE I3
REPOAT HYD. 388
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FIGURE 14
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FIGURE 15
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Figure 16
Report Hyd. 388

FRIANT DAM
NOLLOW JET RIVER QUTLET VALVE
Tdentification and Comparative Locations of Piezometers in
the 6-inch Model, 24-inch Model, and g6-inch Prototype
Pilezometer : : :
No. . 6" model : 24" model : 96" prototype valve

1 to 7, inel.: Yes : Same : Same

8 : Yes : : 1/16" further upstream

9 : Yes : : 5/16" further downstream

10 to 16, incl.: None : : None

17 & 18 : Yes : Same ; Same
19 & 20 : Yes : Same i 3/64" further from £
21 , Yes Same  : 1/32" nearer £
22 ; Yes ; Same i 3/64" nearer €
23 ; Yes ; Same ; Sane
ol ; Yes : Same ; 1/16" nearer £
25 ; None ; Yes ; Same
26 :  None : Yes i 29/64" ne#rer £
27 : None , Yes 2 1/64" nearer £
28 ; None ; Yes z Same as 2i-inch model
29 ; Nore i Yesg* i Yes
30 ; None ; None i Yes

31 : Yeg¥* : Yes* : Yes

#Exact location in the model‘unknown.




Figure 17
Report Hyd, 388

Cavitation erosion (dark
R-3, Friant Dam,




FIGURE I8
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Memorandum Denver, Colorado
To: H. M. Martin May 22, 1952

From: J. N. Bradley
Subject: Friant Dem river outlets

In sccordance with your request, an investigation wes
made of the stilling basin for the Friant Dem river cutlet works.
D. M. lancaster visited the project in October 1950 and observed
the operation of the 96-inch hollow Jet valves operating singly,
with the reservoir at elevation ik, or 114 feet of head on the
valves. Mr. Lancaster end the field personnel were not satisfied
with the operation of the stilling basin, and all were of the opinion
that the length was insufficient. ‘A plan and section of the stilling
basin are shown on Figure 1.

It was first desirable to determine the tail-water conditions
under which the prototype stilling basin was coperating. The only
definite information that the project could offer in this respect
was a table of weter surface readings from the United States
Geological Survey gaging stetion located 1-1/2 miles downstreem.

This informetion is plotted as the lower curve shown on Figure 2.
The extreme upper curve on the same figure represents the estimted
tail water &t the dam and constitutes the curve that was used for
the model study. The third or intermediate curve represents the
present tail water at the dam which was scaled from photographs
taken by Mr. lLancaster while the stilling basin was in operation.
This was accamplished by noting the water surface with respect to
the top of the dividing wall on the nonopersting side of the stilling
besin (Figures 3, 4, and 5). The dividing wall is 4.0 feet wide.
Figure 2 shows the present tail water at Friant Dam to be approxi-
mately one foot lower than the anticipated curve. It 1s not known
whether the outlets were operated a sufficient time to allow the
tail water in the river to build up to & maximum value. - One foot
difference in tail-water depth should not be critical in stilling
basin operatiocn.

It was next desirable to recall the operation of the
model stilling basin. Xigure 6 shows the model, which is on a
scale of 1 to 32, with one valve operating at 3,000 cubic feet per
second for maximum reservoir level. This is the best comparison
available and corresponds to Figure 5 in so far as discharge is
concerned. The comparison is not a true one, however, as the model
was operated with reservoir at elevation 578 (332 feet of head)
with anticipated tail water. While the prototype tests were made
with the reservoir at elevation kkl (11h feet of head) with the
present tail-water elevation.




The jump is practically out of the stilling basin in Figure éa
which is not considered satisfactory from elther present or past
standards. This can be remedied at the lower discharges, however,
by operating more than one valve, as can be observed from the
remainder of the model photographs on Figures 6 and 7. Regard-
less of valve combination, the discharge is limited to approxi-
mately 10,000 second feet for good operation at maximum head.

Figure 1 shows a section of the stilling basin as
constructed. From personal recollection, although there is
nothing to the effect mentioned in the report, good rock was
experienced downstream from the stilling basin so it was decided
to construct a short basin and allow some of the dissipation to
occur downstream in the rock channel. There may have been &
misconception at the time of the model tests as to the wall on
the right side of the cut. This wall was carried up above high
tail-water level in the model to confine the flow, Figures 6 and
7, whereas actually this wall is insufficient in height to extend
above low tail-water level, Figures 3, 4, and 5. Energy dissi-
pation in the two cases could be quite different.

The needle and tube valves for the river outlets were
originally tilted downward at an angle of 10°. 1In 1G4k, after the
stilling basin had been constructed, & second model was built in
which the tube and needle valves were replaced with four $6-inch
hollow Jjet valves. It was necessary, in this case, to reduce the
tilt of the valves to 6° and remove 85 much as 15 inches of concrete
from the trajectory face. As a result, the jets from the valves no
longer followed the concrete trajectory for the maximum head, but
struck in the pool proper as is evident in Figures 6, T, and 8
effecting a reduction in the effective length of the pool. Referring
to the final design, the following are excerpts from Hydraulic
Laboratory Report No. 166.

"All tests with any kind of valve have shown the
pool to be under designed for the higher flows. Maximum
capacity of the hollow jet valves was 16,000 second feet,
but desirable pool conditions ended for & discharge of
approximately 12,000 second feet. With the reduction in
angle of tilt of the valves, the Jets were not spreed on
the apron for operation at high heads and discharges. At
the higher flows the jets persisted through the pool and
struck the vertical end wall. The result was & violent




boll at the end of the pool and a sharp increase in veloc-
ity as the flow passed over the sill. Although the design
was not entirely satisfactory for the higher flows, it was
accepted as final, since the moximum flow conditions were
not expected to occur often.

"When operating one or two valves with the
corresponding teil-water elevation, the discharge for these
valves was limited to a value lower than that which could
be passed when more valves were operating. When the dis-
charge per valve was high and only one or two valves were
in operation, the energy of the Jets was disproporticnately
high for corresponding tail-water elevations. Consequently,
an insufficient amount of energy was dissipated in the pool
to maintain the hydraulic jump. This condition was amplified
with two valves discharging into one side of the pool. For
operation with two valves, the most satisfactory conditions
were obtained with one valve discharging into each half of
the pool. The combined discharge should be limited to
5,000 second feet for any combination of two valves cperating
and to 2,000 second feet with one valve operation.”

From the above, it is spparent that the model results were
not in error, nor were the interpretations of the results. Design
regtrictions were imposed on the study which limited the end results.
The limitations of the stilling basin, as determined by the laboratory,
are clearly stated in the report. It recommends a maximum of 2,000 cfs
for one-valve operation, a maximum of 5,000 cfs for two-valve opera-
tion, and a maximum of 12,000 cfs for four-valve operation, all at
maximum head.

At the request of the laboratory the field made & survey of
the rock cut immediately downstream from the stilling basin in
January 1952. The results of this survey are included as Figure 8.

A camparison of this figure with the design drawing, Figure 1 shows
very little erosion to date. It should be made clear to the operating
personnel and others concerned that the PFriant River outlet works
stilling basin was intended to operate with a very turbulent water
surface downstream. There may be secondary effects such as erosion

of riverbanks or scouring around bridge plers but it is felt that the
structure proper will operate safely for sometime. Removal of scme of
the rock by erosion may improve the over-all effectiveness of the




stilling basin. No immediate corrective measures are recamended,
however, accurate records of erosion downstream should be taken
periodically and filed.

There are two lessons to be learned from the experiences
with the Friant Dam River outlets:

First, the laboratory is probably partly at
fault for not insisting that the structure operate
properly for all anticipated flow conditions. It may
be well to keep this incident in mind when testing
future hydraulic structures. The designers are prone
at times to impose restrictions in operation which are
not compatible with necessary field operation. Also,
they are occasionally too easily satisfied with a model
test because of econamic restrictions placed upon their
activities. It is partly, without & doubt, our responsi-
bility to see that these and future designs are considered
with a long-range viewpoint.

Secondly. training walls and the walls result-
ing from excavation should not be extended higher in
models than they actually are in the prototype, as was
done here. This can lead to misinterpretation of results
and erroneous reasoning as the result of viewing tests on
models which are not constructed correctly.
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PIRITE

River Qutlets--Friant Dam
Third Valve from Left Open 40%
Head 114 feet -- Q = 1,300 cfs




River Qutlets Friant Do
Third Valve from Laeft Open 40%
Head 109 fret - @0 1, 300 ofs
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River Qutlets--Friant Dam
Third Valve from Left 100% Open
Head 114 feet -- Q < 2,700 cfs




Figure 6

A--Discharge 3, 000 cfs B--Discharge 4, 000 cfs
One valve 62% open One valve 81% open

C--Discharge 5,000 cfs D,;"Di“*:”f?'esg' 0060 cfs
Two valves 50% open wo valves 50% open

RIVER QOUTLETS--FRIANT DAM
HEAD 332 FEET
1:32 Scale Model
FINAL DESIGN




A--Discharge 3, 000 cfs B--Discharge 4,000 cfs
One valve 62% open One valve 81% open

C--Discharge 5, 000 cfs D;'Discqarge 3’000 cfs
Two valves 50% open wo valves 50% open

RIVER QUTLETS--FRIANT DAM
HEAD 332 FEET
1:32 Scale Idcdel
FINAL DESIGN




A--Discharge 8, 000 cfs B--Discharge 8, 000 cfs
Two valves 90% open Two valves 90% open

C--Discharge 6, 000 cfs D--Discharge 16,000 cfs
Four valves 30% open Four vlaves 91% open

RIVER OUTLETS--FRIANT DAM
HEAD 332 FEET
1:32 Scale Model
FINA!L DESIGN
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