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PREFACE

The model investigation reported herein was authorized by the Head-

quarters, US Army Corps of Engineers (USACE). This portion of the study was

conducted for the US Army Engineer District, New Orleans (LMN), in the

Hydraulics Laboratory of the US Army Engineer Waterways Experiment Station

(WES), Vicksburg, MS, during the period August 1973 to July 1977, in

conjunction with other model testing.

During the course of the model study, LMN was kept informed of the prog-

ress of the study through monthly reports and interim reports of special re-

suits. In addition, representatives of USACE, LMN, and the US Army Engineer

Division, Lower Mississippi Valley, visited WES at intervals to observe model

tests and discuss test results.

The investigation was conducted under the general supervision of

Mr. H. B. Simmons (retired), Chief of the Hydraulics Laboratory, and under the

direct supervision of Mr. J. E. Glover (retired), Chief of the Waterways

Division. The engineers in immediate charge of the model were

Messrs. B. K. Melton (retired) and T. J. Pokrefke, Jr., Chief of the

Potamology Branch, assisted by Messrs. C. R. Nickles, C. W. O'Neal, Jr.,

E. E. Moorehead (retired), B. T. Crawford, and L. Brown, all of the Potamology

Branch. This report was prepared by Messrs. Nickles and Pokrefke and edited

by Mrs. M. C. Gay, Information Technology Laboratory, WES.

COL Dwayne G. Lee, EN, is the Commander and Director of WES.

Dr. Robert W. Whalin is the Technical Director.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain

cubic feet 0.02831685 cubic metres

feet 0.3048 metres

miles (US statute) 1.609344 kilometres
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OLD RIVER DIVERSION, MISSISSIPPI RIVER

OUTFLOW CHANNEL INVESTIGATIONS

Hydraulic Model Investigation

PART I: INTRODUCTION

Background

1. Prior to the construction of the Old River control structures, the

Atchafalaya River, a principal distributary of the Mississippi River through a

short connecting channel, had been increasing in capacity to such an extent as

to threaten to divert the Mississippi River through its much shorter and

steeper route to the Gulf of Mexico. In order to control flow from the

Mississippi River and prevent its capture by the Atchafalaya River, the short

connecting channel was closed with a dam and navigation lock, the existing

Mississippi River levee above and below the channel were connected, and two

control structures within the existing Mississippi River levee were con-

structed at mile 314.5 above Head of Passes (AHP). The control structures

included a low-sill structure 548.5 ft* long and an overbank structure ap-

proximately 3,383 ft long which operates during flood flows (Figure 1). Com-

plete details and descriptions of the Old River control structures can be

found in Report No. l.**

2. When the low-sill structure was placed in operation in 1964, a deep

scour hole began developing downstream of the low-sill structure end sill.

The scour hole was revetted and believed to be no serious problem until 1973.

During the Mississippi River flood of 1973, scour behind the left upstream

wing wall of the low-sill structure caused failure of the wing wall and a

scour hole to develop under the structure and stilling basin slabs. This

scour exposed the foundation pilings and seriously weakened the stability of

* A table of factors for converting non-SI units of measurement to SI

(metric) units is presented on page 3.
** J. J. Franco and C. R. Nickles. "Old River Diversion, Mississippi River;

Report 1, Introduction, Description, Adjustment and Verification of Models,
and Summary of Results" (in preparation), US Army Engineer Waterways
Experiment Station, Vicksburg, MS.
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the low-sill structure. Concern that the low-sill structure could fail if the

hole underneath the structure and the scour hole below the end sill were to

connect resulted in an examination of possible repairs to the structure to

Improve its stability and events that might further weaken the structure.

Purpose of Study

3. The purpose of the outflow investigations was to evaluate and pro-

vide guidance relative to rehabilitation of the stilling basin of the low-sill

structure, scour protection in the outflow channel, tailwater control measures

downstream from the low-sill structure, and feasibility of a rock replacement

structure for the left downstream wing wall. The need for rehabilitation of

the stilling basin became apparent during a survey of the basin, which re-

vealed severe erosion of the slab between the baffle blocks and the end sill

and a crack in the slab behind gate bay 9. Thp erosion below the baffle

blocks was I to 1.5 ft deep and exposed the reinforcement rods. Rock passing

through the structure had become entangled in the reinforcement, producing a

mass up to 6 ft in height. The proposed plan for rehabilitating the end sill

was to convert the present vertical end sill to a sloped one by placing

1-in.-thick steel plate from the last row of baffle blocks to the top of the

end sill and filling the void with concrete. When the first plates were

placed and before the void could bc filled, it became necessary to reopen

gates that had been closed to allow the placing of the plates. When the gates

were reclosed, it was discovered that some of the plates had worked loose and

were believeU washed downstream; therefore, investigations were conducted to

determine the effects of closing various gates during rehabilitation of the

stilling basin on flow conditions and the discharge through the low-sill

structure. To ensure the integrity of the damaged low-sill structure, mea-

sures to protect the outflow channel and limit the head on the structure were

considered. Except for a small area of the left bank, the area below the

structure was revetted with articulated concrete mattress; however, additional

protection was believed necessary. Model study results could provide informa-

tion needed to evaluate the type of protection needed and the effect of any

change in head differential at the control structure on the outflow channel.

Based on prototype observations, there was concern that the left downstream

wing wall could fail and cause adverse flow conditions below the structure.

6



Guidancp for replacing this wall with a rock structure was considered neces-

sary in case the wall failed.

Model Testing

4. Testing in the 1:120-scale undistorted fixed-bed model (Figure 2)

:onsisted of water-surface elevation measurements, discharge measurements, and

velocity measurements. During testing for the stilling basin rehabilitation,

various combinations of gates were closed for a specified Mississippi River

discharge and the effect on the head differential and discharge through the

structure was recorded. Velocity measurements were obtained to determine the

effect of the closings on the rehabilitation work and the area surrounding the

structure. Scour protection tests consisted of velocity measurements between

ranges 9+00 and 20+00 in the outflow channel for a series of flows using tail-

water elevations produced by maximum, minimum, and average Red River contribu-

tions for expected tailwater conditions. Two types of tailwater control

structures, rock weirs and concrete piling, were tested in the outflow chan-

nel. The rock weir schemes consisted of one to seven weirs at el -5 ft NGVD*

with varying crest lengths and spacings in the channel with the weir farthest

upstream always at range 135+00, which is approximately 2 miles below the

low-sill structure. The concrete piling schemes consisted of nine rows of

pilings with the row farthest upstream at range 135+00 of the outflow channel.

This testing was done with the low-sill structure in orifice control opera-

tion. Orifice control operation is a method of operating the low-sill struc-

ture with the vertical lift gates of the structure partially submerged so that

flow is passed underneath the gates through an opening below the surface of

the water. The locations of the gages used in the model are shown in Plate 1,

with Gages 12 and 13 being the low-sill structure headwater and tailwater,

respectively. The wing wall replacement consisted of removing the existing

left downstream wing wall and replacing it with a rock structure.

* All elevations (el) and stages cited herein are in feet referred to the

National Geodetic Vertical Datum (NGVD).

7
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PART IT: STILLING BASIN REHABILITATION

Test Procedure

5. Evaluations of possible gate closure combinations to aid in the

construction of the rehabilitation work were made from visual observations,

headwater-tailwater measurements, and meter velocities near the low-sill

structure. The combinations of gates closed varied from closing one gate at a

time to closing five adjacent gates. Each combination was tested for a

Mississippi River discharge of 200,000 cfs. All combinations were compared to

a base condition of all gates open and the Old River discharge of 69,000 cfs

with a headwater stage (Gage 12) of 15.2 ft and a tailwater stage (Gage 13) of

5.9 ft. The only change made to the model from the base conditions for each

test was the closing of the gate or gates. Velocities at 0.6 depth and near

the bottom of the channel were obtained immediately upstream of each gate bay

of the structure; at ranges 150 ft upstream of the structure; and at 120, 200,

400, and 600 ft below the downstream end of the structure piers. Evaluations

of partial or complete rehabilitation of the stilling basin were made from

observations of current patterns below the structure. Photographs of surface

current patterns were obtained for various combinations of partial or complete

rehabilitation for Mississippi River discharges of 395,000 and 1,150,000 cfs

with Old River discharges of 100,000 and 258,000 cfs, respectively. Each dis-

charge was tested for conditions of no repair; low bays (6, 7, and 8) re-

paired; bays 1, 2, 6, 7, and 8 repaired; and bays I through 8 repaired.

Test Results

6. Table I shows the changes in the Old River discharge, headwater, and

tailwater produced by the various gate closure schemes. The results indicate

that the discharge would vary from 35,000 to 70,000 cfs and the head differen-

tial across the structure would vary from 9.3 to 15.5 ft. The maximum head

differential would occur when the closure scheme included a combination of

Gates 5, 6, and 7. The maximum head differentials of 15.5 and 15.3 ft oc-

curred when Gates 4, 5, 6, and 7, and 5, 6, 7, and 8 were closed, respec-

tively. These conditions also produced the minimum Old River discharge of

35,000 cfs. Meter velocities of the base condition (Plate 2) indicated the

9



bottom velocities near the end sill, 120 ft below the piers, would vary from

1.6 fps behind Gate I to 9.5 fps behind Gate 6 to 3.0 fps behind Gate 11. The

maximum 0.6-depth velocity was 12.4 fps behind Gate 5. The results of the

velocity measurements with the gates closed indicated the bottom velocity be-

hind the closed gate would range from 0.5 fps to a maximum of 6.5 fps. Maxi-

mum bottom velocities of 15.0 fps at the end sill and 12.0 fps at 200 ft below

the open gate bays were measured for some conditions (Plates 3 and 4). These

maximum bottom velocities occurred in an area that is protected and were not

considered high enough to cause problems. No adverse flow patterns were ob-

served for any of the combinations tested. Observations of flow conditions

below the low-sill structure of the partially completed or fully completed

rehabilitation work indicate that the flow conditions will remain generally

the same during and after the rehabilitation work. Photos I and 2 show sur-

face flow patterns below the structure before rehabilitation for Mississippi

River discharges of 395,000 and 1,150,000 cfs, respectively, and Photos 3 and

4 show the patterns after rehabilitation for the two flows tested.

10



PART III: OUTFLOW CHANNEL SCOUR PROTECTION

Test Procedure

7. Point velocities were obtained between ranges 9+00 and 20+00 of the

outflow channel for a series of low-sill structure headwater stages from 24 to

64 ft for future tailwater conditions with an average Red River contribution.

The future tailwater for each stage was provided by the US Army Engineer

District, New Orleans. The tailwater conditions with average Red River con-

tribution are shown in Plate 5 as a plot of headwater versus future tailwater

with average Red River contribution. From this plot the following flow data

were obtained for testing:

Low-Sill Structure Low-Sill Structure

Headwater, ft Tailwater, ft

24 13.2

30 18.3

36 22.5

40 24.7

44 27.1

48 29.6

52 31.8

56 34.4

60 38.2

64 43.2

For the headwater stages above 52 ft, the flow was tested with the overbank

structure closed and in operation. The plot in Plate 5 is for the overbank

structure in operation. The low-sill tailwater will change slightly when the

overbank structure is closed; therefore, the tailwater elevation was increased

0.2 ft for the 56-, 60-, and 64-ft headwater stages with the overbank struc-

ture closed. A 53-ft stage was tested using future tailwater conditions with

average, maximum, and minimum Red River contributions. The tailwater eleva-

tions used were 32.2, 31.4, and 33.6 ft, respectively.

11



Test Results

8. Results of velocity measurements indicated the thread of maximum

bottom velocities would occur at a stage of 52 to 53 ft about 200 ft to the

left of the low-sill structure center line, which is in an area that is unpro-

tected by revetment. Plate 6 shows the velocities obtained for stages of

48 and 52 ft. The results indicate that the maximum bottom velocity in the

unprotected area would be 9.3 and 10.2 fps for the 48- and 52-ft stages, re-

spectively. Plate 7 shows the velocities obtained with the 53-ft stage and

the average, minimum, and maximum Red River contributions. The results indi-

cated the maximum bottom velocity for the average and minimum Red River con-

tributions would be about 10 fps in the unprotected area. With the maximum

Red River contribution, the maximum bottom velocity was reduced to about

6.5 to 7 fps.

12



PART IV: LOW-SILL STRUCTURE TAILWATER CONTROL

Test Procedure

9. Evaluations of the proposed tailwater control structures were ob-

tained from visual observations, water-surface elevation measurements, and

meter velocities at 0.6 and bottom depths at various points at or near the

structures. For all flows tested, the tailwater of the control structure was

controlled at the elevation furnished by the New Orleans District.

10. Water-surface elevations were measured at points to the side of the

weir section to eliminate the effects of the velocity head on the readings

obtained. Headwater and tailwater elevations were obtained 500 ft upstream

and downstream of the weir structure or system of structures for each rock

weir plan tested. Additional water-surface elevations were obtained between

the individual structures for plans consisting of more than one weir. Head-

water and tailwater elevations for the piling system ?1 ans were measured in

the center of the outflow channel 360 ft upstream and downstream of the sys-

tem. Additional water-surface elevations were obtailed between the rows of

pilings for some of the test.

11. Additional tests were conducted on various flows to determine the

possibility of navigation through the structures. Visual observations of the

model tow capable of reproducing a prototype speed of 12 mph in slack water

and representing a total width of 70 ft were used to evaluate the tailwater

control structure's effect on navigation (Figure 3).

Test Results

Plan 1

12. Description. Plan 1 consisted of a single rock weir in the

low-sill structure outflow channel at range 135+00. The crest of the weir was

70 ft wide (Plate 8) at el -5. The weir section was connected to each bank by

a rock structure with crest el 50 and 1V on 3H side slopes. The structure

extended across the overbank to tie into an abandoned railroad fill. Old

River discharges of 100,000 and 160,000 cfs were used to evaluate the plan.

Each flow was tested using tailwater elevations based on a maximum and minimum

Red River contribution. The maximum and minimum Red River contributions to

the tailwater elevations for the 100,000-cfs flow were the same, 14.0 ft, and

13
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for the 160,000-cfs flow were 25.2 and 23.5 ft, respectively.

13. Results. The following tabulation shows the headwater elevations

obtained 500 ft upstream of the weir for each tailwater elevation. These re-

sulting head differentials were considered excessive and no further testing

was conducted on this plan.

Old River Water-Surface El

Discharge, cfs Headwater Tailwater*

100,000 34.2 14.0

160,000 44.7 23.5
44.7 25.2

* Control gage.

Plan I-A

14. Description. Plan IA was the same as Plan I except the width of

the weir was lengthened to 200 ft (Plate 8). An Old River discharge of

237,000 cfs was added to the previous 100,000- and 160,000-cfs flows for eval-

uation of this plan. The maximum and minimum Red River contributions to the

tailwater elevations were 33.4 and 30.3 ft, respectively, for the 237,000-cfs

flow.

15. Results. The following tabulation shows the headwater elevations

obtained for the three flows tested. Meter velocities obtained at the weir

and 200, 400, 600, 800, and 1,000 ft downstream of the weir for discharges of

100,000, 160,000, and 237,000 cfs and tailwater elevations of 14.0, 23.5, and

33.4 ft, respectively, are shown in Plate 9. The results indicate the maximum

velocities at the weir would range from 16.3 to 19.7 fps for the three flows

Old River Water-Surface El
Discharge, cfs Headwater Tailwater*

100,000 18.2 14.0

160,000 29.8 23.5

30.8 25.2

237,000 40.0 30.3
41.4 33.4

* Control gage.
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tested. The maximum velocities at 1,000 ft downstream of the weir would be

13.4, 16.1, and 22.4 fps for the 100,000-, 160,000-, and 237,000-cfs dis-

charges, respectively. Although the head differentials were much less than

those obtained in Plan 1, the velocities were considered too high to permit

navigation to pass over the weir.

Plan 2

16. Description. Plan 2 ronsisted of seven weirs of the same type and

elevation as Plan 1, except the weir section was 500 ft wide (Figure 4). The

weir farthest upstream was at range 135+00 and tied to the railroad fill as in

Plan 1. The six additional weirs were located 519, 1,029, 1,524, 1,998,

2,460, and 2,913 ft downstream of range 135+00; and their top elevation was

the same as the overbank elevation at their location (Plate 8). These loca-

tions were developed to provide a spacing of 400 ft between the toes of the

slopes of adjacent weirs. The weir sections were staggered from left to right

across the outflow channel in order to follow the natural channel thalweg.

Two additional Old River discharges, 315,000 and 380,000 cfs, were added to

the three previous discharges for testing of this plan. Tailwater elevations

were updated to correspond to a plot of desired headwater-tailwater elevations

(Plate 10) furnished by the New Orleans District. Based on this plot, the

following tailwater elevations were required for each flow:

Discharge, cfs Tailwater El

100,000 13.0

160,000 22.3

237,000 28.8

315,000 34.5

380,000 38.8

17. Results. Table 2 shows the headwater elevations obtained for the

five flows tested. The results indicate that the total head differential

varied from 2.3 ft with the discharge of 100,000 cfs to 4.8 for the

380,000-cfs discharge. Approximately one-half to one-third of the total head

loss occurred through the first weir. Velocities through the weir system

(Plate 11) increased with the discharge and tended to become greater as the

flow moved downstream. The greatest velocities were obtained with a flow of

315,000 cfs and occurred at the downstream weir. Velocities varied generally

16



Figure 4. Tailwater control Plan 2, seven rock weirs



from 7 to 9 fps with the 100,000-cfs discharge up to 10 to 14 fps with the

315,000-cfs discharge. Velocities did not increase with the 380,000-cfs dis-

charge as there was flow around the lower four weirs onto the overbank area.

These velocities are considered too high to allow navigation through the

system.

Plan 3

18. Description. Plan 3 (Plate 8) consisted of five weirs and was

developed on the model to provide a maximum total headwater-tailwater differ-

ential of 7 ft with the total distributed proportionally throughout the sys-

tem. The weirs were separated enough to allow for expansion below each weir.

The upstream weir was located at range 135+00 as in the previous plans with

the successive weirs located 1,532, 2,915, 4,270, and 5,630 ft downstream of

the first weir (Figure 5). The crest elevation was -5 ft and the widths were

varied from 660 to 330 ft. The upstream weir was tied into the abandoned

railroad fill at el 50 and the remaining dikes were tied into the overbank, as

Plan 2. The -~eir crests were staggered from left to right across the chan-

nel, as in Plan 2. Testing was done for four of the five flows used for

Plan 2 with two higher flows, 500,000 and 600,000 cfs, added. The tailwaters

for the additional flows were 45.7 and 49.1 ft, respectively.

19. Results. Table 3 shows the headwater and tailwater elevations ob-

tained for each flow tested. The results indicated the maximum differential

for the system was 6.7 ft for flows between 237,000 and 380,000 cfs. The dis-

tribution of head loss was relatively uniform from weir to weir. For the

500,000- and 600,000-cfs discharges, the head loss drastically decreased with

approximately 30 to 40 percent of the total head loss occurring at the first

weir. The decrease in head ioss was due to the overtopping of the lower four

dikes and flow onto the overbank at these higher discharges, which drastically

decreased their effectiveness as control structures. Velocities through the

system, shown in Plate 12, indicate that, as in Plan 2, the velocities in-

creased with discharge until the flow moved onto the overbank and had a ten-

dency to become greater as flow moved downstream. The greatest velocities

were obtained with a discharge of 315,000 cfs avd occurred at the downstream

weir. Velocities varied generally from 6 to 10 fps with the 100,000-cfs dis-

charge to 8 to 15 fps with the 315,000-cfs discharge. Velocities were some-

what lower for flows above 315,000 cfs due to the overtopping and overbank

flow at the lower four dikes. The velocities through the system were

18
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considered too high to permit navigation through the system.

Plan 4

20. Description. Plan 4 consisted of nine rows of 4.5-ft-diam concrete

piles placed in the outflow channel. The first row was at range 135+00 and

the remaining rows were spaced 100 ft apart downstream. The piles in each row

were spaced 10 ft on centers and the piles of alternating rows were placed to

align with the center of the opening of the row immediately upstream

(Plate 13). The top of the piles was at el 48. Headwater and tailwater ele-

vations were recorded at points 360 ft upstream and downstream of the system.

Testing was conducted for seven flows ranging from 100,000 to 650,000 cfs

using tailwater elevations furnished by the New Orleans District for the rock

weir test (Plate 10). The flows and tailwaters used for testing were as

follows:

Discharge, cfs Tailwater El

100,000 13.0

200,000 26.1

300,000 33.6

400,000 40.2

500,000 45.8

600,000 49.1

650,000 50.0

21. Results. Table 4 shows the headwater and tailwater obtained for

each flow. The results indicate that the head differential through the system

ranged from 2.8 to 6.8 ft, with the maximum produced with the 400,000-cfs dis-

charge. The head differentials were somewhat less for flows above 400,000 cfs

due to overtopping of the piles and flow onto the overbank bypassing the sys-

tem. Table 5 shows water-surface elevations between the rows of piles for

discharges of 100,000 to 400,000 cfs. These results indicate that the total

head loss through the system would be relatively uniformly distributed between

each row, with no row producing more than approximately 20 percent of the

total. Meter velocities (Plate 14) indicated the flow through the pile system

to be generally uniform and stable; however, visual observation indicated tur-

bulence around the piles. Velocities were generally uniform across the system

and were in the range of 3 to 6.5 fps except along the right bank line at the
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lower rows. Results indicate the velocities increased as the flow moved down-

stream. Maximum velocities were obtained with the 400,000-cfs discharge at

the last row of piles with velocities of about 6.0 fps occurring 400 ft down-

stream of the row. Discharges above 400,000 cfs had a tendency to spill out

onto the overbank area at the upper rows of piles, and the right overbank flow

tended to reenter the system near the lower rows. Results indicated scour

velocities as high as 11 fps could be expected where the overbank flow

reenters the system.

Plan 5

22. Description. Plan 5 was the same as Plan 4 except a beam was added

to each row of piles. The beam was 3 ft thick and was placed at el 48 on rows

1, 2, 8, and 9 and at el 50 on rows 3, 4, 5, 6, and 7 (Plate 13). The same

flows were used for testing as in Plan 4.

23. Results. Table 4 shows the headwater and tailwater obtained for

each discharge tested. The results indicate the head loss through the system

varied from 2.8 to 7.1 ft. The maximum head loss occurred, as in Plan 4, with

the 400,000-cfs discharge. Discharges that would not produce a headwater ele-

vation of 45 would not be affected by the beams; therefore, velocities for

discharges of 100,000, 200,000, and 300,000 cfs would be the same as in

Plan 4. Plate 15 shows the velocities obtained for discharges of 400,000 cfs

and above. The results indicated that flow conditions for the system were

generally uniform and stable with turbulence only around the individual pil-

ings. Velocities were generally uniform across the system and ranged from 3

to 6 fps, except along the right bank line. As in Plan 4, discharges above

400,000 cfs produced high scour velocities at the lower end of the system

where the overbank flow reentered the channel. These velocities could be

expected to be as high as 11 fps.

Plan 5A

24. Description. Plan 5A was the same as Plan 5 except the beams on

rows 1, 3, 5, 7, and 9 were lowered to el 26.1 and the beams on rows 2, 4, 6,

and 8 were lowered to el 13.2 (Plate 13). These elevations were chosen to

match the tailwater elevations for the two lowest flows being tested.

25. Results. Water-surface elevations are shown in Table 4. The re-

sults indicated that the total head differential varied from 3.3 ft with the

100,000-cfs discharge to 7.9 ft with the 400,000-cfs discharge to 5.3 with the

650,000-cfs discharge. Flow conditions through the system were generally the
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same as in Plans 4 and 5. Velocities (Plate 16) were generally uniform and

ranged from 3 to 6 fps. As in the previous pile plans, scour velocities in

the range of 11 fps can be expected where the overbank flow reenters the

system from the right overbank for discharges above 400,000 cfs.

Plan 6

26. Description. Plan 6 was the same as Plan 4, except piles were

removed from the system to form an opening for navigation. Preliminary test-

ing was done to determine a satisfactory width of the opening. The width

tested was 250 ft, normal to the piling rows and located near the left bank in

the deepest section of the channel (Plate 13).

27. Results. Headwater and tailwater elevations are shown in

Table 4. The results indicated that the headwater for each discharge would be

less than in the previous plans and the head differentials would range from

1.7 to 4.6 ft. Flow conditions in the opening were uniform for the lower

flows, but tended to become turbulent within the opening for the higher flows.

Velocity measurements are shown in Plate 17. The results indicated the veloc-

ities would range from 3.3 to 15.0 fps in the opening, with the maximum veloc-

ities occurring at the downstream row of piles. Navigation through the open-

ing was tested for discharges of 100,000 and 300,000 cfs using the model

towboat. The tow had little to no trouble moving upstream through the open-

ing, but could not navigate moving downstream. The velocities developed with

the 400,000-cfs discharges and above were considered too high to permit

navigation.
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PART V: LEFT DOWNSTREAM WING WALL REPLACEMENT

Test Procedure

28. Evaluation of the feasibility of a rock replacement structure to

replace the left downstream wing wall of the low-sill structure was made from

visual observations and meter velocities at various points along the alignment

of the wing wall. Meter velocities at 0.6 and bottom depths were obtained at

50-ft intervals along the existing wing wall and the toe of the slope of the

replacement structure for a Mississippi River discharge of 1,775,000 cfs, the

1973 flood crest. The Old River discharge was 525,000 cfs with a headwater

elevation of 58.2 and a tailwater elevation of 53.4.

Test Results

Description

29. The replacement structure was a rock structure with IV on 2H side

slopes and a top elevation of 48 (Plate 18). The toe of the structure fol-

lowed the alignment of the existing wing wall and the structure was tied into

the left bank of the outflow channel to prevent an eddy from being formed

behind the structure by flow around Its end.

Results

30. Visual observations indicated that an eddy would occur beginning

approximately 50 ft below the end of the south pier and extend for approxi-

mately 100 ft downstream for both the existing wing wall and the replacement

structure. Plate 18 shows the meter velocities obtained for the existing wing

wall and the replacement structure. The results indicated the maximum

0.6-depth velocity to be 13.3 cfs for the existing wing wall and 8.8 cfs for

the replacement structure. The maximum bottom velocities obtained were 8.5

and 8.2 cfs, respectively. These results indicated the replacement structure

would produce good flow patterns exiting the low-sill structure with veloc-

Ities about the same or slightly lower than those with the existing wing wall.
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PART VI: DISCUSSION OF RESULTS AND CONCLUSIONS

Limitations of Model Results

31. Analyses of the results of these investigations are based on a

study of the effects of various conditions or modifications in the area of the

low-sill structure on the current patterns and velocities and water-surface

elevations in the outflow channel. In evaluating test results, it should be

considered that small changes in the current patterns and velocities are not

necessarily changes produced by the modification being tested because of pul-

sating currents or eddies or occasional slight wind gusts, since this is an

outdoor model. In addition, flow patterns and velocities were based on steady

flows and would be somewhat different when a hydrograph with rising and fall-

ing stages is considered. Meter velocities shown in the plates are average

velocities obtained over a period of time with a cup meter. The meter veloc-

ities at bottom depth are indicative of velocities near the bottom, but not on

the bottom because the design of the meters used will not permit a velocity to

be obtained lower than approximately 5 ft (prototype) above the model bed.

The small scale of the model made it difficult to measure water-surface eleva-

tions within an accuracy greater than ±0.1 ft prototype. The model was of the

fixed-bed type and was not designed to reproduce any sediment movement that

might occur in the prototype; therefore, changes in the channel configurations

resulting from scour and deposition were not reflected in the model results.

Summary of Results and Conclusions

32. The following indications and conclusions were developed during the

investigation:

a. The closing of individual gates or combinations of gates to
allow rehabilitation of the low-sill structure stilling basin
would not produce excessive velocities at the structure end
sill or adverse flow patterns in the outflow channel.

b. Flow patterns in the outflow channel would be generally unaf-
fected by the partial or complete rehabilitation of the
low-sill structure stilling basin.

c. Maximum velocities in the unprotected area of the outflow chan-
nel would occur for headwater river stages near 50 ft.

d. Maximum velocities in the outflow channel would occur for
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average to minimum Red River flow contributions. The veloc-
ities would be somewhat less for the maximum Red River
contributions.

e. The rock weir plans, Plans 1, IA, 2, and 3, designed to control
the low-sill structure tailwater would produce head differen-
tials higher than desired and velocities too high to allow
navigation through the weirs.

f. The concrete piling plans, Plans 4, 5, and 5A, produced head
differentials in the range generally desired; however, the pil-
ings would block the outflow channel to navigation.

. Using concrete pilings with a 250-ft navigation opening,
Plan 6, would produce head differentials less than with Plans
4, 5, and 5A. Velocities in the navigation opening for dis-
charges below 300,000 cfs would permit navigation upstream, but
downstream navigation would be hazardous. For discharges above
300,000 cfs, navigation would be too hazardous in either
direction.

h. The replacement of the left downstream wing wall of the
low-sill structure with a stone dike produced good flow pat-
terns with velocities along the dike somewhat less than those
along the existing wing wall.
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Table 1

Stilling Basin Rehabilitation

Gate Closure Test

Mississippi River Discharge 200,000 cfs

Old River Headwater Tailwater Head
Gates Closed Discharge, cfs El El Differential, ft

All open (Base) 69,000 15.2 5.9 9.3
1 62,000 15.6 6.2 9.4
2 62,000 15.5 6.1 9.4
3 62,000 15.6 6.1 9.5
4 62,000 15.5 6.2 9.3

5 59,000 16.1 5.5 10.6
6 59,000 16.0 5.3 10.7
7 59,000 15.9 5.3 9.4
8 70,000 15.5 6.1 9.4
9 70,000 15.5 6.1 9.4

10 70,000 15.5 6.1 9.4
11 70,000 15.5 6.2 9.3
1,2 67,000 15.8 6.0 9.8
2,3 67,000 15.8 5.9 9.9
3,4 68,000 15.9 5.8 10.1

4,5 59,000 16.1 4.9 11.2
5,6 48,000 16.4 3.6 12.8
6,7 48,000 16.6 4.2 12.4
7,8 58,000 16.1 4.8 11.3
8,9 63,000 15.6 5.7 9.9

9,10 63,000 15.4 5.5 9.9
10,11 63,000 15.5 5.8 9.7
2,3,4 67,000 16.0 5.9 9.9
3,4,5 55,000 16.1 4.7 11.4
4,5,6 43,000 16.2 3.0 13.2

5,6,7 38,000 16.4 2.2 14.2
6,7,8 40,000 16.2 3.0 13.2
7,8,9 48,000 15.1 4.6 10.5
8,9,10 59,000 15.9 5.8 10.1

9,10,11 66,000 15.8 6.0 9.8

2,3,4,5 56,000 16.2 4.4 11.8
3,4,5,6 40,000 16.4 3.0 13.4
4,5,6,7 35,000 16.5 1.0 15.5
5,6,7,8 35,000 16.4 1.1 15.3
6,7,8,9 40,000 16.3 2.9 13.4

7,8,9,10 49,000 16.1 4.3 11.8
2,3,4,5,6 45,000 16.6 3.0 13.6
6,7,8,9,10 40,000 16.3 2.5 13.8



Table 2

Low-Sill Structure Tailwater Control

Rock Weir Test

Plan 2 Water-Surface Elevations

Old River Discharge, cfs
Gage 100,000 160,000 237,000 315,000 380,000

Weir headwater 15.3 25.3 33.3 39.3 43.6

Between weirs 1 & 2 14.2 23.6 30.8 36.8 40.5

Between weirs 2 & 3 14.2 23.6 30.6 36.7 40.5

Between weirs 3 & 4 14.0 23.2 30.5 36.4 40.5

Betwein weirs 4 & 5 13.6 23.1 30.2 35.7 40.0

Between weirs 5 & 6 13.2 22.8 30.0 35.6 40.0

Between weirs 6 & 7 13.2 22.8 29.8 35.5 40.0

Weir tailwater* 13.0 22.3 28.8 34.5 38.8

* Control gage.

Table 3

Low-Sill Structure Tailwater Control

Rock Weir Test

Plan 3 Water-Surface Elevations

Old River Discharge, cfs
Gage 100,000 237,000 315,000 380,000 500,000 600,000

Weir I
Headwater 17.8 35.5 41.2 45.5 49.8 52.8
Tailwater 16.9 34.1 39.8 43.8 48.0 51.6

Weir 2
Headwater 16.9 33.9 39.7 43.8 47.8 51.6
Tailwater 16.3 32.6 38.3 42.8 47.6 51.3

Weir 3
Headwater 16.2 32.3 38.0 42.8 47.6 51.3
Tailwater 15.1 31.0 37.0 41.8 46.9 50.9

Weir 4
Headwater 14.9 30.7 36.9 41.5 46.8 50.9
Tailwater 14.1 29.7 35.4 40.3 46.2 50.5

Weir 5
Headwater 14.0 29.5 35.2 40.0 46.2 50.5
Tailvater* 13.0 28.8 34.5 38.8 45.7 49.1

* Control gage.
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Table 5

Low-Sill Structure Tailwater Control

Concrete Pile Test

Plan 4 Water-Surface Elevations

Discharge, cfs
Gage 100,000 200,000 300,000 400,000

Headwater 15.8 30.6 40.1 47.0

Between rows I and 2 15.4 30.2 39.6 46.2

Between rows 2 and 3 15.3 29.7 38.8 45.8

Between rows 3 and 4 14.8 29.2 38.7 45.3

Between rows 4 and 5 14.8 28.9 37.8 44.5

Between rows 5 and 6 14.5 28.6 37.0 43.8

Between rows 6 and 7 14.0 27.5 36.8 43.1

Between rows 7 and 8 13.7 26.5 36.0 42.2

Between rows 8 and 9 13.2 26.3 34.9 41.2

Tailwater* 13.0 26.1 33.6 10.2

* Control gage.
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DISCHARGE 69,000 CFS
HEADWATER EL 15.2
TAILWATER EL 5.9

9 28 3 3 3 7 4t I t7 .3 ,7 5,4 5,4 1 50 50(_ .

T 16 24 2"7 31 37 4.2 48 50 51 47 49 ,47 41

2. 5 37 22 124 10 97 50 35 29 4

07 3.8 0.4 110 9.2 3.5 O
07 3" 6.8 110 72 3.1 0.9

06 0.6 1.0 70 22 22 26
NT 0 07 39 :7 22 1.2

0. II .0 .9 27 09 1.9

09 07 1.2 59 2.0 14 22

LEGEND

9.6 VELOCITY AT 0.6 DEPTH

5.3 VELOCITY AT BOTTOM DEPTH

Q LOW-SILL STRUCTURE GATE NUMBER

NOTE: VELOCITIES ARE IN PROTOTYPE
FEET PER SECOND

ELEVATIONS ARE IN FEET

REFERRED TO NGVD

STILLING BASIN

SCALES IN FEET REHABILITATION TESTS
,00 0 100 200 300

PROTOTYPE POINT VELOCITIES
0 1 a 3

MODEL - 0 I 2BASE - ALL GATES OPEN
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DISCHARGE 40,000 CFS
HEADWATER EL 16.3
TAILWATER EL 2.5

.3 6 9 2.1 22 23 22 20 19 17 16 l.8 20

' 14 .20 22 21 5 20 16 8 6 5 1581

0 3 5 0 8 20 0 I 

0 5 44 35 8 12 06 II

0
NI 06 23 7 13 18 22

I NI 0 1g 8 . 8

o*11 ~ ~ i N iZ 6 w' '

It

IJ N 0.8 2.9 1 .2 1.4

08 61 08 23 16 18 8

LEGEND £

9.6 VELOCITY AT 0.6 DEPTH

5.3 VELOCITY AT BOTTOM DEPTH

(0 LOW-SILL STRUCTURE GATE NUMBER

NOTE: VELOCITIES ARE IN PROTOTYPE
FEET PER SECOND
ELEVATIONS ARE IN FEET

REFERRED TO NGVD

STILING BASIN

SCALES IN FEET REHABILJTATION TESTS
100 0 100 200 00P

PROTOTYPE POINT VELOCITIES
MODEL 0 1 2 3 GATES 6, 7, 8, 9, & 10 CLOSED

PLATE 3



DISCHARGE 67,000 CFS
HEADWATER EL 15.8
TAILWATER EL 5.9

1 5 22 6 28 35 42 50 57 55 %4 5l 51 5.3

1*3 19 2 3 235 32 38 45 5.0 50 49 47 46 41

8 .o . . .7 98 9,6 .5 : 1 3.9 315

2. 2 ;4 ,,:6 , 2, , 5 , __

28 132 117
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12 Nt 40 120 86 29 9 8

08 09 II 50 3.0 22 3'1

0' 09 1.8 1.2 25 1.7 17

0. I8 23 3.3 47 I 9 .

06 12 I'I I 7 3.9 1 4 I 9

LEGEND

9.6 VELOCITY AT 0.6 DEPTH

5.3 VELOCITY AT BOTTOM DEPTH

(C) LOW-SILL STRUCTURE GATE NUMBER

NOTE: VELOCITIES ARE IN PROTOTYPE
FEET PER SECOND
ELEVATIONS ARE IN FEET

REFERRED TO NGVD

S"IIUNG BASIN

SCALES IN FEET REHABILITATION TESTS

PROTOTYPE 0 0 0 3 POINT VELOCITIES
MOOEL 1 0 2 GATES 2 AND 3 CLOSED
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DISCHARGE 100,000 CFS DISCHARGE 160,000 CFS
HEADWATER EL 18.2 HEADWATER EL 29.8
TAILWATER EL 14.0 TAILWATER EL 23.5

OO 20' ..-- 4 200'

EL ,50 fO 163 16t EL .50 18.3 183 189 EL *50 RANGE

16.t 163 158 . 18 1713

0.9 146 157 10.9 21- 0.6'DEPTH ___ -6 19.2 194 l9.0 .8 0.6' DEPTH
200- O.e 145 144 127 1.4 BOTTOM 200' 1.1 1,.8 179 19.3 ZO BOTTOM1 1
400' 14 10.3 15.9 157 24 0.6' DEPTH 400' 16 14.9 f7.4 188 2.3 0.6' DEPTH

11.4 . 137 133 2.5 BOrTOM I? f5.6 1(69 188 zq BOTTOM

600' 1.5 10.2 162 14.S 31 0.6'DEPTH 600' 1.2 120 19.9 18.6 7.3 4.1 0.6'DEPTH

15 10.2 127 13.4 3.1 BOTTOM 1.2 10.6 151 14.3 62 2.7 BOTTOM

800' 13 6.0 13. IS 8.2 .8 0.6' DEPTH 800' 1.5 72 16.9 19.4 116 16 0.6' DEPTH

f.3 48 114 10.8 7.8 1.3 BOTTOM 1.3 7.8 14.2 137 Q27 19 BOTTOM

f00 1.4 3.5 t29 134 10.6 22 0.6' DEPTH OO0' 25 3.8 154 157 161 5,2 0.6' DEPTH

1.2 44 98 10.6 8.4 1.9 BOTTOM 23 31 0.6 11,5 Io 5,f BOTTOM

DISCHARGE 237,000 CFS
HEADWATER EL 41.4
TAILWATER EL 33.4

z00'

[ +NOTE: VELOCITIES ARE IN PROTOTYPE
E ",50 18.7 184 18. A50 FEET PER SECOND

-3 1 19.7 184 /93 ELEVATIONS ARE IN FEET

REFERRED TO NGVD
_.8 21.9 225 23.3 1.9 0.6' DEPTH
200' 1.3 216 f8.5 228 1.7 BOTTOM

400' 18 16.2 22.9 22.7 34 0.6' DEPTH
1.2 183 21.7 109 3.7 BOTTOM

600' 1.7 14.3 23,2 235 6.0 5.4 0.61 DEPTH TAILWATER CONTROL TESTS
.6 154 18.3 20.9 5.6 5.3 BOTTOM

I PLAN iA
800' 2.3 77 213 22.6 1,3 3.3 0. 6' DEPTH47". t' *& * . ..4 BOTO VELOCITIES THROUGH AND

1.4 72 17 16.0 14.8 2.4 BOTTOM BELOW WEIR

O00' 1.9 8.2 Z0.5 224 20.f 5.5 0.6' DEPTH

2.5 6.8 65.1 15.1 154 5.8 BOTTOM SCALES IN FEET
200 0 200 400

PROTOTYPE I

MODEL 2 0 2 4
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