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I. Introduction 

Water withdrawal from a reservoir for power generation is normally 
taken from a depth consider ably below that of the water surface. 
Withdrawal from such a depth produces low temperature waters 
downstream from the generating site. Because of the environmental 
stress that the l ow temperature waters produce, it is desirable 
to withdraw water from the reservoir at an elevation that will 
provide suitable downs tream water temperatures. 

Existing trashrack intake structures such as the Flaming Gorge 
(figure 1) can be retrofitted with a selective withdrawal system. 
It is noted that even though a retrofit is found desirable, con
siderable installation difficulties will be encountered of which 
a few are: 

A. Divers must ordinarily be used to install the structure. 
The elapsed time per dive and the total allowable underwater 
time per day is limited. Visibility is limited at the working 
depths. 

B. The structure itself will be heavy, bulky, and awkward to 
maneuver. 

C. Existing structural components, such as trashracks, must 
be removed, modified, and/or designed around. 

Along with the difficulties of constructing the selective with
drawal system, a major concern is the additional water-hammer 
pressures generated due t o installation of the selective with
drawal system. A wate r-hamn~er conputational study has been 
performed on the. proposed selective withdrawal system at Flaming 
Gorge Dam. This report contains a description and results of that 
study. All information, unless otherwise stated, pertains to the 
selective withdrawal system itself. Times given with reference to 
water-hammer pressures are in seconds after the initiation of wicket 
gate closure. 

Conclusions 

The study has shown that the water-hammer pressures generated in 
selective withdrawal systems are dependent upon the relief panel area 
provided, the length of time to initiate opening (delay time), and the 
opening time (response time). The dependency of the head rises gener
ated, on these quantities, in the proposed retrofitted Flaming Gorge 
selective withdrawal system is shown in figure 2. A parametric study 
was performed using these quantities since panels for the Flaming 
Gorge System have not been developed. Curve 3 of figure 2 is 
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HEAD RISE IN THE FLAMING GORGE 
SELECTIVE WITHDRAWAL SYSTEM 

WITH RELIEF PANELS 

FIGURE 2 



significant since it i ndicates t hat if a panel can be developed such 
that it has a negligi ble r esponse time and delay time, the water
hammer pres sures i n t he selective withdr awal sys t em can be reduced to 
very low values . 

II. Problem Des cription 

The existing i nlet s tructure for t he 10-foot-diame ter penstock 
at Flaming Gor ge Dam opens directly to the reservoir at elevation 5850 
and discharges through t he turbine at elevation 5605 (figure 1). 
Maximum water-hammer pressure rise, in this structure, occurs at the 
wicket gates and decreases linearly to zero at the penstock entrance. 
With a selective withdrawal system installed on the dam face, the 
overall length of the hydraulic circuit between the reservoir 
entrance and the wi cket gates is increased (figure 3). With this 
increase i n distance , t hree i mportant changes occur. 

A. The point of pressure relief originally at the penstock 
entrance will move to the selective withdrawal entrance. 

B. The magnitude of water-hammer pressures in the penstock will 
increase. 

C. Water-hammer pressures will occur within the selective with
drawal area. Reduction of this pressure rise significantly 
decreases the· structural requirements and results in a more 
economi cal design with lowered installation costs. This pressure 
reduction is affected by including relief panels into the with
drawal system a s outlined i n t his r eport. 

III. Selective Wi t r~d-rawa.l Sy s t em Design 

The Flaming Gorge selective withdrawal system (drawing No. 591-D-1396) 
is designed as a 3/16-inch plate steel rectangular structure, 25 feet 
wide, 20 feet deep, and 160 feet long, located between elevation 5835 
and elevation 6010. This structure once in place would form both 
sides and the face while the dam itself would serve as the back side 
of the selective withdrawal system. 
structure would be left i n place, it 
with the pressure waves and thus for 
tion, its presence could be ignored. 

IV. Operating Conditions 

Though the original trashrack 
would not interfere significantly 
water-hammer pressure determina-

In determining the condition that produces the most severe water
hammer pres sures, the following conditions of operation were 
evaluated. 
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A. Gate opening 

B. Gate closing 

C. Full gate flow at reduced head: 

D. Maximum head at reduced flow: 

E. Rate of gate closure or opening 

Q 

Q = 

= 1,540 ft 3/s;H = 410 ft 

1,450 ft 3/s;H = 440 ft 

From the conditions of operation (figure 4), it was determined that 
100 percent head (440 ft) at reduced flow (1,450 ft3/s) and a gate 
closure in 3.8 seconds (5.0 seconds from full gate), produced the most 
severe condition of operation. One-hundred percent head (440 ft) and 
100 percent flow (1,540 ft3/s) was not considered because of generator 
limitations. If a generator update is anticipated, then the 
increased flow, maximum head condition, would be a more severe 
condition of operation. 

V. Water-hammer Analysis 

For a selective withdrawal system with no provision for relief, .the 
water-hammer pressures are a maximum at the base of the structure 
and decrease linearly to zero at the system entrance (elevation 6010). 
With a full gate closure time of 5 seconds, the maximum pressures 
experienced are +7.09 and -8.28 feet occurring at 6.1 and 
4.0 seconds, respectively (figure 5). After complete gate closure, 
the pressure oscillates rapidly with an amplitude of 7.5 feet 
and a period of 0.4 second. 

By installing relief panels in the selective withdrawal system, 
water-hammer pressures can be reduced. The amount of relief avail
able is largely dependent upon: 

A. The available relief area. For maximum effect, the relief 
area should be placed close to the point of disturbance. In 
this case the disturbance occurs at the wicket gates and the 
closest relief point is the base of the selective withdrawal 
structure. 

B. How quickly the relief panels open. This is dependent upon 
the design and geometry of the relief panel. In this study only 
the effects of various delay and response times were studied. 

A relief system having 78.5 square feet of panels at elevation 5850 
that starts to open 0.3 second after gate closure initiation and is 
completely open 3.6 seconds later, reduces maximum pressures to 
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+2.85 and -0.00 feet of water at 0.28 and 0.09 second, respectively 
(f igure 6). The large oscillations tha t occurred in the no-relief 
sys t em, after comp l e t e ga t e closure, are practically eliminated. 

By increasing the r eli ef a rea (figure 7), the previous pressure maximum 
occurring at 0.31 second does not change. However, the pressure 
amplitudes occurring after this maximum are reduced sharply. As can 
be seen i n fi gures 6 and 7 , the pressures prior to complete gate 
closure are reduced to 0.95 foot. Pr essures after complete gate 
closure are also reduced by an equivalent amount. 

Modifying the relief system such that there is less delay time 
(figure 8) before the start of relief panel operation eliminates 
the peak that occurs at time= 0.31 second. Elimination of this 
peak will reduce the maximum positive pres sure to +2.11 feet in a 
system with 78.5 s quare feet of r elief area . A maximum positive 
pressure of +0.95 foot can be achieved by a system with 177 square 
feet of relief area. In both systems the maximums occur at 
1.99 seconds. 

Further modification in the relief system, such that an instantaneous 
response is possible, could achieve greater reductions of water-hammer 
pressures. A system with 78.5 square feet of relief panel area 
responding instantaneously (figure 9) can maintain water-hammer 
pres~ures at -the base within +0.35 foot at 4.11 seconds and -0.32 foot 
at 3.91 seconds. However, due to the extremely fast response with 
this system (figure 10), water-hammer pressures are maximum at the 
two-thirds length with pressures of +0.54 and -0.51 foot of water 
at tine s 4 . 22 seconds and 4.29 seconds, r espective ly. As with the 
no-relief systes t here is t ~e presenc e of the rapid pressure 
oscillations . : 'r, ese oscilla t i ons dar.,l) out with time and are greatly 
reduced from those in the no-relief system. As indicated by table 1 
and figures 11, 12, 13, and 14, further increase in relief area will 
reduce pressures to well below one-half foot of water in both the 
positive and negative ranges. 

The computations for this report were performed by the writer by 
adapting the Bureau's hydraulic transient computer program to 
this problem. Mr. Don HcKean supervised the studies and performed 
check calculations. 

Comments 

Within the scope of this report, delay time and response time 
are defined as follows: 

Delay time is the time required for the relief system to start 
its response once the fluid transient condition has been initiated. 
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Response time is the time required for the relief system to 
provide tl1e total area of relief to the transient condition. 
The percent effective relief panel area provided is assumed to 
be linear with time . 

As can be seen from figure 2, to achieve good results from the relief 
system , the panels should start to op en within 0.2 second, be fully 
open within 3.0 seconds, and provide a relief area of 700 square feet. 

Relief Area Waterharrnner Time (sec.) Elevation 
(sg. ft.) Pre1-s 1rre (ft . ) 

78.5 +0.35 I -o. 32 4.11 I 3.91 5850 

78.5 +0.54 I -0.51 4.22 I 4.29 5.914 

177 +0.14 I -0.17 4.21 I 3.91 5850 

177 +0.27 I -0.24 4.11 I 4.03 5914 

314 +0.09 I -0.11 4.10 I 3.97 5850 

314 +0.19 I -0.14 4.11 I 4.03 5914 

TABLE 1 
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Head Rise at Base of Selective Withdrawal System With Instantaneous Relief 
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Head Rise at Elavation 5946 on the Selective Withdrawal System With Instantaneous Relief 



D 
a: 
w3. 
Io 

' · 

'i' 

~ 

FLAMING G~RGE SEL. M[THL. I CVRD=20 
Check Valve Relief Area• 314 sq.ft. 
Linell/ Increment 11.000 

Max.• +0.09 ft. of H20 at T • 4.10 sec. 
Min.• -0.ll ft. of H20 at T • 3.97 sec. 

9..,....-----.-----.----r--~-~--~----- - ·-,·~·- -- ·--r--··---.---~-·---r---r-----.------,-----. 
O.IXXl 2.CXXl 4 . CU) 6,000 8 .CXXJ 10.(Xl} 12,IXXl lUXX) 15.000 10.~ 20.lXX> 22.CXXJ 24,CXXl ~. CXX) 211 . (XX) 

T IMEC SEC. 1 <i.~f t0/,'>/',,"' 

Figure 13 

Head Rise at Base of Selective Withdrawal System With Instantaneous Relief 
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Hydraulic Turbine Data, Flaming Gorge Powerplant 

(5) United States Department of Interior, Bureau of Reclamation 
Drawing No. 591-D-165, Flaming Gorge Dam Penstocks - Plan 
and Profiles - Steel Pipe 

(6) United States Department of Interior, Bureau of Reclamation 
Hydraulic Turbine Acceptance Test, Flaming Gorge Powerplant, 
Report HM-7 dated January 1967 

(7) United -States Department of Interior, Bureau of Reclamation 
Designer's Operating Criteria, Flaming Gorge Dam, Powerplant, 
and Switchyard, dated November 1963 

(8) Sta te of California, Department of Water Resources Technical 
Memorandum No . 11, · dated Apr il 1965, Oroville Powerplant 
Intake Structure 

(9) State of California, Department of Water Resources Report 
No. Hyd-549, Hydraulic Model Studies of the Pressure Relief 
Panels in the Powerplant Intake Structure - Oroville Dam -
California 
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