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. 
For many years the Bureau o f  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 t~ rdceive and stil l discharges / 

from manifolded outlets m i r e  economically than a 
stilling basin have also been recognized. I n  the past. 
individual model studies have been used t o  develop Ie I? I2OIDLIL  CHANNEL 

each specific stilling well design. However, the econom- E L C ~ I I T ~ O ) :  

ics o f  today do not  justify such individual studies on 
small structures. Since no  two  structures were exactly ,, 

alike, attempts t o  genera!ize the design from the 
individual studies were futile. Therefore, a research 0 
program was established t o  develop general design 
criteria for the vertical stilling well. This report reviews 
the laboratory work t o  date and presents design rules ? -.. 
t o  aid the designer in determining optimum well P L A N  s L C ~ l ~ U  &.a 

geometry for his specific need. 

Figure 1. Hydraulic and structural var~abler (corner frllet 

CONCLUSIONS deslgnl 

1. General design criteria have been established t o  
determine well size based on design discharge. a. "k-. 
and diameter of the standard sleeve valve. D. ,,d 
2. Dimensionless parameters have also been estab- 
lished for  the corner f i l let and corner angle configu- 
rations. Optimum values for  the parameters are as -, -. ~ . - 

-- , follov~s: 
+--4 

Comer filler Corner angle TRWE%OIO(IL S X L N N C ~  

C/b = O.lci0 T l b  = 0.053 ~ L E Y A ~ ~ O N  

L i b  = 0.333 J ib  = 0.210 . .. . . , 

K l b  = 0.417 a = 45" 
Z =  1.4 C/b = 0 

n I '  

The well dimens~ons are defined in Figures 1 and 2. 1 " I! 
3. The corner angle configuration yields a smoother 
tailwater surface ihan  thecorner fi l let configuration P L A N  

and is a more economical design. 

Figure 2. Hydraulic and structural vartabler (corner angle 
4. The present method of supporting the pipe stand derlgnl 
and standard sleeve valve should be modified t o  
eliminate cavitation-generating obstructions i n  the 
high-velocity jet leaving the standard sleeve valve. stilling well w i th  the floor properly protected 

against possible cavitation or abrasion damage. 

5. Some concrete erosion o f  prototype stilling well 
walls and floors has been reported. This may be 6. The cause for the erosion o f  concrete in some o f  
attributed t o  the high-velocity roller which develops the present vertical stilling wells has no t  been 
in the zone between the pedestal and the stilling positively identified. However, w i th  removal o f  the 
well wall. It is therefore recommended that  the pedestal and the pipe stand sleeve valve support, 
standard sleeve valve be placed on the f loor of the such erosion may be alleviated o r  completely 



with stainless clad steel plate. Studies indicate that 
protection may be required t o  a height 1.5 D {inlet 
pipe diameter) above the valve seat. 

APPLICATION 

Design criteria for sizing the vertical stilling well are 
established and wil l  be quite useful where the standard 
sleeve valve is used. Additional studies wil l  be required 
t o  properly size the stilling well where a mult i jet 
(ported) sleeve valve is desired. 

2~ , . ~ .  
, 

INTRODUCTlQN 

Mechanics o f  Operation 

Soap Lake, siphon2 were valuable i n  setting the trend 
for later designs. The configurations investigated in the 
model we l l  included: cylindrical f loor pedestal, pedes- 
tal mi th teeth, circular shelf above floor, sqsare blocks 
i n  corners of floor. triangular corner shelves, corner 
f loor blocks with corner fillets on walls, octagonal well, 
circular wall, baffle wall, and corner fillets. The 
coniiguration yeilding the most satisfactory water 
surface was the corner fillet design. The octsgonal well 
also produced a satisfactory water surface bu t  the 
corner fi l lets offered a simpler design. The criterion 
used t o  measure the efficiency of energy dissipation 
was the wave runup along the 1.5 t o  1 sideslope o f  the 
downstream channel. 

The idea o f  using a circular stilling well ?:;as also 
investigated in the laboratory. Data f rom the studies 
suggest a problem wi th surface boils around tile wall of 

, , 5. 

Vcrtical stilling wells (Figures 1 and 21 are ideally 
the stilling well. Axempts t o  place a circular baffle i n  

suited for disripation of high-energy pipe flow. How- the well t o  alleviate the rough surface resulted i n  

ever, the energy dissipation characteristics of the well surface boils around the downspout, creating a rougher 

are quite complex. The pipe discharge enters the surface than before. The unpublished results o f  these 
tests confirmed that the circular well was less effective stilling well alonu a vertical axis through a controi valve 

fastened t o  the f loor of the well at t<e terminus of the than a 

pipe. The high-velocity jet, which leaves the valve seat 
in a radial-horizontal pattern, converges i n  the four 
corners of the well. The convergence o f  the radial f l ow  
results i n  very intense vertical f low in the corners. The 
corner fillets direct this vertical f low f rom the lower 
corners in to the center of the well creating a roller 
action which adds t o  the turbulence and energy 
dissipation. The f low rises vertically in the well where 
it is stilled and then discharged wi th a smooth water 
surface into a horizontal canal or chamber. 

Previous Investigations 

As early as 1947, the Hydraulics Laboratory o f  the 
Bureau o f  Reclamation studied designs o f  the vertical 
stilling well1*, '8 3. The discharge control in the early 
stilling wells utilized an i n4ne  valve. The possibility of 
occurrence of cavitation downstream of the regulating 
valve was recognized and recommendations were made 
t o  develop a suitable cavitation-free control valve', 2. 

. . Modif icat ions-to the original Masonville Siphon turn- 
out  sGuctut? i i ic luded:Placinga i:foot-i~iglt (C.305- 
meter) pedestal on the stilling well floor directly 
beneath the discharge pipe, lowering the discharge pipe 
t o  within 1 foot  (0.305 meter) o f  the pedestal, and 
various modifications t o  the baffle wall between the 
stilling well and the weir box immediately downstream 

I n  the early 1950's a suitable sleeve valve was deve l ,~~  
oped by the Bureau of Reclamation for the Wanship 
Dam stilling wells. The effective energy dlssipation 
characteristics of the vertical stilling well combined 
with the new "sleeve valve" design resulted i n  an 
economic and efficient energy dissipator. Data col- 
lected by D. Colgate during the period February t o  
May 1954 and reported by H. T. ~ a l v e y ~  related the 
required tailwater depth i n  the vertical stilling well t o  
the total head on the valve and the design discharge. A 
procedure was presented i n  the report whereby other 
geometrically similar stilling wells could be sized using 
a scale factor. 

The development o f  the sleeve valve greatly impmved 
the potential. of the vertical stilling well as an energy 
dissipator. The sleeve valve placed the vertical stilling 
well i n  competition wi th other higli-head energy 
dissipators. The success of the vertical stilling well 
prompted the Bureau of Reclamation t o  initiate a 
research program to  develop general design criteria 
covering a wide range o f  heads and discharges. In the 
period f rom 1962 t o  1970, studies involving several 
investigators wereperformed to optimize the design of 
the vertical stilling well. Although unpublished, the 
work was significant i n  developing the generalized 
design criteria published i n  this report. 

- - 

'Numbers designate references at end of text. 
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THE INVESTIGATION 

Phvsical Description of 3-foot Model 

A 3-foot (0.915-meter1 squarc model (Figure 3) con- 
structed for the previous studies was utili7.d for some 
of the tests reported herein. The original model stilling 
well, constructed of wood with sheet metal lining, was 
4 fket by 4 feet (1.22 by 1.22-meter) in plan with a 
maximum available depth of 6 feet (1.8Smeter). I n  
later studies, the well was changed to  a 3- by 3.foot 
(0.915 by 0.915meterI well by placing plywood false 
walls in the larger well. Various diameter downspouts 
ranging from 6 to I 2  inches (15.24 to 30.48cm) were 
tested. The distance between the downspout and the 
stilling well floor could be varied through the use of an 
adjustment mechanism consisting of a dresser coupling 
and three threaded rods supporting the downspout. 
which were connected with sprockets and a link chain, 
Figure 3. 

Figure 3. View of 3.foat model. Pharos P801-D-73020 and 
P801-0-73021 

The downstream portion of the model consisted of a 
trapezoidal channel with 1.5 to  1 side slopes. The 
bottom width of the channel. w. was 3 feet (0.915- 
meter), the same as the well width, b. Flow war 
supplied to the model by a 12-inch (30.48-cm) 
centrifugal pump and was measured by one of a bank 
of Venturi meters permanently installed in the labora- 
tory. The tailwater elevation was controlled by an 
adjusreble tailgate. This model was used to confirm the 
tests conducted on the 9-inch (22.9-cm) model. 

Physical Description of Sinch Model 

A 9-inch (22.!).cm) square plexiglass model (Figure 4) 
was constructeiJ to a 1:4 scale of the large model and 
used for the majority of the tests by the author. The 
plexiglass model had several obvious advantages over 
the larger model. The research program called for a 
thorough study of the stilling well geometry. Varia- 
tions in the well depth, valve opening, and fillet size 
and location were easily made in the small model.The 
capability to observe and photograph the flow patterns 
in the well proved very helpful throughout the investi- 
gation. 

Figure 4 Vtewof 9wch model Photo P80107a030 

A 2-inch (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 i o  90 pounds per square inch (0.63kglsq 
cml. A valve upstream of the model throttled the ilow. 
A tail box with a 90' V-notch weir was used.:to 
measure the discharge. Head immediately upstreak of 
the sleeve valve was measwed with a mercury m'ano- 
meter. Wave runup on the side slopes o i  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. 



t~ f i ed  i n  the s t ~ d y  were: 

Var~ables 0, g, D, d, b. C, J, K. L. T, 2, a, H, a, Y 

~3 Y 
Dimensions -. -. V, S, S. Y, S, Y. 9 ,  V. 0.0. P. V ,  P 

t t2 
where P = length and t = time 

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

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

h=fl(Q,g.D,d,b.C,J.K,L,T,Z,a,a,Y) 

There are 15 variables and 2 dimensions. Using the 
Buckingham n - theorem, the variables may be 
arranged into 13 independent dimensionless groupings. 
The method used to  d;:?rmine the, groupings of the 
variable i s  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 csliectively 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 veviables are selected. The variables g and b 
will be the repeating variabies. The variable, g, has both 
dimensions, P and t, and b is the basic well variable. 

The 13 groupings follow: 

nl = gX bY Q "7 = L/b 

n2 = D lb  ng = T l b  

n3 = d/b n g = Z  
"4 = C/b n l o = a  
ng  = J b  "11 = h/b 

ng  = K lb  "12= alb 
"13= Y/b 

The two reperilingvariables were used only in the first 
grouping since there are no other unique groups which 
can be formed using both.variables. Since Z and mare 
dimensionless, they form' independent groups. 

To determine the exponenrs x, and y ,  in nl: 

nl=g~bv[l= (at-2)x (n)v (a3t-1) 

Since n l  is to  be d~mensionless, the expondents of the 
dimensions and tare. In turn, set equal t o  zero. 

for ( t l  -2x - 1 = 0 

Therefore 

and 

,I ,.', 
It is convenient to!; " 

h 
3. Uivide rill by T ~ ~ - -  ( ~ i ~ ~ ~ ~  5) 

Y 

Therefore. 
Well Ccrner Geometry 

a2 D d m ~  L T  - - -  - -  - - - 
$,5' b' b' b' b' b' b' b' 

or 

h f a2 n 2.0) (1) 

where n =any of the length variables. 

.:z> 

In  the tests for optimization of the well geometr~:the: 
va!vp opening was constant at 100 percent !defi$Gi a; 
a/D = 0.5) and the water depth  in the cai$was$> 
maintained at a constant ratio o: Y lb  = 0.5. 

,.> 
The S.inch (22.9-cm) model viith a 2-inch (5.08-cm) 
valve was utilized to  develop the optimization of the 
stilling well upon which the general design criteria ar3 
based. The Dlb  ratio for the test; was thus 0.22. Table 
1 illustrates the values of each variable tested. Over 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 :he 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 wave 
amplitude was assumed to follow a Normal distribution 
such that: 

Xg5= 1.645a+ur 

where Xg5 was the wave amplitude, h, along the side 
slope [Figure 1 )  which 95 out of 100 waves would not 
exceed, 1.645 is from statistical tables for Normal 
distributions at the 95 percent probability level, U is 
the population standerd deviation, and fl is the 
populdt~on mean. Since measurement of p and o is 
not possible, the sample mean (3 and the sample 
standard deviation (s) of 40 observations were used. A 
computer program performed the computation for 
Xg5 with 40 wave amplitudes taken from the wave 
trace. For each test setup, three or more discharges and 
assoctated wave traces were obtained. 

TEST RESULTS 

Sizing the Vertical Stilling Well 

In order to  prezent the designer with a concise and 
accurare method o f  sizing the vertical stilling well, a 
graphical method o f  presentation was adopted. Equa- 
tion (1) implies that the degree of energy dissipation, 
represented by the downstream water surface wave 
action, h/Y, is a function of the flow parameter. 
Q ~ / ~ D ~ ,  and several dimensio&!ss parameters, n/b Z 
and 0, representing vario"s:a$e2ti o f  thestill ing well 
geometry. The variables C. J, K, L, and T represent the 
dimensionsfor the well corner getmetry (Figures ! and 
21. Previous investigations have attempted to  express 
thess variables as constant dimensionless parameters. 
Assuming these variables can be expressed i n  this 
manner, the remaining parameters are; Q ~ / ~ D ~ ,  h/Y, 
D/b. and d/b. Figure 5 illustrates the proposed relation- 
ship, h/Y = f ( ~ ~ / g ~ ~ .  D/bl for d/b = constant. 
Individual graphs reprzsentingdifferentvaluesof dlbare 
presented in the General Design Criteria section of this 
report. The development of these graphs will follow 
the optimization of the dimensionless parameters. 

The designer will bs equipped t o  size the vertical 
stilllng well once the graphs and optimization of the 
dimecsionless parameters are established. The f low 
parameter, Q ~ / ~ D ~ ,  can be calculated upon selection 
of the design discharge, 0, 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 smaller d/b ratio may be 
desired. Another aspect to  be cons~dered is the 
high-velocin/ 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 stilling well wall. In  

general a d/b ratio equal t o  1.5 will give the best 
results. 

As shown in Fiqure 5, the proper selection of the 
pipe diameter to  well width value D/b, wi l l  depend on 
the desired value of h and the calculated value o f  
Q~ I~D~.  Once the D/b value has been selected, the 
value for b and the other variables can be calculated. 
since the pipe diameter, D, is known. 

Fvgure 5. Concept of general destgn curves 

Corner Fillet Design 

In  the development o f  a vertical stilling wellcfesign for 
Soap Lake siphon2, corner fillets similar to  those 
shown in Figure 1 were tested and found to  yield a 
very smooth water surface. The corner fil let 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 measu+ments in 
the present study are expressed in dimensionless form 
applicable to  a wide range of discharges. 

Table II lists as dimensionless parameters the optimum 
fillet measurements developed by various investigators. 
As indicated i n  Table I\, an approximate value of K/b 
equal to 0.415 was the consensus of the investigators. 
I n  plan,this yields an octagonal vertica1,water passage. 
There was considerable scatter amoe ithe values for 
Jlb, C/b, and 2. As a result of this revkh, studies were 
undertaken on the 9-inch (22.9-cm) model to  deter- 
mine independently the optimum values for J/b, Clb, 
and Z. 

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



Variable I Values tested-inches (cm) 

. . 
a' 0. 1.2 (0,2.54,5.08) (Figure 1) 
D' / 2-112.3 (6.35.7.62) IFiaure 11 

Table I I  

OPTIMUM DIMENSIONLESS PARAMETERS DEVELOPED BY VARIOUS INVESTIGATIONS 

Project dlb Klb Jib ' 
-- 

Clb 
- 

Z 

Soap Lake 1.5 0.41 1 0.241 0.135 0.7 
Wanship 1.5 0.41 1 0.250 0.250 0.7 
Work by Denson 1.0 0.417 0.445 0.021 1.4 

1.5 0.417 0.666 0.1 04 1.4 
2.0 0.41 7 0.890 0.188 1.4 

'Work by Matchett 1.5 0.269- - 0.095 1.4 
0.472 

'Work by Wu 1.5 5.269- - 0.100 1.7 
0.472 

Work by author 1 .O 0.41 7 0.190 0.100 1.4 
1.5 0.41 7 0.225 0.100 1.4 

"Unpublished 



F w r e  6a. hlY vr. Q2@ for varmhle C 

F w r e  6b. hlY vr. Q 2 / g ~ 5  for varmble C 

- 



Detern~ination o f  the optimum fillet height' ratio 1.4 to 1.0 slope compared to the 0.71 t o  1.0 slope 
C/b-A series of tests was conducted, varying C, for (Data Sheet 6). The top slope of the corner fillet is not 
several values of Jlb. Figure 6a i s  a plot of the test critical and can be in  the range from horizontal t o  1.4 
results obtained for well depth d equal t o  well width b, to 1.0. 
or dlb = 1. Figure 6b is  a plot of the test resl~lts 
conducted for dlb = 1.5. Data from this series of tests In order to observe the flow patterns present in the 
are tabulated on Data Sheets 2 and 3 in the Appendix. well, air was injected icto the.,upstream pipe, after test 

data were recorded for eacil"tm. Photographs were 
A tailwater surface f!uctuation of h/Y = 0.080 was taken through the sidewall with the air bubbles 
selected as the standard on which to compare the illuminated by light through 114-inch s l i t s  in the center 
effic;mcy of energy dissivatih for various fillet height of the otherwise darkened sidewalls. Photographs were 
ratios, 2lb. Figure 7 illus:rates the optimization of the also taken to show the flow pattern around the corner 
dimensionless parameter Clb using several plots repre e t s  or corner angles. Figure 11 best illustrates the 
senting different J lb values to maximize Q21gD5 wit' w pattern for the recommended corner fillet design. 
resp?ct to Clb. bared on hlY = 0.080 from figures S 
and 60. The various curves in Figure 7 indicate I rner fillet work by Denson-in 1966, Keith H::,~~: 
following trend: won* completed a series of tests using the Sfoot 

(0.92-meter) vertical stilling well model. H- established 
when dlb = 1.0, Clb = 0.100; constant values for the dimensionless parameters Cld, 
when dlb = 1.5. Clb = 0.100 Jld, and K/b, based on studies for well depth to width 

ratio, d/b = 1.5. He assumed the values for these 
It is  therefore concluded that the variable C is directly parameters also would be constant for d lb  = 1 and d/b 
proportional to the variable b, and that the dimension- = 2. Fi ure 12 illustrates the relationship between h1Y 2 less parameter Clb = 0.10 represents the optimum and Q 1 9 ~ ~  for dlb = 1 and dlb = 1.5, using Denson's 
value. and the author's data for the 3.foot model where Dlb 

= 0.22 (Data Sheet 7). The duplication of the data for 
Determination of the optimum fi!let length ratio dlb = 1.5 further adds to ?lie validity of Clb = 0.100 
Jh-A series of tests was also conducted, varying J, for since the value of Clb for Denson's work ' 
several values of C/b. Figure 8a is  a plot of the test to the author's (CIb := 0.104) for dlb = 1. 
results conducted for d/b = 1.Sand Figure 8b for d/b = 
1.5. Data from this series of tests  are tabulated on Data 

However, data for dlb = 1.0 dono t  agree, Figure 12. 
Sheets 4. 5. and 6. The author's data indicate less wave height, hIY, for a '. 

given value of C12/g~5 than those data given by 
Figure 9 illustrates the optimization of the fillet length 

Denson's studies. Table II also indicates a considerable 
ratio. Jib, using several' plots re resenting different difference in the value of the fillet height ratio, C/b. P .  values of Clb to maximize Q2/gD wlth respect to Jlb 

for Densonas and the author.s optimum value at = 
based on h/Y = 0.080 from Figures 8a and 85. The 

i0.021 vs O.lOO), 
various curves of Figure 9 indicate the following trend: 

The optimization curves for Clb and Jlb in Figures 7 
when d/b = 1.0. J/b = 0.225; and 9 indicate that for values below their respective 
whendlb = 1.5, J lb = 0,190 o ~ t i m u m  value the curves fall off rapidly. For values 

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

Determination of the bottom slope, z - ~ h e  early 
'vertiul stilling weils such as Soap Lake and Wanship 
had a bottom slope on the corner fillet of 0.71 to 1.0. 
Later investigations in the laboratory showed that a 1.4 
10 3.0 bottom slope on the corner fillet resulted in a 

. much smo~ther water surface. Figure 10 illustrates the 
improved tailwater surface fluctuation h1Y with the 

above the~r  respective optimum value t h ~  curves 
decrease much more slowiy. 

.. ' 

The fact that the fillet length'ratio, JI~, for Denson 
and the author do not agree for dlb = 1.5 (Table 11). 
although the design curves agree in Figure 12, i s  an 
indication of the relative unimportance of the value of 

-J/b once above the optimum value of-0.210, iigure 9. 
,,, . 

Denson established a series of curves for values of Dlb 
= 0.33. 0.28. 0.22, and 0.17\on three graphs for d/b= 
1.0. 1.5, and 2.0. These culves are shown in  Figure 13. 
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V E R T I C A L  STILLING W E L L S  

Figure 9. Optimization of J/b 
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Figure 10. h/Y vr. C12/g~5 for variable Z 
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a. Flaw Wtrern in well bottom. View from side b. Flow pattern around corner filler Vlew from corner 
P801-a73025 P801-D73026 

Figure 11. Corner fillet design 
Clb-0.069. J/b=0.167, KIb=0.415.2= 1.4 

Figure 12. Optimum hlY us. a 2 1 g ~ 5  3foat model Figure 1 3  h1Y vs. Q ~ / ~ D ~  Work by Demon: 



Since Flgure 12 verified the agreement between Den- 
son's and the author's data for d/b = 1.5 when Dlb = 
0.22, the curves of Dlb = 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 sizlng the vertical stilling well. 
Since the optimization curves for C/b and Jlb (Figures 
7 and 9) decreased very slowly for values above the 
optimum and since Denson's Clb and Jlb ratios for dlb 
= 2.0 both exceeded the optimum ratio, Denson's d/b 
= 2.0 curves were accepted for use in the General 
Design Criteria sectton. However, data for d/b = 1.0 
were not accepted due to the disagreement in F tgm 
12. 

Corner Angle Design 

The 9-~nch (22.9-cml stilling well was also tested using 
small angles, which on the prototype scale would be 
ordlnary angle iron and would result in a more 
economical stilling well. The optimum angle length, i, 
and angle width. T, were determined with respect to 
well width, b, Figure 2. The height of the angles above 
the well floor, C and angle, a, were also determined. 

Determination o f  the optimum angle width ratio, T/b. 
and length ratio, Lh-To optimize the angle width 
radio. Tlb, a series of tests was conducted, varying T, 
for several valties of Llb. Data from these runs for dlb 
= 1.0 and dlb = 1.5 arc presented on Data Sheet 8. As 
with the carner fillet tests, a tailwater surface fluctua- 
tion, h/Y = 0.080, was selected as the standard on 
which to compare the efficiency of energy dissipation 
for various T/b ratios. Figure 74a illustrates the 
relationship between h/Y and Q ~ / ~ D ~  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. Lib. 
was optimized. Data from these tests are presented on 
Data Sheet 9. Figure 15 illustrates the relationship 
between h1Y and Q ~ / ~ D ~  for dlb = 1.0 and dib = 1.5. 
Figure 16 illustrates the optimization of the T/b and 
Llb parameters by maximizing the flow parameter 
Q ~ / ~ D ~  with respect to Tlb and Lib based on h/Y = 
0.080 from Figures 14 and 15. The curves in Figure 16 
which extend over a wide range of Lib and T/b values 
maximize the flow parameter. Q ~ / ~ D ~ ,  a t  

Lib = 0.333 
and Tlb = 0.053 

Determination of rhe Angle, a- Tests were also 
wndukted to optimize the angle, a, Figure 2. Data 
from three tests are presented on Data Sheet 9. Figure 

"& 
V E R T I C A L  S T I L L I N G  W E L L S  

Figure 14% h/Y vr. CI2/g05 for ~ r i a b l e T  

Figure 14b. Figure 14c. 



Determination of the variables a' and C-Four tests .- were conducted to determine the optimum values of 
ped?s;d height, a', and corner angle height, C. above 

m- the:.iloor. Figure 18 illustrates these four tests. The 
2- flow parameter, Q * / ~ D ~ ,  is  approximately the same for 

m- a' = 0 and a' = 1.0 inches (2.54 cml but less for a' = 
2.0 inches (5.08 cml i ~hen  h/Y = 0.080. .- 
The pedestal does notimprove the energy dissipation 

mm characteristia of the well. Figure 19 illustrates the 
flow pattern in the bottom of the well for a' equal to ~- 

a ,  0, 1 inch (2.54-cml and 2 inches (5.08-cml. 
"c..#c.L %.,LL,". .CLL. 

In Figures 198 and 19C a high velocity roller i s  noted 

Figure 15. h/Y vs. ~ ~ / g l J ~  for Mriable L 
under the jet and bounded by the floor and pedestal 
walls. Any debris caught in the roller, including fine 
sediment, a u l d  produce a highly abrasive action 
against the concrete surfaces. The advantage of elimi- 

20.0 nating the pedestal, as shown in Figure 1QA is evident. 

Figure 20 illustratbs the flow pattern with a' equal to 
1.0 inch (2.54-cm) and pedestal diameter D' e q d  to 

13.0 3.0 inches (7.62-cml. This flow pattern is very similar 
" 
0 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 

10.0 of the sidewailrard floor. 

The energy dissipation characteristics of the stilling 
well are not improved by the pedestal, Figure 18, and, 

5.0 since there is a potential for abrasion damage on the 
0. 00 

L/b 

20.0 

-0  

13.0 

m 
0 

s m.4,. 
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10.0 
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V E R T I C A L  S T I L L I N G  W E L L S  o v r  us wlo.  
*E",lC.L .11LII".  . ILL. 

Figure 16. Optimization of T/b and Llb Figure 17. Optimizetion of ol 
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Flgure 18. h/Y vs. 021gD5 for var~abler a' and C 

boundaries of the well, it is recommended that the 
pedestal not be ~ticludea in future designs. 

Raising the corner angles off the floor actually de- 
creases the well efficiency with respect t o  wave action, 
Figure 18. Therefore. C = 0 was selected. 

Figure 21 illustrates the energy dissipation characteris- 
rics of the verrical stilling well using angle irons in the 
corners. Run 67. 

It is instructive to  compare the corner fillet design 
(Figure 1 I! with the corner angle design (Figure 21). 
The turbulent roller action (dark area in lower portion 
of well1 occurs lower in the well with the corner angles. 
resulting in a fairly uniform vertical f low i n  the upper 

, . 
half of the well (Figure 2lb). 

a. No pedeaal. D '=  2-112incher. Photo P801-0-73024 

b. a ' =  1 inch, D'= 2-112 inches. Photo P801-0-73027 

c a'=  2 inches. D '=  2-118 inches. Photo P801-U-73023 

F w r e  19. Effect of pedestal helght on flow patterns 



Figure 20. Flow pattern wirh wide pedestal 

a' = 1" P801.D-73022 

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

b. Flow pattern around corner angles. View from corner 
P801-0.73029 

F w r e  21. Corner angle derlgn 
Tlb = 0.053. Llb = 0 333. u = 45' 

Pressure Distribution 

Several vertical stilling 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 i n  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 field 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 supports. The floor tends t o  
erode between the pedestal and sidewalls as shown, and 
at times. actually undercuts the pedestal. 

S E C T I O N  A - A  

Erosion l -rF-77 
A 

A- B volve 
supwrts 

E r o s ~ o n  

Figure 22. Typical stilling well erosion patterns 



A test program was conducted t o  study pressure 
distributions i n  the erosion areas. The 9-inch (22.9-cm) 
plastic stilling well was equipped wi th 23 piezometers 
and the pedestal used on  some of the tests had an 
additional 8 piezometers. as shown i n  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 minimum 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 
recorded). The series of tests related t o  pressure 
distribution i n  the stilling well was conducted using a 
2-inch (5.08-cm) plastic sleeve valve constructed geo- 

FLOOR AND PEDESTaL PlEZOMETER LOCATIONS 

PEDESTAL WALL PlEZOMETER LOCATIONS 

metrically and dynamically similar t o  a 12-inch (30.5- 
cm) prototype valve. 

Standard sleeve valve-The standard sleeve valve investi- 
gations cons~sted of studies involving a sleeve valve 
design similar t o  the conventional Bureau of Reclama- 
t ion sleeve valve, where the f low leaving the valve 
spreads radially from the t op  of a pedestal. The head 
loss coefficient, K, for a/D = 112 was about 1.84 at 
maximum opening. 

1 ~ = - = ~ g a h  , where Ah is the static head difference 

cd2 v2 - 
f rom the inlet of the valve elbow t o  the water surface 
in the well. V is the mean velocity based on  the 
nominal pipe area. 

Fisures 24 and 25 illustrate the piezometric head on  
the walls, floor, and pedestal of the  conventional well 

Figure 24. Stilling well pressure distribution run no. 2 

<, 

Fiwre 23. Sinch Model pierometer loeations Figure 25. Stilling well pressuredirtribution 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. It 1s interesting t o  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 prevwres near and 
below static head. The pressure.gradients in the area of 
piezometers 20 through 23  indcate a zone o f  very 
unstable f low along the wall. Piezometers 29-30 on the 
pedestal are below static. This reglon is covered wi th 
steel in field installations. Although the afore- 
mentioned zones show trends toward l ow  pressures, 
they are b y  no  nleans in the subatmospheric range 
where damage as indicated in Figure 2 2  could be 
considered caused by cavitation. 

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

TO compare the well pressures without a pedestal t o  
those mentioned above, a false floor was added t o  the 
model t o  simulate removal of the pedestal and the 
standard sleeve valve was tested wi th the corner fillets 
and angles. Figures 27 and 28 illustrate the wall 
pressures wi th the radial jet on the well floor. Pressure 
measurements on the floor close t o  the valve are similar 
t o  those found on t op  of the pedestal (No. 29-31) i n  
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 wi th the valve on the 
pedestal. However, the pressure gradients in this area 

Figure 26. Typical cawtation cloud in jet of standard sleeve 
valve (2-nnch model) P801-D-73031 

Figure 27. Stilling well pressure distribution run no. 4 

F w r e  28. St~llmg well pressure drstribut~on run no 3 

are no t  as great w i t h  the valve on  the floor. A possible 
area o f  concern may be i n  the corners of the well i n  
back of the apex of the corner angles. The pressures i n  
the corner (Figure 271 are no t  nep t ive  but  there is a 
tendency for lower pressures in this area. If this were a 
problem at high head differentials. ( ~ n  wells without 
steel lining). a triangular steel plate could be welded 
across the corner angles and extended above rhe 
maximum sleeve travel o f  the valve. 

Although the pressure distribution tests d id 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 i n  the stilling well. It is 
the author's opinion that the conventional sleeve valve 
should be placed on  the floor of the stilling well t o  
eliminate the roller under the jet and that the fioor and. 
possibly the sidewalls o f  the well should be steel lin?d 
t o  an elevation equal t o  1.5D t o  protect the concrete 
from erosion. The second area involved the present use 
of the pipe stand and valve support si:ucture. The legs 
of the structure Placed i n  the high-velocity jet provide 



based on  desired valve f low capacity, stilling well size. 
and size of possible debris i n  the water. 

In the pan, water delivery systems developed by the 
Bureau of Reclamation have transporred untreated 
water where debris would have presented a real 
problem wi th the mult i jet discharge valve. With the 
increased delivery of municipal and industrial water. 
some of which i s  treated, the mult i jet discharge valve 
appears t o  have real potential, especially in situations 
where thrott l ing of high heads i s  necessary (above 150 
feet). 

an excellent opportunity for a low-pressure zone t o  
form immediately behind the legs, wi th 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 i n  the 
high-velocity jet leaving the valve. 

Ported sleeve valve-Modif~cations b y  ~ i l l e r ~ ,  Winn 
and ~ o h n s o n ~ ,  and ~ohnson' t o  the original Bureau 
sleeve valve design have resulted i n  the use o f  the sleeve 
valve i n  stilling wells with differential heads up t o  400 
feet (122-meter]. The basic change i n  design has been 
referred t o  as a ported valve or multriet discharqe value. 
Figure 29. ?here instead of a solid jet expanding I n  an effort t o  develop ports which could pass a certain 
radially.,.;hierous small jets discharge :hrough Ports as size debris, studies were conducted t o  determine 
the interior sleeve portion of the valve rises. The small pressures on the walls and floor for various por t  
ports provide a maximum jet surface area which shears configurations. The theory behind the mult i jet valve is 
against the water in 'the stilling well, creating small the dissipation of the high-velocity jet by viscous shear 
scale turbulence. FIouse8 and Albertson, Dai, Jensen, between the jet and the surrounding tranquil f lu id  
and flouse9 discuss th i~haracter is t ics of a submerged (Figure 30). The core of a single submerged jet i s  
jet. The smaller the pij:ts the greater the energy penetrated by the viscous shear unti l  the center 
dissipation of the jet. Limitations on size o f  ports are velocity is dissipated. A n  equation o f  the form. VX/VO 

= K m, de&ribes the jet CL - velocity. VX, at 
distance. X, from the jet origin based on the jet 
velocity at the origin, V o ,  and the diameter of the 
port. D o .  K is a constant based on  the shape of the 
port. The core velocity,?JX, is thus proportional t o  the 
port diameter, Do, distance from the origin. X, and 
port velocity, Vo .  

Overflo-* weir 

00 

. Figure 31 illustrates several types of ports.cested t o  
compare energy dissipation with that produced by the 
standard sleeve valve. The four.port design was tested 
on the pedestal. A l l  other configurations were tested 
on the floor of the well. The orientation of the ports 
withrespect t o  the square well are shown i n  Figure 32. 
The sleeve travel was adjusted for each port conf;$u- 
ration such that the head loss across the valve waAhe 

I .  same for the discharge based on the standard sleeve .: .. 
Figure 29. Mullijel sleeve valve , valve tested earlier. Table Ill lists the various por t  
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Run 
No. - 

1 

1 

3 

3 

5 

6 

7 

8 

9 

10 

11 

12 

Table I l l  

VARIOUS PORT CONFIGURATIONS TESTED 

Port 
configuration 

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 slats 

16 slots 

118.inch holes 

. , .. 

D~atance of 
valve seat  

in (cm) 

1-314 
(4.44) 
1.314 

(4.44) 
10 

10.64) 
25 

(0.64) 
0.88X0.79 2 

(2.24X2.01) (5.08) 

I 8  dia 
3.2 mm) (2.03) 

-- 

Model 
head loss 
f t  (rn) 

51.6 
(15.48) 
41.0 

(12.301 
51.6 

(15.48) 
41.0 

( 12.30) 
51.6 

(15.48) 
41.0 

(12.30) 
41.0 

(12.30) 
41.0 

(1 2.30) 
41.0 

(12.30) 
41.0 

112.30) 

Discharcp 
cfs (rn3"s 
-- 
O.iO0 

(@gJ21~) 
0.210 
(0.00511) 
0.100 

~0.002'1) 
0.210 

(0.005 3 
0.100 
l0.002:3) 
0.210 
:0.0059) 
0.210 
0.0053) 
0.210 
0.00591 
0.210 
0.0059) 
0.210 
0.0059) 
0.210 
D.OC591 
3.210 
1.0059) 1 
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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  determin? the flow characteristiu of the - - - %  =..= ..-. , . ,b. on.. 
ported sleeve valve, the %inch stilling wr l lmodel with 
corner fillets was modified as showii in~Figure 33. 
Piezonetern 11 through 14 and 16 through 23 were 
utilized and three pielometers were placed i n  the false 
floor (Pierometers 32, 33, and 34). Data forthere tests ... 
are given on Data 3heets. 10.' 11, and 12. Water .a , 
manometer pressures for the various port configu- 
rations tested are shown in Fig'ilres 34 through 41. 

In  general, the port configurations which yielded the .... 
lowest impact pressures on the wall were those which 
had a small dimension in at least one direction. The 4.. Figure 34. Stilling well pressure distribution run no. 5 - 4 
8, and 12-port designs created a jet too thick to  Do% 
diffuse in the short distance from the valve t o  the 
stilling well wall. The 16-vertical-slot configuration had 
slot widths which varied from 0.14 inch (0.36.cm; t o  
0.22 inch (0.56cm). varying with the distance, X. from 
the valve t o  the stilling well wall (largest slots opposite . .  

--- 5.0.,c v.,* . z,. ao.. . ,*,om." 

l*l.."..l"l.. 1. I*., 

Figure 35. Stilling well Prsssure distribution run no. 6 -8  
porn 

Figura 36. Stilling wall Pressure distribution run no. 7 - 12 
F~gure 33. Piezometer locations for well without pedestal ports 



Figure 37. Stilling well pressure distribution run no. 8 - 4  
slot. 

Figure 40. Stilling well pressure distribution run no. 11 - 
76 do- 

Fwre 38. St~ll~ny well prsssure distribution run no. 9 - 16 
slots 

Figure 39. Stilling well pressure dirtribution run no. 10 - 
16 slok 

Figure 41. Stilling well pressure distribution run no. 12 - 
Its" 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 well indicate good flow distribution by the 
1Svertical slot multijet valve. 

A port ccnfiguration using 1184nch L0.32.cm) diameter 
holes was also tested. Although the well wall pressure 
distribution w 8  more even than that for the standard 
valve, a negative pressure was observed on the wel: 
floor near the valve at P~ezorneter 33, Figure 41. It 
appears that this low-pressure zone could be corrected 
by raising the ports higher off the floor. The Metre 
politan Water District of Southern Califorma experi- 
enced a similar situation with a 12-inch test valve7. 
These preliminary tests indicate that more extensive 
tests are needed t o  relate stilling well pressures t o  port 
size, flow velocity, height of ports above floor, and ' 



distance from 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 9-inch (22.Scm) 
model, it was noted that the tailgate assembly of the 
model channel reflected the surface wave back u p  
stream to the capacitance probe. When tested later for 
verification on the 3-foot (0915meter) model, the 
wave height variable. h/Y, for a given vallre of 
was consistently higher for the 9-inch (22.4cm) model 
than that observed in the 3-foot (0.915-meter) model 
for both the corner fillet and corner angle configura- 
tions. 

Figure 42 describes this difference. Runs 101 and 203, 
80 and 205, 67 and 200, and 69 and 204 represent 
corresponding tes ts  in the 9-inch (22.9-cm) and 3-foot 
(0.915meter) 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 
%inch (22.9-cm) model investigation were used only to 
optimize the stilling well dimensionless parameters; 
Clb, Jlb. Klb, L/b. and Tlb. The 3-foot (0.915meterJ 
model data were used to describe the design curves 
presented in the General Gesign Criteria section. 

General Design Criteria 

Thc results of the tests on the 9-inch (22.9-cm) and 
3foot (0.915-meter) stilling well models by the author, 

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 travel equal to one-half 
the pipe diameter, a/D = 112 and the ratio of tailwater 
depth to  well width, Ylb = 0.5. The standard sleeve 
valve is defined as an unported sleeve-type valve with 
an internal control stem passing through the valve 
elbow. Data are presented graphically for the c-rner 
fillet and mrner angle designs. The corner angle 
configuration has not been field tested but the model 
studies indicate a smoother tailwater surface than that 
produced by the mrner fillet, and it is  a more 
economical design. 

Figures 43,44, end 45 present the relationship 
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Figure 42. Model verification curve 

Figure 43. h/Y v+ 02/gD5 for dlb= 1.0 

*ha 

Figure 44. h/Y vs. Q ~ / ~ D ~  for d/b= 1.5 



Figure 45. hlY us. OZ/gd for dlb = 2.0 

for d/b = 1.0, 1.5, and 2.0 as described earher in Figure 
5. The dimensionless parameters C/b, Jlb, K/b, Llb, 
and T/b have also bepn determined. Figure 43 shows 
the results of the autl~ori work for dlb = 1.0. Figure 44 
shows the results of Denson's and the author's work 
for d/b = 1.5 and Figure 45 shows the results of 
Denson's work for dlb = 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. 0, and the pipe 
diameter. D, will generally be known by the designer. 
For cases where the well i s  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 i s  
known. Therefore, the data used to plot Figcres 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 i f  a depth to width ratio, 
d/b = 2.0, i s  selected and it i s  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 i f  the corner 
f i l let  were used. The step by step procedure for 
designing a vertical stilling well will be illustrated in the 
Design Examples. 

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

this report. With the trend &ward.highdr hdad differen- 
tials across the sleeve valve, whether standard or 
purred, the need arises for a research effort in the area 
of determining allowable jet velociries ax the concrete 
wall of the stilllng well. This question can be circurn- 
vented by lining the lower area of the well with steel 
plate. 

There is  some evidence that the present design of the 
standard sleeve valve may result in damage to  the 
stilling 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 ~ o h n s o n ~  
detected cawtation noise and vibration above 100 feet 
130.48-meter) of head differential across the valve. 

Table I V  is a tabulation of standard sleeve valves 
installed by the Bureau of Reclamation. Damage to the 
stillmg well walls and floor, and breakage of the 
control stem have been reported on some of these 
~nstallations. However, there is no positive correlation 
between the damage and head differential across the 
valve. 

Design Examples 

Design Example No. 7 

Design a stilling well for a zleeve.type valve discharging 
a maximum flow of 220 cts 16.23 m3/secl with a total 
head, HT. a t  the valve of 250 feet (76.2-meter). The 
flow discharges into a trapezoidal canal with 1.5 to 1 
side slopes and it is desired,to have a wave height, h, 
less than 3 inches (7.62-cml one well width, b, from 
the well. 

where: 

v* -=  
2s 

pipe velocity head, ft. 

AH = Pressure head loss measured from 
the valve inlet flange immediately 
upstream of the elbow to the 
downstream canal water surface, 
ft. 





I 
Corner fillet- - 

F~gure 48 dlustrates the head loss coefficient, 
2gAH K = -  
v 2  

, for the 2 inch (5.08crn) model sleeve valve 

tested in this study. Therefore for a valve 100 percent 
open K = 1 .&l or: 

v 2  2 v 2  kT=-+  1 . 8 4 ~ = 2 . 8 4 -  
2s 29 29 

v2 H~ 250 88,0 ft -=-=-= 
29 2.84 2.84 

and V = 75.3 ftlsec 

Smce Q = VA 

A=-=-= 220.0 2.92 ft2 
v 75.3 

Corner Fil lets ---- Corner Angles 

Yb .0.100 L/b ' 0.333 
J/b =0.210 l/b = 0.053 

K/b = 0.41 7 C/b = 0 
Z - 1 . 4  a ' 45. 

y/h = 0.5 

Figure 46. Design curve of b/D vs. - for d/b = 1.5 l:lx 
and D = ;(A) = 1.93 f t  P 1" - - 

use a 2.00 foot I.D. valve. 

(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: 

r - 7 - 

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

Let the well depth, d, equal 1.5 times the well width, 
b. (d/b = 1.5). In some instances a more economical 



Figure47. Design curve of b1D vs. - for d l b  = 2.0 [;Ix 
des~gn might be d/b = 1.0 or 2.0. qowever, in general, (4) From the established parameters of the corner 
d/b = 1.5 will be the appropriate choice. angle design: 

(3) From Figure 46 (d/b = 1.5) for T/b= 0.053 T =  0.59 feet (180 mm) 
use 7" x 4" corner angles where T = 7" 

Lib = 0.333 L =  3.75 feet (1.14 meter) 
C/b = 0 C=O 
a= 45' 

b/D = 6.1 (corner fillets) (5) Line the floor of the stilling well with %-inch 
b/D = 5.6 (corner angles) (12.7-mm) stainless steel and the walls to  a height of 

1.5D = 3.00 feet (0.91 meter) with %=inch 112.7-mm) 
Select the corner angles as the ncre cconomical design. carbon steel. Weld the 7-by 4-inch corner angles to the 

steel liner (Figure 49). 
Therefore: 

b = 11.20 fset (3.41 meter) 
and d = 16.80 fret (5.12 metei! 

Example No. 2 

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



Figure 48. Head loss coeffment. K. for rrandard sleeve 
valve 12-lnch model1 [-$jx= 1.92 2nd -= h 0.075 D 

- 
7 II b/d = 3.25 (corner filler) 

l e t  bld = 3.00 (corner angle) 

Select the corner angles as the more economical design. 
Using b1D = 3.00 actually yields h/D = 0.05 instead of 
0.075. However, the design curves were not tested 

.. below b/D = 3.0. 

-, ~ 1 .  .i 
., . . . .. . - . . . . ,  ..'.I Therefore: 
: ,.*"".. >,.., 

,cz".>,nh .... ",t. b = 10.00 feet (3.05 rneter) 

Figure 49. Design example 
d = 15.00 feet (4.57 meter) 

.,., 

conditions listed in Example No. 1, but with a total 14) From the established Parameters of the corner 
head, HT, at the valve of 30 feet (9.14 meter). angle design: 

Tlb = 0.053 T = 4.53 feet (162 mm) 
use 6 x 4" corner angles where T = 6" 

Llb = 0.333 L = 3.33 feet ( 1 .O1 meter) 

.. - -  15) Line the floor of the stillins well with X-inch 
V L  

30 10.56 ft. Therefore -= -= 
29 2.84 

and V = 26.38 ftfsec 

- 
(12.7-mm) stainless steel and the walls to a height of 
1.5fDl = 5.00 feet 11.52 meter) with %-inrh (12.7-mm) . . .. . ...... .- . 
carbon steel. Weld the 6- by Cinch corner angles to the 
steel liner. 



Example No. 3 

Design a stilling *ell for a sleeve-type valve under the 
combined conditions of Examples No. 1 and 2. It is  
re uired to insure a design discharge. Q = 220 cfs (6.23 9 m Isec), for a total head a t  the valve which may vary 
from 30 feet (9.14 rneter) to 250 feet 176.2 meter) 
depending on the upstream reservoir water surface 
elevation. 

To insure delivery of 220 cfs 16.23 m3/s) when the 
totai head at the valve is only 30 feet (9.14 rneter) the 
larger valve 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 
maximum discharge of 220 cfs (6.23 m3/s). However, 
the well should be sized based on the larger total head 
HT = 250 feet (76.2 meter) of Example No. 1. 
Therefore, the well size will be identical to Example 
No. 1 even though the valve diameter. D = 3.33 feet 
(1 .O1 cm). 

b = 11.2 feet (3.41 meter) 
d = 16.8 feet (5.12 meter) 
T = 7" (178 rnm) use 7"x4" angle 
L = 3.73 feet (1.14) 
c = o  
and a = 45' 

The steel liner height should be based on the larger 
valve diameter 0 = 3.33 feet (1.11 meter) or 1.50 = 
5.00 feet(1.52 meter). 

Amount of throttling: 

v2 
and - = 9.87 h 

29 

Therefore AH = 250.00-9.87 = 240.13 

From Figure 48, the valve will b?, 32 percent open for a 
discharge. Q = 220 cfs (6.23 m3/sl and a total head of 
250 feet (76.2 meter) and 100 percent open for a total 
head of 30 feet (9.14 meter) and a discharge, Q = 220 
cfs (6.23 m3/s). 

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

Y, the we:; depth, d, should be adjusted to maintain a 
total submergL.ce, Y+d, of 22.4 feet (6.83 meter) to 
assure a wave height, h = 3.0 inches (76 mm) or less. 

FOI example, i f  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 = 
x b. 

Judgment must be used in designing stilling wells that 
discharge into channels 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 made without affecting the efficiency of 
the stilling well as an energy dissipator or the predicted: 
wave heights in  the downstream channel. 

Limitations: 
la) In reference to Design Example No. 1 where V 
= 75.3 Wsec. ~ i l l e r 5  and hhnson7 recommend a 
maximum valve velocity of 40 ft/sec (12.19 m/s) for 
sleeve valves with an internal operating stem. This 
limitation can be circumvented by placing the 
operating stem(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 wheidhe ;$ 
valve i s  oversized to meet the condition of design >: '!;.: 
discharge, Q = 220 cfs (6.23 m3/s) at minimum ,i" 
total head, HT = 30 feet (9.14 meter). caution must" 
be used when the total head, HT, exceeds 30 feet 
(9.14 meter). Wnen the design discharge is delivered 
at total heads greater than 30 feet (9.14 meter). the 
valve must be correspondingly throttled in the range 
from 100 to 32 percent as HT increases from 30 
feet (9.14 meter) to 250 feet (76.2 meter) to assure 
that the &sign discharge is  not exceeded. 

'1\, 
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APPENDIX I 

Runs below 200 were tested on the %inch 177 Q h m l  i 

Data Sheet 1 - Tests dealing with Pinch model 
verification 

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

Data Sheets 10-12 -Tests dealing with well piezo- 
metric pressure data (Runs 1-4 - 
standard sleeve valve. Runs 5-12 - - I 



Dib 0 22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 - - dlb 1.0 1 .O 1 .O 1.0 1.5 : .II 1.5 1.5 
a1D 1 I 2  112 112 1 12 1 I 2  .1 I2  1 I 2  1 12 

Corner filler 

K/b 0.41 7 0.41 7 0.41 7 0.417 
Jib 0.222 0.222 0.223 0.223 
Clb 0.089 0.089 0.089 0.089 
Z 1.43 1.43 I .43 1.43 

Corner angle 



a 1 1 1 1 1 1 1 1 
d' 8.88 8.88 8.88 8.88 8.88 8.88 8.88 8.88 
C 1 A2 0.26 0.80 1 .SO 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 
dlb 1 1 + i,. ~ 1 1 1 1 1 
Dlb 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 
a10 112 1 :2 112 1 12 112 112 : 112 112 
Clb 0.158 0.029 0.089 0.200 0.089 0.089 0.158 0.1 58 
Jlb 0.167 0.167 0.1 67 0.167 0.167 0.167 0.167 0.167 - 
h 1 0.058 ','0.082 0.045 0.052 0.046 0.057 0.053 0.056 
h/Y 0.156 "219 0.121 0.139 0.121 0.153,. 0.142 0.149 
Q 3.240 0.231 0.226 0.21 7 0.243 0.241 0.234 0.238 
Q2/gD5 13.88 12.84 12.34 11.39 14.25 14.06 13.18 13:70 



No. 73 81 85 72 79 80 84 



No. 60 100 101 102 53 - 105 104 103 

a 1 1 1 1 1 1 1 1 
d' 8.875 8.875 8.875 8.875 8.875 8.875 8.875 8.875 
C 0.80 0.80 0.80 0.80 1.42 1.42 1.42 1.42 
j 1.5 1 .50 2.0 4.0 1.5 1.5 2.0 4.0 
d/b 2 .O 1 .O 1 .O 1 .O 1 .O 1 .O 1 .O 1 .O 
oib 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 





. 
No. 73 74 75 76 77 78 79 94 101 107 

a 1 
d' 13.38 
C 1 .80 
J 1.50 
dlb 1.5 
D/b 0.22 
z 
a/D 112 
Clb 0.200 
J/b 0.167 



. .- . 
No. 200 203 204 205 205 D22 D41 

D/b 0.22 0.22 0.22 0.22 Data 
d/b 1 .O 1 .O 1.5 1.5 taken 1.5 1 .O 
a/D 112 1 12 1 12 1 I 2  at one 

well 
Corner filler width 

down- 
Klb 0.41 7 0.417 stream 
J/b 0.223' 0.223 from 
C/b 0.089 0.089 well. 
Z 1.43 7.43 

Corner angle 



Data Sheet 8 

8.88 8.88 8.88 8.88 8.88 13.38 13.38 13.38 13.38 
0.48 0.30 0.60 0.40 0.525 0.048 0.525 0.480 0.525 

0.053 0.033 0.067 0.044 0.049 0.053 0.059 0.053 0.059 
0.414 0.414 0.414 0.414 0.414 0.333 0.414 0.414 0.333 

0.058 0.038 0.052 0.031 0.047 0.036 0.039 0.035 0.029 
0.155 0.102 0.140 0.082 0.125 0.096 0.105 0.092 0.077 
0.279 0.177 0181 0.213 0.237 0.284 0.275 0.284 0.280 

Q2/gDs 18.77 7.58 7.02 10.93 13.54 19.47 18.32 19.47 19.00 

0.033 0.025 0.025 0.028 0.032 0.027 0.030 0.028 0030 
0.088 0.067 0.066 0.074 0.086 0.071 0.080 0.076 0.080 
0.235 0.147 0.151 0.182 0.210 0.257 0.238 0.235 0.246 

Q2/gD5 13.35 5.19 5.52 8.03 10.64 15.98 13.70 13.35 14.62 

0.020 0.009 0.020 0.021 0.018 0.025 0.019 0.015 
0.052 0.025 0.052 0.055 0.049 0.066 0.050 0.041 
0.771 0.118 0.121 0.176 0.219 0190 0.169 0.184 

Q ~ / ~ D '  7.04 3.38 3 56 7.47 11.54 8.75 6.94 8.15 

Q2 lgDS 4.07 
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Run No. 1 1 2 3 3 4 4 5 6 6 
Percent open 10 25 25 10 25 10 25 10 10 25 
Valve seat 1-314 1-314 1-314 114 114 114 1 14 2 0.9 0.9 
above floor 

(inch) 

Corner 
configurations Fillets Fillets Angles F~llets Fillets Angles Angles Fillets Fillets Fillets 

Piezometer No. 



Run No. 7 7 8 8 9 9 10 10 11 1 1  
Percent open 10 25 10 25 10 25 > I :  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 

(inch1 

Corner 
configurations Fillet Fillet Fil let Fillet Fil let Fillet Fil let Fil let Fil let Fil let ' - 
PieAometer No, 







CONVERSION FACTORS-BRITISH TO METRIC UNITS OF 4lEASUREMEhT 

The follawiog mnuer5ion factas adopted by  the Bureau of Reclamation are thore published by the American~ 
Society for Testing and Materials IASTM Metric Practice Gulde. E 380.68) exsepr that addirianal factors ( * )  
commonly "red in :he Bureau have beenadded. Further dirsurrion of definitions of quantitirsand uniu ir given in 
the ASTM Metric Practice Guide. 

The metric unitr and sanverrion facrors adopted by the IISTM are bared on the "International Synem of U n i ~ "  
(designated St for Syrlrme lnlernational d'Unirer1. fixed by the lntcrnarional Commirree for weiphu and 
Measurer; this wrtem is also known ar the Giorgi or MKSA Imeter-kilogram Imarrl-recond.amwre) watem. This 
N m m  has been adaped by the Inlcrnaiional Orqanizstion for Standardization in IS0 Recommendation A-31. 

The mrtnc technical uni; of  iorce is the kilogran-force: Ihir ir the force which, when applied ro a body hauinr, a 
mar5 of 1 kg, giver i t  an acceleration of 9.80665 mlreclrec, the standard acceleration of free fall roward the eath's 
cen:er for r a  leuel a t  45 d w  latiwtie. The metric unit of force in SI units is The newton IN], which i r d e f i x d  as 
thaf f o r e  which, when applied ro s body havinga mars of 1 kg. giver it an arceleraion of 1 mhm/m.There k i t s  
mun  be distinguirhcd from the linconrtantj lacd weight o f  a body havhg a mass of 1 kg thaf is theweight o l  a 
body is that tors?. with which a body is attracIed to  the earth and is equal to the mar$ of a body multiplied by the' 
asselsration due to  gravity. Hawwer, kcaus? i t  is general practice ro u s  "pound" rather than the technically 
m r r g t  term "pound.fOice." the rerm "ki logran',br derived mssr unit1 ha3 Len usad i n  lhir  guide instead of 
"kilogram-force'' in expressing Ihe conwrrion facl l , ;r  for iorcer. The newton w i t  01 force will find increaring "re. 
and ir enenrial in SI units. ..l:i 

Where approximate or nominal Enylirh unitr are ured tc express a value or range of  valuer, the convertni metric 
uni:r in parentheses .re also approximate or nomlnal. Where Precise English units are ured, the converred metric 
units are expressed ar wluaily rignificuni valuvr. 

Table I 

QUANTITIES AND UNITS OF SPACE p. 

Multi,ly BY To ob& 

. . . . . . . . . . . . . . . ,  . . . . . . . . . . . . . . .  s Miles 1.609346 lexactlyl Kilometerr I 
- AREA - - I 

. . . . . . . . . . .  . . . . . . . . . . . . .  1 Squsrc inchcr 6.4516 lexactly) Square ce?timer,:rr 
'92903 . . . . . . . . . . . . . . . . . . . .  Square centimcmr 

0.092903 . . . . . . . . . . . . . . . . . . .  Square meierr I 
'0.0MM69 . . . . . . . . . . . . . . . .  Square kilomercrs I 

,-, 
Cubic inches . . . . . . . . . . .  16.3871 . . . . . . . . . . . . . . . . . . .  C d i c  centimeters 

- 
- CAPACITY ' 

Fluid ounresIU.S.1 . . . . . . .  29.5737 . . . . . . . . . . . . . . .  Cubic centimeters 
29.5729 . . . . . . . . . . . . . . . . . . . . . . .  Millililerr 

'948.358 . . . . . . . . . . . . . . . . . . .  Cubiccenrimeterr I 

Gallons 1U.S.i . . . . . . . . . . .  3.78543 . . . . . . . . . . . . . . . . . . .  Cubic.qecimercrs 
Gallons lU.S.I . . . . . . . . . . .  3.78533 . . . . . . . . . . . . . . . . . . . . . .  Litcrs 

'1.233.5 . . . . . . . . . . . . . . . . . . . . . . . .  Cubic mclerr I 



MASS 

907.185 . . . . . . . . . . . . . . . . . . . . . . . . .  Kilograml 
0307185 . . . . . . . . . . . . . . . . . . . . .  Mcrric tmr 

1016.05 . . . . . . . . . . . . . . . .  . . . . . . . . .  Kilogram, 

Pculds3e? cubic ("of . . . .  0.0160185 . . . . . . . . . . . . . . .  Gram~.wrrubiccm!im.lr 
Tons ilongi re: wblc $ard . 1.32894 . . . . . . . . . . . . . . . . . . . .  Gramrwr cub8c~n l imem 

-- - 

UASS CAPACITY 

O ~ " i e l w  w o n  8U.5.1 . . .  7.4693 . . . . . . . . . . . . . . . . . . . . . . . . . .  Grams per c8tcv 
Ounrelmi  gallon iU K i  . 6 2362 . . . . . . . . . . . . . . . . . . . . . . . . . .  Gramsneriiter 
PovnJs DPI gilton 1u.5.1 . 119.829 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ r a m s ~ e r  h r  
P0""dln.r gai1on IU.K.1 . 3.779 . . . . . . . . . . . . . . . . . . . . . . . . . . .  Gramrper l i lm 

BENOlNG MOMENT OA TSROUE 

Inil l -~ounds . . . . . . . . . . .  0.01 1521 . . . . . . . . . . . . . . . . . . . . . . . .  Me!erkilogram% 
. . . . . . . . . . . .  hi-nwundr 1.12885 x lo6 . . . . . . . . . . . . . . . . . . . . . .  Cmtiweret-dynes 
. . . . . . . . . .  Fooi~ouundr 0.138255 . . . . . . . . . . . . . . . . . . . . . . . .  Meter.kilograms 

. . . . . . . . . . . .  Fm!oounlr  1.35582 x lo7 . . . . . . . . . . . . . . . . . . . . .  C~ntimtcrdynes 
. . . . . . . .  . . . . . . . . . . . . . .  Foot-poundx per inch 5.4431 C e n t i m c t ~ r . k i l o g r a m r ~ e r , ~ c ~ ~ ~ ~ e ~  

. . . . . .  ounce- ncner 72.008 . .  :. . . . . . . . . . . . . . . . . . . . . .  ~ ~ ~ ~ ~ ~ t i ~ ~ i ~ ~ ~  - 

F-i ~ e r  r c m d  . . . . . . . . . .  3048 ~ e r a n l y i  . . . . . . . . . . . . . . . . . .  Cootimeterr per wand 
Feet per w u n d  . . . . . . . . .  0.3049 lexactlyl* . . . . . . . . . . . . . . . . . . .  Meters per seond 
Feel per year . . . . . . . . . . .  '0.365873 x l o r 6  . . . . . . . . . . . . . . .  Cenrineten per rec~nd  

. . . . . . . . . . .  MI IP~  per hour 1.609344 lexxt ly l  . . . . . . . . . . . . . . . . .  Kiiumcterr perhour 

. . . . . . . . . . . .  lrlilrs por hour 0447M lcxactlvl . . . . . . . . . . . . . . . . . . .  Mefenpersmnd - 
ACCELERATION' 

F-, per second2 . . . .  .0.3048 . . . . . . . . . . . . . . . . . . . . . . . . .  ~ E t r r s  p r  rerond2 

-- 
Mvlllpl" BY Toobmm 

I W R K  AND ENERGY' 

Blu per pound . . . . . . .  2.326 Cxartlyl . . . . . . . . . . . . . . . . . . . . . . .  1oule.wr gram 
Fmtpounds . . . . . . . . . . . . .  '1.35582.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l o v l a  

. . . . . . . . . . . .  Horupoww..  745.700 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wam 
Bru per hour . . . . . . . . . . . . .  0.293071 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  wan. 

. . . . . .  Foot-iroundr p r  wmnd 1.35582 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wonr -- 
HEnT TRhNSFER 

Btu h i h r  tl2 dqree F Ik. 
thermal mnductiuiryl . . . . . . .  1.442 . . . . . . . . . . . . . . . . . . . . . . .  ~ i l l i w a l ~ l c m d c p r e e ~  

Bw W h r  h2dppree F I*, 
thermal mrdurtiuityl . . . . . . .  01240 . . . . . . . . . . . . . . . . . . . . . . .  Kgcallhr m d w e a C  

81 h lh r  *i2 dew- F . . . . . . . .  -1.4880 . . . . . . . . . . . . . . . . . . . . .  Kg -1 mlhr m2 degree C 
Btvlhr t12dqrgrrr F iC, 

thermal mnductancel . . . . . . .  0.568 . . . . . . . . . . . . . . . . . . . . . . .  Milliwalu(cm2 d e g e C  
81ulhr t12 dqr9rcr F IC. 

Ihermal mrduefancd . . . . . . .  4.882 . . . . . . . . . . . . . . . . . . . . . . .  Kprsllhr m2 d e g e C  
Degree F hr*i2/8fu IR. 

Ihcrr,~I rerilfancml . . . . . . . .  1.761 . . . . . . . . . . . . . . . . . . . . . . .  D e g e ~ c m ~ l m i l l i w ~ t  
Blvl lb &gee 6 Ir. hem caoacwi . 4.1858 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Jlgdeg-C 
Btullb agree F . . . . . . . . . . .  '1.WO . . . . . . . . . . . . . . . . . . . . . . . . . .  CallBram dew. C 
~ t ~ l h r  (thermal dillvrivityl . . . .  0.2581 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c ~ ~ / s %  
~ t ~ l h r  (thermal d i i fu~u in i )  . . . .  .0.092%7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ~ l h r  

WATER VAPOR TRANSMISSION - 
Grainrlhr h2 iwaler vapor1 

tranrmiuionl . . . . . . . . . . . .  16.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  G~arnsl24 hr m2 
. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Permr lpemeance) 0.658 Metric perms 

. . . . .  . . . . . . . . . . . . . . . . . . . . . . .  perm-inches iwrmeabiliwl 1.57 Matricnermenfimfwr 

Tableill 

OTHER OUANTITIES AND UNITS 

BY TO 0bm" 

Cubic fez  oer i c o n d  

M i I l i ~ ~ r i e % o e r c ~ b i c l m t  . . . . . . . . . . . . . . .  
Mill~ampr per muarefmt . . . . . . . . . . . . . . .  
Gailonr per muare yard . . . . . . . . . . . . . . . .  
P*,"d% - ..r inch . . . . . . . . . . . . . . . . . . . . .  

324.8 . . . . . . . . . . .  L imr rper~uaremo~or  pwday 
-4.8824 . . . . . . .  Kilogam recond p r  muare maer 
V.092903 . . . . . . . . . . .  Square mew$ per *on# 
519 exaclly . . . .  Celtiuror Keivindeprm ichangel. 
0.03937 . . . . . . . . . . . .  K i i a o l s  per mil l im~ler 

10.754 . . . . . . . . . . . . .  Lun.er$prquare meter 
. . . . . .  0.W1662 mm-muare mi l l ime ls  pr meter 

. . . . . . . . . . .  -35.2147 Millicvrin p r  mbis meer 
70.7838 . . .:....... Mi l I i am~$wr  m u m m e l l r  
'4.527218 . . . . . . . . . . . .  Liiwsper quaremem 
'0.17858 . . . . . . . . . . .  Kilograms prcmtimeter 

GPO 831.168 



ABSTRACT 

Vertical  tilling wellr are economical and ideally ruited t o  dirripate high energy pipe 
flow. Model studies established general design criteria far vertical stilling wells using a flow. Model studies establirhed general design criteria for vertical stilling wells using a 
standard sleeve valve. Dimenrionlerr parameters bared on design discharge. 0,andvalve standard slewe valve. Dimenrionlerr parameters bared on design discharge, 0, and valve 
diameter. D, were established to aid the designer in determining optimum well sire for a diameter. D. were established to  aid the designer in  determining optimum well sire for a 
specific need. Over 100 rests were conducted with 2 laboratory models t o  deferpine 
stilling wli gwmetiy. The wave runup measured along the ride slope of the do!- .ream stilling well geometry. The wave runup measured along the ride slope of the downstream 
channel war "red for all tcrtr ar the criterion for the efficiency of energy dissipaibn of channel i m s  used for all tertr ar the criterion :Jr the efficiency of energy dissipation of 
each well configuration. Generally, a well depth-to-width ratio of 1.5 wil l  give the best each well configuration. Generally. a well depth.to-width ratio of 1.5 will give the best 
reruln. The corner angle configuration yields a smoother milwater surface than the results. The corner angle configuration yields a smoother tailwzter surface than the 
corner fillet and is a more economical design. Pressure dirrribution te ru  have not corner fillet and ir a more economical design. Pressure dirtiibution tests have not 
pinpointed the cause of possible concrete erosion in the stilling well but  parribly such pinpointed the came of  possible concrete erosion in  the stilling well but possibly such 
erosion may be alleviated or completely eliminated by placing the standard sleevevalve erosion may be alleviated or completely eliminated by placing the standard sleeve valve 
on rhe floor and by removing the pedestal and the pipe stand sleeve supports. A on the floor and by removing the pedestal and the pipe stand sleeve rupportr. A 
graphical method of presentation aids the designer in sizing a vertical stilling well. Thrce graphical method of presentation aids the designer in sizing a vertical rtilling well. Three 
design examples are included. Has 9 references. design examples are included. Has 9 references. 

ABSTRACT ABSTRACT 

Vertical stllling wells are economical and ideally suited t o  dissipate high energy pipe Vertical stilling wells are economical and ideally suited t o  dissipate high energy pipe 
flow. Model studies established general design criteria for vertical stilling wells using a flow. Model studies established general derignrcriteria for vertical stilling wellr using a 
slandard sleeve value. Dimensionlerr parameters bared on design discharge. 0, and valve standard rlewe valve. Dimenrionlerr parameters bared on design discharge. 0, and valve 
diameter. D, were established to  aid the designer in determining optimum well size for a diameter. 0, were established to aid the designer in determining optimum well size f o ra  
specific need. Over 100 tests were conducted with 2 laboratory models t o  determine specific need. Over 100 tests were conducted with 2 laboratory models to determine 
stilling well ge0met.y. The wavgrunup measured along the ride slope o f  the downstream stilling well geometry. The wave runup measuredalong the side slope of the do\ rhream 
channel war used for all terrs, js'the criterion for the efficiency of energy dirripatian of channel war used for all terrs as the criterion for the efficiency of energy dissipation of 
each well configuration. Gqw?l ly ,  a well depth-to.width ratio of 1.5 wil l  give the best eazh %I! configuration. Generally, a well depth-to-width ratio o f  1.5 will give the best 
ierulis. The corner angle configuration yields a smoother tailwater surface than the resuln. The corner angle configuration yields a smoother tailwater surface than the 
corner fillet and is a mare economical design. Pressure distribution tests have not corner fillet and ir a more economical design. Prerrvre distribution tests havq not 
pinpointe:' the cause o f  parrible concrete erosion in the stilling well but possibly such pinpointed the cause of possible concrete erosion in  the stilling well but porribly such 
erorion may be alleviated or compl~telv eliminated by placing the standard rleeve valve . . erorion may be alleviated or coml~letely eliminated by placing the rtandard sleeve valve 
on the floo; and by removing t h e  pedestal and the pipe stand sleeve supports. A on the floor and by removing the pedestal and the pipe riand sleeve supports. A 

graphical method of presentation aids the designer in  siring a vertical stilling well. Three 
derign erempler are included. Has 9 references. 
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