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PURPOSE

For many years the Bureau of Reclamation has utilized
the vertical stilling well as an efficient means of energy
dissipation. The relative protection against abrasion
and cavitation erosion provided by this energy dissi-
pator and its potential te receive and still discharges
from manifolded outlets more economically than a
stilling basin have also been recognized. in the past,
individual mode! studies have been used to develop
each specific stiliing well design. However, the econom-
ics of today do not justify such individual studies on
small structures, Since no two structures were exactly
alike, attempts to generalize the design from the
individual studies. were futile. Therefore, a research
program was established to develop general design
criteria for the vertical stilling well. This report reviews
the laboratory work to date and presents design rules
to aid the designer in determining optimum well
geometry for his specific need. '

CONCLUSIONS

1. General design criteria have been established to “

determine well size based on design discharge, Q,
and diameter of the standard sieeve valve, D.

2. Dimensionless parameters have also been estab-
lished for the corner fillet and corner angle configu-
rations. Optimum values for the parameters are as
follows:

Corner angle
T/b = 0,053
L/b=0.333
a=45°
C/b=0

Corner fillet
C/b=0.100
Jib=0.210
K/ib=0417 .
Z=14

The well dimensions are defined in Figures.1 and 2.

3. The corner angle configuration yields a smoother
tatlwater surface than the corner fillet configuration
and is a more econornical design.

4. The present method of supparting the pipe itand
and standard sleeve valve should be modified to
eliminate cavitation-generating obstructions in the
high-velocity jet leaving the standard sleeve valve.

5. Some concrete erosion of prototype stilling well

walls and floors has been reported. This may be
attributed to the high-velocity roller which develops
in the zone between the pedestal and the stilling
well wall. It is therefore recommended that the
standard sleeve valve be placed on the floor of the
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stilling well with the ficor properly protected
against possible cavitation or abrasion damage.

6. The cause for the erosion of concrete in some of
the present vertical stilling wells has not been
positively identified. However, with removal of the
pedestal and the pipe stand sleeve valve support,
such erosion may be alleviated or completely




eliminated. Because of such experience designers
have elected, on récent designs, to protect the walls
with stainless clad steel plate. Studies indicate that
protection may be required to a height 1.5 D hnlet
pipe diameter) above the valve seat.

APPLICATION

Design criteria for sizing the vertical stilling well are

established and will be quite useful where the standard

sleeve vaive is used. Additional studies will be required

to properly size the stitling well where a multijet
.. {ported} sleeve valve is desired.

‘i

INTRODUCTION

Mechamcs of Operation

Vertscal stilling welis (Figures 1 and 2) are ideatly
suited for dissipation of high-energy pipe flow. How-
ever, the energy dissipation characieristics of the well
are quite cornplex. The pipe discharge enters the
stilting well along a vertical axis through a controi valve
fastened to the floor of the well at the terminus of the
pipe. The high- velocity ]Et which leaves the valve seat
in a radial-horizontal pattern, converges in the four
corners of the well. The coiivergence of the radial flow
results in very intense vertical flow in the corners. The
corner fillets direct this vertical flow from the lower
corners into the center of the well creating a roller

action which adds to the turbulence and energy

dissipation. The flow rises vertically in the well where
it is stilled and then discharged with a smooth water
surface into a harizontal canal ar chamber, ‘

Pravious Investigations

As early a5 1947, the Hydraulics Laboratory of the
Bureau of Reclamauon studied designs of the vertical
stilling weltl 2 3 The discharge control in the early
stilling wells utilized an in-line vaive. The possibitity of
occurrence of cavitation downstream of the regulating
valve was recognized and recommendations were made
to develop a suitable cavitation-free cantrol valve !+

~—..._Modifications_to the original Masonvnlle Siphon turn-

out structure? included:” Flacing a‘1-foot-high (C.308-

meter) pedestal on the stilling well floor directly
beneath the discharge pipe, lowering the discharge pipe
1o within 1 foot {0.305 meter) of the pedestal, and
various modifications to the baffle wall between the
stifling well and the weir box immediately downstrgam

*Numbers designate references at end of text.

- from the stilling well. The various stilling well configu-

rations investigated in the blowoff structure for the
Soap Lake Siphon? were valuable in setting the trend
for later designs. The configurations investigated in the
model well included: cylindrical fioor pedestal, pedes-
tal with teeth, circular shelf above floor, square blocks
in corners of floor, triangular corner shelves, corner
floor biocks with corner fillets on walls, octagonal well,
circular wall, baffle wall, and corner fillets. The
configuration yeifding the most satisfactory water

- surface was the corner fillet design. The octagonal well

also produced a satisfactory water surface but the
corner fillets offered a simpler design. The criterion
used to measure the efficiency of energy dissipation
was the wave runup along the 1.5 to 1 side slope of the
downstream channel,

The idea of using a circular stilling well was also
investigated in the laboratory. Data from the studies
suggest a probtem with surface boils around the wall of
the stilling well. Attempts to place a circuiar baffle in
the well to alleviate the rough surface resulted in
surface boils around the downspout, creating a rougher
surface than before. The unpublished results of these
tests confirmed that the circular well was less effective
than a sguare well.

in the early 1950's a suitable sleeve valve was devel-= .-
oped by the Bureau of Reclamation for the Wanship
Dam stilling wells. The effective energy dissipation
characteristics. of the vertical stilling well combined
with the new ‘'sleeve valve” design resulted in an
economic -and efficient energy dissipator. Data col-
lected by D. Colgate during the period February 1o
May 1954 and reported by H. T. Falvey? related the .

- requived tailwater depth in the vertical stilling well to

the total head on the valve and the design discharge. A
procedure was presented in the report whereby other
geometrically similar stilling wells could be sized using
a scale factor.

The development of the sleeve valve greatly improved .
the. potential. of the vertical stilling well as an energy
dissipator. The sleeve valve placed the vertical stilling
we!l in competition with other high-head energy
dissipators. The success of the vertical stilling weil
prompted the Bureau of Reclamation to initiate a
research program to develop general design criteria

.covering a wide range of heads and discharges. In the

period from. 1962 to 1970, studies involving several
investigators were performed to optimize the design of
the wvertical stilting well. Although unpublished, the
work was significant in developing the generalized
design criteria published in this report,




THE INVESTIGATION
Physical Description of 3-foot Model

A 3-ioot (0.915-meter) square model (Figure 3) con-
structed for the previous studiés was utilized for some
of the tests reported herein. The original model stiliing
well, constructed of wood with sheet metal lining, was
4 feet by 4 feet {1.22 by 1.22-meter} in plan with a
maximum available depth of & feet {1.B3-meter), In
later stwudies, the well was changed to a 3- by 3-foot
(0.915- by 0.915meter] well by placing plywood faise
walls in the larger well. Various diameter downspouts
ranging from B to 12 inches (15.24 to 30.48-cm} were
tested. The distance between the downspout and the
stilting well floor could be varied through the use of an
adjustment mechanism consisting of a dresser coupling
and three threaded rods supporting the downspourt,
which were connected with sprockets and a link chain,
Figure 3.

Figure 3. View of 3-foat model. Photas P801-D-73020 and
PED1-D-73021

The downstream portion of the model consisted of a
trapezoidal channel with 1.5 to i.side slopes. The
bottom width of the channel, w, was 3 feet {0.915-
meter), the same as the well width, b, Flow was
supplied to the model by a 12-inch (30.43-cm)
centrifugal pump and was measured by one of a bank
of Venturi meters permanently installed in the fabora-
tory. The tailwater elevation was controlled by an
adjustieble tailgate. This model was used to confirm the
tests conducted on the 9-inch {22.9-cm} model.

Physical Description of Ginch Mode!

A G-inch {22.8.cm) square plexiglass model {Figure 4}
was constructeid to a 1:4 scale of the large modet and
used for the majority of the tests by the author, The
plexiglass model had several obwvious advantiages over
the larger model. The research pragram called for a
thorough study of the stilling well geometry. Varia-
tions in the well depth, valve gpening, and fillet size
and location were easily made in the small model. The
capability 10 observe and phatograph the flow patterns
in the well proved very helpful throughout the investi-
gation.

Figure 4. View of S-inch model. Photo PB01-D-75030

A Zinch {5.08-cm) sleeve valve was constructed of

"plastic and used in the tests involving pressure distribu-

tion on the walls and floor of the well, Flow was |
supplied to the model through a fireline with available -
pressure up io 90 pounds per square inch (0.63kgfsq
cm). A valve upstream of the madel throttled the flaw.

A tail box with a 90° V-notch weir was used.to

measure the discharge. Head immediately upstrear of -
the sleeve valve was measured with a mercury mano- -
meter. Wave runup on the side slopes of the down-
stream channel was measured with a capacitance wave
probe and recorded on a strip chart recorder.

This model was used early in the investigation to’ -

determine the optimum values for the corner configu-
ration dimensionless parameters,




Experimental Approach

- .\. - - - -
The important hvdraullc and geometric variables iden-
tified in the studv were

Vanables{]g,DdbCJKLTZoeHaY

3 .
Dimnensions QT % 0.0,0,00¢9¢00,¢L¢
t

where ¢ = length and 1 = time

A foldout summary sheet is included at the end of the
appendix as an aid in identifying the variables.

It was desired to find a functional relationship between
these variables and the wave hmght h, in the down-
stream channel. -

h=1{Q,6.D,d,bCJ K LT,2aaVY)

There arz 15 variables and 2 dimensions. Using the
Buckingham =w - theorem, the variables may be
arranged inta 13 independent dimensionless groupings.
The method used to dalermine the groupings of the
variable is to select a certain number of the individual
variables to be repeating variables. The number de-

.- pends on the number of different dimensions used in

describing the variables, These repeating variables
should ecliectively contain all of the dimensions and
appear in each grouping along with one of the other
variables,

Since two dimensions are-involved in this case, two
repeating veriables are selected. The variables g and b
will be the répeating variables. The variable, g, has both
dimensions, ¥ and t; and b is the basic wetl! variable,

The 13 groupings follow:

m7=L/b
g =T/b
ﬂ’g=2

Moo=«

11 =h/b
T2 =a/b
m3=Y/b

my=g¥b¥Q
Mg = D/b
1TS=EUb
mg=C/b
TT5=Jfb
176= K/b

The two repeating variables were used only in the first
grouping since there are no other unigue graups which
can be formed using both_variables. Since 2 and <« are
dimensionless, they form mdependent groups,

To determine the exponents X, and vy, in mq:
7y =g% bY Q= [R=ZX (R (3t

Since 71 is to be dimensionless, the expondents of the
dimensicens R and t are, in turn, set equal to zero.

1. Squdie 9.+ —
: '-Zj.q - 17 $+)

Therefore:
for {X)

for {1}

and

Therefore

and

of 9 DgcirL
2\ /a5 b b" b bfi by 5*
. i g‘//

S
2

Itis convement fo3
- 5 i
{Figure 5)
ab;

\ 2. Divide 'nTiz b'-*;’-’;? - E)%_ {defines % valve opening)

T : - h :
. 3 bwrdg T11-by my3 -+-Y— (Figure 5}

Ther.efore: ’
Well Corner Geometry -
fQZDd'CJKLT h a Yy
3 T T T T Lol g, = =00
qD5 b b' bB'b' b’ b%-b Y Dhb

where n = any of the length variables.

In the tests for optimization of the well geometr

_ valve opening was constant at 100 percent.- fdefmed
"a/D = 05) and the ‘water depth_in the canal’w.

maintained at a constant ratio of ¥/b = 0.5.

The @inch {22.9-cm) mode! with a 2-inch (5.08-cm)

valve was utilized to develop the optimization of the

stilling wetl upon which the general design criteria arz
based. The D/b ratio for the tests was thus 0.22. Table
1 illustrates the values.of each variable 1ested. QOver 100
test runs were conducted with combinations of values
for the above mentioned variables.

.-‘\

Wave Analysis

The wave runup, h, measured along the 1.5 to 1 side
slope of the downstream channel was used for all tests
as the criterion for the efficiency of energy dissipation
of each well configuration. The amplitude of the wave




runup was irregular; therefore, a statistical approach

was adopted to effectively reduce data. The wadve
amplitude was assumed to follow a Normal distribution
such that:

Xg5 = 1.645 0 + 11,
where Xgg was the wave ampiitude, h, along the side
stope {Figure 1) which 85 out of 100 waves woufd not
exceed, 1.645 is from statistical tables for Normal

distributions at the 95 percent probability level, o 15
) is the ~

the population standard deviation, and g
population mean. Since measurement of 4 and @ is
not possible, the sample mean (X} and the sample

standard deviation {s} of 40 observations were used, A -

computer program performed the computation for
Xqg with 40 wave amplitudes taken from the wave

trace. For each test setup, three or more d|scharges and

associated wave traces were abtained.

TEST RESULTS
Sizing the Vertical Stilling Welt

In order to present the designer with a concise and
accurare method of sizing the vertical stilling well, a
graphical method of presentation was adopted. Egua-
tion {1} implies that the degree of energy dissipation,
represented by the downstream water surface wave
actio_n, h/Y, is a function of the flow parameter,
Q2/gD%, and several dimensionless parameters, n/b Z
and a, representing varuous aspc ts of the- stilling well
qeometry. The variables C J, K, L and T represent the
dimensions for the well corner gecmetry {Figures 1and

2). Previous investigations have attempted to express -

these, variables as constant dimensionless parameters.
Assuming these variables can be expressed in this
manner, the remaining parameters are; Q2/gD%, h/Y,
D/b, and d/b. F|gure 5 [l[ustrates the proposed relauon-
ship, h/Y = f{02/gD5, D/b) for d/b = constant,
Individual graphs reoresenting different values of dfb are
presented in the General Design Criteria section of this
- report. The development of these graphs wiil follow
the optimization of the dimensionless parameters.

The designer will be equipped to size the vertical
stilling well once the graphs and optimization of the
dlmersmnless parameters are estabiished, The flow.
parameter, 0?2 /gD , can be calculated upon selection
of the design discharge, ), and pipe diameter, D.

Selection of the well depth-to-width ratio d/b will.
determine the proper graph to use. The d/b ratio will’

depend on the designers judgment, where deep excava-
tion is relatively costly a smalier d/b ratio may be
desired. Another aspect to be considered is the
high-velocity jet leaving the valve. For high head
installations, lower d/b ratios will provide a greater
distance, and therefore more energy dissipation, be-
tween the valve outlet and the stifling well wall. In

-general a dfb ratio equal to 1.5 will give the best

results.

As shown in Figure 5, the proper sefection of the
pipe diameter to well width value D/b, will depend on
the desired value of h and the calculated vaiue of
02/905. Once the D/b value has been selected, the
value for b and the other variables can be caleulated,

since the pipe diameter, D, is known.

v
: |
. i
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Figure 5. Concept of geﬁeral désign curves:.

Corner Fillet Design

In the development of a vertical stilling well design for
Socap Lake Siphonz, corner fillets similar to those

shown in Figure 1 were tested and found to yield a

very smooth water surface. The corner fillet design of
the vertical stilling wells for Wanship Dam was similar
to that developed for the Soap Lake Siphon stilling
well. To provide adequate design criteria for the
vertical stilling well the corner fillet measus-ments in
the present study are expressed in dimensiontess form
applicable to a wide range of diécharges.

Table 1§ Hsts as dimensioniess pararmeters the optimum

fillet measurements developed by various investigators.
As indicated in Table ||, an approximate value of K/b
equal to 0.415 was the consensus of the investigators.
In plan, this yields an octagonal vertlcal water passage.
There was considerable scatter arnon’ :the values for
J/b, Cfb, and Z. As a result of this revicly, studies were
undertaken on the 9-inch {22.9-cm} mode! to deter-
mine independently the optimum values for J/b, C/b,
and Z.

Data collected for the corner fillet design are tabulated
in the Appendix. The wave height parameter h/Y was
established as the criterion to measure effective energy
dissipation of the well geometry.




Table

'VALUES OF VARIABLES TESTED ON 9-INCH MODEL

Variable Values tested—inches (cm)

Variable

21{5.08)

1/2,1,2{1.27, 2,64, 5.08)

g {22 .86}

9, 13-1/2 {22.86, 34.29)

1.5 (3.81)

0,1, 2{0, 2,54, 5.08} (Figure 1)

2- 1/2 3(6.35, 7.62) (Figure 1)

0,0.26, 0.80, 1.05, 1.42, 1.55, 1.80 (0, 0.66, 203 2,67, 3.61, 3.94, 457)
0.5, 1.0, 1.5, 2.0, 4.0, 5.6 {1.27, 2.54, 3.81,5.08,10.18, 1397)
3.75 (9.53)

2.5,3.0, 3.3, 3.73,5, 6.3 {6.35, 762 B.38, 9.47,12.70, 16.00}
0.30, 0.40, 0.48, 0.50, 0.525, 0.60 {0.76, 1.02, 1,22, 1.33, 1,62}
0.70,1.43(7.78, 3.63) '
30°, 45° 60°

RN-SrA-QQDou <<aocogp

Table I

OPTIMUM DIMENSIONLESS PARAMETERS DEVELOPED BY VARIOUS INVESTIGATIONS

 Project dfb Kfo w o Clo

Soap Lake . 0.411 0.241 0.135
Wanship S 0.411 0.250 . 0.250
*Waork by Denson . ' 0.417 0.445 0.021
: : 0.417 0.666 . 0.104

. 0.417 0.890 N - 0.188
*Work by Matchett . , 0.269- - = 0.095
~ : 0.472 oo ' :

*Work by Wu . . 0288 0.100
' 0.472 ;

Work by author : 0.417 ) 0.100

- 0417 . 0.100

*Unpublished
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Dstermination of the optimum fillet height” ratio
C/b—A series of tests was conducted, varying C, for
several values of J/b. Figure 6a is a plot of the test
resuvits obtained for well depth d equal to well width b,
or d/b = 1. Figure Bb. is a plot of the test results
conducted for d/b = 1.5, Data from this series of tests
are tabulated on Data Sheets 2 and 3 in the Appendix.

A tailwater surface fluctuation of hfY = 0,030 was

selected as the standard on which to compare the

efficizncy of energy dissipation for various filiet height
ratios, /b, Figure 7 illusirates the optimizatinn ot the

dimensionless. parameter C/b using several plots repre-.-

senting different J/b values to maximize 02/gD5 Wit
respect to C/b, based on h/Y = 0.080 from Figures SA
and 6B. The various curves in Figure 7 indicate the
followmu trend:

when d/b = 1.0, C/b = 0.100;
when d/b = 1.5, C/b = 0.100

1t is therefore concluded that the variable G is directly ~

proportional to the variable b, and that the dimension-
less parameter G/b = 0.10 represents the optimum
value.

Determination of the optimum fillet fength ratio
J/b—A serizs of tests was also conducted, varying J, for
several values of C/b., Figure Ba is a plot of the test
results conducted for d/b = 1.5 and Figure 8b for d/b =

" 1.5. Data from this series of tests are tabulated on Data

Sheets 4, 5, and 6.

Figure 9 illustrates the optimization of the fillet length
ratio, J/b, using several” plots r5presenting different
values of C/b to maximize Q2/gD5 with respect to J/b
based on h/Y = 0.080 from Figures Ba and Bb. The
various curves of Figure 9 indicate the following trend:

when d/b = 1.0, J/b = 0.225;
whend/b= 1.5, J/b=0.190

It is concluded that the variable J is also directly
proportional to b, and that the dimensionless para-
meter J/b = 0.21 best describes the average optimum
vaiue,

. Determination of the bottom siope, Z—The early
“vertical stilling weils such as Soap Lake and Wanship

had a bottom slope on the cornmer fillet of 0.71 to 1.0.
Later investigations in the laboratory showed that a 1.4
10 1.0 bottom slope on the corner fillet resulted in a
much smoother water surface. Figure 10 illustrates the
improved tailwater surface fluctuation h/Y with the

*Mr. Keith H. Denson, Associate Professor of Clvll Engineering, Mississippi State Umve'sew, spent

1.4 to 1.0 slope compared to the 0.71 to 1.0 slope
{Data Sheet 6}, The top slope of the carner fillet is not
critical and can be in the range from horizontal to 1.4
to 1.0,

In order to observe the flow patterns present in the
well, air was injected into the. upStream pipe, after test
data were recorded for each’run Photographs were
taken through the sidewall with the air bubbles
illurminated by light through 1/4-inch slits in the center
of the otherwise darkened sidewails. Photographs were
also taken to show the flow pattern around the corner
fillets or corner angles. Figure 11 best illustrates the
ow pattern for the recommended corner fillet design.

-;'.C'omer fillet work b'y Denson—in 1966, Keith H...

Denson® completed a series of tests using the 3-foot
{0.92-meter) vertical stilling well mode!. H= established
constant values for the dimensioniess parameters C/d,
Jid, and K/b, based on studies for well depth to width

ratio, d/b = 1.5. He assumed the values for “these

parameters also would be constant for d/b =1 and d/b
=2 Fzgure 12 illustrates the relationship between hiY
and Q2/gD® for d/b = ¥ and d/b = 1.5, using Denson’s
and the author's data for the 3-foot model where B/b
= (.22 (Data Sheet 7). The duplication of the data for
d/b = 1.5 turther adds to the validity of C/b = 0. 100
since the value of C/b for Denson’s worlk is very ciose
to the author’s {C/b = 0.104) for d/b = 1.5 (Tatle {I).

> However, data for d/b = 1.0 do not agree, Figure 12,

“The author's data indicate less wave height, h/Y fora

given value of Clz)(gD5 than those data given by

‘Densan’s studies. Table Il also indicates a considerable

difference in the value of the fillet height ratio, C/b,
for Denson’s and the author's optimum value at d/b =
1.0 10.021 vs 0.100}.

. The nptimizatic;n curves for C/b and J/b in Figures 7

and 9 indicate that for values below their respective
optimum value the curves fall off rapidly. For values
above their respective optimum value the curvas
decrease much more slowly.

The fact that the fillet length’ratio, J/b, for Denson
and the author do not agree for d/b = 1.5 {Tanle (I},
although the design curves agree in Figure 12, is an
indication of the relative unimportance of the value of

+Jfb once a00ve the optimum value of-0. 210 = :gure 9

Denson established a series of curves for \éaiués of D/
=0.33, 0.28, 0.22,and 0. 17 on three graphs ford/b =
1.0, 1.5, and 2.0. These cuwes are shown in thure 13

e summer of

1966 working in the Hydraulics Branch of the Bureau of Reclamation’s Division of General Hesearch
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a. Flow patrern in well bottom. View from side

b. Flow pattern around corner filler. View from corner

P801-D-73025 PBO1-D-73026
Figure 11. Corner fillat design
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Since Figure 12 verified the agreement between Den-
son’s and the author’s data for d/b = 1.5 when D/b =
0.22, the curves of D/b = 0.33, 0.28, and 0.17 were
accepted without further verification. Although Den-
son’s work for d/b = 2.0 was not verified by the
author, it was his opinion that these data should also
be accepted and used for sizing the vertical stilling weli.
Since the optimization curves for C/b and J/b (Figures
7 and 9) decreased very slowly for values above the
optirmum and since Denson‘s C/b and J/b ratios for d/b

2.0 both exceeded the optimum ratio, Denson’s d/b
= 2.0 curves were accepted for use in the General
Design Criteria section. However, data for d/b = 1.0
were not accepted due to the disagreement in Figure
12, :

Corner Angle Design

The 9-inch {22.9-cm} stitling well was also tested using
small angles, which on the prototype scalz would be
ordinary angle iron and would result in a more
economical stilling well, The optimum angle length, L,
and angle width, T, were determined with respect, to
wetl width, b, Figure 2, The height of the angles above
the weltl floor, C and angle, &, were also determined.

Determination of the optirnurn angle width ratio, T/b,
and length ratio, L/b—To optimize the angle width
radio, T/b, a series of tests was conducted, varying T,
for several values of L/b, Data from these runs for d/b
= 1.0 and d/b = 1.5 are presented on Data Sheet B. As
with the corner fillet tests, a tailwater surface fluctua-
tion, h/Y = 0.080, was selected as the standard on
whiich to compare the efficiency of energy dissipation
for various T/b ratios. Figure 1i4a_illustrates the
refationship between h/Y and ClzlgD5 for d/b = 1.0.
Figures 14b and 14c illustrate the same relationship for
d/b=1.5.

In a similar series of tests the angle length ratio, L/b,
was optimized. Data from these tests are presented on
Data Sheet 8. Figure 15 illustrates the relationship
between h/Y and Q2/gDS for d/b = 1.0 and d/b = 1.5.
Figure 16 illustrates the optimization of the T/b and
L/b parameters by maximizing the flow parameter
QzlgDs with respect to T/b and L/b based on h/Y =
0.080 from Figures 14 and 15. The curves in Figure 16
which extend over a wide range of L/b and T/b values
maximize the flow parameter, QzlgDs, at

L/b=0333
and T/b = 0.063

Deterrnination of the Angle, a— Tests were also
conducted to optimize the angle, @, Figure 2. Data
from three tests are presented on Data Sheet 9. Figure
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17 illustrates the relation between h/Y and 02/9D5
and indicates the optimum value of alpha to be 45°.

-Determination of the variables a' and C—Four tests

were conducted to determine the optimum values of
pedestsl height, a’, and corner angle height, C, above
theziloor. Figure 18 illustrates these four tests. The
flow parameter, 02!905, is approximately the same for
a' = 0 and a’ = 1.0 inches (2.54 cm) but less for a’ =
2.0 inches {5.08 cm) when h/Y = 0.080.

The pedestal does not improve the energy dissipation
characteristics of the well. Figure 19 illustrates the
flow pattern in the bottom of the well for a’ equal 1o
0, 1 inch {2.54-cm) and 2 inches {5.08-cm).

In Figures 198 and 19C a high velocity rolier_is noted
under the jet and bounded by the floor and pedestal
walls, Any debris caught in the rofler, including fine
sediment, could - produce a highly abrasive action
against the concrete surfaces. The advantage of elimi-
nating the pedestal, as shown in Figure 19A is evident,

Figure 20 illustrates the flow pattern with a’ equal to
1.0 inch {2.54-cm) and pedestal diameter D' equal to
3.0 inches {7.62-cm), This flow pattern is very similar
to that which occurs with Bureau of Reclamation .
stilling wells presently in use where the jet leaves the
pedestal horizontally. Note the roller at the intercept
of the sidewails.ard floor.

The energy dissipation characteristics of the stilling
well are not improved by the pedestal, Figure 18, and,
since there is a potential for abrasion damage on the

)
-

Sheazn

/

AT ATION OF
d 2. OFTIIT, o a
Y1 00as Liprown
e=ig
s @ [muw®
] e e
. ap* L)
il & e* | D
[T ]
. 2,
LA
o. h/¥ vi. oot
VERTICAL STILLING wELLS

Figure 17. Optimizetion of a




a. No pedestal, D’ = 2-1/2 inches. Phato PBO1-D-73024
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Figure 18. h/Y vs, 02/gD5 for variables @’ and C

boundaries of the well, it is recommended that the
pedestal not be |nc]uded in future designs.

Raising the corner angles off the floor actually de-
creases the well efficiency with respect to wave action,
i“igure 18, Therefore, C = Q was selected,

Figure 21 iliustrates the energy dissipation characteris-
tics of the vertical stilling well using angle irons in the
corners, Run 67,

It is instructive to compare the corner fillet design
(Figure 11} with the corner angle design (Figure 21). . “y :

. . . N =2j =2 i , Ph P -D-73023
The turbulent roller action {dark area in lower portion ¢ @ = Zinches, D = 2-1/8 inches. Photo P01 °
of well) ocecurs lower in the well with the corner angles,
resulting in a fairly uniform vertical flow in the upper

half of the well {Figure 21b}, Figure 18. Effect of pedestai height on fiow patterns




Figure 20. Flow pattern with wide pedestal
a =1" P801-D-73022

a. Flaw pattern in well bottom. View from side
P801-.D-73028

ﬁﬁ;\(‘s reey
i

b. Flow pattern around cormer angles. View from corner
P801-D-73029

Figure 21. Corner angle design
T/b= 0083, L/b= 0.333, a = 45"

Pressure Distribution

Several vertical stiliing wells on Reclamation projects
have experienced erosion of the concrete on the walls,
floor, and pedestal. Various causes for the erosion have
been proposed, including cavitation, foreign-abrasive
materials in the well, sandblasting effect from silt in
the flow, and impact of the high-velocity jet leaving the
valve. Stilling well damage found in some feld installa-
tions is diagrammed on Figure 22. The four sidewalls
erode in a symmetrical pattern with two elliptical
depressions on each sidewall. The depressions are at the
level of the valve seat (top of pedestal} and on each
side of the pipe and valve supparts. The flaor tends to
erode between the pedestal and sidewalls as shown, and
at times, actually undercuts the pedestal.

—

b

Erosion on
side walls

SECTION A-A

Ergsion

Pipe stand
B volve
supports

A

Erosion

Figure 22, Typicai stilling well erosion patterns




A test program was conducted to study pressure
distributions in the erosion areas, The S-inch (22.9-cm}
plastic stilling well was equipped with 23 piezometers
and the pedestal used on some of the tests had an
additional B piezometers, as- shown in Figure 23.
Piezometers 1 through 23 were placed on the wall and
floor of the stilling well. Piezometers 24 through 31
were placed on the pedestal wall “and top. Data for
these tests are summarized on Data Sheet 10. Pressures
are minitmum water manometer pressures when the
average pressure is less than static well pressure and
maximum water manometer pressures when the aver-
age pressure is above static well pressure. {Run No. 12
was the only run where a subatmospheric pressure was
recordedl. The series of tests related to pressure
distribution in the stilling well was conducted using a
2-inch {5.08-cm) plastic sleeve valve constructed geo-

-7
48
9

FLOOR AND PEDESTAL PIEZOMETER LOCATIONS

-‘
"“*ZI‘F"E‘S'T""
+ 5 + 14
20?2 3 ]

SIDE WALL AND CORNER PIEZOMETER LOCATIONS

A

2T 4

PEDESTAL WALL PIEZOMETER LOCATIONS

Figu're 23. 2-inch Mode! piezameter locations

metrically and dynamically similar to a 12-inch {30.5-
cm) prototype valve.

Standard sleeve vafve—The standard sleeve valve investi-

gations consisted of studies involving a sleeve valve
design similar to the conventional Bureau of Reclama-
tion sleeve valve, where the flow leaving the valve
spreads radially from the top of a psdestal. The head
loss coefficient, K, for a/D = 1/2 was about 1.84 at
maximum opening.

h
=1 = @-ﬂ'— whera Ah is the static head difference

Cd2 V2
from the inlet of the valve elbow to the water surface
in the well. V is the mean velocity based on the
nominal pipe area.

Figures 24 and 25 illustrate the piezometric head on
the walls, floor, and pedestal of the conventional well
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Figure 256, Stilling well pressure. distribution run no. 1




with corner angles and corner fillets, respectively. For
25 percent open, the piezometric heads are the same
except for the corner areas where the corner configu-
ration affects the pressure. 1t is interesting to note that
in the areas where erosion of the concrete has been
found, namely, Piezometers 6 through 9 and 20
through 23, there is a tendency for pressures near and
below static head. The pressure-gradients in the area of
piezometers 20 through 23 indicate a zone of very
unstable flow along the wall. Piezorneters 29-30 on the
pedestal are below static, This region is covered with
steel in field installations. Although the afore-
~mentioned zones show trends towardliow pressures,
‘they are by no means in the subatmospheric range
where *damage as indicated in Figure 22 could be
considered caused by cavitation.

Figure 26 shows a cavitation cloud. in the jet leaving
the standard model sieeve valve under extremely high
head loss conditions. Vertical stilling wells presentiy in
use have a stainless steel cap on the pedestal top to
prevent cavitation damage to this surface. Note that
the legs of the support structure are in the high-
velocity jet which could generate cavitation directly
behind them.

To compare the well pressures without a pedestal to
those mentioned above, a false floor was added to the
model to simulate removal of the pedestal and the
standard sleeve valve was tested with the corner fillets
and angles. Figures 27 and 28 illustrate the wall
pressures with the radial jet on the well floor. Pressure
. measurements on the floor close to the valve are similar
to those found on top of the pedestal {No, 29-31) in
Figures 24 and 25. With the valve on the well floor, the
impact pressures on the wall area near piezometers 20
through 23 are higher than with the valve on the
pedestal. However, the pressure gradients in this area

Pipe Stapd &>
Yalve, 5

Figure 26. Typical cavitation cloud in jet of standard sleave
valve {2-inch model} P801-D-73031
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Figure 28. Stilling well pressure distribution run no. 3

are not as great with the valve on the floor. A possible
area of concern may be in the corners of the well in
back of the apex of the cormer angles. The pressures in
the corner {Figure 27] are not negative but there is a
tendency for lower pressures in this area, If this were a
problem at high head differentials, {in wells without
steel lining), a triangular steel plate could be welded
across the corner angles and extended above the
maximum sleeve travel of the valve.

Although the pressure distribution tests did not pin-
point the cause of erosion, two areas for improvement
were recognized by the author, The first area involved .
the present use of a pedestal in the stilling well. It is

" the author’s opinion that the conventional sleeve valve

should be placed on the floer of the stilling weil to
eliminate the roifer under the jet and that the fioor and.
possibly the sidewalls of the well shou!d be steel linad
to an elevation equal to 1.5D to protect the concrete
from erosian. The second atea involved the present use
of the pipe stand and valve support st-ucture. The fegs
of the structure placed in the high-velocity jet provide




an excellent oppottunity for a low-pressure zone to
form immediately behind the legs, with the possibility
for cavitation. It is recommended that another method
be developed for supporting the pipe stand and valve,
such that there would be no obstruction placed in the
high-velocity jet leaving the valve, '

Ported sleeve valve—Moditications by Miller5 Winn
and Johnsons, and Johnson7 to the original Bureau
sleeve valve design have resufted in the use of the sleeve
valve in stilling wells with differential heads up to 400
feet (122-meter).
referred to as a ported vaive or multijet discharge valve,
Figure 29, where instead of a solid jet expanding
radially,. sdmerous small jets discharge through ports as
the interior sleeve portion of the valve rises. The small
ports provide a maximum jet surface area which shears
against the water in-the stilling well, creating small
scale turbulence. Rouse8 and Albertson, Dai, Jensen,

and Rouse? discuss the characteristics of a submerged
jet. The smaller the ports the greater the energy
dissipation of the jet. Limitations on size of ports are

Corner fillet in
stilling well

extended volve stem

. ﬂ- jet discharge

Figure 29. Multijet sleeve valve

The basic change in design has been .

. valve tested earlier.

based on desired valve flow capacity, stilling well size,
and size of possible debris in the water.

In the past, water delivery systems developed by the
Bureau of Reclamation have transported untreated
water where debris would have presented a real
problem with the multijet discharge valve. With the
increased delivery of municipal and industrial water,
some of which is"treated, the multijet discharge valve
appears to have real potential, especially in situations

_ where throttling of high heads is necessary {above 150

feet).

In an effort to develop ports which could pass a certain
size debris, studies were conducted to determine
pressures on the walls and floor for varigus port
configurations. The theory behind the muitijet valve is
the dissipation of the high-velocity jet by viscous shear
between the jet and the surrounding tranquil fluid
(Figure 30}. The core of a single submerged jet is
penetrated by the viscous shear until the center
velocity is dissipated. An equation of the form, Vy/Vg
= K vD/X, describes the jet co ~ velocity, Vy, at
distance, X, from the jet origin based on the jet
velocity at the origin, Vg, and the diameter of the
port, Dg. K is a constant based on the shape of the
port. The core velomty, %/, is thus proportional to the
port diameter, Dp, distance from the origin, X, and
port velocity, V. i

—

. —

MNomina! boundary of jet ——
—_—

= EPFor Curee
] v
Vmoxs 62 JIEF
—
) Yemon BT
—
{Nominal nmits |
of dv"uSlD
zone h r

Figure 30. Mean flow chafacteristics of a submergzd jet
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Figure 31 illustrates several types of ports iested to
compare energy dissipation with that produced by the
standard sleeve valve. The four-port design was tested
on the pedestal, All other configurations were tested
on the fioor of the well, The orientation of the ports
with respect to the square well are shown i in Figure 32,
The sleeve travel was adjusted for each port conf',;u-
ration such that the head loss across the valve was'the
same for the discharge based on the standard sleeve
Table [l fists the various port




Table I}

VARIOUS PORT CONFIGURATIONS TESTED

Port
configuration

Port
size
in (cm)

Distance of

valve seat,

above floor
in {cm)

Percent
open

Maodel
head loss
“ft (m)

Discharge
cfs (m’s)

Tora!
Port
area
in2 {crn2)

Standard sleeve valve
Standard sleeve valve
Standard sleeve valve
Standard sleeve valve
4 ports

8 ports

12 ports (per tier)

4 slots (per tier)

16 slots

16 siots

16 slots

1/8-inch holes

0.88X0.79
(2.24X2.01}
0.59X0.71
(1.50X 1.80)
0.30X0.32
{0.76X0.81}
1.18X0.16
(3.00X0.41)
0.14X1.16
{0.36X 2.95)
0.14X1.16
(0.36X2.95)
0.14X1.16
(0.36X2.95)
1/8 dia
(3.2 mm)

1-3/4
(4.44)
1-3/4
(4.44)
1/4
(0.64)
1/4
{0.64)
2
{5.08}

10
%
10
25
10

25

25

25

25

25

25

25

51.6
{15.48)

41.0
(12.30)

516 .°

{15.48)
41,0
{12.30)
51.6
{15.48)
41.0
(12.30)
41.0
{12.30)
41.0
{12.30)
41.0
(12.30)
41.0
(12.30)
41.0
{12.30)
41.0
(12.30)

0.i¢0
{0.002€)
0.210 .
{0.005:)
0.100
(0.002'3)
0.210
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{0.0059)
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{0.0059)
0.210
(0.0059)
0.210
(0.0059)
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b. 16 Vertical Slots (0.14” by 1.16") and 12 ports (0. 30"
by 0.32") PEB01-D-7303L

c. 4 Horizontal slots [1.i8" by 0.167) and 1/8" holes PB01-D-73033

Figure 31, Valve part configurations tested
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Figure 32. Orientation of vaive parts in Sinch stilluing well
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configurations along with corresponding head loss,
discharge, and port areas for 10 and 25 percent
openings of the standard sleeve valve,

In the tests to determine the flow characteristics of the
ported sleeve valve, the S-inch stilling well. model with
corner fillets was medified as showf in Figure 33.
Piezometers 11 through 14 and 16 through 23 were
utilized and three piezometers were placed in the false
floor {Piezometers 32, 33, and 34) Data for.these tests
are given on Data Theets, 10,11, and 12. Water
manometer pressures for the various port configu:
rations tested are shown in Figures 34 through 41.

In general, the port configurations which vielded the
lowest impact pressures on the wall were those which
_ had a small dimension in at least one direction. The q-,
B-, and 12-port designs created a jet too thick to
diffuse in the short distance from the valve to the
stilling well wall. The 16-vertical-slot configuration had
slot widths which varied from 0.14 inch {0.36-cm} to
0.22 inch {0.56-cm), varying with the distance, X, from
the vaive to the stilling well wall {largest siots opposite

CORNER
5]

!
False ll‘luur

Figure 33. Piezometer |ocations for well without pedestal
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Figure 34. Stilling well pressure distribution run no. 5 — 4
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Figure 41, Stilling well prassure distribution run no, 12 —
1/8" holes

the corners). Improved pressure distribution on the
well sidewall was achieved by raising the vertical slots
higher off the stilling well floor, The fairly even
pressure distribution on the walls and in the corner of
the stilling we!l indicate good flow distribution by the
16&-vertical slot multijet valve,

A port configuration using 1/8-inch {0.32-cm) diameter
holes was also tested. Although the well wall pressure
distribution was more even than that for the standard
valve, a negative pressure was observed on the wel!
floor near the valve at Piezometer 33, Figure 41, It
appears that thns low-pressure zone could be corrected
by raising the ports higher off the floor. The Metro-
politan Water District of Southern California experi-
enced a similar situation with a 12-inch test valve?,

_These preliminary tests indicate that more extensive

tests are needed to relate stiliing well pressures to port
size, flow velocity, hzight of ports above floor, and




distance trom wall before the multijet valve can be
confidently used in stilling wells.

DISCUSSION OF RESULTS
Conformance Between the Models

During the testing program on the S-inch (22.9-cm)
model, it was noted that the taligate assembly of the
mode! channel reflected the surface wave back up-
strearn to the capacitance probe. When te;ted later for
verification on the 3-foot {0.915-meter) model, the
wave height variable, h/Y, for a given vaiue of QZ/gD®
was consistently higher for the 9-inch {22:9-cm) model
than that observed in the 3-foot {0.915-meter) model
for both the corner fillet and cormer angle configura-
tions.

Figure 42 describes this difference. Runs 101 and 203,
80 and 205, 67 and 200, and 69 and 204 represent
corresponding tests in the 9-inch {22.9-cm) and 3-foot
(0.915-meter) models for the two corner configura-
tions and well depth to width ratios, d/b= 1.0 and 1.5
{Data Sheet 1). Because of this error, date from the
Q-inch (22.9-cm) model investigation were used only to
optimize the stilling well dimensiontess parameters;
C/b, l/b, K/b, Lib, and T/b, The 3-foot {0.915-meter}
model data were used to describe the design curves
presented in the General Design Criteria section.

General Design Criteria

Thd results of the tests on the 9-inch {22.9-cm) and
3-foot (0,915-meter) stilling well models by the author,
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Figure 42. Model verification curve

plus the work completed by Denson, provide the basis
on which to establish general design criteria.

The design criteria apply to vertical stilling wells, with
a standard sleeve valve placed on the floor, {without a
pedestal) with maximum sleeve trave!l equal to one-half
the pipe diameter, a/D = 1/2 and the ratio of tailwater
depth to well width, Y/b = 0.5. The standard sleeve
valve is defined as an unported sleeve-type valve with
an intermal control stem passing through the valve
elbow. Data are presented graphically for the cerner
fillet and corner angle designs. The corner angle
configuration has not Leen field tested but the mode!
studies indicate a smoother tailwater surface than that
produced by the corner fillet, and it is a more
economical design.

Figures 43, 44, and 45 present the relationship

h/Y = 1 (Q2/5C5, Db}
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for d/b = 1.0, 1.5, and 2.0 as described earlier in Figure
B. The dimensionfess parameters C/b, J/b, K/b, L/b,

and T/b have also bern determined. Figure 43 shows

the results of the authars work for d/b = 1.0, Figure 44
shows the results of Denson's and the authotr’s work
for d/b = 1.6 and Figure 45 shows the results of
Denson’s work for d/b = 2.0. The optimum values for
the dimensionless parameters are recorded on each
figure. Figures 43 and 44 also show the corner angle
curve for D/b =0.22,

The values for the design discharge, Q, and the pipe
diameter, D, will generally be known by the designer.
For cases where the well is to be designed so as to
produce a specific wave height, h, it would be more
appropriate to express the dimensioaless wave para-
meter in terms of the pipe diameter, D, rather than the
tailwater depth, Y, since the value of the former is
known. Therefore, the data used to plot Figures 44 and
45 were rearranged and used to generate families of
curves (h/D) in Figures 46 and 47. These two figures
will simplify the design approach for the vertical
stilling well.

The dashed lines in Figure 46 are the estimated h/D
curves for the corner angle configuration when d/b =
1.5. There are no data for the corner angle configura-
tion at d/b = 2.0, Therefore if a depth to width ratio,
d/b = 2.0, is selected and it is desired to Use the corner
angle, the well should be designed using the corner
fillet curves in Figure 47. However, this will result in an
actual wave height, h, somewhat less than if the corner
fillet were used. The step by step procedure for
designing a vertical stilling well will be lllustrated in the
Design Exarnples.

The general design criteria would not be complete
without some mention of the effect of head differen-

stilling well walls and floor,

ttal across the valve. In the past, well size has been
based on water surface roughness, h/Y, as presented in
this report. With the trend toward higher head differen-
tials across the sleeve valve, whether standard or
ported, the need arises for a research effort in the area
of determining allowable jet velocities at the conciete
wall of the stilling well. This question can be circum-
vented by lining the fower area of the well with stee!

plate.

There is some evidence that the present design of the
standard sleeve valve may result in damage to the
stiliing well and/or valve under high-head {above 150
feet) conditions. During testing of a similar 12-inch
(30.48-cm) standard sleeve valve, Winn and JohnsonB
detected cavitation noise and vibration above 100 feet
{30.4B-meter) of head differential across the vaive,

Tabte 1V is a tabulation of standard sleeve valves
instatled by the Bureau of Reclamation. Damage to the
and breakage of the
control stem have been reported on some of these
installations. However, there is no positive correlation
between the damage and head differential across the
valve, :

Design Examples
Design Example No. 1

Design a stilling well for a sleeve- type valve discharging
a maximum flow of 220 cfs (6.23 m3/sec) with a total

‘head, Hy, at the valve of 250 feet (76.2-meter). The

fiow discharges into a trapezoidal canal with 1.6 to 1
side slopes and it is desived to have a wave height, h,
less than 3 inches {7.62-cm} one well width, b, from
the well.

(1}

y2
HT = ———2g + AH
where:
vZi_ oo locity
55 = p_:_pe velocity head, ft.

AH = Pressure head loss measured from
the valve inlet flange immediately
upstrearn of the elbow to the
downstream canal water surface,
ft.
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Figure 46, Design curve of /D vs. [——5] ford/b=15

Figure 48
K = 20AH

v
tested in this study. Therefore for a valve 100 percent
open K = 1.84 or:

illustrates the head loss coefficient,

. Tor the 2 inch (5.08cm) mode! sleeve valve

o y2 vZ o y2
HT— 2g +1.84 29 =284 29

vZ_ Ht 250
29 284 28a 080ft

and V = 75,3 ft/sec

Since O = VA

“,and D= |Z4(A):| % 1.93 ft

T

‘use a 2.00 foot 1.D. vaive.

(2) The design curves {Figures 46 and 47} for sizing
the stilling well are based on 100 percent valve
opening. To determine well width, b, calculate the flow
parameter: :

e?in_| (2202 |u

————| "=6.85
gh® (32.2) (2)°

and the ratio of wave height to valve diameter, h/D:

h/D = 3/24 = 0.125

Let the well depth, d, equal 1.5 times the well width,
b, {d/b = 1.5}. In some instances a more economical
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design might be d/b = 1.0 or 2.0. However, in general,
d/b = 1.5 will be the appropriate choice.

(3} From Figure 46 {d/b = 1.5) for
2 |4
[—9-{’ 4 6.85and h_ 0.125
405 D

b/D = 6.1 (corner fillets)
b/D = 5.6 {corner angles)

Select the corner angles as the mcre eeconomical design.
Therefore:

b =11.20 feet (3.41 meter)
and d = 16.80 feet (5.12 mete;) ~

{4} From the established parameters of the corner

angle design:
T/b=0.063 T=0.59 feet {180 mm)

use 7" x 4" corner angles where T = 7"

L =3.75 feet {1.14 meter)

C=0

L/b = 0.343
C/b=0
o= 45°

(8} Line the floor of the stilling well with Y-inch
{12.7-mm} stainless steel and the walls to a height of
1.5D = 3.00 feet {0.91 meter) with %=inch (12.7-mm)
carbon steel. Weld the 7-by 4-inch corner angles 1o the
steel liner (Figure 20}, -

Example No. 2

Design a stilling well for a sleeve-type valve under the




H ' : i
20 o 42 80 &P 7o 80 %0 160
N = " ¥ALYE OPENING ("™ PIPE SAEA]

Figure 4B. Head loss coefficient, K, for standard sleeve
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Figure 49. Design example

conditions listed in Example No. 1, but with a total
head, Hy, at the valve of 30 feet {9.14 meter).

2
HT='2—g—+£AH

2 y2
or Hy= 2 +1.84 % =

V2
2.84 'éa-

v2_ 30 _
Therefore % “5ea 10.56 ft.

and V = 26.08 ft/sec

Since Q= VA

{2) To determine well width, b, calcutate the flow
parameter:

2 |- 2 b
Q% |%_ | _ (2202 [%_ .,
gDb 32.2 (33315

and the ratio of wave height to valve diameter, h/D:

=0.075

Select d/b = 1.6
{3) From Figure 46 {d/b = 1.5) for

2 |1
@ |u, 1.92.and = 0,075
QDS_I B D

bfd = 3.25 (corner filiet)

let b/d = 3.00 (corner angie)

Select the corner angles as the more economical design,
Using b/D = 3.00 actually vields h/D = Q.05 instead of
0.075. However, the design curves were not tested
below b/D = 3.0.

Therefore:

b= 10.00 feet {3.05 meter)
d = 15.00 feer (4.57 meter)

{4) From the established parameters of the corner
angle design:

T/b=0.063 T=0.53feet (162 mm}
use 6" x 4" corner angles where T = 6"
L/b=0.333 L =23.33 feet (1.01 meter)
C/b=0
o= 45°

(5} Line the floor of the stilling well with Y-inch:
{12.7-mm) stainless steel and the walls to a height of
1.5(D} = 5.00 feet {1.52 meter} with Y%-inch (12.7-mm)}
carbon steel. Weld the 8- by 4-inch corner angles to the
steel liner.




Exampie No. 3

Design a stilling well for a sleeve-type valve under the
combined conditions of Examples No. 1 and 2, It is
regmred to insure a design discharge, Q = 220 cfs {6.23

fsec), for a total head at the valve which may vary
from 30 feet {9.14 meter) to 2560 feet {76.2 meter)
depending on the upstream reservoir water surface
elevation.

To insure delivery of 220 cfs (6.23 m3/s) when the
totai head at the valve is only 30 feet {9.14 meter} thie
larger vaive of example No. 2, D = 40 inches {101.6
cm}, should be used. When the total head is 250 feet
{76.2 meter) the valve will be throttled to give a
maximurn discharge of 220 cfs (6.23 m3/s). However,
the well should be sized based on the larger total head
Hy = 250 feet {76.2 meter) of Example No. 1.
Therefore, the well stze will be identical to Exampie
Mo. 1 even though the valve diameter, D = 3.33 feet
{1.01 cm}.

b= 11.2 feet {3.41 meter)

d = 16.8 feet {5.12 meter)

T=7" (178 mm) use 7"x4" angle

L = 3.73 feet (1.14)
cC=0 R N
and a= 45

The steel liner height should be based on the farger
valve diameter D = 3.33 feet (1.11 meter} or 1.5D =
5.00 feet {1.562 meter),

Amount of throttling:

~
=

Since Hy = %g“'- AH

2
and = =987 ft
2g

Therefore AH = 250.00-9.87 = 240.13

K= o2 =2 agga

From Figure 48, the valve will ba 32 percent open for a
discharge, Q = 220 cfs {6.23 m3/s) and a total head of
250 feet {76.2 meter) and 100 percent open for a total
head of 30 feet 19.14 meter) and a discharge, Q = 220
cfs 16.23 mS/s).

This design approach is based on the downstream
channe! depth, Y, equal to one half the well width, b,
In Design Example No. 1, Y = %(b} = 5.60 feet {1.71
meter}. If the channel has a depth greater or less than

Y, the weli denth, d, should be adjusted to maintain a
total submerge.ice, Y+d, of 22.4 feet (6.83 meter) to
assure a wave height, h = 3.0 inches {76 mm) or less.

For example, if the channel depth is only 4.5 feet
{1.37 meter} instead of 5.60 feet (1.71 meter), the well
depth, d, must be increased 1.10 feet {0.34 meter} to
produce the calculated wave height, h, based on Y =
¥ b,

Judgment must be used in designing stiltling wells that
discharge into channeis or canals with side slopes or
depths different from those used in the development
tests. In most cases, minor adjustments of the well
depth can be madz without affecting the efficiency of |
the stilling well as an energy dissipator or the predicted;:
wave heights in the downstream channel.

Limitations:
{a) In reference to Design Example No. 1 where V.
= 75.3 ft/sec, Miller® and Johnson’ recommend a
maximum valve velocity of 40 ft/sec (12.19 m/s) for
sieeve valves with an internal operating stem. This
limitation can be circumvented by placing the
operating stemf{s} outside the valve body. Recent
sleeve valve designs by the Bureau of Reclamation
have used this approach.

{b} In reference to Design Example No. 3 wheré the
valve is oversized to meet the condition of design
discharge, Q@ = 220 cfs {6.23 m3/s) at minimum
total head, Hy = 30 feet (9.14 meter), caution must
be used when the total head, Hy, exceeds 30 feet
(9.14 meter). Wien the design discharge is delivered
at total heads greater than 30 feet {9.14 meter}, the
valve must be correspondingly throttied in the range
from 100 to 32 percent as Hy increases from 30
feet 19.14 meter] to 250 feet (76.2 meter) to assure
that the design discharge is not e::\r:\eeded.
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- APPENDIX

The material contalned in the appendix includes h/fY
versus Q /gD5 daia + ¥ studies on the 9-inch (22.9-cm)
and 3-foot {0.915-meter} vertical stitling well models
and stilling we!l pressure data for the walls, floor, and
pedestal of the 9-inch stilling well model,

Runs below 200 were tested on the 9-inch (22.8-cm)
stilling well madei. Runs 200 and higher were tested on
the 3-foot {0.915 meter) stilling well model. Runs D22
and D41 {Data Sheet 7) are from work by Denson,

Data Sheet 1 — Tests dealing with S-inch model
verification

Data Sheets 2-9 —  Tests dealing with optimization of
stilling well geometry

Data Sheets 10-12 - Tests dealing with well piezo-
metri¢ pressure data {Runs 1-4 —
standard sleeve valve, Runs 5-12 —
portﬁm}i sleeve valve).




Data Sheet 1

Run
No,

20

D/b
d/b
a/D

Corner fiflet

K/b
/b

C/b
Z

Corner angle
T/b

Lib
o

i.0

h{ft}
h/Y
CQticfs)
0‘2 /gDS




Data Sheet 2

Run

No. 53 56 60 84 100 102 103 105
a 1 1 1 i 1 1 1 1

d 8.88 8.88 8.88 8.88 8.88 8.88 8.88 8.88
c 142 0.26 0.80 1.80 0.80 0.80 1.42 1.42
J 1.50 1.50 1.50 1.50 1.50 4.0 4.0 . 1.50
d/b 1 1 R 1 1 1 1 1
D/b 0.22 0,22 0.22 0.22 0.22 0.22 0.22 0.22
al/D 142 172 1/2 1/2 1/2 172 1/2 1/2
C/b 0.158 0.029 0.089 0.200 0.089 0.089 0.158 0.158 |
o 0.167 D.167 0.167 0.167 0.167 0.167 0.167 0.167
hy 0058  0.082 0.045 0.052 0.046 0.057 0.053 0.056
h/Y 0.156 0219 0.121 0.139 0.121 0.152 0.142 0.149
Q 2.240 0.231 0.226 0.217 0.243 0.241 0.234 0.238
02/gD? 13.88 12.84 12.34 11.39 14.25 14.06 13.18 13.70
hy 0.052 0.632 0.041 0.038 0.044 0.036 0.037
h/Y 0.140 0.085 0.109 0.100 0.117 =5:097 0.097
Q 0.207 0.184 0.199 0.196 0.199 . 0182 . 0.207
Q° /gD° 10.35 8.15 9.53 9.26 953 8.88° 1035
ha 0.033 0.039 0.018 0.040 0.020 0.023 0.023 0.020
h/Y 0.089 0.103 0.048 0.107 0.053 0.062 0.062 0.053
Q 0.175 0.164 0.152 0.163 =  0.160 0.158 0.145 0.148
Q*/gD? 7.36 6.53 5.61 . 6,44 6.15 6.06 5.10 . 5.27
ha 0.023

hiY 0.062

o] 0.144

Q*/gD® 5.02




Data Sheet 3

81

85

79

80

1
13.375
0.80
1.50
1.8
0.22
172
0.089
0.167

1
13375
0.26
1.50
1.9
0.22
1/2
0.029
0.167

1
13.375
1.42
2.00
1.5
0.22
1/2
0.158
0.223

1
13.375
0.80
2.00
1.5
0.22
1/2
0.088
0.223

0.033
0.089
0.280
19.00

0.028
0.074
0.251
15.187

0.012
0.050
0.194
9.13

0.058
0.165

0.280

19.00

0.038
0.701
0.231
12.82

0.016
0.043
0.173

© 7.25

0.040
0.107

0277,

18.54

0.027
0.073
0.237
13.53

0.017
0.045
0.181
7.92

0.037
0.099
0.274
18.09

0.027
0.071
0.241
14.06

0.014
0.038
0.188
8.51




Data Sheet 4

102

;
8.875
0.80
4.0
1.0
0.22
1/2
0.089
0.444

0.057
0.153
0.241
14.06

0.044
0.117
0.199
9.53

-0.023.
0.062
0.158
6.08




Data Sheet 5

Run

No. 80 81 82 83 92 a3 o8
a 1 1 1 1. 1 1 1

d' 13.38 13.38 13.38 13.38 13.38 13.38 13.38
c 0.80 0.80 0.80 0.80 1.06 1.05 0.80
J 2.00 1.50 1.00 050 4,00 5.50 4,00
d/b 1.5 15 15 1.5 .. 15 15 15
D/b 0.22 0.22 0,22 0.22 Q.22 0.22 0.22
a/D 1/2 142 1/2 1/2 12 1/2 1/2
C/o £.089 0.089 0.089 0.089 .  0.117 S0a17 0.082
I 0.222 0.167 0.111 0.055 0.444 0612 0.444
h, 0.037 0.033 0.032 0.035 0.034 0.034 0.040
hiY 0.099 0.089 0.087 0.093 -0.090 0.092 0.106
Q 0.274 0.280 0.280 0,280 0.282 0.279 0.282
Q?/gD® 18.09 19.0 18.0 19.0 19.23 18.77 18.23
ha 0.027 0.028 0.028 0.025 0.027 0.027 0.031
h/Y 0.071 0.074 - 0.076 0.068 0.073 0.073 0.083
Q 0.241 0.251 0.243 0.234 0.248 0.237 0.251
Q? /qD? 14.06 15.19 14,25 13.18 14.80 13.53 15.19
g 0.014 0.019 0.017 0.020 0.023 0.020 0.019
h/Y 0.038 0.050 0.045 0.052 0.080 0053 0.050
Q 0.188 0.194 0.189 0.184 0.197 0.180 0.188
Q?joD? 8.51 9.13 8.63 B.15 9.39 7.80 8.3

37




Data Sheet 6

77




Data Sheet 7

Run.
MNa. 204 205 205

Do 0.22 Data
d/b ) 1.b 1.5 taken
a/D 1/2 at ane
: well

Corner fillet width

down-
K/b stream
J/b . ’ from
C/b weil,
z

Corner angle

T/b
Lib
o

hy
h/Y




Data Sheet 8
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Data Sheet 10

Piezometric Pressures {feet of water)

Run No.
Percent open’
Valve seat
above floor
{inch}

Corner
configurations

2 3 3 4
25 10 25 10
13/4  1/a 1/4 174

Fillets ~ Fillets Angles  Fillets  Fillets Angles Angles Fillets

Fillets

Fiﬁets

Piezometer No.

1
2
3
4
5
6
7
8
9




Data Sheét 11

Piezometric Pressuras {feet of water}

Run No. 7 7 8 - 8 g 8§ o 10 11 11

Percent open -~ 10 25 T 10 25 10 25 P10 25 10 . 25
Valve seat 0.80 0.80 0.80 0.80 0.80 0.80 0.38 0.38 1.13 1.13
above floor :
{inch)
Corner

configurations Fiflet Fillet Fillet Fillet Fillet Fillet Fiilet Fillet Fitlet Fillet

Piezometer No.

" 2.81 3.756 264 . 329

12 1.53 3.32 2.62 2.44 2.23 2.38 266 . 375 2.19 2.66
13 2.67 3.83 2.54 3.19 224 - 296 273 377 2.19 2.80
14 2,96 423 254 2.91 243 318 2.87 3.50 223 2.98
15

16 2.18 2.95 1.68 2.03 2.15 3.78 2.73 3,74 223 338
17 1.29 2.50 1.57 1.70 1.92 3.34 2.89 3.84 217 2.90
18 2.06 247 1.52 1.36 2.02 442 2.81 2:.44 2.23 3.47
19 2.16 2.40 1.49 1.03 2.28 3.10 1.88 1,52 2.08 297
20 2.18 3.66 2.21 3.33 2,13 346 2.38 3.35 2.24 2.91
21 1.49 257 1.83 297 1.88 3.01 2.59 3.48 2.13 2.66
22 2.68 4.64 1.73 3.01 2.13 3.18 2.30 2.11 2.33 208
23 1.96 3.77 157 257 1.89 2.89 2.39 298 2.28 2.74
32 1.58 1.57 1.80 1.14 153 1.52 1.5 1.41 1.59 1.68
33 1.55 . 1.52 1.56 1.50 1.53 1.46 1.59 1.26 1.57 1.49

34 182~ 150 1.49 2.70 1.54 1.41 156 ° 1.23 1.62 1.49

43




<

Data Sheet 12

Piezometric Pressures {feet of water)”

Run No. 12 12
Percent open 10 25
Valve seat . 0.86 0.86
above floor i
{inch)
Corner -
~ configuration ~ Fillet Fillet

Piezometer No.

12 2.40 3.00

13 2.27 2.82
14 2.16 -2.64
15 .
16 2.85 3.93
17 2.54 295"
18 L 174 1.87
19 . -152 . 153
20 234, -. 3.0,
21 2.19 263
22 2.49 3.57
23 2.24 - 2.68
32 .18 - 027
33 . 1.19 -0.53
34 1.44 1.14
7
44

R,
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71756 (3-21}
Buracu of Reclamotion

MEASUREMENT

CONYERSION FACTORS-BRITISH TO f."iETRIC UNITS OF

The foltowing conversion faclors adopted by the Bureau of Reclamation are those published by the American
Society for Testing and Materials (ASTM Metric Practice Guide, £ 380-63) except that additional factors {*} -
commonly usad in the Bureau have been added. Further discussion of definitions of quantities and units is given in
the ASTM Metric Practice Guide, ’

The metric units and conversion factors adepted by the ASTM zre based on the International System of Linits”
(designated St for Systeme International d'Unites), fixed by the International Commitiee for Weights and
Measures; this system s also known as the Giorg: or MKSA [(meter-kilogram {mass)-second-ampare} systern, This
systern has been adaned by the International Qrgarization for Standardization in 1ISO Recommendation R-31.

The metric technical unii of forge is the kilogram-farce; this is the force which, when applied to a body having"a
mass of 1 kg, gives it an acceleration of 8.80665 m/sec/sec, the standard acceleration of free fsll tows:d the earth's
center for sea tevel at A5 deg latitude. The metric unit of force in I units is the newton (N), which is defized as
that force which, when applied to a body having a mass af 7 Kg, gives it an acceleration of 1 m/secfsec. T hese Lnits
must be distinguished from the (inconstant) local weight of a body having a mass of 1&g, that is, the weightof 5
bady is that torce. with which a body is attracted to the earth and is equat to the mass of a body multiplied by the’
acceleration due to gravity, However, becausa it is general practice to use “pound” rather than the. technically
correct term “‘pound-force,” the term “kilogran:(or derived mass unit} has Leen used in 1his guide instead of
"kilogram-force™ in expressing the conversion facti:'s for‘forces. The newton unit of force will find increasing use,
and is essential in S§ units. ’ RN

Where approximate or nominal Engtish units are used tc express a value or range of values, the converted metric
units in parentheses-are dlso approximate or nominal. Where precise English units are used, the canverted metric
units are expressed as equally significant values, -

v

Table !

OUANTITIES AND UNITS OF SPACE

Muitinly By Toobtain

LENGTH

. 25.4 (exactty) L L, .. .+ .. Migran
254 {exactly} ..., ,
2.54 (exactly]” . . .,
30.48 [exactly]
0.3048 {exactiy}”
0.0003048 {exactly) *
1 0.9144 {exaculy)
11609.344 {exactiyy”
1.G09344 {exactlyl

". Cantimeters.
Centimeters’
Meters
Kilometers

- Miles (statute)
Miles ., ...

ARE &

Square inches |
Snuare feet
Square feet
Square yards

6.4516 {exactly)
*929.03

-0.092903

0.836127

Stware centimetirs
Square centimetars

. s« .. SQuare meters
... . Squate meters
Her'tares ..

. . Square kilometers .

VaLUmMeE

Square kilometers

Cubic inches
Cubic feet
Cubic yards

¥6.3871 ., . ..
0.0283168

Cubic centimeters
Cuhic meters
Cubic meters

CAPACITY =

Fluid ounces {U.S.}
Fluid ounces {U S}
Liquid pints {U.S.}
Liquid pints (U,5,] .
Quarte (V.5.)

Quarts [U.5.)

Gaflons (U5} . . . . ..
Gallons {US.)
Gallons {U.S.}

Gallons {U.S,)

Gallons (WK™, L
Sallong J+* 77,
Cubics’.

Cubic yards

Acre-faet

Acre-feer

205737 .. .. .
295729 .. ..,
0.473379
G.473160
*946.358

+0.946331 . ... ...

*3,785.437F

378543 . .. ... ..
.3.78533 . .. ..., -

“0.00378543 -, .,

“764.55
1,235
1,733,500

Cubic centimelers

Y s Miiltiliters

. Cubic decimeters

! llers

Cubic centimeters

: Liters

. Cubic centimeters
ceeev.w .. - Cubicdecimeters
e .. Liters
Cubic meters

Cubic decimeters

Litery

Wilimeters . .

. - .. Square roeters”

Liters

Liters
Cubic meters




Tabie 1}

QUANTITIES AND UNITS OF MECHANICS -

Multiply

By To obtain

MASS

Graws 1 7.000 Ini

Trow ounces (980 graing!
Cuves javdp!

Pouncs 12wdpt

Shorz tons (2000 bt
Short tons 12,000 i)
Locgtons (2.24D D)

B4, 75891 [exactly)
31.1035
28,3495

Milligrams

Kilograms
Kilagrams
Metric tons
Kilograms

FORCLC'AREA

PoL.ros per $3uae inch
PoLnds per squarg ingh
Pounds per squdre foot
Pounas per square foot

Joresar .
0.68847¢6 . .
488243 . ..
47.9803

Kiiograns per square centimeter
Newtons per square genlimeter
Kiiegrams per snuare meter
Newtons per square meter

MASS VOLUME (DENSITY}

Qunces per cubic inch

Paunds per cubic foot | . . .

Pounds oer cubic foot . .
Tons tlong per cubic yvard

1.72093
16.0185

00160185

132894

. Grams per cubic centimeter
Kilograms cer cubic meter
Grames per cubic centimeter

. Grams per cubig centimeter

Quinces per galion U5
Cunces cor galion (UK
Pounds per gallon (U5
Pounds ger gallon UK.}

Grams per (itar
Grams per fiter
Grams per liter
Grams per liter

SENDING MOMENT OHR TOROUE

inCh-gounos
Inzn-pounds
Foot-ouunds
Foot-pounds
Foot-pounds per inch
Cunge-nches

0.011521

o Meter-kilograms.
112685 % 109 | ||

Centimerer-dynes

Meter-kilograms

. . - Centimeter-dynes
Centimctnr'kilograms‘pE[‘céntim!er
Gram-centimeters

Table 1—Continued

Multipty

By B To obtain

WORK AND ENERGY"®

Eritish thermal units {Btu)
British thereal units {Bu)
Btv per pound
Foot-pounds

Q252 . Kilogram calaries

1,055.06 . ... Joutes
2.326 (exactly) ~ Joules per gramn
©1,35E82

Horsepower , , . .
Biu per haur
Foot-paunds per second

745,700
0.293671 .. .
1,35582

Btu in./hr 12 degree F (k,
thermal conductivity)
Bu in./hr 2 degree F (k,
thermal conductivity}
Bry fi/hr A2 degree F
Bty/hr 12 degree F (C,
thermal conductance}
Btu/hr 2 degree F (C,
thermal eonductance} |, |
Degre¢ E hr f12/B1 (R,
therr 4! resistance}

Btu/lb degree F {c, heat capacityl .

Btu/Ib dearee F
Frdshr (thermal diffusivity}
F2/hr {thermal ditfusivity}

Milliwatts/cm Segree G

Kg cal/hr m degree C
Kg cal m/hr m? degree C

Milliwatisfern? degree C
Ky calthr m?2 degree C
Degree C cmZ/milliwatt
J/g degree C

Caltgram degree C

ta2thy

Grains/hr 112 {water vaporl
transmission)

Perms (permeance)

Perm-inches {permeabifity)

Grams/24 hr m2-
.+ .. Metric perms
Meiric perm-centimeters

VELOCITY

Feet per second
Feet per second |, |
Feerper year . ., .
Mites ger hour

Miles per hour

30.48 {exac1ly)
0,3048 {exacily}”

“D.BE5E73 x 106
1.603344 {exactly]
0.44704 (exactly}

Centimeters per second
Maters per socond
Centimeters per second
Kiiumeters per haur
Meters per second

ACCELERATION®

Feet per se::cmd2

“0,3048

Table il

OTHER QUANTITIES AND UNITS

Meters per second?

Multiply

To obtain

Cubie feet per seeond
(second-feet)

Cubic feet per minute

Galtons {U.5.) per minuie

“p.oz28317 Cubic meters per secand
04718 Liters per second
Liters per second

FORCE"

Peunds
Pounds
Pounds

*0.453592
32,4402
*4.4482 x 109

Kilograms.
Newtons

Cubic feet per square foot per day (seepage)
Found-seconds per square fopt {viscosity}

Squsre feet per second {viscosity)
Fahrenheit degrees {change) ®
Volspermil .. ......%
Lumens per square foot {fcot-can
Dhm-ircuiar mils per foot
Millicuries per cubic foot
Milllamps per square foot
Gailons per square yard

Feunds per inch

. Liters per square meter per day
. . Kilogram second per square meter

. . Sguare meters per secontd

5/9 exaetly . . .. Celsius or Kelvin degrees [changs}*
: Kiiovalis per millimeter

Lumers per square meter

C.nme-square millimeters per meter

+ v s . Millicuries per cubic meter

Milliamps per square meter

Liters par square meter

Kilograms per ¢entimeter

GPQ B35 - 168
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ABSTRACT

Vertical stilling weils are economical and ideally suited to dissipate high energy pipe
flow. Model studies established general design criteria for vertical stilling wells using a
standard sleeve valve, Dimensionfess parameters based on design discharge, Q, and valve
diameter, D, were established to aid the designer in determining optimum well size for a
specific need. Over 100 tests were conductad with 2 laboratory models to determine
stilling weli gmmetry The wave runup measured along the side slape of the dos, ."eam
channel was used for all 1ests as the criterion for the efficiency of energy dissipacion of
aach well configuration. Generally, a well depth-to-width ratio of 1.5 will give the best
results. The corner angle configuration yields a smoother iailwater surface than the
corner fillet and is a more economical design. Pressure’ distribution tests have not
pinpointed the cause of possible concrete erosion in the stilling well but possibly such
erpsion may be alleviated ar complataly eliminated by placing the standard sieeve valve
on the floor and by removing the pedestal and the pipe stand sfeeve supports. A
graphical method of presentation aids the designer in sizing a vertical stitling well. Three
design examples ara included. Has 9 reforencas.
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ABSTRACT

Vertical stilfing wells are economical and ideally suited to dissipate high energy pipe
flow, Modei studies established general design criteria for vertical stilling wells using a
standard sleeve valve. Dimensipnless parameters based on design discharge, Q, and valve
diameter, D, were established to aid the designer in determining optimum well size for a
specific need. Over 100 tests were conducted with 2 laboratory models to determine
stiiling well geamet-y. The wave. runup measured atang the side slope of the downstream
channel was used for all tests.25 the criterion for the efficiency of energy dissipation of
each well configuration. Generaliv, a well depth-to-width ratio of 1.5 wili give the best
rasults, The corner angle configuration vields a smoother tailwater surface than the
camer fillet and is a more economical design. Pressure distribution tests have not
pinpointes? the cause of possible cancrete erosion in the stilling well but possibly such
erosion may be alleviated or col'l"lplgselv eliminated by placing the standard sleeve valve
on the floar and by remaoving the pedestal and the pipe stand sleeve suppprts. A
graphical me:hod of presentation aids the designer in 5;:mg a vertlcal stilling well . Three
design examp-=s are mcluded Has 9 referunces.
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ABSTRACT

Vertical stilling wells are economical and ideafly suited to dissipate high energy pipe
flow. Model studies established general design criteria for vertical stilling wells using a
standard sieeve valve. Dimensionless parameters based on design discharge, Q, and vatve
diameter, D, were estabtished to aid the designar in determining optimum wel! size for a
specific need. Over 100 tests were conducted with 2 laboratory models to determine
s1ifling well geometry. The wave runup measured along the side slope of the downstream
channe| was used for all tests as the criterion fur the efficiency of energy dissipation of
each well configuration. Generally, a well depth-to-width ratio of 1.5 will give the best
results, The corner angle configUration yields a smoother tailw:ter surface than the
corner fiflet and is @ more eeonomical design. Pressure distribution tests have not
pinpeinted the cause of possible concrete erosion in the stilling wel! but possibly such
erosion may be atleviated or completely eliminated by placing the standard sleeve valve

" on the floor and by remaving the pedestal and the pipe stand sieeve supports. A
graphical method of presentation aids the designer in sizing a vertical stilling well. Three
design examples are included. Has 9 references.

L L LR R T L B I T I I I R

ABSTRACT

Vertical stilling wells are economical and ideally suited to dissipate high energy pipe
flow. Maodel studies established general designscriveria tor veryical stitfing wells using a
standard sleeve valve, Dimensionless parameters based on design discharge, Q, and valve
diameter, D, were established to aid the designer in determining optimum wel size for a
specific need, Over 100 183ts were conducted with 2 laboratory models to determine
stilling well geometry. The wave runup measured along the side slope of the dewiistream
chartnel was used for all tests as the criterion for the efficiency of energy dissipation of
each well configuration. Generally, a well depth-to-width ratio of 1.5 will give the best
results, The corner angle configuration yields a smoother tgilwater surface than the
cornar fillet and is a‘more economical design. Pressure distribution tests have not
pinpointed the cause of possible conerete erosion in the stilling well but passibly such
ergsion May be alleviated or completely eliminated by placing the standard sleeve valve
on the floor and by removing the pedestal and the pipe sitand sleeve supports. A
graphical method of presentation aids the designer in sizing a vertical stiiling well. Three
design exemples are inctuded. Has 9 references,




REC-ER(G-73-3

Burgi, P H

HYDRAULIC MODEL STUDIES OF VERTICAL STILLING WELLS

Bur Reclam Rep REC.ERC-73-3, Div Gen Res, Feb 1973. Bureau of Reclamation,
Denver, 44 p, 43 fig, 4 tab, 9 ref, append .

DESCRIPTORS-/ hydraulic models/ cavitation/ *energy dissipation/ test procedures/
*energy dissipators/ *sleeve valves/ *stilling wells/ hydraulic structures/ hydraulic design/
design criteria/ cavitation contral/ high head/ outlets/ pressure distribution
IDENTIFIERS—/ ported sleeve valve/ vertical stilling wells
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Denver, 44 p, 49 fig, 4 tab, 9 ref, sppend

DESCRIPTORS—/ hydraulic models/ cavitation/ *energy dissipation/ test procedures/
*energy dissipators/ *steeve valves/ *stilling wells/ hydraulic structures/ hydraulic design/
design criteria/ cavitation control/ high head/ outlets/ pressure distribution
IDENTIFIERS—/ ported sieeve valvef vertical stiliing wells
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Denver, 44 p, 49 fig, 4 tah, 9 ref, append

DESCRIPTOARS—/ hydraulic models/ cavitation/ *energy dissipation/ test procedures/
*energy dissipators/ *sieeve valves/ *stilling wells/ hvdraulic structures/ hydraulic design/
design criteria/ cavitation control/ high head/ outfets/ pressure distribution
IDENTIFIERS—/ ported sieeve valvef vertical stilling wells
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Denver, 44 p, 49 fig, 4 tab, 9 ref, append :

DESCRIPTORS—/ hydraulic models/ cavitation/ *energy dissipation/ test procedures/
*energy dissipators/ *steeve v.lves/ *stilling wells/ hydraulic structures/ hydraulic design/
design criteria/ cavitation control/ high head/ outlets/ pressure distribution

IDENTIFIERS—/ parted sleeve valve/ vertical stilling wells




