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FOREWORD 

The model investigations reported herein were authorized by the 

Office, Chief of Engineers, on 31 October 1967, at the request of the U. S. 

Army Engineer District, Pittsburgh, through the U. s. Army Engineer Divi

sion, Ohio River. The studies were conducted in the HYdraulics Division 

of the U. S . Army Engineer Waterways Experiment Station during the period 

February 1968 to June 1969, under the general supervision of Mr. E. P. 

Fortson, Jr., Chief of the HYdraulics Division, and Mr. T. E. Murphy, Chief 

of the Structures Branch, and under the direct supervision of Mr. M. B. 

Boyd, Chief of the Locks Section. The engineer in immediate charge of the 

models was Mr. J. H. Ables, Jr., assisted by Messrs. H. H. Allen, M. B. 

Montgomery, Jr., and C. L. Dent. This report was prepared by Mr. Ables and 

reviewed by Mr. Boyd. 

Mr. S. B. Powell of the Office, Chief of Engineers, Messrs. W. H. 

Browne, Jr., A. G. Holler, and L. Vargo of the Ohio River Division, and 

Messrs. T. B. Brett, E. 0. Armocida, R. W. Schmitt, T. L. Reilly, and P. G. 

Quednes of the Pittsburgh District visited the Waterways Experiment Station 

during the course of the study to discuss test results and to correlate 

these results with design studies. 

Directors of the Waterways Experiment Station during conduct of the 

studies and the preparation and publication of this report were COL John R. 

Oswalt, Jr., CE, and COL Levi A. Brown, CE. Technical Directors were 

Messrs. J. B. Tiffany and F. R. Brown. 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to metric 

units as follows : 

Multiply By To Obtain 

inches 2.54 centimeters 

feet 0.3048 meters 

feet per second 0.3048 meters per second 

cubic feet per second 0.02831685 cubic meters per second 

acres 1+046 . 9 square meters 

acre- feet 1233 .482 cubic meters 
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SUMMI.\.RY 

Rowlesburg Dam will be a gravity-type concrete structure with a 
height of 271 ft above the floor of the stilling basin and a length of 
1695 ft. Flow regulation will be provided by a high overflow spillway con
sisting of seven 45-ft-wide bays and six 5-ft-8-in.-wide by 10-ft-high 
sluices with inverts 221ft below the spillway crest. The sluices will 
discharge on the spillway slope and above normal tailwater. The design 
flood, 320,000 cfs, will be passed by combined flaw with the reservoir at 
el 1638.5 (37.5-ft head). An additional sluice with multilevel intakes in 
the faces (left, upstream, and right) of the water-quality control tower 
near the left abutment was included in the model to check the feasibility 
of the proposed scheme of selective withdrawal. 

Tests were conducted on a 1:20-scale sluice intake model and a 1:60-
scale comprehensive model to (a) study hydraulic performance of the spill
way, (b) verify the adequacy of the spillway and sluices for both separate 
and combined flow operation, (c) verify and/or refine the stilling basin 
design, (d) study approach and exit channel conditions, (e) evaluate the 
effectiveness of the water-quality control tower and sluice in selectively 
withdrawing water from desired levels, and (f) investigate pressures in the 
sluice intake. 

The stage-discharge curve for combined uncontrolled spillway and 
sluice flow developed from model test results is in very close agreement 
with the computed curves. The capacity of the structure is adequate. Flow 
conditions in the approach and over the spillway were satisfactory for most 
conditions of discharge. Pressures on the spillway crest were positive for 
the 92,000-cfs flow (standard project flood) as well as other uncontrolled 
flows up to and including 150,000 cfs. 

Twelve stilling basin designs were tested. The recommended basin 
(type 8) utilized a 210-ft-long apron at el 1351 with two rows of 11-ft
high baffle piers and a 14-ft-high end sill. The training walls performed 
satisfactorily with their tops at el 1420. This basin was the most satis
factory one tested for a complete range of flaws up to the design flood of 
320,000 cfs. At this flow the toe of the jump was held very near the toe 
of the spillway. Good jump action resulted at the standard project flood 
of 92,000 cfs. For high flows approaching the design flood, velocities 
measured adjacent to the first row of baffles are well within the range re
quired for cavitation. Therefore, in order to provide maximum protection 
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to the channel downstream of the basin it is necessary to accept t he possi
bility of some cavitation damage in the basin at floods exceedi ng about 
150,000 cfs . For the standard project flood of 92,000 cfs , the maximum ve
locities measured at the baffles were about 9 fps . 

The sluice intake model tested permitted development of a more eco
nomical and cavitation-free intake design (type 3) . 

A multilevel bulkhead slot functioning as a 25 - ft - wide sharp- crested 
weir was found to be unsatisfactory as a means of selectively withdrawing 
flows from the top 15 ft of the reservoir without withdrawing from a lower 
stratum. A multilevel scheme with a 25-ft- wide by 2 .5- or 5- ft -high ori
fice was found to be superior to the weir scheme but still fell far short 
of the desired operating characteristics . The sponsor will review the 
problem and consider other withdrawal schemes . 
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Location 

SPILLWAY AND OUTLET WORKS , ROWLESBURG DAM 

CHEAT RIVER, WEST VIRGINIA 

Hydraulic Model Investigation 

PART I: INTRODUCTION 

The Prototype 

1. Rowlesburg Dam will be located on the Cheat River, a tributary of 

the Monongahela River, at the upstream limits of the town of Rowlesburg in 

Preston County, W. Va. The location of the project is shown in fig. 1. 

Project features 

2. The project was authorized by the Flood Control Act of 1965 and 

will be operated as a unit in the comprehensive plan for flood control in 

the Ohio River Basin to improve water quality in the Monongahela and Ohio 

Rivers, to provide storage for hydroelectric power, and to provide water 

areas for recreation, fish, and wildlife. 

3. The dam will be a gravity-type concrete structure, 1695 ft* long 

and 271 ft above the streambed (plates 1 and 2). The outlet works will 

consist of six 10-ft-high by 5.667-ft-wide low-level sluices and one sluice 

with a multilevel intake for water-quality control. The spillway will be 

375 ft wide, with a net width of 315 ft, and will be constructed integrally 

with the dam and be controlled by seven tainter gates. The gate and spill

way bays will be 45 ft wide. A pumped storage installation will produce 

peaking hydroelectric power at the project. No provisions for power facil

ities were made in the model. Spillway design flood is a combined spillway 

and sluice flow of 320,000 cfs. The maximum summer pool elevation for 

water quality will be 1601 ft above mean sea level with a surface area of 

7175 acres. Maximum flow scheduled through the water-quality control tower 

and sluice will be about 2600 cfs. The maximum winter pool elevation will 

* A table of factors for converting British units of measurement to metric 
units is presented on page vii. 
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be at el 1594* with a surface area of 6780 acres. Storage for flood con

trol will be available to el 1632 with summer and winter capacities of 

250,000 and 299,600 acre-ft, respectively. Gross reservoir storage will 

be 871,000 acre-ft. The estimated Federal first cost of the project, ex

clusive of power facilities, is $119,000,000. 

Statistical data 

4. Detailed structural and hydraulic data pertinent to the final 

design of the Rowlesburg project are tabulated below: 

Width of spillway (gross), ft 
Width of spillway (net), ft 
Elevation of spillway crest 
Number of crest gates (tainter) 
Size of gates 

Width of stilling basin, ft 
Length of stilling basin, ft 
Elevation of apron 
Size of staggered baffles 

Positibn of baffles from toe of 
spillway, ft 

First row 
Second row 

Height of end sill, ft 

Number of sluices . 
Size of sluices 

Elevation of sluices 
Number of water-quality sluices 
Size of water-quality sluice 

Elevation of water-quality sluice 

375 
315 

1601 
6 

45 ft wide by 
34-5 ft high 

375 
210 

1351 
11 ft wide by 

ll ft high and 
11-ft spacing 

105 
132 
14 

6 
5.667 ft wide 

by 10 ft high 
1380 

l 
5.667 ft wide 

by 10 ft high 
1410 

Purposes of Investigation 

5. The purposes of these model studies were to study hydraulic per

formance of the spillway, to verify the adequacy of the spillway and 

sluices for both separate and combined flow operation, to verify and/or 

* All elevations (el) cited herein are in feet referred to mean sea level. 
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refine the stilling basin design, to study approach and exit channel condi

tions, to evaluate the effectiveness of the water-quality control tower and 

sluice in selectively withdrawing water from desired levels, and to inves

tigate pressures in the sluice intake. 
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PART II : THE MODELS 

Description of Sluice Intake Model 

6. A plastic sluice intake model (fig. 2 and plate 3) built to an 

undistorted scale ratio of 1:20 reproduced the intake and approximately 

Fig. 2. Type 1 (original) sluice 
intake, 1:20-scale model 

150 ft of sluice downstream from the 

axis of the dam. A large pressure 

tank was used as a headbay to permit 

simulation of a range of head condi

tions. The head was measured be

tween the piezometric pressure in 

the tank and the center line of the 

sluice. When it was necessary, back 

pressure was applied at the end of 

the sluice in order to obtain appro

priate head-discharge conditions. 

·Pressures along the intake curves 

and sluice were measured by means of 

piezometers installed in the model 

and connected to a manometer board. 

Description of the Compre
hensive Model 

7. The general model (fig. 3 
and plate 4), built to an undis

torted scale ratio of 1:60, repro

duced 1500 ft of the approach chan

nel and a 1700-ft-wide section along the dam including the spillway and 

abutments, six flood-control sluices, water-quality control tower and 

sluice, the stilling basin, and 1600 ft of the exit channel. The spillway, 

crest piers, tainter gates, sluices, and spray and training walls were re

produced in sheet metal; the stilling basin floor was made of plastic

coated plywood; and the baffle piers and end sill were made of wood and 

4 



Fig . 3 · l: 60-scale comprehensi ve model 

water proofed . The water-quality intake tower was reproduced in plastic . 

Topography in the approach and exit was reproduced by cement mortar molded 

to sheet metal templates . The model was contained in a bri ck flume . 

8 . Steel rails graded to specific elevations were placed alongside 

the model to serve as supports for measuring devices and to provide con

veni ent means of establishing stations and el evati ons in the model . Vel oc

ities were measured with pitot tubes so mounted as to permit measurements 

of f l ow from any direction . Flow conditions were also recorded photograph

ically . Pressures on the spillway crest were measured by means of piezom

eters installed in the model and connected to a manometer board . Water

surface elevations were measured with point gages . 

9. Water used in the operation of the models was supplied by a cir

culati ng system, the discharges being measured by means of venturi meters 

instal led i n the f l ow lines . Flow entering the model was baffled before 

entering the approach channel . Tailwater el evations were controlled by an 

adjustable tailgate . 
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Interpretation of Test Results 

10. The accepted equations of hydraulic similitude, based on the 

Freudian relations, were used to express mathematical relations between the 

dimensions and hydraulic quantities of the model and prototype. General 

relations for the transference of model data to prototype equivalents, or 

vice versa, are presented in the following tabulation: 

Dimension Ratio 

Length L - L r 

Area A - 12 
r r 

v - 11/2 
r r 

Velocity 

Qr - 15/2 
r 

Discharge 

Scale Relations 

General 
Model 

1:60 

1:3600 

1:7.74 

1:27,885 

Sluice 
Outlet 
Model 

1:20 

1:400 

1:4.47 

1:1789 

11. Measurements in the model of discharge, water-surface elevations, 

velocities, and pressures (all positive and negative pressures correspond

ing to pressures above the cavitation range in the prototype) can be trans

ferred quantitatively from model to prototype by means of the preceding 

scale relations. 
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PART III: TESTS AND RESULTS 

Sluice Intake Model 

'l'yi>e 1 design 

12. The six type 1 (original) design sluices (each 10 ft high by 

5.667 ft wide) at el 1380 (see plates 1-3) consist of an intake section 

29.3 ft long and include a gated section and sluice extending approximately 

198 ft, with an outlet portal in the downstream face of the spillway. The 

sluice model reproduced the intake and approximately 150 ft of sluice down

stream thereof and did not include the outlet portal. Fig. 2 and plate 3 

show details of the intake and downstream sluice. Entrance roof and floor 

curves were based on the equation x2 
+ 9.288 y2 - 256 • The side curves 

were based on the equation x
2 

+ 19.o88 y2 = 256 • The face of the dam was 

a 10-on-1 slope; the roof entrance curve was tangent to this slope while 

the side and floor entrance curves projected upstream an additional 7 ft. 

This upstream projection included the bulkhead slots for dewatering the 

sluices. 

13. Piezometer locations are shown in :plate 5. Data showing the 

actual reading as well as magnitude of pressures at each :piezometer are 

presented in tabular form in table 1 for sluice flows of 2000, 3000, 4000, 

5000, and 5800 cfs. When it was necessary, back pressure was applied at 

the end of the sluice in order to obtain appropriate head-discharge condi

tions. The data are plotted in terms of a pressure drop coefficient in 

plate 6. The pressure drop coefficients are based on pressure data for 

sluice flows of 4000, 5000, and 5800 cfs. The pressure drop coefficient 

at each piezometer is expressed as the pressure drop from the :pool to the 

pressure at the piezometer in question divided by the average velocity head 

in the sluice. Expression of the data in this form :permits computation of 

the :pressure gradient through the sluice entrance for any length of sluice 

or :pool elevation. 

14. The pressure data indicate that high positive pressures exist 

along the side and floor curves of the intake. Thus it appeared that a 

less conservative intake probably would be adequate. Pressure conditions 
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on the bottom and sides of the entrance would probably be satisfactory with 

only a rounding of the upstream corners so long as this· rounding was com

pleted upstream of the beginning of the roof curves, the point at which 

rapid acceleration of flow occurs. However, this would result in a reduced 

cross-sectional area at the beginning of the roof curve and uncertainties 

exist as to pressure conditions on the roof. 

Types 2 and 3 designs 

15. Details of the type 2 intake and piezometer locations are shown 

in plate 7. The type 3 intake is identical with the type 2 intake with the 

top elevation of the transition structure upstream from the face of the dam 

lowered from el 1403 to 1396.75 (as indicated in plate 7); otherwise, the 

only difference between type 1 and types 2 and 3 was substitution of a 3-ft 

radius on the floor and side entrance curves as shown in plates 3 and 7. 

Pressure data and pressure drop coefficients for these intakes are pre

sented in tables 2 and 3 and plates 8 and 9. 

16. The pressure data indicate that positive pressures exist along 

the sides and floor curves of both entrances, which have less conservative 
• 

entrance shapes than the type 1 entrance. Although pressures on the roof 

curve in entrance types 2 and 3 are lower than those observed in the type 1 

entrance, they remain positive and the model data indicate the types 2 

and 3 entrances would be cavitation-free. Further, the type 3 entrance 

with the top elevation of the transition structure upstream from the face 

of the dam lowered 6.25 ft should result in considerable savings and ap

pears to be adequate for the sluice entrances of Rowlesburg Dam. 

17. The. sluice outlets were included in the 1:60-scale general model 

but were not included in the 1:20-scale model. The horizontal outlets had 

tetrahedral deflectors, flared sidewalls, and a roof constriction. The 

possibility of cavitation damage at the sluice outlets during combined op

eration should be considered. In a conference concerned with the Red Rock 

Dam project at the North Central Division on 2l June 1961, it was suggested 

that the Folsom Dam high-level sluice be reproduced in the 1:16-scale Red 

Rock section model and tested under conditions which resulted in damage to 

the Folsom outlet portal during passage of a flood in 1955. The purpose of 

these tests was to determine the adequacy of the model for predicting this 
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type of of 
results 

cavitation damage and thus furnish a basis for interpretation 

of tests on the Red Rock Dam sluice outlet portal. The tests as 
reported in Technical Report No. 2-673* verified the low pressure condi-

tions at the high-level Folsom sluice. The operational schedule proposed 

by the Pittsburgh District for Rowlesburg Dam as presented in paragraph 27 

includes combined spillway and sluice flow which should be investigated in 

an adequate size test facility. Such a model would permit pressure meas

urements at the sluice outlets and in the face of the spillway and permit 

development of and recommendation for a satisfactory operating schedule. 

The Office, Chief of Engineers, has suggested that model reports and proto

type operation manuals include instructions not to operate in a manner 

which the model shows to be objectionable. 

Comprehensive Model 

18. The 1:60-scale comprehensive model (plate 4) was used to inves

tigate flow conditions in the upstream approach to the spillway; to study 

surging of flow on the spillway tainter gates; to obtain calibrations for 

the spillway and sluices and combined flows; to measure pressure~ on the 

spillway crest; to develop a satisfactory stilling basin design; and 

vestigate the water-quality intake tower and sluice. Each of these 

tigations is discussed in the following paragraphs. 

Flow conditions in upstream 
approach to spillway 

to in-
• J.nves-

19. Observations of flow over the spillway for design flood condi

tions (320,000-cfs combined flow) revealed genera.lly uniform conditions ex

cept in bays 1 and 7. Drawdown alqng the abutments was pronounced (partic

ularly along the right abutment) and flows piled up against the outside 

faces of piers 1 and 6 as shown in plate 10. The approach topography, see 

plate 3, gives spillway flow some angularity from the right of the struc

ture which aggravates the undesirable conditions at the right abutment and 

* D. R. Bucci,. "Spillway and Sluices, Red Rock Dam, Des Moines River, Iowa; 
Hydraulic Model Investigation," Technical Report No. 2-673, Mar 1965, 
u. s. Army Engineer Waterways Experiment Station, CE, Vicksburg, Miss. 
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pier 6. In an attempt to improve this condition in bays 1 and 7, tests were 

made with abutments formed with 5- and 10-ft radii; water~surface profiles 

are shown in plates 11 and 12. Photograph 1 illustrates flow conditions in 

the upstream approach in the immediate vicinity of the spillway. The 10-ft 

radius on the abutments resulted in some reduction in drawdown, although a 

decrease in upper pool could not be detected, and is recommended for use in 

the prototype structure. Further modifications to the abutments in order 

to reduce drawdown would increase construction costs and are not consid

ered warranted. Computed abutment contraction coefficients are listed in 

table 6. These abutment coefficients include effect of water-quality 

tower. This effect is probably a large percentage of total contraction. 

Contraction of flow caused 
by water-quality control tower 

20. Contraction of flow caused by the water-quality intake tower 

(fig. 4) positioned on the left abutment is apparent for spillway flows in 

Fig. 4. Upstream face of spillway, sluices, 
and water-quality control tower 
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excess of 25,000 cfs. This condition is at its worst for combined spillway 

and sluice operation with a design flood of 320,000 cfs (see photograph 2). 

Surging of flow on tainter gates 

2l. Design criteria for tainter gate controlled spillways to prevent 

surging of flow on the gates were distributed by the Office, Chief of Engi

neers, in Engineer Technical Letter No. lll0-2-51 dated 22 August 1968. 

Application of the criteria to the Rowlesburg spillway indicated that no 

surge problem should exist. This indication was confirmed by visual ob

servations of flow conditions for several combinations of pool elevation 

and tainter gate opening. For the most extreme controlled flow likely 

(pool el 1637.2 and 20-ft tainter gate opening, resulting in a combined 

spillway and sluice flow of 228,600 cfs) the maximum surge observed was 

approximately l ft in bay l. This small fluctuation probably resulted more 

from the effect of the water-quality intake tower on the flow pattern than 

from flow instabilities associated with a surge problem. 

Calibrations of Spillway, Sluice, and Combined Qperations 

Description of weir 

22. The spillway crest (plate l) was shaped to fit the underside of 

the nappe from a head of 28 ft, which was about 71 percent of the 39.4-ft 

head expected at maximum discharge. The upstream quadrant of the weir fol

lowed the equation: 

y = 0.0426(x + 7.56)
1

·85 + 3.528- 1.505(x- 7.56 )
0

·
625 

and the downstream quadrant followed the equation: 

X 
1.85 

y -
- 2H0.85 

d 

23. In the preceding equation, Hd is the design head (28ft), and 

x and y are coordinates referred to the crest as origin. The upstream 

and downstream faces of the spillway were slopes of 1 and 7.5 to 10, re

spectively, and were placed tangent to the curved weir crest. 
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Head-discharge relations 

24. Spillway. The spillway was calibrated for uncontrolled flows, 

and measured head-discharge relations were in close agreement with computed 

values (plate 13). 

25. Sluices. Stage-discharge relations for the six flood-control 

sluices are presented in plate 14. Sluice flows in the model are 8.5 to 9 
percent less than computed flows. However, rough calculations indicate 

that increased resistance losses in the model sluices account for at least 

6 percent of this difference. Therefore, it is suggested that the computed 

curve be used for estimating sluice flows since it is more nearly correct 

than the model curve. 

26. Spillway and sluices. The stage-discharge curve for combined 

uncontrolled spillway and sluice flow developed from test results is in 

very close agreement with the computed curve (plate 15). These data indi

cate that the capacity of the structure is adequate since it is recognized 

that combined flow in the prototype would be slightly greater than model 

data would indicate, due to increased resistance losses in the model sluices. 

27. Proposed operation schedule. The Pittsburgh District has pro

posed the following schedule for operating releases from the Rowlesburg 
• reservo1r. 

a. Sluice flow only to reservoir pool el 1623 with uncontrolled 
sluice flow at all times (one or more sluices as necessary). 

b. Controlled spillway and sluice flow from reservoir el 1623 
to 1637. 

c. Combined and uncontrolled spillway and sluice flow to begin 
about reservoir el 1637. 

Items b and c should be reviewed for reasons already stated in paragraph 17. 
Pressures on spillway crest 

28. Pressures were measured on the spillway crest of bay 4 for a 

range of spillway flows. Locations of piezometers are shown in plate 16 

and pressure data are listed in table 4. Plots of the pressure obtained on 

the center line of bay 4 are shown in plate 17 and pressures along pier 4 
are presented in plate 18. Pressure data for a full range of flows indi

cated satisfactory pressure conditions on the crest except for the corner 

pressures measured (as low as -20.0 ft + 4.0) adjacent to bay 4 pier when 
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passing an uncontrolled spillway flow of 300,000 cfs (design flood is 

320, 000-cfs flow for combined sluice and spillway flow). Pressures are a.l 1 

positive for the 92,000-cfs standard project flood as well as other uncon

trolled spillway flows up to and including 150,000 cfs. Additional pres

sure data at partial spillway gate openings of 8 and 20 ft are presented 

in table 5. 

Stilling Basin 

Design considerations 

29. The following criteria were established for stilling basin per

formance. The stilling basin should (a) provide efficient energy dissipa

tion for discharges as great as the standard project flood (92,000 cfs), 

and (b) prevent the jump from sweeping out of the basin at the design flood 

(320,000 cfs). A tailwater curve for the damsite is presented in plate 19. 

Twelve stilling basin designs (types 0-ll, see plate 20) were model-tested 

in developing a basin satisfactory for the full range of operation, i.e. 

30,000-cfs sluice flow to 320,000-cfs combined sluice and spillway flow. 

Investigations in the stilling basin included the variation 

ing, and positioning of one and two rows of baffle piers to 

action that meets the adopted criteria. 

Type 1 (original) design 

• • J.n sJ.ze, spac-

obtain basin 

30. The type 1 (original) stilling basin was 375 ft wide, with an 

apron length of 210 ft, a sill height of 14 ft, and a single row of 7-ft

high baffles positioned 133 ft from the toe of the spillway (plate 20). 

For normal tailwater, a sluice discharge of 30,000 cfs rides through the 

basin with some dissipation (photograph 3a). Complete jump action obtains 

at the 92,000-cfs flow (photograph 3b). No discernible difference could be 

detected in basin action with 92,000-cfs flow whether operation was made 

with uncontrolled sp,illway or controlled spillway and sluice flow. The ba

sin would not spray with the tailwater lowered 6 ft below normal. A forced 

jump with some spray action obtained with a combined flow of 320,000 cfs 

(photograph 3c). It was necessary to rai~e the tailwater 9 ft to move the 

toe of the jump back to the toe of the spillway. At this condition, flow 
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was sweeping upstream along the banks at el 1420 and dropping over the ba

sin walls into the stilling basin, but was not submerging the jump action 

in the basin. 

Ty;pe 0 design 

31. Stilling basin flow conditions with the baffle piers removed 

from the stilling basin with normal tailwater for a sluice discharge of 

30,000 cfs and combined spillway and sluice flows of 92,000 and 320,000 cfs 

are shown in photograph 4. The sluice flow is riding through the basin 

with good dispersion (photograph 4a); good jump action obtains at 92,000-

cfs flow (photograph 4b); a forced jump with some spray action obtains in 

the downstream portion of the basin and in the exit channel with a combined 

flow of 320,000 cfs (photograph 4c). Basin action with the type 0 basin 

appears to be very similar to that with the type 1 basin except that at a 

discharge of 320,000 cfs, the jump is swept farther away from the toe of 

the spillway. 

32. Velocity data measured at sta 6+00 and 8+00 downstream from the 

axis of the dam for types 0 and 1 basins with a flow of 320,000 cfs are 

shown in plate 21. Additional center-line exit channel velocities measured 

at sta 5 + 18 fo'r the type 0 basin are shown in plate 22. Exit channel ve

locities with the type 1 basin and a combined flow of 92,000 cfs are shown 

in plate 23. 

Types 2-7 designs 

33. The positions of 1 and 2 rows of 9-ft-high baffles, 7 ft wide 

with 7-ft spacing, were varied in stilling basins types 2-7 (plate 20). 

Flow conditions with a 320,000-cfs flow were improved with the type 7 basin 

(photograph 5). In this basin the baffle piers were moved forward so that 

the upstream face of the first row of piers was positioned at the midpoint 

of the 210-ft apron at sta 3+44.85 with the second row at sta 3+71.85. 

Types 8 (recommended) and 9 designs 

34. The effect of two rows of 11-ft-high by 11-ft-wide baffle piers 

at two different positions in the basin was observed during tests of types 

8 and 9 stilling basins (plate 20). Flow conditions with a 320,000-cfs 

flow are shown in photographs 6c and 7a. The toe of the jump was very near 

the toe of the spillway with the type 8 basin installed. Plate 24 shows 
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the tailwater required to bring the jump to the toe of the spillway and the 

tailwater where spray action begins for the 320,000-cfs, combined-flow con

dition in stilling basin types o, 1, and 6-11. Tailwater curves with the 

type 8 basin and original exit channel topography are plotted in plate 25. 

Flow conditions with the type 8 basin for 30,000- and 92,000-cfs flows are 

shown in photographs 6a and 6b, respectively. 

35. Impact velocities at baffle piers. Impact velocities measured 

at the center of the basin between and adjacent to the upstream face of the 

front row of baffle piers are plotted in plate 26 for the types 1 and 8 

basins. The velocities measured indicate the baffles would be subjected 

to cavitation at a combined flow of 320,000 cfs when velocities as high as 

90 to 120 fps were measured. Therefore, in order to provide maximum pro

tection to the channel downstream of the basin it is necessary to accept 

the probability of some cavitation damage in the basin at floods exceeding 

about 150,000 cfs. The impact velocities for a 92,000-cfs flow did not ex

ceed 9 fps in the immediate area of the baffle piers with the type 8 basin 

and were 0 fps for the type 1 basin. 

36. Exit channel velocity data. Exit channel velocity data with the 

type 8 basin and flows of 30,000, 92,000, and 320,000 cfs are presented in 

plate 27. Exit channel velocities were more favorable with the type 8 

basin design as bottom velocities were considerably lower than with other 

designs. 

37. Water-surface profiles. Water-surface profiles for the types 1 

and 8 basins with a 320,000-cfs flow and normal tailwater el 1414.8 are 

shown in plate 28. The profiles were measured along the left spray wall 

and stilling basin wall. 

Types 10 and 11 designs 

38. The types 10 and 11 basins (plate 20) had two rows of 7- and 

9-ft-high baffle piers, respectively, positioned at sta 3+44.85 and 3+71.85 

and except for baffle size and spacing were identical with the type 8 basin. 

The spray action condition which obtained with the type 10 basin for normal 

tailwater and a flow of 320,000 cfs is shown in photograph 7b; flow condi

tions with the type 11 basin insta.lled are shown in photograph 7c. 
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39. Exit channel velocities measured with the type 11 basin and a 

320,000-cfs flow are shown in plate 29. 

Discussion: type 8 
(recommended) basin design 

40. The type 8 stilling basin was the most satisfactory tested for 

a full range of flows up to 320,000 cfs. This basin included two rows of 

11-ft-high baffles with the ·first row located at the midpoint of the 210-

ft-long apron (approximately 1.7D2 from the toe of the spillway) and the 

second positioned 27 ft farther downstream. The 14-ft end sill at the end 

of the basin remained unchanged. At the 320,000-cfs flow, the toe of the 

jump is held very near the toe of the spillway at normal tailwater (photo

graph 6c). Exit channel velocities are more favorable with this basin 

design with bottom velocities lower than with other designs (plates 22 

and 27). However, for high flows approaching the spillway design flood, 

velocities adjacent to the first row of baffles measured 54-128 fps (see 

plate 26), well within the cavitation range. In order to provide maximum 

protection to the channel downstream of the basin it is necessary to accept 

the probability of some cavitation damage in the basin at floods exceeding 

about 150,000 cfs. For a standard project flood of 92,000 cfs, the maximum 

velocities measured at the baffles were about 9 fps. The type 8 stilling 

basin design (plate 20) is recommended for adoption in the prototype 

structure. 

Water-Quality Control Tower and Sluice 

Design considerations 

41. The need for increased efforts to obtain optimum use of our 

water resources becomes more evident with the growth of population and in

dustry and increased demands on our water resources. Recent Federal laws 

have accelerated national attack on pollution and enhancement of the qual

ity and value of our water resources. The need for adequate information to 

design structures for selective withdrawal and the need for a method of op

eration that would result in effective control of both the thermal and 

chemical qualities of releases from stratified reservoirs are apparent. 
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42. The problem with respect to Rowlesburg Dam is one of mechanics 

in effectively measuring the thermal quality of releases from the strati

fied reservoir passed over the movable bulkhead (sharp-crested weir) in the 

control tower (see fig. 4 and plates 1 and 2), and through the tower and 

sluice. The probable maximum low-water release requiring selective with

drawal would be 2500 cfs, whereas the average is expected to approximate 

1400 cfs as proposed by the Pittsburgh District. It was indicated that the 

proposed method would be satisfactory if 1400 cfs could be obtained by with

drawal from the top 15 ft of impoundment and 2500 cfs from the top 20 or 

more ft . 

Mbdel withdrawal tests 

43 . Obviously the 1:60-scale model was not satisfactory for accurate 

measurement of discharge characteristics of the proposed water-quality con

trol tower and sluice. However, it was considered that a qualitative dem

onstration of the effectiveness of the proposed intake tower and sluice in 

selectively withdrawing water from the desired level was more pertinent to 

design considerations than the capacity of the facilities. In the proto

type, flow into the tower would result from about 2 ft of head differential 

over movable bulkheads in the tower. The head differential would be main

tained by operation of the sluice control gate. 

44. The use of dissolved solids (salt) was selected as the most 

practical method of generating density differentials in the model. A den

sity differential of approximately 0.002 g/ml was created between the fresh 

water and salt water to roughly simulate a temperature differential across 

the thermocline of 10 deg. The elevation of the interface was controlled 

by a weir at the upper end of the headbay reservoir. The lower or denser 

strata were generated by filling the headbay to the predetermined weir 

level with fresh water and mixing salt and dye to give the desired density 

and red color to the reservoir area between the weir and the dam, a dis

tance of about 1250 ft. The weir elevation fixed the elevation of the sa

line water and permitted fresh water to be placed over the saline water to 

create the upper strata. A very distinct two-layer stratification existed, 

the depth of either layer being easily controlled. Commercially available 

thermistor and conductivity probes (fig. 5) were used in order to determine 
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Fig. 5. Thermistor and conductivity probe for determining 
temperature and salinity gradients 

the density profile at any location in the model reservoir as well as the 

density of samples taken during a test series. After a two-layer stratifi

cation had been generated, the test was initiated by introducing a gradu

ally increasing discharge of fresh water into the headbay and releasing 

flow over the bulkhead in the tower and out through the sluice which dis

charged freely into a measuring device. A record of reservoir depth, 

sluice discharge, and sample pickups was available as desired. The samples 

were obtained with free flow over the bulkhead and the sluice gate open 

full. 

45. Weir (original) scheme. Initial tests were made with free flow 

over the 25-ft-wide sharp-crested weir (bulkhead) in the upstream face of 

the control tower. The interface was positioned 10.5 ft below the lip of 

the weir. This setup would roughly simulate the desired test conditions of 

18 



a 1400-cfs discharge into the tower with the interface about 15 ft below 

the water surface and a 2500-cfs discharge with the interface about 20 ft 

below the water surface. Very small discharges (less than 200 cfs) drew 

salt water into the tower. Samples taken at the downstream end of the 

water-quality sluice indicated that the salinity of the outflow increased 

with increasing discharge (up to about 1500 cfs). Qualitative measurements 

indicated variations of 5 to 20 percent salt water with discharges between 

400 and 2000 cfs (plate 30). Thus, it seems unlikely that the proposed 

weir withdrawal scheme can be made to skim 1400 cfs from the top 15 ft of 

the reservoir impoundment, and certainly not 2500 cfs from the top 20 ft, 

~thout drawing a significant amount of water from a lower stratum. 

46. Orifice scheme. Preliminary tests with a 2.5-ft-high by 25-ft

wide orifice positioned with the center line of the orifice 9.2 ft below 

the water surface and 11.75 ft above the interface (discharge about 1000 

cfs) indicated withdrawal with 7 percent salt water (see plate 31). The 

test was repeated with the orifice raised 10ft (i.e . . the interface 20.5 ft 

below the invert of the orifice). A sample from this test indicated about 

4 percent salt water. For a discharge of 1000 cfs, the orifice appears to 

be superior to a weir as a means of withdrawal. 

47. Additional tests were made with the area of the orifice doubled 

by increasing the height from 2.5 to 5 ft. Tests with the interface 

20.5 ft below the invert of the orifice and the water surface 9.2 ft above 

the center line of the orifice indicated about 9.5 percent salt water was 

included in a total flow of about 1900 cfs (plate 31). 

48. The tests described in paragraph 47 were repeated with the ori

fice positioned in the right face of the control tower. Naturally the ori

fice was placed at a higher elevation as suggested in the original scheme 

but the interface and pool were raised relative to the preceding tests. 

About 12 percent salt water was withdrawn in a total flow of about 1900 cfs. 

The orifice method of withdrawal with the orifice positioned in the up

stream face of the control tower · appears to be a more practicable means of 

withdrawal than the proposed weir method. 

49. Following these tests the Pittsburgh District suspended tests of 

the water-quality withdrawal schemes pending a review of the problem and 
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study of the expected reservoir temperature regime and withdrawal require

ments. Attention is invited to a recent related hydraulic laboratory 

investigation.* 

* J. P. Bohan and J. 1. Grace, Jr., "Mechanics of Flow from Stratified 
Reservoirs in the Interest of Water Quality; HYdraulic Laboratory Inves
tigation," Technical Report H-69-10, July 1969, U. S. Army Engineer 
Waterways Experiment Station, CE, Vicksburg, Miss. 
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PART IV: DISCUSSION OF RESULTS 

50. The stage-discharge curve for combined uncontrolled spillway and 

sluice flow developed from test results is in very close agreement with the 

computed curves. The capacity of the structure is adequate since it is re

cognized that combined flow in the prototype would be slightly greater than 

model data indicate, due to increased resistance losses in the model 

sluices. Sluice flows in the model were 8.5 to 9 percent less than com

puted flows. Distorted scaling of resistance losses in the sluices ac

counts for at least 6 percent of this difference, and therefore it is sug

gested that the computed curve be used for estimating sluice flows. 

51. Flow conditions in the approach and over the spillway were sat

isfactory for most conditions of discharge. Some local contraction was 

caused by the location of the water-quality control tower on the left abut

ment. This condition is at its worst for combined spillway and sluice op

eration with a 320,000-cfs (design flood) flow. Spillway flows in excess 

of 25,000 cfs result in some contraction off the tower. 

52. Pressures on the spillway crest were positive for the 92,000-cfs 

flow (standard project flood) as well as other uncontrolled flows up to and 

including 150,000 cfs. Corner pressures as low as -20 ft were measured ad

jacent to pier 4 with an uncontrolled discharge of 300,000 cfs. 

53. The recommended (type 8) stilling basin consisted of a horizon

tal apron 210 ft long at el 1351. Mounted on this apron were two rows of 

11-ft-high baffle piers and a 14-ft-high end sill. The first row of baf

fles was positioned 105 ft downstream of the toe of the spillway and the 

second row was 27 ft farther downstream. The stilling basin walls were 

69 ft high with top el 1420. Conditions in the basin are very good for 

sluice flow only (30,000 cfs) and the standard project flood (92,000 cfs). 

At the spillway design flood of 320,000 cfs, the jump is held very near the 

toe of the spillway. For high flows approaching the design flood, veloci

ties measured adjacent to the first row of baffles are well within the 

range required for cavitation. Therefore, in order to provide maximum pro

tection to the channel downstream of the basin it is necessary to accept 
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the probability of some cavitation damage in the basin at floods exceeding 

about 150,000 cfs. 

54. The proposed multilevel bulkhead slot functioning as a 25-ft

wide weir to control selective withdrawals through the water-quality con

trol tower and sluice was found to be unsatisfactory. An alternate scheme 

with a multilevel orifice 25 ft wide by 5 ft high proved to be better but 

still fell far short of the desired operating characteristics. With this 

scheme positioned in the upstream face of the tower, a flow of approxi

mately 1900 cfs was withdrawn from the reservoir with about 9 percent of 

the discharge coming from the denser stratum starting 20.5 ft below the in

vert of the orifice. The sponsor is reviewing other schemes of withdrawal 

from stratified reservoirs in the interest of water quality. 

55. The 1:20-scale section model tests of the sluice intakes re

sulted in revision of the proposed intake which resulted in a more econom

ical design. Model data indicate the entrance will be cavitation-free. 

Section model tests were not made of the sluice outlet portal. It is sug

gested that the sluice outlet portals be tested at an adequate scale with 

simulated spillway flow over the outlet portal in order to determine a 

safe operating schedule under combined-flow conditions. Cavitation damage 

resulted in the prototype at Folsom Dam under combined sluice and spillway 

operation during a 1955 flood. 
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Table 4 

Pressures on Spi l l way for Uncontrolled Flow 

Pr essures in Prototype Feet of Water 
Discharge Discharge Discharge Discharge Dischar ge Discharge 
50,000 cfs 100, 000 cfs 150 ,000 cfs 200 ,000 cfs 250 ,000 cf s 300 ,000 cfs 

Piezometer Pool El Pool El Pool El Pool El Pool El Pool El 
No . El 1614 .0 1620 .8 1626 .1 1630 . 9 1635 .2 1639 .0 

1 1570 .99 43 . 6 50 .1 54 .8 59.9 63 .4 67 .9 
2 1580 .89 33 .8 40 .2 44 .8 49 .1 52 .8 56 .0 
3 1585 .82 28 .8 35 .2 39 .4 44 .0 46 .7 49 .8 
4 1590 . 74 23 .6 29 . 5 33 .9 36 .6 39 .6 42 . 5 
5 1595 .62 18 .1 22 . 5 26 .1 28 .2 29 .4 + 1.0 30 .1 

6 1597 .47 14 .2 15 .7 16 . 5 16 .4 + 1.0 12 . 5 + 3 .0 8 .0 ~ 5.0 
7 1599 .03 12 .0 13 .0 13 .2 12 .2 7 . 5 ~ 3.0 3 .3 + 5 .0 
8 1599 .78 10 .3 10 .5 9 .6 6 . 7 + 1.0 3.2 + 1. 0 -0 .8 + 4 .0 
9 1600 . 38 8 .6 8 .7 7.6 3-:-6 1.2 + 1.0 - 3 .4 + 5 .0 

10 1600 .89 7 .6 8 .0 6 . 5 3 .6 0 .7 -6-:-4 

ll 1601.00 6 . 4 6 . 3 4 .8 2 . 5 -1.5 -8 .0 
12 1600 .89 5.8 6 .2 4 .9 2 .8 -0 .4 - 5 .4 
13 1600 .62 6 .0 6 .6 5. 5 4 .4 1.9 -1.9 
14 1600 .19 6 .2 7 .1 5.2 5.8 4. 3 2 .3 
15 1599 .62 5.8 6 .8 6 . 5 5 .4 3 .9 1.6 

16 1598 .08 3 . 5 3 .6 2 . 6 0 .9 -0 .9 - 3 .6 
17 1596 .03 3.9 4 . 4 3 .8 3 .0 1.7 -0 . 5 
18 1593 .49 3 .7 4 . 5 3. 5 3 .0 1. 8 3 .0 
19 1589 .65 2 .1 2 .4 2 .3 1.0 0 .2 -1.1 
20 1585 .09 1.2 0 .9 0 .3 -0 . 3 -1. 5 -2 .6 

21 1579 .85 2.1 2 .2 1. 9 1.4 0 .6 -0 . 3 
22 1573 .92 2 .1 2 .8 2 .8 3 .1 2 .6 2 .8 

6P 1597 .47 15 .2 18 . 5 20 .2 20 .0 21. 0 + 1.0 21.0 + 1.0 
7P 1599 .03 13 .0 14.0 17 .0 15 . 5 12 . 5 + 2 .5 12 .0 + 2 .0 
8P 1599 .78 11.3 13 .1 12 .2 10 .7 8 . 7 ±. 1.5 6 .2 + 1.0 
9P 1600 .38 9 .2 9 . 6 7 .6 8 .1 0 .1 + 1.0 -4 .4 + 1.0 

lOP 1600 .89 7 .2 6 .8 3.4 0 .1 -7 .4 ± 2 .0 - 14 .9 + 2 .0 

llP 1601 .00 5 .1 3.8 3.0 - 5. 5 - 10 . 5 ±. l. 0 -20 .0 + 4 .0 
12P 1600 .89 3 .1 2 .9 -1.1 -0 .4 - 9 .9 + 1.0 - 16 .9 ± 1.0 
l3P 1600 .62 4 . 5 4 . 3 2 .6 -1.1 - 5. 5 + 1.0 -9 .6 
l4P 1600 .19 5.0 5. 7 4 .2 2 .1 -0 .7 - 5.2 
l5P 1599 .62 4 .6 5 . 5 4 .7 2 .9 0 .4 -0 .4 

16P 1598 .08 3 .1 3.7 2 .1 1.4 0 .8 -0 .6 
l7P 1596 .03 3.0 3 .8 3 .3 2 .2 1.0 1.0 
l8P 1593 .49 2 .9 3.6 3. 3 2 . 3 1.5 -0 . 5 
l9P 1589 .65 1.5 1.4 1. 1 -0 .1 - 0.7 - 7 .7 
20P 1585 .09 1.2 0 .9 0 .0 -1.1 -1.6 - 3.1 

21P 1579 .85 0 .3 0 .4 -0 .2 -0 .9 -1.4 -2 .9 
22P 1573 .92 2 .1 2 .7 2 .6 1.1 2 .1 2 .1 

Note : Piezometers 1- 22 are located on center line of bay 4 . Piezometers 6P-22P are 
located 0 . 5 ft from left s i de of crest pier 4 (bay 4) . 



Table 5 

Pr essures for Partial Spillway Gate Openings 

Pressures in Prototype Feet of Water 
8- ft Opening 20-ft Opening 

8- ft Opening Combined Spillway Combined Spillway 
Spillway Flow and Sluice Flow and Sluice Flovr 

Piezometer Discharge 89 ,200 cfs Discharge 92 ,000 cfs Discharge 228 , 600 
No . El Pool El 1637 .0 Pool El 1623 .6 Pool El 1637 .2 

1 1570 .99 68 .0 54 .7 68 .0 
2 1580 .89 58 .0 44 .8 57 -9 
3 1585 .82 53 .0 39 -9 52 . 5 
4 1590 . 74 47 .9 34 . 7 46 . 9 
5 1595 .62 42 . 3 29 . 3 38 .4 

6 1597 .47 38 . 3 25 . 3 28 .2 
7 1599 .03 35 .4 23 .0 24 .1 
8 1599 . 78 33 . 5 21 .8 19 .2 
9 1600 . 38 31 . 6 19 .8 16 .6 

10 1600 .89 28 . 8 18 .2 15 .0 

11 1601 .00 24 .0 15 .8 10 .8 
12 1600 .89 18 . 6 13 .0 9 .4 
13 1600 .62 14 .7 10 .8 9 .7 
14 1600 .19 10 .6 8 . 7 9 .2 
15 1599 .62 7 . 5 5 .4 6 .1 

16 1598 .08 -1 . 3 0 .9 0 . 9 
17 1596 .03 -0 .8 1 . 3 0 .0 
18 1593 . 49 0 . 5 1 . 7 0 .2 

19 1589 .65 -0 .9 0 .8 - ? . 1 

20 1585 .09 - 1 .0 0 .4 - 3 .1 

21 1579 .85 0 . 5 1 . 3 -0 .8 
22 1573-92 0 .4 1.9 1 . 7 

6P 1597 .47 39 .1 26 . 5 32 . 5 

7P 1599 .03 36 .9 24 .4 29 .0 

8P 1599 .78 33 .6 22 .2 21 . 7 

9P 1600 . 38 30 .8 20 . 3 16 .0 

lOP 1600 .89 27 .8 17 .4 10 .2 

llP 1601 .00 20 .1 13 .9 4 .4 

12P 1600 .89 14 . 6 10 .4 2 .1 

13P 1600 . 62 10 .4 8 .1 3 .2 

14P 1600 .19 9 .6 7 .8 5 .7 

15P 1599 .62 5 -7 5 . 6 5 .4 

16P 1598 .08 -0 .8 1 .7 1 .2 

17P 1596 .03 - 0 .8 1 .4 0 .7 

18P 1593 . 49 0 .0 1 .6 0 . 5 

19P 1589 . 65 - 1 .0 0 . 3 - 1 .6 

20P 1585 .09 - 0 .8 1 .0 - 1 .6 

21P 1579 .85 - 1 .4 -0.2 -2 .4 

22P 1573 . 92 1.8 2.1 2.6 

• 

Note : Piezometers 1-22 are located on center line of bay 4. Fiezometers 
6P-22P are located 0 .5 ft from left side of crest pier 4 (bay 4) • 

• 

• 

cfs 

• 



Discharge 
cfs 

50,000 

100,000 

150,000 

200 ,000 

250,000 

300,000 

Basic equation : 

Table 6 

Abutment Contraction Coefficients 

H e 
ft 

13 .0 

19 .8 

25 .1 

29 .9 

34 . 1 

38 .0 

1 -

K ** 
C* p 

3 . 58 0 .039 

3 .83 0 .015 

3 .97 0 .003 

4 .06 - 0 .003 

4 .11 - 0 .012 

4 .13 - 0 .012 

2 (NK + K ) H J H3/
2 

p a e e 

Q 

CH3/2 
e Abutment coefficient, Ka = -----,2-H--- - NK 

p 
e 

where 

Q = measured discharge, cfs 

* C - assumed discharge coefficient (from Hydraulic Design 
Chart 111- 3) 

1 - net length of crest, ft 

N - number of piers 

** K - pier contraction coefficient (from Hydraulic Design -
p Chart 111- 5 \ 

K - abutment contraction coefficient (computed) a 
H - total head on crest, ft e 

K a 

0 . 42 

0 .36 

0 . 29 

0 .25 

0 .21 

0 .14 



Photograph 1 . 
Discharge 

c 10-FT RADIUS ON LEFT AND R.GHT 
ABUTMENTS ISP LLWAY AND 

--·S•L•U•IC·E·S·C·O·MrB~D~l ----~---

Flow conditions in upstream approach near spillway . 
320, 000 cfs, pool el 1638.5, tailwater el 1414.8 



Photograph 2. Flow conditions at left abutment of spillway in vicinity 
of water-quality control tower. Discharge 320,000 cfs (spillway and 

sluices uncontrolled), pool el 1638.5, tailwater el 1414.8 

• 



o. DISCHARGE 30,000 CFS !SLUICES 
UNCOIHROLLEDI, POOL EL 1615.0, 
TAILWATER EL 1387.5 

-=::::-=:= 

b. DISCHARGE 92 000 CFS !SPILLWAY AND 
SLUICES UNCONTROLLED). POOL 
EL 1615.5 TAILWATER EL 1395.0 

DISCHARGE 320,000 CFS (SPILLWAY AND 
SLUICES UNCONTROLLED! , POOL EL 1638.5, 
TAILWATER EL 1414.8 

Photograph 3. Flow conditions in type 1 (original) stilling basin 



a. DISCHARGE 30,000 CFS (SLUICES 
CONTROLLED). POOL EL 1615.0, 
TAILWAT ER EL 1387.5 

DISCHARGE 92,000 CFS (SPILL WAY AND 
SLUICES UNCONTROLLED), POOL 
EL 1616.5 TAILWATER EL 1395.0 

DISCHARGE 320,000 CFS (SPILLWAY AND 
SLUICES UNCONTROLLED), POOL 
EL 1638.5, TAILWATER EL 1414.8 

Phot ograph 4. Flow conditions in type 0 stilling basin 
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I 
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Photograph 5. Flow conditions in type 7 stilling basin . Discharge 
320,000 cfs, pool el 1638.5, tailwater el 1414.8 



DISCHARGE 30,000 CFS !SLUICES UN· 
CONTROLLED!, POOL EL 1615.0, 
TAILWATER EL 1387.5 

DISCHARGE 92,000 CFS (SPILLWAY CONTROLLED. SLUICES 
UNCONTROLLED), POOL EL 1623.8, TAILWATER EL 138S.O, 

SPILLWAY GATES OPEN 8FT 

'-

DISCHARGE 320,000 CFS (SPILLWAY AND 
SLUICES UNCONTROLLED). 
POOL EL 1638.5, TAILWATER EL 1414.8 

Photograph 6. Flow conditions in type 8 (recommended) stilling basin 



Photograph 7. Flow conditions in types 9- ll stilling basins . 
Discharge 320,000 cfs (spillway and sluices uncontrolled), 

pool el 1638 . 5, tailwater el 1414 .8 
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intake . The stage-discharge curve for combined uncontrolled spillway and sluice flow 
developed from model test results is in very close agreement with the computed curves . 
The capacity of the structure is adequate . A satisfactory stilling basin design v1as 
developed. The sluice intake model tested permitted development of a more economical 
and cavitation- free intake design. A multilevel bulkhead slot functioning as a 25 - ft
~ide sharp-crested weir was unsatisfactory as a means of selectively withdrawing flows 
from the top 15 ft of the reservoir without withdrawing from a lower stratum. A multi
level scheme with a 25 - ft-wide by 2.5- or 5-ft-high orifice was found to be superior to 
the weir scheme but still fell far short of the desired operating characteristics . The 
sponsor will review the problem and consider other withdrawal schemes . 
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