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erninated with a 3—ft—high vertical end sill. The center  section , loca ted
downstream of the low gate bays, is 150 ft wide and has an apron elevation of
—12.0 ft. The two outer sections, downstream of the high gate bays, are

~2l ft wide and have an apron elevation of —5 .0 ft.

Model investigations were conducted using two 1:36—scale section models
and a 1:150—scale section model to evaluate and develop a satisfactory means
of regulating the existing structure to achieve the desired flow objectives
without creating adverse hydraulic flow conditions. The model was also
used to study the stilling basin performance and flow characteristics for
uncontrolled— and controlled—flow operations , measure the dynamic loads in-
duced in the cables and supporting devices during placement of the vertical—
lift gates, pressures along the ar.-ructure (weir crest to stilling basin apron)
and velocities in the approach, stilling basin , and exit channel and to de—
termine by observation the relative degree of turbulence in the stilling
basin and exit channel.

• Model tests indicated that partial closure of the gate bays from the
top of’ the structure (orifice flow under the gates) would be the most effec-
tive method of regulating the structure and maintaining satisfactory stilling
basin performance and is therefore the recommended plan of regulating the
existing structure. The Froude number cf flow in the exit channel should not
exceed 0.5 for any gate opening downstream of the low bays and O.~ for gate
openings below 11.25 ft and 0.5 for gate openings greater than 11.25 ft down-
stream of the high bays. Pressures obtained for a range of flow conditions
indicated no serious negative pressures should be encountered on boundaries
of the prototype structure subject to flow.

The model also indicated that with one gate bay fully closed and adja-
cent bays open severe turbulence was induced upstream of the fully closed
gate. Therefore, the method of regulating the structure by means of fully
closing various gate bays should be discontinued for headwaters in excess of
37.0 ft me
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PREFACE

The model invest igat ion reported herein was requested and autho-

rized by the U. S. Army Engineer Dis t r ic t , New Orleans ( NOD),  on 17 Jan-

uary 1975.

The study was conducted during the period January 1975 to Decem-

ber 1975 in the Hydraulics Laboratory of the U. S. Army Engineer Water-

ways Experiment Station (WES) under the direction of Mr. H. B. Simmons ,
Chief of the Hydraulics Laboratory, and under the general supervision of

Messrs. J. L. Grace, Jr., Chief of the Structures Division , and J. P.

Bohan, former Chief of the Spillways and Channels Branch. The project

engineer for the model study was Mr. F. D. Rothwell, assisted by

Messrs. P. Saunders, S. T. Maynord , and B. Perkins. This report was

prepared by Messrs. Rothwell and Grace.

During the course of the investigation, Messrs. H. Will is ,

B. Howell, J. Ryan, S. Powell, W. McIntosh, E. Dodson , H. Pointon , and
C. Guam of the Office, Chief of Engineers; MG F. P. Koisch , COL John L.

Cannon , R. Resta, R. Kaufman , C. Trahan, F. Weaver , P. Louque, L. Cook,
E. Walker, H. Reed , R. Armstrong, J~ Harz III, I. Behr, and R. Dubuisson

of the U. S. Army Engineer Division , Lower Mississippi River/Mississippi

River Commission ; and J. Baehr, F. Chatry, B. Kemp, P. Hardy ,

P. Napolatino , F. Barton, B. Fairless, J. Roy, P. Kliebert , W. Sonimer ,

P. Brupbacher , W. Judlin, T. Johnson , J r . ,  B. Bleicher, C. Guggenheimer ,
G. Jesc].ard , A. Becnel, Jr . ,  I. Moss , Jr., J. Martin , and G. Pilie of

NOD visited WES to discuss the program and results of model tests, ob-

serve the model in operation , and correlate these results with design
studies.

Directors of WES during the conduct of the study and the prepara-
tion and publication of this report were COL G. H. Hilt , CE, and
COL John L. Cannon , CE. Technical Director was Mr. F. P. Brown.
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI)
UMTS OF MEASUREMENT

U. S. customary uni t s  of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain

feet 0. 3O~8 metres

miles (u. S. statute) 1.6O931~ kilometres

pounds (mass) O.1~535921~ kilograms

kips (force) ~1~~8.222 newtons

feet per second 0.30148 metres per second

feet per second per second O.30~8 metres per second per second

cubic feet per second 0.02831685 cubic metres per second
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OLD RIVER EXISTING LOW—E~ILL CONTROL STRUCTURE, LOUISIANA

Hydraulic Model Investigation

PART I: INTRODUCTION

The Prototype

1. The Old River Low—Sill Control Structure is located on the

west bank of the Mississippi River approximately 50 mules* northwest of

Baton Rouge, Louisiana, and approximately 35 miles southwest of Natchez,
Mississippi (Figure 1). The control structure consists of a reinforced

)
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Figure 1. V i c i n i t y  map

* A table of factors for converting U. S. customary units of measure-
ment to metric (SI) units is presented on page 3.
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concrete structure with vertical—lift gates and stilling basin, an in-
flow channel from the Mississippi River , and an outflow channel to the
Atchafalaya River and Basin.

2. The structure has a spiliway length of 566 ft between abut-

ments and consists of eleven 1414—ft—wide gate bays, Nos. 1—li from right

to left looking downstream, separated by piers. The three center bays

(low gate bays) have a crest elevation of _5.O*; and the eight outer

bays (high gate bays), four bays on each sift.. of the center section,

have a crest elevation of +10.0 (Plates 1 and 2). The gate bays are

f itted with multileaf , vertical—lift gates operated by an overhead

gantry crane. The arrangement of these gate leaves for the low and high

gate bays is shown in Plat e 3.
3. The stilling basin consists of a horizontal apron, divided

into three sections, that is surmounted with two rows of staggered lO—ft—

high baffles spaced 12 ft apart and terminated with a 3—ft—high vertical

end sill. The center section, located downstream of the low gate bays,

is 150 ft wide and has an apron elevation of —12.0. The two outer sec-

tions, downstream of the high gate bays, are 221 ft wide and have an

apron elevation of —5 .0.

Purpose of Model Study

14. The spiliway sectional models were conducted to investigate

the hydraulic performance to be expected with the existing low—sill con-
trol structure under both the immediate and long—range operating condi—

tioris for controlled and uncontrolled flows. Specifically, the model
study would provide the data necessary to evaluate and develop a satis—
factory means of regulating the structure to achieve the desired flow

objectives without creating adverse hydraulic conditions. The following

information was obtained for the low and high gate bays :

a. Flow characteristics and stilling basin performance with
gates fully open (uncontrolled flow).

* All elevations (el) cited herein are in feet referred to mean sea
F level .
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b. Flow characteristics and stilling basin performance with
one and two gate leaves installed on the weir crest (weir
flow over gates).

c. Flow characteristics and stilling basin performance with
partial closure of the gates from the toj~ of the structure
(orifice flow under gates).

d. Dynamic loads induced in the cables and supporting devices
during placement of the vertical—lift gates.

e. pressures along the structure (weir crest to stilling
basin apron) and velocities in the approach , stilling
basin, and exit channel .

f. Relative degree of turbulence (as shown by dye) observed
visually in the stilling basin and exit channel.

6
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PART II: THE MODELS

Description

5. Separate investigations were conducted using two l:36—scale

section models: one simulated the low gate bays (Figure 2a) and repro-

duced a 1414—ft—wide gate bay (No. 6), two 9—ft—wide piers , and 31.8 per-

cent of each of the adjacent gate bays (r~os. 5 and 1); the other simu-
lated the hi gh gate bays (Figure 2b) and reproduced a 1414—ft—wide gate

bay, two 8—ft—wide piers , and 314.0 percent of the adjacent gate bays.

The models of the separate portions of the structure were installed in

a 2.5—ft—wide glass—sided flume capable of simulating 650 ft of approach

channel, a 90—ft—wide section of the structure , and 500 ft of exit
channel. The portions of the model representing the approach and exit
channels were modeled with plast ic—coated plywood and treated wi th  a

waterproofing compound to prevent expansion. The weir crests and still-

ing basin aprons were fabricated of sheet metal . The crest piers ,

baffle blocks , and end sills were fabricated of transparent plastic .

The ver t ica l—lif t  gate leaves were of plate girder construction with a

skin plat e on the upstream side (Figure 3 and Plate 3).

6. Ini t ia l ly ,  it was planned that all tes ts would be cenducted

using the l :36—scal e section models. However , it was found necessary to

conduct certain tests using a 1:150—scal e section model sirmi lat ing the

three low gate bays, two piers , and 2000 ft of approach and exit channel

in a 1—ft—wide glass—sided flume (Figure 14 ) .  These tests were conducted

to investigate and evaluate the effects of alternative mod€~. of regu-

lating the structure on the existing downstream scour configuration and
to supplement the various tests conducted in the l:36—scale section

models.

7. Supplementary to the tests conducted in the models described

above, observation of flow patterns, velocities, discharges, and overall

hydraulic performance of the low—sill structure was made in the 1:120—

scale (three—dimensional ) fixed—bed model. This model reproduced the

entire low—sill (Figure 5) and overbank (Figure 6) structures with

7 1 
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Figure 3. Downstream side of gate leaves 3L (19 ft high)
and 14L (15 ft high) showing structural details
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MISS. RIVER DI SCHARGE 1 ,275.000 CFS •

LOW SILL DISCHARG E 356.000 CFS - .- • - •
50.7 FT MSL ~~~~, --  

- 
- s :~~• ~~~ —

‘ .
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~~~~~~ 

• - ~~— ~~- ‘ •

Figure 5. The 1:120—scale comprehensive model low—sill
control structure, looking downstream
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MISS R IVER 0151 H A R GC  I 328 000

~~~~

Figure..6. The 1:120—scale comprehensive model overbank structure,
looking downstream

portions of the connecting levees and the approach and outflow
channels.

8. Water used in the operation of the models was supplied by

pumps, and discharges were measured by means of venturi and orifice

plate meters. Steel rails set to grade provided reference planes for

measuri~:g devices. Water—surface elevations were obtained by point

gages. Velocities were measured with pitot tubes and by stopwatch tim-

ing of movement of dye over a measured distance. Current patterns were

determined by observing the movement of dye injected into the water.

Dynamic loads were measured by load cells which monitored the instanta-

neous and continuous dynamic loads exerted on the vertical gate leaves

during their installation. Pressures were measured by piezometer tubes
installed along the center line of’ the structure (Plate 14).

12

I1~ INII t . 1Ifl ~~~ .t: 
. _-.~:.-- 



I

Scale Relations

9. The accepted equations of hydraulic similitude , based upon

Froudian criteria, were used to express the mathematical relations be-

tween the dimensions and hydraulic quantities of the model and prototype.

The general relations expressed in terms of the model scale or length

ratio, L
r 

are presented in the following tabulation :

Dimension Ratio Scale Relations

Length L
r 

1:36 1:120 1:150

Area A
r 

= L
2 

1:1296 1:114,1400 1:22,500

Velocity V
r 

= L~~
2 

1:6.0 1:10.95 1:12.214

Discharge Q L~’2 1:7776 1:157,71414 1:275,567

Time T
r 

= L~~
’2 

1:6.0 1:10.95 1:12.214

10. Model measurements of each dimension or variable can be

transferred quantitatively to prototype equivalents by means of the
preceding scale relations.

13 
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PART III: TESTS AND RESULTS

Discharge Characteristics

Flow conditions

11. Tests to determine the discharge characteristics of the spill—

way structure with various approach and exit channel elevations were

conducted for each of the following flow conditions:

a. Free uncontrolled flow: gates fully open ; upper poo1 un—
affected by the tailwater (Figure 7).

b. Submerged uncontrolled flow: gates fully open; upper
pool controlled by the submergence ef fec t  of the t a i l —
water (Figure 8 ) .

c. Free controlled flow: gates part ial ly open ; upper p001 —

controlled by gate opening and una f fec t ed  by the tail—
water (Figure 9) .

ci. Submerged controlled flow: gates par t ia l ly  open ; o~ ps 1~
pool controlled by gate opening and the  submergence e
fect of the tailwater (Figure 10). =

Description of tests

12. Tests to determine the discharge characterist ics of the struc-

ture for free uncontrolled flows were conducted by introducir~ç~ va ri ous

discharges into the model , with the tailwater below the sp il lway crest ,

an-I observing the corresponding upper pool elevations. Sufrlcient time

was allowed for stabilization of the upstream flow conditions. Uppt-r

pool elevations were measured at a point 1400 ft upstream frnm the axis

of the weir , and tailwater elevations were measured at a point 325 ft.

downstream from the axis of the weir. A similar procedure was followed

for various partial gate operations to determine the discharge character-

istics of free controlled flow.

13. Submerged—flow discharge characteristics for both controlled

and uncontrolled flows were determined by int roducing several (c ~nstant .

discharges into the model and varying the tai lwater by small increments

for each from an elevation at which no int erference in spillway f low
was evident to an e levat ion at which the f11w was practir~t l ly 100 ~ leI’_

cent submerged . The elevat ion of the  upper pool W~t5 T1I ~~I e l  a~ euch

‘14



rip.- .- 
••-•

~

-_ s~~~~~~v~~~~~- -- - 

_
~

_ _ _ _ ,~

ii 
- -  -

~~ 
- N

-

I~~ 
_ _ _ _ _ _ _  -- — ~ ‘I Ut) Uri~ 

•

~r 
~~~~~~~~~~~~~~~~~~

-~ 
• -. _s~.•~ 

~~~~~~~~
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-• 
- - - -  S

~~~~~~~ 
- -U  -\ .~ 

-

Figure 7. Free uncontrolled flow, high gate bays ; headwater el 140.0 ,
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Figure 9. Free controlled (orifice) flow, high gate bays; 
-:

headwater el 14O.O, tailwater el 5.0, gate opening 11.25 ft
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of the respective tailwater elevations.

Weir capacity

114 . The head—discharge rating curves for free uncontrolled flow

are presented in Plates 5—8. The equation for each of these curves is

the best empirical fit of the free flow data by the method of least
squares. Comparisons of the model and computed spillway rating curves

for both the low and high gate bays are presented in Plates 9 and 10.

The capacity of the structure indicated by the model was slightly

greater than that computed in 1966 by the Mississippi River Commission .

This is reasonable and is attributed to the difference between approach

flow conditions in the two—dimensional section model of constant width

and the three—dimensional prototype approach of variable width and

depth.

Calibration dat a

15. The basic calibration data , presented in Plates 11—27 , show

the approach channel energy elevation (water surface plus velocity head

based on average velocity) corresponding to a part icular elevation of

the ta ilwater  for a g iven discharge observed with both the low and high

gat e bay section models.

16. Uncontrolled—flow data for the low and high gate bay portions

of the structure are shown in Plates 11 and 12. Uncontrolled—flow data

with one and two gate leaves rest ing on the sill of the low gate bays

are shown in Plates 13 and 114 . The data for each of the various dis~-

charges shown in the respective plates illustrate the following:
a. The relation between the elevat i on of the energy of flow

in the approach channel and the elevation of the tail—
water in the exit channel .

b. The range of tailwater elevations at which the elevation
of the approach flow energy is constant , i .e. the range
of free uncontrolled flow.

c . The range of tailwater elevations at which the elevation - I

of the approach flow energy is controlled by the subiner—
gence effect of the tailwater , i.e. the range of sub-
merged uncontrolled flow.

17. Free and submerged controlled—flow data for the low and high

gate bays w ith various gate openings are shown in Plates 15—27. The

17
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data for each of the various discharges shown in the respe ctive plates
illustrate the following :

a. The relation between the elevation of the energy of flow
in the approach channel and the elevation of the tail—
water in the exit channel for the particular gate
opening.

b. The range of tailwater elevations at which the energy of
the approach channel flow is constant , i . e .  the range at
which the flow is free from the submergence effects of
the tailwater , and either free uncontrolled or free con-
trolled flow exists depending upon the discharge , gate
opening, and total head on the wei r.

c. The range of tailwater elevations at which the elevation
of the approach flow energy is controlled by the submer-
genc e e f f ect of t he ta ilwater , and the range at which th e
flow is controlled by both the submergence effect of’ the
tailwater and the particular gate opening.

18. Discharge—head relations and data for free flow conditions in

the low and high gate bays are presented in Plates 28 and 2°. These

plots represent partial closure of’ the gates from the top of the struc—

ture (orifice flow under gates) for both the low and high gate bays.

Analyses of data

19. The flow conditions and equations used to satisfy the experi-

mental data are as follows :
a. Free uncontrolled flow:

Q = CLH~ ”~ , where C is a function of H*

b. Submerged uncontrolled flow:

Q = CLh /2g~H , where C is a function of h/H

c. Free controlled flow:

Q = C LG v’2gH , where C is a functh~n of H and Cg o  g g o

d . Submerged controlled flow:

Q = Cg Lh I2gMl where Cg is  n fu n c t i e n  of h/ C 0

* For convenience , symbols and unusual abbrev ia ti ens  ~~~~ lis ted and
def ined  in the Notatk-n (Appendix A).

18 
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Symbols used in these equations are defined as follows :

Q = discharge per bay , cfs

L = net length of spillway crest , ft

H = total head on weir (including velocity head ), ft

h = tai lwater  elevat ion r e f e r r e d - t o  weir  crest , ft

= gate opening , ft

H g = total  head on gate (H — G0!2 ) ,  f t

= d i f f e r e n c e  between total energy of flow in the approach
channel and elevat ion of tailwater with refere:.ce to the
spillway crest (H — h), ft

g = accelerat ion due to gravity, ft/sec2

C = discharge coefficient for free uncontrolled flow
C = discharge coefficient for submerged uncontrolled flow
C
g 

= discharge coefficient for free controlled flow

C = discharge coefficient for submerged controlled flow
g
5

20. Quantit ies determined from the experimental data were sub-

stituted in the equations , and the discharge coefficients for the respec-
tive flow conditions were computed.

Uncontrolled—flow
discharge coefficients

21. Free uncontrolled—flow discharge coefficients for the low and

high gate bays are presented in Plates 30 and 31. Similar data with two

gate leaves resting on the sill of the low gate bays are presented in

Plate 32.

22. Submerged uncontrolled—flow discharge coefficients resulting
from various degrees of’ submergence are presented in Plates 33— 35 . The

submerged uncontrol led—flow discharge coefficients for the low gate bays
indicate  an increase in the coef f i c ien t  with a corresponding increase

in the submergence (Plate 33). This trend is similar  to the submerged

uncontrolled flow over a broad—crested weir  in which the  nappe flows

hor izonta l ly  between the crest and ta i lwater  surface. Simi lar  tes t

results wi th  a broad—crested weir were obtained in a previous model
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investigation. * The submerged uncontrolled—flow disc.harge c o e f f i c i e n t s

for the high gat e bays varied considerably for submergences of 85 per-

cent or greater (Plate 314). This variation may be contributed to the

fact that the degree to which model scale effects  v it iate calibrat ion

data at small head differentials is unknown . However , it is suspected

that viscous effects predominate with small head differentials and yield

increased values of the discharge coefficient . Therefore, the high

values of the coefficient obtained with deep submergences (small head

differentials) are considered questionable. Similar test results were

obtained in a previous model.**
23. However, the recommended trends of the submerged uncontrolled—

flow discharge coefficients presented in Plates 33 and 3)4 were verified

by comparing measured experimental data obtained from the 1:120—scale

fixed—bed model with computed quantities determined from the 1:36—scale

section models and data analyses. Results are presented in Table 1.

214. An analysis of the data was made to distinguish between free

and submerged uncontrolled flow and to determine the relations between

swellhead , unit discharge, and tailwater relative to the crest of the

spillway. Results of this analysis (Plates 36 and 37) indicate that a

transitional flow reg ime exists between free and submerged uncontrolled

flow.

Controlled—flow
discharge coeff ic ients

25. The relations between the free controlled—flow discharge

coeff icient  and various gat e openings are presented in Plates 38 and 39.

An alternate method of presenting free flow data is shown in Plates 28

and 29.

26. The relations between the submerged control led—flow discharge

* J. L. Grace , J r . ,  “Spillway for Typ ical Low-Head Nav igation Dam ,
Arkansas River , Arkansas ,” Technical Report 2—65 5 , Sep 19614 , U. S.
Army Engineer Waterways Experiment Station , CE , Vi cksburg, Miss.

** J. L. Grace, Jr., “Typical Spillway Structure for Central and South-
ern Florida Water—Control Project,” Technical Report 2—633, Sep 1963,
U. S. Army Eng ineer Waterways Experiment Station , CE , Vicksburg ,
Miss.
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coefficient  and the ratio of tailwater depth above the crest to gate

opening for the low and high gate bays are presented in Plates 40 and

141. These model data indicate a reasonable trend for submerged con-

trolled flows as compared with previous model investigations (Plates

142 and 43) .

Flow regimes

27. Model data were analyzed to define the limits of each flow

regime and corresponding discharge equation in terms of dimensionless

quantities in order to generalize the results. An investigation of the

basic data curves, with a constant discharge and either uncontrolled or

controlled flow, reveals that there is a tailwater elevation at which

the energy of the approach channel flow increases with a corresponding

increase in the tailwater elevation. This is the elevation at which the

tailwater begins to submerge or control the flow, and free flow becomes

submerged flow.

• 28. Results of analyses to distinguish between free and submerged

uncontrolled flows are shown in Plates 44 and 145. These plates in gen—

eral illustrate that free uncontrolled flow becomes submerged uncon—

trolled flow for submergences (h/H) equal to or greater than 72 and

60 percent, respectively,  for the low and high gate bays. Similar plots

indicate that free and submerged controlled flows can be distinguished

by the degree of submergence as indicated in Plates 46 and 147. Results

of other model data analyses that may be used to distinguish between

submerged uncontrolled and submerged controlled flows in the low and

high gate bays are presented in Plates 148 and 149, respectively . Al-

though the data represented in these submerged—flow regimes were ob—
tam ed from previous model investigations of similar but different

spillway weir geometries, the results were analyzed and the recommended

application is substantiated since comparisons of predicted total dis—

charge based on the section model and previous model data analyses agree

reasonably with those measured in the 1:120—scale fixed—bed model.

Results for both uncontrolled— and controlled—flow conditions are

present2ci in Tables 1, 2, and 3.

29. To define the limits of free controlled and free uncontrolled
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flows for the low and high gate bays , results of previous tests and

analyses are recommended . It is considered that controlled flow

becomes uncontrolled flow when the ratio 01’ total head on the weir

to gate opening (H/G
0
) is equal to or less than 1.5 for the low bays

and 2 .0  for the high bays. 1~elations recommended to distinguish

the submerged flow regimes through the low gate bays with tailwater
depth—to—gate opening (h/C ) ratios equal to or less than 1.0 to 1.2

are presented in Plate 148. Submerged—flow regimes through the high
gate bays with h/G ratios equal to or less than 1.0 to 1.3 may

be distinguished based on results presented in Plate 49. In distin-

guishing between flow regimes, it is noted that for conditions of h/C

less than 1.0 to 1.2 with low gate bays and 1.0 to 1.3 in the high gate

bays, the flow may be either free uncontrolled , submerged uncontrolled,
or free controlled , depending upon the ratio of differential between
total head and tailwater depth above the crest to g~ te opening
(H — h ) / G  and the ratio of total head on the crest to the gate~ opening

(H/G ). For the low gate bays, Plate 148 indicates that if the ratio of —

(H — h)/G
0 

is less than 0.2 and H/G is less than 1.5 , the flow is

submerged uncontrolled. - If (H — h)/G is greater than 0.2 but less

than 0.5 and H/ G is less than 1.5, the flow is free uncontrolled. If

(H — h)/G is greater than 0.5 and H/G is greater than 1.5, the flow
is free controlled . For the high gate bays, Plate 149 indicates that if
the ratio of (H — h)/G

0 
is less than 0.5 and h G  is less than 2.0,

the flow is submerged uncontrolled . If (H — h)/G is greater than 0.5

but less than 1.0 and H/G is less than 2.0, the flow is free uncon-

trolled. If (H — h)/G
0 

is greater than 1.0 and H/G is greater than

2.0, the flow is free controlled .

30. In using these criteria for determining the type of flow, it

is recommended that the value of H/G be determined first. If H/G

is greater than 1.5 for low gate bays or 2 .0  for high gat e bays, con—

trolled flow is indicated and either free or submerged controlled flow

is possible depending upon the submergence , h/H , as shown in Plates 146

and 47 . However , if H/G 0 
is less than 1.5 for the low gate bays or

2.0 for the high gate bays , uncontrolled flow is indicated and it is
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poss ible that the flow may be either free or submerged uncontrolled flow
depending upon the vo~ ues of H and h/H (Plates 1414 and 145 ) , and there

is also a poss ibil i ty  of submerged controlled flow depend ing on the

values of (H — h)/G and h/G (Plates 148 and 149) .

Stilling Basin Performance

31. Flow performance of the existing structure (Plates 1 and 2)

was obtained with uncontrolled— and controlled—flow operations for both

the existing and future headwater/tailwater conditions . For each of

these conditions the st illing basin action was observed and velocities
were measured at a point 100 ft downstream of the end sill and 10 ft
above the exit channel bottom.

32. Model observations indicated that five types of stilling

basin action might occur within the range of tailwater elevations at

which the existing low—sill structure may be required to operate. The

types of action observed in the 1:36-scale section models are shown in

Photos 1—5 and are described below:

a. Supercritical spray (Photo 1). The jet sweeps through
the st illing basin and impinges upon the baff le blocks
and end sill; and supercritical flow exists throughout
the stilling basin and exit channel.

b. Forced jump with supercritical flow in exit channel
(Photo 2). Tailwater is less than that required for
formation of a hydraulic jump; however, the res is tance
to flow due to the basin elements is sufficient to main—
tam a hydraulic jump within the stilling basin.

c. Hydraulic jump with standing waves in the exit channel
(Photo 3). The basin elements are sufficient to main-
tain a hydraulic jump within the stilling basin; however ,
standing waves are generated in the exit channel due to —

the relatively low tailvater and acceleration of flow
immediately downstream of the end sill.

d. Hydraulic jump (Photo 14). The jet is broken up by the
basin elements and tailwat er is sufficient to maintain
hydraulic jump action within the stilling basin and sub—
critical flow in the downstream exit channel.

e. Submerged jump (Photo 5). Tailwater elevation is in
excess of that required for a hydraulic jump and
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sufficient to submerge the nappe flowing under the gate
and the downstream gate lip.

33. Stilling basin performance for free and submerged uncontrolled

flow through the low and high gate bays (gate leaves removed, gate bays

fully open) was investigated for various headwater/tailwater conditions.

Stilling basin performance below the low gate bays for headwater eleva-

tions of 30.0, 140.0, and 52.0 is presented in Plate 50. Stilling basin

performance below the high gate bays for headwater elevations of 30.0,
140.0, 145.0 , and 55.0 ft is presented in Plate 51. The same types of

stilling basin action were observed with the high gate bays as with the

low gate bays. Actions termed forced jump with supercritical flow in

the exit channel, hydraulic jump, and submerged jump downstream of the
high gate bays are illustrated in Photos 6-8 .

34. Stilling basin performance for operations involving one gate

leaf ( 14L) and two gate ]eaves (14L and 3L) installed on the crest of the

low bays to creat e a weir with a crest elevation of 10.0 and 29 .0 , re-

spectively, were also obtained for various headwater and tailwater con-

ditions as shown in Plates 52 and 53. The types of stilling basin

action associated with various flow conditions over weir elevations of

10.0 and 29 .0 are illustrated in Photos 9 and 10, respectively . These

plots indicate that the basin would perform satisfactorily with the

tailwater elevations expected during low headwater stages. However ,

performance with greater than normal headwaters and lesser tailwaters

indicated an uncertainty in controlling the d is t r ibut ion  of flow from

the Mississippi River down the Atchafalaya River . Therefore, evaluat ion

of this method of regulating the structure, with uncontrolled flow over

one or more gate leaves, was discontinued .

35. Results obtained from tests with the low gate bay portien ef

the structure indicate that controlled—flow conditions result ing from
/

partial closure of the gates from the top of the structure ( o r i f ic e  flow

under the gates) would be the most appropriate method for regulat i ng

flow through the structure and maintaining satisfactory s t i l l i n g  basin

performance.

36. The conditions under which the existing stilling basins for
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the low and high gate bays will be required to operate for controlled

flow were established by assuming that the vertical—lift gates will be

operated in various increments as indicated in Table 14. The types of

basin action occurring on rising tailwater , beginning with the minimum
possible in the model, were supercritical spray, forced jump with super—

critical flow in the exit channel, hydraulic jump with standing waves

in exit channel, hydraulic jump, and submerged jump.

37. Tests were conducted to determine the performance of the

stilling basins, apron elevations at —12.0 and —5 .0, below the low and

high gate bays, respectively, for orifice or dontrolled—flow operations.

The relations between velocity in the exit channel (measured 100 ft down-

stream of the end sill and 10 ft above the channel bottom) and tailwater

elevation for various headwaters and gate openings are presented in

Plates 54—59 for the low gate bays and Plates 60—66 for the high gate

bays. The symbols representing data points indicate the gate opening

and tailwater elevation associated with each type of basin action ob-

served. Further analysis of the data indicated that the results pre-

sented in Plates 514—66 can be generalized as shown in Plates 67 and 68.

Flow Conditions in the Exit Channel

38. In the past, the existing structure had been operated either

with the gate bays in the fully open or closed position. To assist in

deciding how the structure should be operated in the future to constrict

the flow with either full gate closures, as in the past, or with orifice

flow under the gate leaves, a limited number of tests were conducted with

the 1:150—scale section model (Figure 14) . This model assisted in deter-

mining subsurface flow patterns in the exit channel and evaluating the

effects of alternative modes of regulating the structure on upstream and

downstream scour. Section model tests simulating gate bay 6 fully closed

with adjacent bays 5 and 7 open revealed that severe subsurface turbu-
lence with an irregular periodicity was induced upstream of a fully

closed gate. The model indicated that this severe turbulence extended

approximately 50 ft upstream from the edge of the structure (Photo 11).
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This turbulence had a random nature and the conditions under which it

was formed can be directly attributed to full gate closure. Any slight

adjustment or lifting of the gate to create an opening between the bot-

tom of the gate leaf and the gate sill or spillway crest would eliminate

the turbulence (Photo 12). It is expected that this phenomenon contrib-

uted to the development of a scour hole which extended approximately
140 ft upstream from the prototype structure (sta 99+148.17) for a maximum

w i d t h  of 165 ft  and a depth of 12 ft in front of the low gate bays . It

is considered that this method of regulating flow through the low—sill

structure should be implemented only with headwaters less than 37.0 ft .

39. Test results obtained in the 1:150—scale section model with

partial closure of the gates from the top of the structure (orifice

flow ) i nd ica te  that flows in the stilling basin and exit channel were

sat isfactory in general , except for operations in the range of stilling
bas in ~iction termed “hydraulic jump with standing waves in exit channel.”

~I } i ~~~ t’~~ w condition indicated the local Froude number of flow in the

ex i t  channel immediately downstream of the end sill has the potential

:~~r i n i t i a t i n g  scour downstream of the structure. Based on the results

~ ~he sectL~n model , plans for operating the existing or modified
structure should be developed to prevent this type of stilling basin
tct ion as well as those termed “forced jump with supercritical flow in
exit channel” and “supercritical spray.”

140. Tests were not conducted in the 1:150—scale section model

with the high gate bays ; however , tests conducted in the 1:36—scale

section model with the high gate bays did indicate formation of similar

undesirable flow conditions in the stilling basin and exit channel .

Similar tests were conducted in the 1:120—scale fixed—bed model with

various gate closures. These test results support the results obtained

in the 1:36— and 1:150—scale section models.

41. These test results indicate  that the most appropriate method

for controlling flow with and maintaining satisfactory stilling basin

performance in the exist ing low—sill s tructure is the o r i f i ce  flow mode

of operation. This is the recommended plan for operating the s tructure.

142. Tests conducted in the 1:36—scale section models with the low
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and high gate bays also indicated the formation of a standing wave in the

exit channel (Plates 514—66). These data were analyzed to determine the

minimum tailwater required to maintain a hydraulic jump in the stilling
basin without standing waves in the exit channel . The minimum taliwater

curves for the low and high gate bays are presented in Plates 69 and 70,
respectively. Flow condi t ions  in the exit channel for the low and high

gate bay s indicated that the Froude number of flow immediately below the

end sill was suf f ic ient  to in i t i a t e  scour. The Froude number of flow

was calculated for various flow conditions to distinguish the limits be—

tween hydraulic jump, hydraulic jump wi th  standing waves , and forced jump

with supercr i t ical  flow in the exit channel (Tables 5 and 6). The re—

sults were analyzed and indicate that the Froude number of flow in the
exit channel downstream of the low gate bay s should not exceed 0.5 for

any gate opening. The Froude number of flow in the exit channel down—

stream of the high gate bays should not exceed 0.14 for gate openings equal

to or less than 11.25 ft and 0.5 for gate openings greater than 11.25 ft.

Pressures on Structure

143. Piezoxneters, located as shown in Plate 14 , were used to deter-
mine the hydrostatic pressures along the center line of the low and high

gate bays with both uncontrolled— and controlled—flow conditions. The

pressures obtained with various flow conditions are shown in Tables 7—18.

Although only a l imited number of pressures were measured during the in—

vestigation , these data are representative of the range of flow condi-

tions expected at the structure and indicate that no serious negative

pressures will be encountered on surfaces of the prototype exposed t~~~ fl ow.

Forces on Gate Leaves

Vertical forces

1414 . In the original model investigation* emphasis wi~ 1ThI~~~~
- I 1  en

* “Old River Low—Sill Control Structure; Dowupull Forces on Vertical—
Lift Gates,” Technical Report 2—14147, Dec 1956, U. ~~. Army Engineer
Waterways Experiment Stat ion , CE , Vicksburg , Mis s .
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reproducing two gate leaves in sufficient detail to permit simulation

of the dynamic loads to be encountered in placing one or two gate leaves.

Two additional gate leaves were fabricated for the subject model tests,

and appropriate instrumentation was provided to monitor the instanta—

neous and continuous dynamic loads or vertical forces encountered during

the installation of one to four gate leaves.

145. Initial tests were conducted in the 1:36—scale section model

to determine the fluctuation of loads on the cables used to place the

gate leaves for partial closure (orifice flow) with a limited number of

flow conditions . Results of these tests are presented in Table 19 and

no unstable flow conditions or adverse fluctuation of loads was m di—

cated by the model. A decision was made by the sponsoring agency to

monitor vibrations and conduct a series of gate loading tests on the

prototype structure. Results of these tests are presented in a techni-
cal report* prepared by the Hydraulic Analysis Division, Hydraulics

Laboratory, U. S. Army Engineer Waterways Experiment Station (wEs) . In
essence, the results obtained in the 1:36—scale model compare favorably

with the results of the prototype tests and analysis. The conclusion

of these tests indicates that the existing gate leaves, hoisting devices ,

and dogging devices can be modified to permit regulation of flow through

the structure by means of orifice control.

Horizontal forces

146. Limited tests were conducted in the 1:36—scale section model

to estimate the total horizontal force induced on the gate leaves for

orifice flow operations. Pitot tubes were located approximately 6 ft

(prototype) upstream from the front face of the gate leaves to measure

the average velocity for various gate openings and flow conditions.

The test condition and results tabulated in Tables 20 and 21 were ana-

lyzed and are satisfied by the following general equation :

FT = F
1 + F

2 
— F

3

* F. M. Neilson and A. R. Tool, “Prototype Tests, Old River Low—Sill
Control Structure, April 1973—June 1975,” Technical Report H—76—15,
Sep 1976, U. S. Army Engineer Waterways Experiment Station, CE,
Vicksburg, Miss.
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where

FT 
= total horizontal force acting on gate, kips

F1 
= static force on front of gate, kips

F2 = velocity head on front of gate, kips

F
3 

= static force on back of gate, kips

Velocities

147. Velocities were obtained with uncontrolled— and controlled—

flow operations for both the existing and ultimate headwater/tailwater

conditions. These velocities were measured 10 ft upstream of the face

of the structure at various depths, and 100 ft downstream of the end

sill at 10 ft above the exit channel bottom. The velocities obtained

with various flow conditions are presented in Tables 22—27.

Miscellaneous Testing

148. Miscellaneous tests, which were not included in the original

testing program, were conducted during the course of the model investi—

gation. These additional tests were required to supplement and substan-

tiate prototype findings and provide guidance for solving problem areas.

149. Several tests were conducted in the 1:36—scale section model

to determine pressures, velocities, vertical loads, and stilling basin

action associated with various headwater/tailwater elevations. These

tests were required in order that a stability analysis of the structure

for the existing and anticipated flow conditions could be made by the

New Orleans District.

50. Additional tests were conducted with the high gate bays re-

produced in the l:36—scale section model for various flow conditions to

determine the velocity and stilling basin performance for existing and

future tailwater conditions. These test conditions are illustrated in
a film entitled “Old River Low—Sill Control Structure——Existing Stilling
Basin Performance for Controlled Flow——High Bays.”

Placement of stone protection

51. Tests were conducted simulating a scour hole that developed

upstream of the three low gate bays in order to develop guidance for

29
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placing stone in the area. The scour hole extended approximately 140 ft

upstream from the edge of the structure (sta 99+148.17) for a maximum

width of 165 ft and a maximum depth of 12 ft. These tests required that

the upstream approach channel be modified to simulate the existing scour

hole. Stone simulating prototype weight (ranging from 2,000 to

16,000 lb) was dropped in the approach channel for a headwater elevation

of 149.5 and a tailwater elevation of 146.0 to determine the required I i~~—

tance upstream from the structure from which stone should be dropr~ d to

fill the scour hole. Results obtained in the 1:36—scale section model

are tabulated below and plotted in Plate 71.

Length Upstream
Measured from Front Depth of Flow

Average Weight of Structure, in Channel , L
of Stone , lb L, ft D, ft D

800 98.0 514.5 1.79

1,560 78.0 514.5 1.143

5,000 63.0 514.5 1.15

13, 000 48.0 5)4 .~ 0.88

52. The test results and data analysis tabulated above were ob—

tam ed with the low gate bays fully open. It is anticipated that opera—

tion of the low—sill control structure to provide orifice flow control

will eliminate the tendency for scour to develop upstream of the

structure.

30
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PART IV: DISCUSSION A1~D RESULTS

53. The hydraulic model investigation of the existing Old River

Low—Sill Control Structure revealed that operational modifications would

be required to develop a satisfactory mern~ of rcgulat ing the structure
to achieve the desired flow distribut ion without creating adverse hy-

draulic conditions. The existing spillway crest , piers , and st i l l ing

basin for both the low and high gate bays were satisfactory , and nm

alterations were made during the model investigation.

514. Results of tests to determine the discharge characterist ics

of the low—sill structure indicated that the four possible flow condi-

t ions  can be sat isf ied by the following equations :

a. Free uncontrolled flow:

Q = CLH3/2 
, where C is a function of H

1. Submerged uncontrolled flow:

Q = C L h  I’~~~iT , where C is a function of h/H

c. Free controlled flow:

Q = C LG /2gH , where C is a function of H and Cg o  g g g 0

d. Submerged controlled flow:

Q = C
g

Lh /2gAH where C
g 

is a function of h/C
0

The discharge coefficients applicable to each of these flow conditions

and equations are shown in the respective plates relating the coeffi-

cients and the pertinent variable. The limit of each flow regime and

the corresponding discharge equation are shown in graphic plots in t erms

of dimensionless quantities.

55. The trend of the submerged uncontrolled—flow discharge coef-

ficient s was substantiated by comparing measured quantities determined

from the 1:120—scale general model with computed or predicted quan ti t ies

determined from the section model data analysis and with test resu1t-~
obtained from previous model investigat ions .

5 f .  An analysis of the results obtained for controlled—flow
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conditions indicated that partial closure of the gate bays from the top

of the structure (orifice flow under th e gates) would be the most effec-

tive method for regulating the structure and maintaining satisfactory

stilling basin performance and is therefore the recommended plan of

regulating the structure.

57. In the past, the procedure for operating the existing low—

sill structure was with the gate bays in the fully open position or

an arrangement of fully open and closed gate bays. Results of tests

conducted with one gate bay fully closed and adjacent bays open

indicated severe turbulence was induced upstream of the fully closed

gate. Substantial results have been obtained with the 1:120—scale

(three—dimensional ) fixed—bed model which support the results of the

1:36— and 1:150—scale section models. Therefore, the method of
regulating the structure by means of fully closing various gate bays

should be discontinued for headwaters in excess of el 37.0 and im-

plemented only under emergency conditions with headwaters less than

el 37.0.

58. The Froude number of flow in the exit channel downstream of

the low bays should not exceed 0.5 for any gate opening. Likewise,

the Froude number of flow in the exit channcl downstream of the high

bays should not exceed 0.14 for gate openings equal to or less than

11.25 ft and 0.5 for gate openings greater than 11.25 ft.

59. Pressures obtained for a range of flow conditions indicated

no serious negative pressures should be encountered on boundaries of

the prototype subject to flow.

60. Results of limited tests conducted to investigate instanta-

neous and continuous dynamic loads or vertical forces exerted on the

gate leaves during their installation are supported by results obtained

from gate loading tests conducted on the prototype structure. Results

of the prototype tests are presented in TR H—76—l5 (see paragraph 145).

61. Estimates of the horizontal force induced on the gate leaves

for orifice flow operations are tabulated in Tables 20 and 21.
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Table 14

Gate Openings for Operation of Vertical—Lift Gates

Low Gate Bays High Gate Bays
Crest El —5.0 Crest Fl +10.0

Elevation of Bottom Gate Opening Elevation of Bottom Gate Opening
Lip of Gate Leaf G0 Lip of Gate Leaf 

____________

68.27 73.27 68.19 58.19

614.65 69.65 614.57 514 .57

61.07 66.01 60.86 50.86

62.1414 57.15 147.15

149.57 514 .57 53.53 143.53

145.86 50.86 146.19 36.19
142.15 147.15 142.69 32.69

38.53 143.53 38 .914 28 .91.t
31.19 36.19 314.86 214.86

27.69 32.69 29.28 19.28

23.914 28.914 214.65 114.65

19.86 214.86 21.36 11.36

114.28 19.28 17.36 7.36

9.65 114.65 114.20 14.20

6.36 11.36

2.36 7.36

—0.80 14.20

‘4-

Note: All elevations are in feet referred to mean sea level.
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Table 8
1’ressures on Spiliway Crest  and Stil1iri~ lsa~ L n  Al- -on

Pi-essura in 1 s-ot otypc -c a l  01’ 5- a t s v  s o s  Unc on~ rol1ed [-‘low
3M = 15.0 [41 = 50.u 5)5 ,% =

Piezometer ‘Paj lwator 3:1. — 
I’ailwata-r 551. !‘ailwats-r - 3-~1

No . El 7. ] L-  5~ - , () - . - 17.5

U t t a -  Leaf IL Is/s tal led ass  Lower Sill 51 - - i s -  11 + 1 5 , 13)

1 —5 - 1 5 .7  25. - s  55 5 . - ’  3 55 .0 5 .

2 —5 . 0 . -) :50. -)  25. — ) 25. - 5 . - ’  s . -

5 _ 515 , 5 0 . / 25. - I  25. - ’  -; ) / -
‘ 

- .

73 ,5) 25.0 25. S 3 5 .0 -. . 5

5: —5 - 
]. 

-
/ - ~~. 25. ) 25. -

‘ 
s , s 3 5 ,~

‘/.75 17.75 17.- 5 551 . - 5 . - - - u ,75 - - . 7’
7 ~5, L( 17.77 1 i . ’ ’( 1u .’’7 13. - i  - 1. 27
8 - ( .-i. 11s . - 35• 5 10 .02 i6.t 23 .52 I a .
0 -~.8l ] s - , -; 1 -5 , 3 3  7 5 , . ]  17.:) 1 1.31 17. 1

10 — l l . _ l~- .. 11.7 23.~ - 51 .2  27.7
11 -V  ] - - .O 15.0 7~i. 0 - 5. 0 - - . 5 1’ . -

22 -12 1 . 0 12 .0 27.0 71.0 . 5 .5 25 .2

13 -12 .8 13.5 111 ,0 20.5 32.0 20.0
114 -11 1 . 0 113. ) 13 .0 . 1, 5  30.5 21, - -
15 — 12 3 . 5  1-1 .0 25.0 27 .0 50.5 1. .5
t6 — 1 2  1 . 5  113,0 :3 .0 1.~ ‘ .5 .5
17 — 7 5 5  1 .5 117 .0 25.0 1. 5  5 3 . 5) 1 1 . 2
11’ —12 S I / ,5 113.0 2~’,0 1 1 . 8  s ) ,0 .0 .5

l’ressur e in 1’ rotot:rpe Sect of Water  lor Uncontrolled [-‘low
i ll-! = 3(5 ,Q 1W = 37.0 3M = 1,2,3

U a i lwa t cr El Tai lwatcr  51 ]‘a i lwat er  El
7. s7 / 5  3 ]  51~~~~54 5 , 55 ,~ 1 5 , ) 37, S : 5 , ’ ~~~~ 3 5 , ;

6-ate Leaves 5L and 3L Installed on Lower 55111 (W e i r  El +79. ,) )

1 - 37.0 35, 55 37.0 172. ) 42 . 5 42. 4 2.  5 177 .0 177.0 137. 5 137. 5
2 — 5 37. - ) 37. ;) 3775 132, ) 47 , 5 132 . s 132. - s  147. 5 ‘ - ( . 0  137. 7 147 . -
3 37, 1 37,s) 37. 0 142.~ 172 .~ 142 . - 132. ’ li7 s) 47 7 1 3 7 0  147
14 37, 0 3 ( . s )  37.0 172 .0 1,~~~ s 172. 0 4 1. s~ ss 7 , 0 137.0 137. 147.0
5 — 5 37.0 37.0 37.0 [-1. 0 1/ 2 . -i 132. 1) 2 .7’ ) s7 ,  5 1,7 . 0 -~~.0 s

6 _ ‘ ,75 3t5 .55 32.75 2’s .75 30~~~~~S~ 37
S s s 313 ~ s ~s , 3 . (  / 3 1 ,75 170.75 5 . 1 ’  Os .75

7 -5. 137 3 3, 1 1 ’( ~ 5) , i/7 n ,47 3i~,27 :58 . 7  22 . 177 1 - ’ . - ’. V’s , a7 32. 137 25. 7’ 17.75
8 —7.02 35, 82 27.52 13. ’7.’ Sa, 0: 31. 12 217. ’ , 3] i~3, 02 ‘413 . 0  711 ,3, J , 5 ,55
a 6-.81 37.61 7 5 5 ,3] 15.31 37.81 37, 3 ’ 1, ’ sj . 3 )  11. 1314 .81 34 .31 3~) •3 1 23.3 1

10 -11.2 130.0 31.7 18.2 130.0 35.7 31. 1 2 1.1.1 147 .2 35,0 31 .7  25.7
11 —12 40.8 32.3 17.0 1, 7 , 0  37, - ’  73s , ) 12.2 148.0 10 .0 3. 1 27. -
12 —12 130.8 32. 0 17. ’5 .5 7 , 0 37. 3 27. ’) 12.3 1 . 5 5  1414 , s /  177 , s S 5 5 , 1

13 — 12 14 0 8  32 . - )  17,5 ~I 1.0  35.0 :‘ s~,0 ) 2 , 3 3~ 135 ,0 131.0 314. 5  - 
) / ,Q

113 —12 40 .8 32. ’ ) 17.5 so ,8 3)1 ,8 :15 ,5 12.35 148,0 38.5 3:.s) 5 5 4 , )

15 — 12 140.8 32 . 0 17 ,5 141,0 ( ‘3,5  27.5 1 1 .38 V .0 130.5 33. ;) 74 , 5

i6 —12 40.8 32 .3 17.5 131.0 35.5 ‘7.5 12.35 1,8,0 40.5 33.5 55, s)
17 -1i 13o.8 32.3 17. 5- l,1.ss -~5.5 27.5 12.3 138.0 I.s),Q 33,55 25.0
18 —12 130.8 32.3 1-( .8 131.0 35 ,5 77.5 12, 3 )/ 8 ,O ) iO ,51 33,5 7’s ,5

Note : Piezomcter locations are shown In Plate 24 , Elevations are in feet referred to mean
sea l e v e l .  NW headwater .
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,Ctatic Force Fotce 31’ ftat]c Force
.‘s-/s - tW ,l  Tail— on ñ’ont Velocity Head on Back Total. Force

Gate Headwater Tailwater Average water EleVat i-/IC or lat e _OZI lat e 01 .a5 - 
- — 

01. sf 
- —

Opening Elevation Elevation Velocity on lasS of Acting Act ing Ac ts - ng 
- 

As/ C 11545

17 17 __l’~~.. .. s-ilss-s- II C s , ~~J~~~s-s- at LIll ~~~ at El s - l~~~s-s- 8&.,~~
_ sts-si�s-~ 85- s-. _,

1.0 30.0 15.0 L . r -  15 , 40 1519.21 9.3 13.98 15.2 325.57 .1 1007.67 s - l I
11.0 30.0 10.5 5.6 8,10 1 319-21 9.3 20,35 114 ,8 113.68 2,0 1.215.9) 10.5
4,0 30-0 5.0 5.1 0,00 13 39 .26 9 3  16.85 13.6- 0,00 0.0 1336,12 9,11
5 ,0 30.0 1.0 5.1 0.00 13 19 .6 9.3 17.19 13.5 0,00 0,0 1j~I . 57 9 ,5

11.3 30.0 22, 5 1- ,L 50,10 7754,35 15 ,2 20.711 11.7 263,33 10.9 517s. 7 5 15.9

11.3 30.0 16.9 8.2 12 50 7714 -35 111.2 ~ 3.C3 11.7 53.63 8.3 751 .35 14 .7
11.3 30.0 111.0 9.0 7.00 7714 ,35 111.. 43.75 17.6 5.77 6 .5 Ill s -, i~~,Is
1L3 30.0 5 8  9 8  0.00 7714.35 14 .2 46. 62 17.8 3 OC- 0.0 821.97 15 .4 

- 
-

20.2 30.0 28,0 2 0  27.1.1 301.92 20.1 1.2 55  25.1 196 . 15 19.2 1ILLS 11,9
20.2 30.0 21 ,0 5.2 20, 18 301,92 20.1 8.55 25-1 s..16 16,8 276.01 50.7

20.2 30 .5 20,0 10.3 0.00 301,92 20.1 3 3 . 5 5  25 . 1  0,00 0.0 3 3 5 . s - (  21.55-
20,2 30.0 1 5 8  u.6 0.00 301.92 20.1 112 .55 25.1 0.00 0.0 334 .56 20.7
20.2 3 0 0  11.8 1 2 3  0.00 301.92 20.1 111 -9 3 25.1 0.00 0 .0 359 . 5 20.8
25.0 300 2L8 9,6 22.08 145 .23 23.2 20.14 27, 5 7.115 20,5 156.91 , s . 8
25 ,8 30.0 20.0 13.8 0.00 1411 -23 23.0 41 ,6 1 27, 1, 0.00 0.0 s b - V S  24 .1

25 .8 30-0 111.0 15.3 0.00 145 23 23.2 51,15 .17. 1 0,00 0,0 195,38 11.3
4,0 140.0 35.0 0.8 39,96 2301.68 12.1 0.119 15 .0 2303 .18 12.7 4. 99 19.1
14.0 110.0 28.5 1.6 27.110 2307.68 12 .7 2,25 15.6 1107.25 8.5 1202,67 16.5
5.0 110.0 23.2 2.9 23,10 2307 .68 12.7 7.10- 1( 0 79L35 7.0 1517,54 15.6
14 .0  110.0 20.0 2.9 18,50 2307.68 12,1 7.35 1 (2 516.67 5.5 1798.36 15.7

5.0 140,0 140 3.1 12,00 2307 /21 12.7 867 16.0 235.00 3.3 2084.35 13.7
C 5,0 540.0 7.0 3.6 0,00 2 3 3 7 . 6 5  12 ,7 11.33 111 .8 0.00 0,0 2319.00 12.7 S

11,3 110.0 36.0 1.8 56.110 1 61.75 11.5 2.20 20.2 12117.91 1 63 318.00 52. 2
11.3 40,0 26.5 11.8 33,10 1563 .71 17.5 16.55 19,1 389.77 11.9 1191.55 19. 4
1.1,3 140.0 21.2 1.1 26 50 15(3,7 1 17.5 22.97 19.7 157.06 9.7 1539 (1 s -3.s

11.3 110.0 15.0 7 5  0.00 1563.71 17.5 39.93 20.1 0.0(5 0.0 1603,611 1 7€
11.3 50.0 5.0 7.6 0.00 1563.11 17.5 111.01 20.3 0.00 0,0 16011.71 17,o
so.s 500 37.0 7.1 35.68 846.37 23 . 1, 26.31 21.0 577.46 22.0 295,20 26.6 54
20,5 110.0 33.0 8.1 29.60 846,37 2 3, 5 311.73 27.1 285.85 20.0 595 .25 .15.3
20.2 50.0 28.5 10.1 23.80 846.37 23.4 53.46 21,1. 102.211 18.0 (95 .59 25 .5

20.2 110.0 23.5 11,7 0.00 846,37 23.5 72.116 26,55 0.00 0.0 918,83 23.7 —

20.2 50.0 15.0 11,8 0.00 846,31 23,4 73.08 26.3 0.00 0.0 919.45 - I s - . C
20.2 50.0 111,0 12.4- 0.00 8116 37 23.4 85,03 26.5 0.00 0.0 930.40 13. 7
21.8 5 0 0  35.0 7.0 0.00 562.93 26.5 21.15 28.6 0.00 0.0 5811.09 2 5 5 . 5
211.0 110.0 26.0 8.8 0.00 562.93 26.5 33.05 28,2 0.00 0.0 595.98 2c CS

24.8 110.0 23.0 10.5 0.00 562.93 26.5 116.69 26,5 0.00 0.0 609.62 26.7
25 8 110.0 19.0 10.4 0,00 562.93 26.5 46.69 28.5 0.00 0.0 609.62 2 o 7
.5 ,8 l O o  17.5 10.01 0.00 562.93 26.5 50.35 28.5 0.00 0.0 613.28 .31- 7
2-8.8 .5.0 35.5 7.S- 0.00 358.91. 29.2 20.01 31Is1. 0.00 0.0 318.96 29.5
28.8 .5.7 3 1.0  10.7 0.00 358.911 29.2 39.46 314 .5 0.00 0.0 398,141 29.1

28.8 50.0 25.0 111 .0 0,00 358.95 29.2 61.56 314.11 0.00 0.0 1126.50 30.0
28. 40.0 .0 . ’- 13 .  000 358.94 29,2 60.06 35. 1. 0.00 0.0 519.00 30.0
-.0 52.0 18 .0 3 . 5  49,12 3856 .20 16.1 0.28 9.0 3448.119 15,7 5401.98 24. 8
11.0 52.0 11,0 1 .3 39.76 3856.20 16.1 1.71 15.6 2280,111 12.6 1517.22 25.55
5 .o 52.0 34 . 5  I. s- 311,00 3856.20 16.7 7.06 15.6 1681.68 10.1 2181.58 21.3

C..0 52.0 213 . ’- 5.0 27.50 3856.20 16.1 10.17 18.9 1115.06 8 5  2751.31 20.0
le,o 52 .0 .70. ’ 3, 3 ] 8 50 3856.20 16.1 16,15 I c - ?  522.01 5 .5  3350.93 1 8 5
5 .0 52.0 1 . 0  3 ,9 5 2 0  3856 ,20 16.1 16.75 19.7 52 77 1.1 3820,17 26 .9
4.0 52.0 95 ,5 3 .9 0.00 3856.20 16.7 1.6 .75 19.7 0.00 0.0 3872,95 ls.7
5.0 52.0 s - . 0  3 .9 0.00 3856 .20 16.7 16.75 19.7 0.00 0.0 3872,911 15- 7

11.3 52.0 48 .5 1,8 117,68 2873.36 21.5 3.16 20,5 2356,31. 20.1 s. o.18 28.0
11. 3 52.0 4 3 . 0  2. 11 42.28 2873.36 21.5 5.62 19.5 1782.12 16.3 1096 .86 26.8
11. 3 52.0 36.0 11 , 3  35 ,00 2873.36 21.5 18.03 19.2 1057.111 15 .5 1835 .5 25.9
11. 3 52.0 24 .0 5,9 17,80 2873.36 2 1 5  33.60 18. 1. 183.13 10.1 5723 . 88 .2,2
11.3 52 .0 19,0 6.6 0.00 2873 .36 01. 5 52 .93 18.2 0.00 0.0 59 15- Sc 21.5

11.3 52.0 16,0 6.6 0.00 2873.36 21.5 113 .13 18.2 0.00 0.0 2 9 ) 5 . 58 111.5
11. 3 52.0 12.0 6.6 0.00 2873.36 2 1 , 5  53, 13 18.2 0.00 0.0 2 91C - ,L5~ 21. ”
11. 3 52.0 8.0 6.6 0.00 2873.36 2 1 . 5  4 3 ,1 3 18,2 0.00 0.0 29155 11 .1.5
20.2 52.0 1.9.0 2 .9  117.68 1862.13 / 7 , 5  6 .38 26.6 1550.91 2 6 0  1117.5-0 32 . 5
20.2 52.0 .2 ,5 4 .) 40 .50  1862.13 .17. 4 15.18 27.0 880,80 23.6 995- 51 30,8

-___________________ ___________ - ‘ / j / 5 . ~~ 1 L  
______ __________ - - 

Etevat ion ~ are in Cs-e s s- s - f . s r , - -C to mean -s- .s s-v-- I -

-~~~~~~~~~ -- s-—- 
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Table 20 ( - - / / ~~
l _ s o

Static Force Force oF Static Force
Actual Tail— on Front Velocity Head on Back Total Force

Gate Headwater Tailwater Average water Elevation of late on late of late 011 lat e
Opening Elevation Elevation Velocity on Back of Acti ng Actin g Acting Acti n g

ft Cs ft fpss aC- , ft ~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~ at El ,fl ~~~~~~ 
at 451 ~~~~~~ at El

20.2 5 2 0  36.5 5 9  30 ,110 1862.13 27.5 27.05 26.6 318. 112 2 0 2  1570 76 28.9
20.2 520 29.0 7.1 0.00 1862.13 27 1. 39.58 26.4 000 0.0 1901.71 27 5
20.2 52.0 25.0 8.1 000 1862 13 27.1. 52.15 262 000 0.0 1915.28 2 7 1
20,2 52.0 13.0 8.6 0.00 1862d3 27.4 58 75 2L1 0.00 0.0 1920.88 27.1.
25.8 5 2 0  48.0 5, 5 45. 80 1521.80 30.5 13,61 3 3 9  861. 115 28.1 579 98 51 .1

25.8 52.0 113.0 5,8 39 50 152L80 30.5 15.51 33.6 530.07 26.3 913.21. 33.0
25.6 52.0 36.0 6.8 31Is00 11127,80 30.5 31.79 32.8 278.76 .14 .5 1180.82 3 2 0
25.8 52.0 35.0 7.6 26 50 11.27.80 30.5 39.71 33.1 105.11 22.7 1362.50 31’.
211.8 52.0 28,5 8.11 0.00 1527,80 30.5 57.93 33.0 0.00 0.0 1575.73 30.6
211,8 52.0 23.5 9.6 0.00 1527.80 30,5 63.36 33.6 0.00 0.0 11491.15 3C ,6

214.6 520 15.0 10.0 0.00 1527.80 30.5 68.06 33.5 0.00 0.0 11.95.86 30.6
26.8 52.0 58.0 5.1 145.12 1089.38 33.2 15.31 37.2 6-22 .1 3 0 9  182 56 363
28.8 52.0 55.0 6 5  110.12 1089,38 33.2 25.37 36.6 365.29 29.3 750. lt- 3 5 . 3
28.8 520 140.0 7.1 34.00 1089.38 33.2 30.27 36.9 151.99 27.2 977 .67 35 .2
28.8 52.0 36.0 8.4 0.00 1089.38 33.2 52.37 36.0 0.00 0.0 1131.75 3 3 - 3

28.8 52.0 3 3 5  10.0 0.00 1089.38 33.2 60.05 36.6 0.00 0.0 1159, 1. 4  33. 11
2&8 52.0 30.0 10.8 0.00 1089.38 33.2 70 011 36.7 0.00 0.0 1159,s 3 3 . 1
28.8 52.0 26.0 il ls 0.00 1089.38 33,2 78 05 35 , 45 0.00 0.0 1117,51 3 s . 4
28.8 52.0 18.0 11. 1, 0 0 0  1069.38 3 3 2  78.04 36.6 0.00 0.0 1167.1.,- 33, 1, 

-- - - s-

-

_ _ _



-~~~~~~ -

Table Ill
11_ ss- 1zs/rIt~ l Forcea s/n lots -  , -_ ss , - .~s- 01 ‘ 1 5 . 3

Stat ic Force Force of I tatic Force
Actual Tail— on Front Velocity Head on Back Total 4 s - s - o s -

Gate Head water Tai lwater Average water Elevation of (late on late 01 -late on late
Opening Elevation Elevation Velocity on Back of Acti ng Acti ng Acting Act in g

ft ft ft I~ s (late 5 ft _~~~~~~,s-s-s- ~~~~~~~~~ ~Ws ~~~~~ s-4iflIi _s-s- 8L~~L ,LLLIs-s-_ ~~~~L.

6.0 30.0 15.0 4.8 0.00 269.07 20.7 6.88 23.0 0.00 1.0 275.91. 11,7
6.0 30.0 20.0 4.0 0 0 o  269.07 20.7 5.77 230 .,00 00 273.8— 20.7

6.0 30.0 25.0 3.5 22.20 269.01 20.?’ 3 1 1 5  23.0 52.17 18,3 219 75 21.3
6.0 30.0 28.0 3.0 27.50 269.07 20.7 2.69 23.0 181.55 Is . 90 20 221

111.3 30.0 15.0 8). 000 105.11 211.2 13.16 25.9 0.00 0.0 11’4.27 24.4

11.3 30.0 19.5 8.3 0.00 105 11 24,2 12.15 25.9 0.00 0.0 117,95 114,1

11.3 30.0 23.0 7.6 0.00 105.11 21,2 10.77 25.9 0.00 0.0 115.88 21.3
11.3 30.0 25.0 6,8 0.00 - 105.11 2L2 8.62 25.9 0.00 0.0 113.73 C - S
11. 3 30.0 27.0 14 .8 26.53 105.35 21,2 1.30 2 5 9  36,98 2 3 , 0  72 . 67  1— .9
11.3 30.0 29.0 - . 2 28.95 105.11 24 .2 1,31 25.9 81.39 .~ .8 2i.1I .5 ...

1L 3 40.0 11.0 6.6 0.00 482.63 27.5 17.68 .9.8 0.00 0 ,0  500 30 2 7 6
11.3 50.0 16.0 6.2 0.00 482 .63 27.5 15,36 29.9 0.00 0.0 1191.99 27.6
11.3 50.0 19.0 6.2 0.00 482 .63 27.5 15.36 29.9 7 .00 0.0 497 99 27 ,6
11.3 50.0 24.5 6.2 0.00 482.63 27.5 15.36 29,9 0.00 0.0 1197.99 - ‘ - 6
11.3 50.0 28.0 s.8 0.00 1462.63 27.5 13.115 30.2 0.00 0.0 1196.07 17,6

11.3 40.0 31.5 5.3 29.55 482 .63 2 7 . 5  11,23 30.5 911,57 211,0 399.25 28.11
11.3 50.0 3t5 11.1 37.15 582.63 2 7 .5  6.72 30.2 3117,06 .16,5 111 . 153 29.9
20.2 50.0 27.0 9 6  0.00 332 65 3 3 , 1 19.31 35,6 000 1.3 l ’1 .9t  3 3 . ?
20.2 50.0 33.0 8). 0.00 132.65 3 3 . 1  154.79 33.8 0.00 0.0 117. 11
20.2 40.0 3L5 7.6 0.00 131 65 33 - s 12CC 35,t 0.00 (1.0 111 .71 3 s ,1

20.2 40.0 36.3 6.8 33.77 132.65 33). 9.69 3 5 . t  1 7 . 5 9  3 5 . 1 121 ,55 1 51
20.2 50.0 38.0 5 8  36 27 132,65 33.11 11 83 35.6- ~i .c13 SIC bs - . IQ 31 , 3
11.3 5 2 0  2L0 5.9 0.00 1298.07 31.5 .5.82 311,7 0.00 0.0 13 , 7 1 . 5
11.3 52.0 32.0 5 5  26).5 1298 07 3 1 5  19.13 311.9 37C2 23,0 1,50.1 3 5 5
11.3 52.0 34.5 5.1 30.75 1298,07 31.5 16,72 35.1 123.90 25). 139 1 .3- _s. 3, 1

11.3 52.0 50.5 3.9 38.75 1298.07 31.5 9.71 31.1 1.2C- )..1 27,1 C- 5 3 3 , 5
11.3 52.0 116.0 2.8 116 25 1298 07 31.5 1.99 3 3 . 6  3 8.00 29.1 - -- Cs- 15.1
20.2 52.0 35.0 7 5  0.00 655 ,21 37,11 26.38 39.6 0.00 0.0 sI.. 2
202 52.0 38.5 6 .2 0.00 6511 23 37.11 17.89 39.1 (s OC 0 .0 171.05
20.2 52.0 112.5 4.11 35.87 6511.21 37.5 9,01 38.6 ~~~~ 3. .1 6 1 6 , 1

20.2 52.0 56.0 3.1 145 2T 651 .21 37). 1 1 1 1 7  37.9 313.01 3 5 .~ 31’ .~ - .. ‘-
20.2 52.0 118.5 2). 117 77 655 .21 37. 1. 2.6 8 362 525. 2 11 36.0 s - s - I t -.1.2
2 11 8  52.0 38.2 ‘ . - - 0.00 1108.119 11o.~ 31.1 0 112.7 0.00 0.0 110.55 110.7
211.8 52.0 113.0 8.2 36 95 508.119 140.5 211.73 s2 .8 6.65 35 ,5 .26 .‘37
28.8 52.0 38.5 11.3 0.00 23&11 53.2 35 .53 115.3 0.00 0.0 ‘‘.5 . -.3.5

28.8 52.0 45.0 10.2 0.00 238.11 53.2 28.92 553 0.00 0.0 .5 7 . 1 -  1~~).
25.6 52.0 56.0 6. 11 43 35 1108.59 50 . 5  15.06 52.5  101.53 37, 5 - -2 ._s IS .
214.6 52.0 58.0 5.2 146.73 508.119 110.5 994 51,1 191.02 s - s . C  221.s- l
28.8 52.0 57.0 8 0  53 .51 238.11 53.2  17.97 5 5 3  30.07 50 . 1 219 
2 8 8  5 2 0  59.0 6. 11 56.73 238.11 53 .2  11.32 115.3 85.68 5 1.5  1 5 3 . 7 ’

- F l ev at l on s  - i r s -  In 6 - - s - C  r . - V . - , - , - - - I to ms-an fls.s~ is- vs-I.

~
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Table 23

Velocities for High Gate Bays (Crest El +10.0),

Uncontrolled Fl ow

HW=30.O ft HW = 140.O ft
Velocity Velocity Velo c ity Vel ocity

Tailwater Upstream Downstream Tailwater Upstream Downstream
— El fls fps El fps Ipso

4 .5 8.3 28.5 10.8 13.6 32.5

.14.0 8.3 22.5 26.5 13.6 - 1 .5

17.0 8.3 16.2 30.5 12.7 16.5

20.0 8.3 12.3 33.0 12.7 15.5

23.0 9.0 10.7 35.0 12.7

25 .5 8.3 9.7 37.0 11.8

27.0 8.3 9.6 38.5 11.8 12.7

29.0 6.7 8 .3  39.2 9.6 l1.H

11W = 145.0 ft 11W = 55.0 f t
Velocity Velocity Vetheity Ve .- -- ~ ty

Tailwater Upstream Downstream Tailwater Upstream D(wns ;l s’essr
El fps fps El fps fp s

14.5 14.4 33.0 24.0 20.4

32.0 114.4 22.5 —9.0 18.0

35.0 114.4 18.0 Li~~~.0 17.2

37.5 13.6 14.5 1.17.0 17.2 20.1

39.0 12.7 13.7 49.5 15.9

41.5 11.8 13.2 52.0 15.3 18.0

43.0 10.7 11.6 53.0 13.8 15.2

143.0 10.8 1 ‘~.2

Note: Upstream velocities measured at sta 99+38.17. Downstream veloc—
ities measured 100 ft below end si l l .  All veloci t ies  measured
10 f t  above channel bottom . Elevat ions are in feet referred to
mean sea level.
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APPENDIX A: NOTATION

C Discharge coefficient for free uncontrolled flow

C Discharge coefficient for free controlled flow
g

C Discharge coefficient for submerged controlled flow

C: 
Discharge coefficient for submerged uncontrolled flow

FT 
Total horizontal force acting on gate, kips

F1 
Static force on front of gate, kips

F
2 

Velocity head on front of gate, kips

F
3 

Static force on back of gate, kips

g Acceleration due to gravity, ft/sec
2

Gate opening , ft

h Tailvater elevation referred to weir crest, ft

H Total head on weir (including velocity head), ft

Hg 
Total head on gate (H — G0/2), ft

~ Net length of spillway crest, ft

Q Discharge per bay, cfs

1~H Difference between total energy flow in the approach channel and
elevation of tailvater with reference to the spiliway crest
(H — h), ft

Al 
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Rothwell, Edward D
Old River existing low—sill control structure ,

Louisiana; hydraulic model investigation , by Edward D.
Rothwell ~andJ John L. GracC , Jr. Vicksburg, U. S
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