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PREFACE

This report documents the processes by which the Quasi-Two-Dimensional
Sediment Transport model was applied in the Atchafalaya River Delta Study to
simulate delta growth and how the impact of that growth on flood peak eleva-
tions was calculated by the computer program, "Simulated Open Channel
Hydraulics, Multiple Junctions."

The study was authorized by the US Army Engineer District, New Orleans,
and was conducted by personnel of the US Army Engineer Waterways Experiment
Station (WES), under the direction of Messrs. H. B. Simmons and F. A.
Herrmann, Jr., former and present Chiefs, Hydraulics Laboratory (HL); R. A.
Sager, Assistant Chief, HL; M. B. Boyd, Chief, Waterways Division (WD); W. H.
McAnally, Jr., Chief, Estuaries Division (ED), Project Manager; and J. V.
Letter, Jr., Chief, Estuarine Simulation Branch, ED, Task Coordinator. The
plan of study of which this task is one part was developed by Messrs. McAnally
and Samuel B, Heltzel, Estuarine Engineering Branch, ED. This study was
performed and this report written by Messrs. W. A. Thomas, WD; R. E. Heath,
Math Modeling Group, WD; J. P. Stewart, Office of Technical Programs and
Plans; and CPT D. G. Clark, Coastal Ecology Group, Environmental Resources
Division, Environmental Laboratory. Tables 3 and 4 were compiled by
Mr. James D. Ethridge, Jr., Estuarine Simulation Branch. This report was
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.




CONTENTS

PREFACE'.!.......‘.l..l..l..l'.l..l..l..!.ll..‘..OI'Q!!O.ll.unt.o..ot.l.

CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENT..........
PAR’r I: INTRODUCTION....I....II....'..'I....... ......... ® 8 09 &8P oo e e

BaCKEIrOUNG .. eeeroessoosnonseavsesosscsscesancsseanossesssnssassosnsasse
Study AUthority.ecececesnosososescesnscsosoesnsosnsacssasassannscasssss
PUrpOSe and SCOPE..csescessessensssccsscssessessvssssssessosnsesncas
Related StudieS.ccceesesssccsccsasessrsasssescasscarscssosssssnsonnas
Conceptual Model of the Growth of Atchafalaya Delta.....ieecee ceen
Background Information for This TasKeieeeeeeseesnceseeressosccnnnns
Computer Codes Selected...cieeeeerserscarsssssesnsssssssscsasasasnns
Study Procedure.cecesesescscascocrosnssoscssosssssancsnseassnsssasess

PART II: THE SEDIMENT STUDY WITH HAD-1.cc.ceietnetnncsnonnoncnanassons

INtroduUCtionN. e seceeeccoscasscsesoccsssnssonsosscsscscnssoanssassosscsas
Model Adjustment Procedure and Coefficients.....ccevvennnse Ceereae
Calibration Coefficients.cceececescessasssseescesscssnsoscansssenss
Steps in Fixed Bed Adjustment...cccceeceacersssncsccscossonnnsansas
Fixed Bed AdjustmentsS....ssceecesosornrssscssscssscsnscsssosssnascnss
Movable-Bed AdJUStmeNtS..cveectiervacscssanssersscsscsvssnsssosasassne
Particle Settling VeloCitieS.ecereesessrsssasosencscsonvessssnssas
Delta Growth Prediction...cvcceeceerecessccsscsssnsnsesssossssccosans

PART III: STAGES AND FLOW DISTRIBUTION STUDY WITH SOCHMJ::.eceeoveonenn

Introduction.seeeieeeecocssassosossosscsnsssosnsnssssnsosssnssnnssssans
StUudY Area.ceeececiecessasessscacosanssnsnssssscsseansossnssossoasscnss
Model Evolution...esceeeeeeeccsesosracsnsessnsesoncsoscscnssasonsnns
Network DesigNececescosscsssscsacsessnncsosssosenssnscscesasssancscs
Network PerformanCe...ccceceescssesesessscsssnssosrsscssssscasscsaccccae
GeometriC Data@.cseeeeesececnrscscscscscanssssssssvossoscasssossnssse
Boundary Conditions...cceecrieesesorscescacccnccssesscasnscnssscscnns
AQJuUStmeNnt . cceeeeevotvocscessasncesscsscssscssssnsscsscsonssssssasnasae
Verification.ieeieeseesescosrsasnsnsocsesssasesossssessesscssnncasse

Forecast.......-....'-.......-.....--o...--..-..o..--.........--.-

Sensitivity of Water Profiles to Size and Shape of Delta..cieeees.
PART 1IV: DISCUSSION OF RESULTS AND CONCLUSIONS...eetescecssvnssassasas

Sediment ation. @ S 5 8 0 8 900 SO0 DS OSSO S S E OO E eSS DRSS eSS S e
Stages and Flow. ® @ 0 9 O PO DS P OSSO E GOSN SO NSE RSSO NSNS
Comparison to Other Approaches in This Study....eiceeevcecncnccnes

REFERENCES...-oooacntoo-o‘uc-.-o.o..oocoo'ono-.-.-o-.-.--olo.oo.oo-o...-
TABLES 1-26
PLATES 1-60




CONVERSION FACTCRS, 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

acres

cubic feet

cubic yards

feet

miles (US statute)

pounds (force) per
square foot

pounds (mass) per
cubic foot

square miles

tons (2,000 pounds,
mass)

tons (force) per
square foot

By

To Obtain

4,046.873
0.02831685
0.7645549
0.3048
1.609347

47.88026

16.01846

2.589998
907.1847

95.76052

square metres
cubic metres
cubic metres
metres
kilometres

pascals

kilograms per
cubic metre

square kilometres

kilograms

kilopascals
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THE ATCHAFALAYA RIVER DELTA

THE ATCHAFALAYA RIVER DELTA QUASI-TWO-DIMENSIONAL MODEL
OF DELTA GROWTH AND IMPACTS ON RIVER STAGES

PART I: INTRODUCTION

Background

1. The Atchafalaya Basin, a natural floodway, became part of the Mis-
sissippi River and Tributaries (MR&T) flood-control project as a result of the
1928 Flood Control Act of the United States Congress. Figure 1 shows the loca-
tion of the basin, and Figure 2 shows the major role it plays in the MR&T plan.
Not only does the Atchafalaya Floodway carry half the discharge of the MR&T
system during a design flood, but it also carries 30 percent of the daily flow.
The annual sediment yield into the floodway is about 100 million tons.* Since
the emergence of the delta in Atchafalaya Bay, during the 1973 flood, it has
become one of the most dynamic in the world with initial growth rates estimated
at 5.5 to 6.5 square miles per year (Shlemon 1975 and Shlemon and Gagliano
1972).

2. Delta growth is, therefore, an ongoing subject of extensive study by
aerial and land reconnaissance. Through those studies, past development has
been cataloged and projections of future deltas have been made. The impact on
flood elevations in the Atchafalaya River is expected to be substantial at the
latitude of the present coastline, and that impact is expected to extend up-
stream, even beyond Morgan City, Louisiana, although it will decrease with
distance from the present coastline. The extent to which Wax Lake Outlet will
be affected, maintenance of navigation, the environmental impact, and changes
in salinity as the delta grows are other questions vital to the US Army Corps
of Engineers flood-control and navigation planning. The study reported here
used 2 of the 12 numerical models and the physical model the US Army Engineer
Waterways Experiment Station (WES) is developing for predicting the growth of

¥ A table of factors for converting non-SI units of measurement to SI
(metric) units is found on page 3.
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this delta as well as the MR&T system's response to it.

Study Authority

3. This study was conducted at the request of the US Army Engineer
District (USAED), New Orleans. It is a portion of their overall study to
Jevelop a comprehensive plan for the management and preservation of the water
and related land resources of the Atchafalaya Basin. Their overall study area

boundary is shown in Figure 3. The portion of that comprehensive plan
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investigated herein is confined to the Atchafalaya Bay (Figure 4). Subsequent

uses of the term "study area" in this report refer to the Atchafalaya Bay.

Purpose and Scope

4. This report documents one task in a multidisciplinary study of the
development of the Atchafalaya Delta. The purpose of this task was to predict
the area of new subaerial land, the volume of sediment deposition in the bay,
and the resuiting change in flood elevations for a period of 50 years into the
future.

5. The plan of study, for which this task is one part, was developed at
the request of the New Orleans District by McAnally and Heltzel (in
preparation).

6. Because of the complex interactions of the many processes going on
in this study area, four basically different approaches were planned for pre-
dicting delta growth:
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a. A regression analysis of historical prototype data from which
future growth patterns can be extrapolated.

b. A generic analysis from the geological perspective which in-
cludes historical growth patterns at this site plus comparisons
with other deltas.

c. An analytical approach based on theoretical hydraulics and sedi-
ment transport mechanics.

d. Processes-based numerical models which treat delta growth as a
boundary value problem:

(1) "Quasi-Two-Dimensional Sediment Computation" (HAD-1).

(2) "Sediment Transport in Unsteady, Two-Dimensional Flow, Hori-

zontal Plane" (STUDH and its companion hydrodynamic model,

(3) A special treatment of the saline density currents, deep-
water waves, and hurricane surges.

This report documents the Quasi-Two-Dimensional Sediment Computation approach
and compares results to those determined by the regression analysis (Letter
1982) and the generic analysis (Wells, Chinburg, and Coleman 1984).

7. Finally, the scope of this phase of the delta study is limited to
forecasting rate of delta growth and the resulting impact on flood stages,
maintenance dredging, and flow distribution for a do-nothing alternative.
That is, if man's activities in the study area were to cease except for main-
tenance dredging for navigation, how much would the delta grow over the next
50 years? Later studies will address salinity and other alternatives for
managing the land and water resources in the bay. The techniques being de-
veloped in the present study are designed to handle other alternatives, also.
Because these techniques are intended for use by others, this report describes
their development and presents the bases for decisions made during their
application in more detail than normally is presented.

Related Studies

8. The related studies are grouped into two categories: those by
others which give insight into the growth and behavior of the Atchafalaya
Basin Floodway and companion studies to this one.

9, The New Orleans District (USAED, New Orleans) prepared a feasibil-
ity report. It is a comp: ehensive document presenting the historical develop-
ment in the Atchafalaya Basin starting with records from de Soto's exploration




of the area in 1542. It addresses natural and man-made changes in terms of
physical and environmental characteristics, cultural and natural resources,
and past as well as proposed water and land uses. It cites 17 documents of
the US Senate or House of Representatives bearing on the role of the Atchafa-
laya Basin in the MR&T Project. Thirty-five studies that others have made in
the basin are listed in Appendix A and abstracted in Appendixes I and J of
that document. Engineering, environmental, geologic, and economic investi-
gations are presented for historical record as well as future forecasts.
Alternatives for managing this important natural resources are assessed. Al-
though that study focused on the floodway portion of the Atchafalaya Basin, it
mentioned the bay as well as the delta which was expected to develop there.

It included the predicted effect from that delta growth on water and sediment
movement in the floodway and cited the more extensive and intensive studies of
delta growth in the bay. The current study, in all its many parts, is that
investigation cited.

10. Two reports by Keown, Dardeau, and Causey (1980) and Keown, Dardeau,
and Kennedy (1977) give pertinent data and comments on sedimentation in the
Mississippi River Basin. Of particular interest are the general comments on
the reduction of sediment concentration in the lower Mississippi during the
past 3 decades.

11. Information from Roberts, Adams, and Cunningham (1980) was used as
a guide in establishing sediment yield, trap efficiency in the basin, and the
distribution of sediment between the Lower Atchafalaya River and Wax Lake
Outlet.

12. The following studies and reports are companion to this one in the
present investigation:

2. "A Plan for Predicting the Evolution of Atchafalaya Bay, Loui-
siana" (McAnally and Heltzel in preparation) which recommended a
three~-phase approach for evaluating the evolution of the
Atchafalaya Delta, including development of the plan of study,
implementation of the plan of study, and monitoring the behavior
of the prototype.

b. Field Data Program (Coleman et al. 1988) which documents the
data collected especially for this problem and the methods used
in its collection by WES.

c. "The Atchafalaya River Delta: Extrapolation of Delta Growth"
(Letter 1982) predicts the delta will extend even beyond Eugene
Island within the next 50 years, which agrees with predictions

10




by Garrett, Hawxhurst, and Miller.* In that work, the delta is
defined as not only subaerial land but also the area where water
depth is less than 3 ft.

d. Wells, Chinburg, and Coleman (1984) predicted that the delta
will grow to fill the entire bay, a surface area of about
200 square miles, except for channels which will persist between
the Atchafalaya and adjacent bays, within the next 50 years.
Not all the land will be subaerial but depths in the bay will be
generally less than 3 ft, the criteria adopted by Garrett,
Hawxhurst, and Miller* and employed also by Letter. The work by
Wells, Chinburg, and Coleman indicates a decline in delta size
after this 50-year growth period based on their analyses of
Mississippi River subdeltas. The work of others is so extensive
that only selected references are included in this report.

13. In addition to these completed studies, Wang (1985) conducted an
analytical analysis of delta development in which two-dimensional turbulent
theory was used to forecast the hydrodynamic aspects of delta development;
mass transport with a bed source term was used to convey sediment and interact
with the bed.

Conceptual Model of the Growth of Atchafalaya Delta

14, With delta growth defined as the emergence of land from beneath the
water surface at the mouth of a river, the conceptual model of delta growth
rate adopted for this study is based on four processes: (a) sediment deposi-
tion by grain size, (b) subsidence of the area, (c) reentrainment of the de-
posited sediment, and (d) growth of vegetation on the newly formed subaerial
lands. The most significant process is sediment deposition. Whether sediment
deposits or not depends on flow velocity, flow depth, the concentration of
sediment in the water column, particle setting velocity, water temperature,
and water chemistry. Once sediment is deposited, reentrainment will occur if
energy forces in the flow exceed the inertia/electrochemical bonds of the de-
posited particles. The same 1ist of parameters is significant in the reen-
trainment process as itemized for deposition; however, the critical threshold
values increase.

15. The second most significant process is apparent subsidence (or

* Committee on Tidal Hydraulies (CTH), Corps of Engineers, US Army. 1969.
Committee on Tidal Hydraulics, Minutes of the 66th Meeting, July 15-16,
1969, New Orleans, LA.
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apparent sea level rice) (Shlemon 1973 and Swanson and Thurlow 1973). In
Shlemon (1973), the average, apparent sea level rise from 1940 to 1970 was
estimated to be 1.3 cm/year (0.0425 ft/year). The term "apparent sea level
rise" combines regional subsidence with sea level rise to produce the signifi-
cant change of interest in this delta growth study.

16. Energy levels vary, from point to point in a flow field as well as
from time to time at any given point, over a sufficiently large range to shift
conditions back and forth among the processes of deposition-reentrainment-
transportation. Consequently, the third most important process in growth of
the Atchafalaya Delta is reentrainment of deposited sediment. Included in
this variation of energy are freshwater discharge, tidal energy, regional
setup or setdown of the Gulf due to winds, the dissipation of wave energy in-
side the bay, and density currents.

17. The fourth significant process is growth of vegetation on the
delta. Willow growth will reduce hydraulic efficiency significantly in only
one season, and newly formed subaerial delta space will then merely store
water rather than contribute to conveyance.

18. There are two aspects of delta growth not considered to be pro-
cesses but which strongly influence the analytical approach selected for this
analysis: (a) sediment discharge at the coastline, and (b) the long time
required for a delta to develop. The supply of sediment at the coastline
determines growth rate. Because the time of development spans decades rather
than single storm events or annual periods, sediment supply is not completely
independent of delta growth. That is, delta growth creates backwater up the
river which, in turn, increases sediment deposition upstream from the coast-
line. On the other hand, it is possible to locate the boundary of the study
area sufficiently far inland to be out of that backwater influence during the
forecast perjod, which is the approach taken in this study.

19. The significance of slow growth (i.e., developing over decades) is
that it burdens any computation technique in a process-based, numerical-
integration model. The scheme adopted for this study is based on the Exner
equations of bed surface change rather than the convection-diffusion equation.
That allows relatively long computation time-steps because bed elevation
changes proceed at 10'3 to 10'5 times the rate of the flow velocity. The time
rate of change of concentration, velocity, and depth during a single flood
event is much less significant in delta building than is the spatial variation

12




of energy and sediment concentration as long as depths and velocities are
approximately correct.

20, Finally, these processes are deterministic within the study area.
The randomness associated with delta growth rates and patterns is due to
boundary conditions which, for lack of anything better, engineers consider to
be random events. Boundary conditions in the Atchafalaya Delta are freshwater
inflows, sediment inflows, properties of the sediment load, Gulf elevations,
the wind field, wave energy, and tide.

Background Information for This Task

Selection of model limits
21. This study addresses delta growth in the Atchafalaya River
miles 137 to 145. The approach uses two numerical models: one which routes

flood hydrographs by a numerical solution of the St. Venant equations, thereby
predicting flow distribution and flood peak attenuation, and the other which
calculates the movement of the water-sediment mixture along with the resulting
deposition and scour of the bed. Both of these are process-based simulation
models and therefore require geometry of the model area, the initial water
discharge in the model, a continuous record of the inflowing water discharge
to the model, and a continuous record of stage at the downstream boundary of
the model. In addition, the sediment gradation in the model bed and the con-
centration of sediment by particle size in the inflowing water discharge must
be supplied. Model limits should coincide with gage locations.

22. The long-term gaging stations closest to the study area are
Simmesport, Louisiana, at Atchafalaya River mile 4.9, which i{s about 131 river
miles upstream from the bay, and Eugene Island, projected Atchafalaya River
mile 145.0+, which is the downstream or oceanward limit of the bay. These are
shown in Figure 5.

23. The Simmesport gage is separated from the bay by the Atchafalaya
Basin, which extends from Simmesport to the latitude of Morgan City/Calumet--a
distance of 110 river miles. At that point, flows leave the basin through two
outlets, The Lower Atchafalaya River is the primary outlet. It passes the
Morgan City gage, river mile 117.7, and the Gulf Intracoastal Waterway, river
mile 121, and then flows for 16 river miles through a marsh zone to the coast-

line where it enters the bay. The other outlet, Wax Lake, passes the Calumet

13
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gage and the Gulf Intracoastal Waterway, and flows for 9 miles through the
marsh zone to the bay. The flow distance from the basin to the bay is

23 miles via the Wax Lake Qutlet, whereas it is 35 miles by way of the Lower
Atchafalaya River.

24. Table 1, obtained from New Orleans District, illustrates the vari-
ability in both water and sediment yields at Simmesport. The sediment yields
and the trap efficiencies are shown in Table 2 for two periods of time: 1967~
1971 and 1973-1975. This variability makes it necessary to extend the model
boundaries as far inland as possible to pick up these boundary values. The
numerical models must then include the dominant processes in the basin and
marsh to provide the proper amount of water and sediment discharge passing the
coastline into the bay. The riverflow model met these requirements even when
extended to the latitude of Simmesport because its network feature a“lowed the
basin to be partitioned into several subbasins; therefore, Simmesport was
selected as the upstream boundary for the computation grid. The sediment
movement model is a strip model, not a network model. That is, the width can
be partitioned into strips in the direction of flow, but the entire width of
the floodway is modeled in a single cross section. Moreover, it is a one-
dimensional model, requiring the water surface to be horizontal across the
entire cross section. That requirement makes modeling the expanding flow near
the Whiskey Bay Pilot Channel (WBPC) No. 1 gage (Figure 5) very difficult.
Since water in the prototype 1s conveyed toward both levees via access and
freshwater diversion channels in the vicinity of the Bayou La Rompe No. 10
gage, the upstream boundary of the HAD-1 grid was located near R 22 BC gage, a
few miles downstream from the east and west channels. Simmesport sediment and
water data were then translated to that point, without change, for the HAD-1
model (Figure 6).

25. Except during 1973, all water entered the basin via the main
Atchafalaya River channel at Simmesport. However, there are actually three
potential inflow points: the Main Atchafalaya Floodway, the Morganza Flood-
way, and a fuseplug levee leading to the West Atchafalaya Floodway. Morganza
was operated for a few months during the 1973 flood, but the West Atchafalaya
Floodway has never been used. Therefore, Morganza is included in the Simulated
Open Channel Hydraulics in Multiple Junction Systems (SOCHMJ) model, but flows
from the West Atchafalaya Floodway, required only for the project design flood,
were treated as local inflows near the Bayou La Rompe No. 10 gage. The total
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Figure 6. HAD-1 grid




flow was also used in the HAD-1 model, but sediment concentration was limited
to that passing the Simmesport gage plus silts and clays from Morganza. In
the absence of other field data, Simmesport concentrations were used for all
inflowing sediment discharges.

26. Once in the bay, flow passes generally toward the west~-subject to
wind and tidal currents. The resulting depositional pattern is shown in
Figure 7. Because substantial bed changes are evident even beyond Eugene
Island, the ocean boundary of the model grid was shifted 5 miles beyond Eugene
Island. Data from the Eugene Island gage were shifted to the boundary without
water level change.

27. For constructing boundary conditions, the lateral limits of the
model grid were developed along surveyed data limits. That is, flow in the
prototype is free to expand to the west once it passes Point Chevreuil, but
that area was not surveyed and consequently was omitted from this model grid.

28. The model 1limits shown in Figure 5 coincide with the Atchafalaya
portion of the Mississippi Basin Model (MBM) at Clinton, Mississippi, except
in the bay portion where the MBM was enlarged for this study.

Sedimentation within the model limits

29. The bay is not the only active area within the model limits. Both

recent history (the last 50 years) and recent geologic history demonstrate

significant changes in the basin. According to recent geologic history,
Calumet, Morgan City, and the marsh zone, as described in model development,
are on an alluvial ridge from an earlier Mississippi River delta. This al-
luvium, the Teche Ridge, is a well compacted clay, more compacted than modern
deltaic material, so subsidence is significantly less than it is at other
locations around the bay.

30. According to recent history, the 50 years just prior to 1972 showed
the type of sediment reaching the bay to be primarily silt and clay. The sand
deposited in the basin along with a significant portion of the silt/clay load
passing Simmesport. These values, illustrated in Figure 7, were taken from
Roberts, Adams, and Cunningham (1980). Deposition has not been uniformly
distributed over the basin. Rather, it has been concentrated in the area of
Grand and Six Mile lakes to the extent that those lakes are essentially
filled. The ridge on either side of the main channel is partially natural and
partially the result of dredging activity to provide authorized flood protec-
tion to the area. Figure 8, a cross-basin sediment range, illustrates the
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magnitude of basin changes during that period. That information was an aid in
the adjustment of HAD-1.

31. The significance of these observations to delta growth forecasts is
as follows:

a. Sediment yield at latitudes of the marsh and of the coastline
has changed substantially in both magnitude and particle size
during the past 50 years and is expected to continue to do so
during the next 50;

b. The shape of cross sections inside the floodway must be used
with caution when confirming the shape of deposits in the bay
because dredged material was disposed on top of the natural
levees prior to 1968;

¢. The shape of cross sections in the marsh, even if available,
should not be used to predict a shape of future bay cross sec-
tions because the marsh zone is left over from a much earlier
delta.

Data sources within the model 1limits

32. Bay geometry, marsh geometry, basin geometry, hydrologic data, sed-
iment data, land use data, and water use data provide the required information
for both the sediment movement model (HAD-1) and the flood routing model
(SOCHMJ) .

33. Bay geometry. Atchafalaya Bay is that portion of the HAD-1 grid
(Figure 6) between river miles 136.0 and 145.0. The surface area is

128,000 acres (200 square miles). Four recent surveys are available as docu-
mented by Letter (1982). They are, by year surveyed, the 1961, 1967, 1972,
and 1977 surveys made by the New Orleans District. Areas covered generally
follow the open water boundary identified in Figure 5 as "Model Limits" except
that the 1961 survey covered only the eastern half of the bay. The 1977
survey 1is considered the best data set because a correction was applied by
Louisiana State University to account for changes in tidal elevations during
each passage of the hydrographic survey boat.

34, Marsh geometry. The marsh zone in the HAD-1 grid is between sec-

tions 121.2 and 136.0. The surface area of the marsh zone {s estimated to be
9,000 acres (14 square miles). Hydrographic surveys are available for the
Lower Atchafalaya River and Wax Lake Outlets for 1962-1964 and again for
1974-1976 (USAED, New Orleans, 1967 and 1977a, respectively). The lateral
extent of coverage is shown in Figure 9. Areas outside of the hydrographic
survey maps have no surveyed information. Environmental land use maps pub-
lished in USAED, New Orleans, show this zone to be largely freshwater marsh.
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Numerical models of geometry, furnished by New Orleans District from other
studies, were used along with this information to establish that marsh surface
elevation for the present study.

35. Atchafalaya Basin Floodway geometry. The Atchafalaya Basin Flood-

way lies upstream from river mile 107.0 in the HAD-1 grid (Figure 6). Fig-
ure 9 shows coverage of the lower portion of the floodway by the hydrographic
survey of 1962-1964 (USAED, New Orleans, 1967a). This area was resurveyed in
1974~1976 (USAED, New Orleans, 1977a). Unlike the marsh, however, cross-
basin sediment ranges have been surveyed on S5-mile intervals in the floodway
since 1915. These provide an excellent time-history of changes between Krotz
Springs and the basin outlets.

36. Hydrographic survey coverage of the main channel of the Atchafalaya
River extends to the 0ld River Structure (USAED, New Orleans, 1967 and 1977a).
However, the upper half of Atchafalaya Floodway is partitioned into three
separate floodways: (a) the Atchafalaya River, (b) the Morganza Floodway, and
(¢) the West Atchafalaya Floodway. The West Atchafalaya Floodway was not
modeled, and Morganza Floodway geometry is available only on US Geological
Survey (USGS) quadrangle maps.

37. Hydrologic data. Figure 5 shows the 11 prototype gages used in the

study. These were selected from about 40 gages in the basin, because they con-
tained the most data for the 1967-1977 verification period. A summary of data
by year, prepared from USAED, New Orleans (1977b), is shown in Tables 3 and 4.
38. MBM data. The MBM has been used extensively in studies of flood
wave movement through the Atchafalaya Basin as well as in the Mississippi
River. 1In addition, steady-state discharges have been run through the model
and the resulting elevations and flow distributions recorded.* Whereas
prototype data often have gaps, the MBM data are synoptic, and conseque-tly
are valuable for both the SOCHMJ and HAD-1 water-surface profile adjustment.
39. Sediment data. Suspended sediment samples are available at Simmes-

port from 1951 to the present. Morgan City and Calumet gages have periodic
suspended sediment data since the 1973 flood. In addition to these data, bed
surface samples, collected by the New Orleans District during 1975-1976, are

*  Personal Communication, 29 May 1979, WESHR, from H. B. Simmons, WES, to
District Engineer, USAED, New Orleans, New Orleans, La., subject: "Trans-
mittal of Test Results for Hypothetical Flood 58AEN (Modified) in the
Atchafalaya Basin Portion of the Mississippi Basin Model."
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available at about 10-mile intervals along the Atchafalaya River, and bottom
sediment samples were collected at about 300 locations in the bay for this
study. A separate data report presents all data collected for this study
(Coleman et al. 1988).

40. Land and water use data. The need for such data comes from the

need to identify homogeneous regions for assigning hydraulic roughness values.
In this study, attention focused on land and water inside the model boundary,

and USAED, New Orleans, is the primary reference.

Computer Codes Selected

41, No single computer code embodies all the processes required to pre-
diet flood stages, navigation maintenance dredging, and flow distribution into

the bay. Consequently, two primary codes were selected: (a) HAD~1 for sedi-
mentation related to delta growth and dredging, and (b) SOCHMJ for flow dis-
tribution and flood stages.

42. These programs are described in more detail in Thomas* and Johnson
and Senter (1973), respectively. In summary, the HAD-1 code is a modifica-
tion to HEC-6 to permit multiple strips across the bay and basin for sediment
movement calculations. It is essentially one-dimensional in energy loss
calculations but two-dimensional in sediment movement and bed deposition or
erosion.

43. The SOCHMJ code is a numerical solution for the St. Venant equa-
tions of unsteady flow. It has the capability for calculating flow around
islands automatically by balancing discharges and energy losses.

by, Several utility programs were developed to support these primary
codes.

45, The application of those computer codes is summarized in the fol-

lowing paragraph and described in detail in the following parts of this report.

Study Procedure

46. Starting with 1961 geometry, delta growth was simulated and a 1977

* W. A. Thomas. 1982. "Quasi Two-Dimensional Sediment Computations (HAD-1)"
(unpublished), US Army Engineer Waterways Experiment Station, Vicksburg,
Miss.
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geometry calculated with HAD-1. That HAD-1 model was adjusted until calculated
deposition and erosion in the bay matched values observed in the prototype. A
50-year forecast was then made, 1980 through 2030, and the predicted deposi-
tion added to 1980 geometry. Meanwhile the SOCHMJ code was adjusted to 1975
geometry by reconstituting MBM steady-flow water-surface profiles and the 1973
and 1975 historical floods in the prototype. The 50-year delta growth geom-
etry was taken from HAD-1 and converted for SOCHMJ. Future flood stages and
flow distributions were calculated with SOCHMJ.
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PART II: THE SEDIMENT STUDY WITH HAD-1

Introduction

47. HAD-1 is a simulation model which treats sedimentation as a bound-
ary value problem. "Simulation" in this case means reconstituting physical
processes with equations which are continuous in time. "Boundary value prob-
lem" in this case means that water discharge, water temperature, and sediment
concentrations are prescribed at the upstream boundary of the numerical model
grid, and Gulf elevations are prescribed at the downstream boundary of the
model grid. The equations are formed to calculate the rate of movement of
those boundary values throughout the interior space of the model grid, the
resulting interaction between sediment in the water and sediment in the bed,
and the resulting water-surface and bed surface profiles.

48. This sedimentation study was conducted in two phases: model ad-
Justment followed by delta growth prediction. Both phases used the same com-
putation grid, but the adjustment phase required boundary values which were
observed during the adjustment period whereas the growth prediction phase re-
quired boundary values anticipated during the forecast period, 1980 through
2030. This section describes the development of the data and the interpreta-
tion of results for both phases of the sedimentation study. The SOCHMJ model
application for future water-surface elevations and flow distributions is de-
scribed in Part III, "Stages and Flow Distribution Study with SOCHMJ."

Model Adjustment Procedure and Coefficients

49. Because HAD-1 is a simulation model, verification of the movable-
bed computation requires at least two hydrographic surveys of the prototype
separated by enough time to allow a wide range of boundary values to occur in
the prototype. The starting survey is referred to as the initial condition of
the model, and the model development begins by encoding the cross sections of
the initial condition survey. Beginning at the time of that survey, a con-
tinuous, time-dependent record of each boundary variable is coded up to the
time of the second survey. The simulation proceeds as the computer program
solves .he flow-sediment equations for the boundary value at each time-step

between the dates of the two hydrographic surveys. The simulation ends when
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the program reaches the final boundary value set.

50. Model performance is evaluated by comparing the calculated results
to measured prototype data. For example, the calculated bed elevations at the
end of the simulation should match the data from the second survey. Calcu-
lated stage, discharge, and sediment loads at interior points of the model
should match prototype values at those locations on the same date and time.
The steps in the adjustment process are summarized as follows in the order of
work and are discussed in the following paragraphs.

a. Select the time period for adjustment and code the starting
geometry.

|o

Develop hydraulic boundary conditions {(water inflow and Gulf
stages) for the adjustment period.

c. Develop sediment boundary conditions for verification period.

d. Adjust for apparent subsidence.

€. Reconstitute observed water-surface elevations at gages within
the study area.

f. Reconstitute measured stage-discharge values at the Morgan City

and Calumet gages.

8- Reconstitute flow distribution across the floodway.

h. Develop gradation curve for bed sediment.

1. Develop unit weights for bed deposits.

Jj. Select the transport function.

k. Reconstitute sediment trap efficiency in the basin.

1. Reconstitute measured sediment discharge rates at Morgan City
and Calumet.

m. Reconstitute average depth of sediment deposition in the bay.

n. Reconstitute depth of sediment deposition or erosion in each
cell in the bay.

Model Coefficients

51. There are 14 coefficients to adjust during the adjustment process,
as summarized in Table 5. The first coefficient, the set of Manning's n
values, applies to hydraulic calculations. The next eight apply to the de-
position and erosion of clays and silts. The last five apply to the bed
deposit. HAD-1 treats the erosion and deposition of silts and clays as pro-
posed by Ariathurai and Arulanandan (1978). Procedures for unit weight of a
mixture and for consolidation of silts and clays are from Vanoni (1975).

These 14 coefficients can neither be independent from each other nor can the
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values be arbitrary. An n value may be changed in each strip and at each
cross section whereas only one value for each sediment erosion and deposition
coefficient can be prescribed for the entire model. Values are prescribed at
the beginning and are not changed during the entire simulation, including the
prediction period, unless physical circumstances dictate a change. The only
coefficient to change during this forecast period was the n value, and that
change was required to simulate the growth of vegetation on newly formed
islands.

Selection of time period

52. The 1967 and 1977 hydrographic surveys were selected for the ad-
Justment period for the following reasons. No model coefficients were in-
volved with the selection of the time period.

a. Hydrographic surveys were made in the bay in 196!, 1967, 1972,

and 1977, but surveys in the basin and outlets were available
only for 1962-1964 and 1974-1976. The magnitude of the 1973
flood dominated energy in the system, thereby making it desir-
able to include that event in the adjustment period.

b. The initiation of sand movement past Morgan City, as well as
sand deposition in the bay, occurred during the 1973 flood.

c. The prototype measurement program for water and sediment data
was intensified during and following the 1973 flood.

d. The Corps of Engineers ceased major dredging activities in the
basin in 1968.

53. The first approach considered for the adjustment time period used a
split record test during which model performance was to be adjusted between
1961 and 1967 and was to be confirmed by comparison to the remaining sur-
veys. Two problems were encountered: (a) the 1961 hydrograph survey covered
only the east half of the bay, and (b) man's activities in the basin made it
impossible to interpret model performance because conditions upstream from
Morgan City were difficult to establish. Therefore, the split record approach
was abandoned in favor of a "warm-up" period from 1961 to 1967 followed by
model adjustment between 1967 and 1977. The 6 years from 1961 to 1967 were
adopted as a warm-up period to allow the model to smooth out bed irregular-
ities that occurred when 1961 and 1967 surveys were combined to obtain cover-
age for the initial bed geometry.

Coding the starting geometry

S4. The selection of boundaries for the numerical model grid was
presented in the section, "Background Information for This Task,"™ but the
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detalils for developing the HAD-1 grid are as follows.

55. Geometry is described by cross sections and reach lengths. The
cross sections, identified by river mile, are located at 1-mile intervals
across the bay and at approximately S5-mile intervals through the marsh and
basin (Figure 6). Each cross section is partitioned into seven parts, called
subsections, and the subsection boundaries are connected to form strips.
Cross sections are plotted in Plates 1-21 facing upstream with strip bound-
aries across the top.

56. Cross-section alignment is a critical issue. The HAD-1 code will
calculate a velocity in each strip, but the water-surface elevation is forced
to remain horizontal across the entire cross section. Consequently, cross
sections are skewed to correct for the fact that observed lateral water-
surface elevations in the prototype are not horizontal laterally. That is,
prototype anu MBM water surfaces are generally higher on the west side than
the east side of the basin within the limits of the HAD-1 grid. Therefore,
the eastern ends of HAD-1 cross sections were shifted upstream in that part of
the model. (Note: The SOCHMJ model demonstrated that the water-surface slope
through Six Mile Lake controlled the water-surface elevations along the west
levee of the floodway whereas the geometry of the eastern access and fresh-
water diversion channels throttled the flow to the east side resulting in
lower stages along the east levee.) Downstream from the basin, the orienta-
tion of cross sections was estimated in an attempt to create an alignment
which would be normal to the anticipated flow direction.

57. The 1961 hydrographic survey was selected for initial geometry in
the bay, but it covered only a portion of the eastern half. The 1961 bed
elevations for the rest of the bay grid were determined from the 1967 sur-
vey. That is, the 1961 survey was subtracted from the 1967 survey where
they overlapped, and the results showed that a foot should be subtracted
from the bed elevations. The resulting bay bathymetry was adopted for ini-
tial conditions.

58. The 1962-1964 hydrographic survey was used to extend the HAD-1
model from the bay to its upstream boundary, river mile 87 in Figure 6. Some
areas inside the floodway were not covered by that survey as shown in Fig-
ure 9. The initial geometry in those areas was developed from the cross-basin
sediment ranges. In the 14-square-mile marsh 2zone downstream from the Intra-

coastal Waterway, no field surveys were available outside the area of the
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hydrographic survey limits shown in Figure 9. That zone was treated as
freshwater marsh at el +2.0% based on information presented in the land and
water use appendix of USAED, New Orleans, and spot elevations along the edges

of the hydrographic survey maps.

Steps in Fixed Bed Adjustment

Hydraulic boundary conditions during cali-
bration period (water inflow and Gulf stages)

59. In employing the joint probability approach to boundary conditions,
the following two points were considered: (a) the problem of relating the
magnitude of deposition or scour in the bay to the probability of hydrologic
events and (b) the problem of demonstrating that the elevation of the Gulf
of Mexico at the Eugene Island gage is independent of the water discharges at
Simmesport. Regarding deposition and scour in the bay, hydraulic and sediment
conditions near a point of interest will affect bed change at that point
immediately, whereas it may take years for a change in the sediment discharge
at Simmesport, the inflow boundary location, to reach the bay. 1In this delta
growth forecast, however, the period of interest is measured in decades and
the primary influence on delta growth is expected to be the amount and grain
size of sediment passing Simmesport. The primary mechanisms influencing the
transport of this sediment from Simmesport to the Atchafalaya Bay are water
discharges at Simmesport and Gulf elevations at Eugene Island. These mecha-
nisms are hydrologic events which can be addressed statistically. Since
sediment discharge measurements are not as abundant as water discharge or
stage measurements, a correlation approach was used to fill in the missing
values. In this case the correlation was made between sediment discharge and
water discharge. Simmesport flow records provide the statistical basis for
the long-term water discharges, and Eugene Island gage records provide the
statistical basis for the Gulf elevations. Jointly these records depict the
hydrologic events necessary for the long-term forecast of delta growth.

60. The second point involves the possible dependency of stage at
Eugene Island on flow at Simmesport. That question was addressed by calculat-

ing the rate of energy dissipation in the vicinity of Eugene Island for a range

* Al]l elevations (el) and stages cited herein are in feet referred to the
National Geodetic Vertical Datum (NGVD) except where noted.
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of water discharges. Even at 1 million cubic feet per second, approximately
the peak of the 1973 flood, the calculated increase in stage at Eugene Island
was less than half a foot whereas the observed stage range is +3.5 ft. That
impact approaches zero rapidly as water discharge decreases. Consequently, the
Eugene Island stage was considered to be indeperident of the Simmesport water
discharge.

61. The joint probability for the HAD-1 model was constructed from
individual probability functions of Simmesport flows and Eugene Island stages.
In this case, however, it is not only the peak annual flood discharge or peak
annual stage that is of interest but also the daily events. In terms of water
discharges, the mean daily flows during the warm-up period were grouped into
class intervals, and a probability density function was constructed showing
the probability that any mean daily flow would be equaled or exceeded. Fig-
ure 10 shows that density function, called a flow duration curve, and Table 6
shows the probability for each class interval. As a check, the annual water
yield from the flow duration curve is 71,912,000 cfs-days (2.1 million cubic
metres per year) compared to 84,512,000 cfs-days (2.4 million cubic metres per
year) from records. That is satisfactory agreement for HAD-1 water yield
since the model actually performs steady-state calculations.

62. Eugene Island stages were analyzed in a similar manner by ranking
the 8:00 a.m. readings into the stage duration curve shown in Figure 11. When
the ranking was made, datum changes were discovered as shown in Table 7. The
bias caused by aliasing tidal constituents in the 8:00 a.m. readings was also
evaluated. Since mean tidal amplitude is only 0.8 ft and the record is
17 years long, the record was used without change. Table 8 shows the joint
probability of occurrence for each discharge class P(Q) with each of the
1-ft class intervals of the Eugene Island stage P(H) . Extreme stages oc-
curred higher and lower than the +2 to -2 ft range, but the duration was only
3 percent of the time. Consequently, these extremes were omitted from Fig-
ure 11 and the time for +2 to -2 ft rounded off to 100 percent. The joint
probability coefficients, shown in columns 4 through 7 of Table 8, were calcu-
lated with the following equation (Benjamin and Cornell 1970)

Pq,u(a,n) = P(Qy < q < Q) (Hy < h < Hy) (1)
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where

Joint probability
probability that q 1lies between Q] and Q2
probability that h 1lies between H; and Hy

Pq,ulasn)

P(Q £a < Q)
P(H; < h < Hy)
Q

H

water discharge class intervals

Eugene Island stage class intervals

I

63. The expected value of rate of bed change, expressed as feet per day

summation over all possible Q@ and H

of deposition or erosion, is the product of the rate of bed change times its
probability where probability is the joint probability from Table 8. The
equation is:
ALL
ayl - z ayl P (2)
i=1
where

Arii = calculated rate of bed change in cell j during the ith com-
bination of events in Table 8.

Pi = joint probability of occurrence

64. The expected rate is converted to expected value of bed change by
multiplying it by the duration of the adjustment period, 3,650 days. To
facilitate using HAD-1, the time period weighted by probability of occurrence
of the combination of events was calculated (Table 9). The Eugene Island mean
interval stages are shown above columns 4-7. A year of histograms was de-
veloped for the Eugene Island el -1.5 by combining the 14 discharge events of
column 3 with their respective days of column 4. The Eugene Island stage was
changed to -0.5 ft, column 5, and the discharge histogram from columns 3 and 4
was repeated twice to represent column 5 in the table. The Eugene Island
stage was changed to +0.5 and five sets of the annual flow duration histogram
were created to represent column 6. Two more sets of the annual histogram
were developed for a Eugene Island stage of +1.5 ft to represent column 7.
These 10 sets of the annual flow histogram were placed in sequence from low to
high Eugene Island stage class to form the adjustment hydrology data set.

65. A disadvantage of the probability approach is the loss of serial
correlation. That is, it is not possible to compare model to prototype be-
havior during the hydrograph. Comparisons can be made only for the ending
condition, which is 1977 in this case. Furthermore, the major event of record
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occurred during this period. Care was taken to include it separately in the
simulation hydrograph. By including it separately, the discharge from Morganza
Floodway, which was not included in the histogram analysis, was added to the
measured Simmesport flow.

66. Energy forces which are neglected in these boundary conditions
(e.g., winds, wind waves, tides, and tropical storms) are also neglected in
the HAD-1 analysis. These, as well as salinity- and temperature-induced
density currents, are being treated in the multidimensional approaches and
will be reported later. Although the mean tidal range is 0.8 ft, fluctuations
in Gulf elevation from -3.5 to +3.8 ft have been recorded at the Eugene Island
gage. These fluctuations are captured in the Eugene Island stage duration
curve and thereby in the downstream boundary condition of HAD-1.

Development of sediment
boundary conditions for adjustment
67. Tuttle and Combe (1981) reported that while water yield of the

Mississippi River has remained stable, sediment yield has decreased by 50 per-
cent over the past 3 decades. Measurements at the Simmesport gage indicate a
corresponding reduction in the Atchafalaya suspended sediment yield. Fig-

ure 12 illustrates the trend by using annual sediment yield divided by annual
water yield. An average sediment discharge was developed for the adjustment
period as shown in Figure 13.

68. Because of significantly different characteristics in behavior be-
tween very small particles and large particles, the sediment discharge is par-
titioned into six sizes using the American Geophysical Union classification
size classes: c¢lay for particle diameters less than 0.004 mm, silt for parti-
cle diameters between 0.004 and 0.0625 mm, and four classes of sand for parti-
cle sizes between 0.0625 and 1 mm. Sediment coarser than 1 mm is found in
such small quantity that it is considered negligible in this task. Figure 14
shows the fraction of each type of sediment in the total locad. A further
breakdown of silt and sand is presented in Table 10.

69. The annual sediment yield, calculated using the flow histogram and
the average sediment discharge curve, is 98,708,000 tons per year compared to
97,000,000 tons per year measured during the adjustment period.

70. These Simmesport sediment discharge data were translated to the
HAD-1 grid, 82 river miles downstream. Between that point, Atchafalaya River
mile 87, and the outlets from the basin, the trend is primarily deposition.
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Consequently, any inaccuracy in the rate of sand discharge which might have
resulted from the transliation is filtered out by deposition before the HAD-1
flows reach the coastline.

Adjustment for apparent subsidence

71. Although not an adjustment parameter, subsidence has been included
in this calculation. The primary factors in apparent subsidence are (a) ac-
tual sea level rise, (b) basement sinking, and (¢) consolidation of sediments.
Subsidence is the latter two of theses factors; and when sea level rise is in-
cluded, the term becomes "apparent subsidence." Estimates of rates vary from
0.30 to 4 cm per year in the general area. The rate adopted for this study
was 1.3 cm per year (0.5 ft per decade) afcer the work of Swanson and Thurlow
(1973). Details of the investigation into apparent subsidence rates for this
delta growth study are presented in McAnally et al. (1984). The entire HAD-1
grid was allowed to settle at the rate of the apparent subsidence.

Fixed Bed Adjustments

T2. The numerical model was adjusted in two steps: (a) fixed bed, in
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which n values were adjusted to reconstitute MBM water-surface profiles and
flow distribution; and (b) mobile bed, in which the critical shear stress
threshold was adjusted to reconstitute observed values for trap efficiency

in the basin, the sediment-water discharge relationships at Morgan City and
Calumet, average change in bed elevation in the bay, and the change in bed
elevation in each cell of the bay grid.

Reconstitution of observed
water-surface elevations

73. Both the MBM and prototype water-surface elevations were used in
water-surface profile adjustment. Three discharges were selected: 350,000,
800,000, and 1,500,000 cfs. Prototype data are available for floodway flows
up to 965,000 cfs; only MBM data are available for 1.5 million cubic feet per
second.

74. The prototype discharges used are shown in the following tabulation
along with their time of occurrence. Because these events are unsteady,
whereas HAD-1 uses a steady-state calculation, the water-surface elevations
were averaged over 5 days to get each prototype data point. Variation was
always less than a foot and usually only a few tenths. The observed and cal-

culated stages are shown in Table 11,

Total Discharge Across

Date Floodway, cfs
21-25 April 1977 350,000
14-15 May 1972 375,000
6-15 April 1978 k25,000
16-18 April 1975 710,000
13-20 May 1973 965,000

75. The adjustment parameter is Manning's n value. By adjusting
that parameter, both the water-surface elevations and the cross-section flow
distribution are made to agree with observed values. Adjustments are not
arbitrary, however; hydraulically similar regions were assigned similar rough-

ness as illustrated in the following tabulation. These regions are shown in

Figure 15.
Hydraulically Similar Region n value
Primary channels and open water 0.025
Marsh and emerging land with willows 0.20
Cypress and bottomland hardwood with underbrush 0.20

76. The comparisons between calculated and observed stages were quite
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good up to 965,000 cfs--the range of observed data. The only data set avail-
able for comparison with the 1,500,000-cfs flow lines was from the MBM, shown
in column 12 of Table 11. 1In the vicinity of Morgan City, the HAD-1 profile
was 3 ft lower than that MBM elevation, which is attributed to different sets
of cross sections being used to design the two models. In addition, the MBM
has a fixed bed whereas HAD-1 can scour. To further test the HAD-1 adjust-
ment, observed stages at Morgan City were plotted versus total latitude flow
(Figure 16). Although that data set stops well short of 1.5 million cubic
feet per second, a straight-line extrapolation on log-log paper indicated that
15 ft is a reasonable estimate of the stage. The n values in paragraph 75
were accepted.

Reconstitution of the Morgan City
and Calumet stage discharge data

77. Figure 16 is also very useful in assessing the difference in
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Figure 16. HAD-1 stage verification, Morgan City-Calumet gages
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water-surface elevation between Morgan City and Calumet. In most cases,
stages at Calumet were higher than at Morgan City, but usually the difference
was small. That supports a basic assumption in the HAD-1 model (the water
surface is horizontal across each cross section) and allows the HAD-1 model to
establish a reasonable flow distribution between the outlets.

78. Another criterion used in fixed-bed adjustment is flow distribu-
tion. Figure 17 shows measured prototype data for Morgan City-Calumet, the
only locations on the Lower Atchafalaya Basin where such measurements are
available. During low-flow periods, Wax Lake Outlet passed 40 percent of the
flow and the Lower Atchafalaya River passed 60 percent. As water discharge
increased to 300,000 cfs, the prototype flow distribution became 35 percent/
65 percent for Wax Lake Outlet and Lower Atchafalaya River, respectively. By
965,000 cfs, which is the maximum flow of record, Wax Lake Outlet carried
27 percent and the main river channel carried 73 percent. The HAD-1 calcula-
tion is also shown in Figure 17. For discharges greater than 350,000 cfs, the
calculated values fell well within the observed scatter of data. Since most
delta growth is associated with the larger floods, these results are consid-
ered acceptable.

Reconstitution of flow
distribution across the floodway

79. Average annual values of water distribution had been calculated by
others for the Atchafalaya Floodway (Figure 18). These were used to guide in
the HAD-1 flow distribution test. An example of the HAD-1 flow distribution
is shown in Table 12 for 350,000 cfs.

Movable-Bed Adjustments

80. Fixed-bed adjustment proceeded without the sedimentation data set,
so prior to the adjustment of sediment parameters, the following sediment data
set was assembled.

Development of the bed gradation data

81. Sediment boundary conditions were discussed earlier. The bed sedi-
ment data were assembled from measurements made by the New Orleans District
during the period 1975-1976. Figure 19 shows bed gradation, expressed as
percent finer by weight, plotted versus river mile. The solid line separates

sand, above the line, from silt size particles below the line. Although a
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MILE 55

100% DISCHARGE AT SIMMESPORT

ATCHAFALAYA BASIN MAIN CHANNEL
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Figure 18. Diversion from the Atchafalaya Basin main channel during
average annual flood (courtesy of van Beek et al. 1979)
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considerable quantity of silt was deposited in the downstream end of the
basin, the samples used to form this figure were taken from the channel, which
has a predominately sand bed.

82. Bed sediment gradation of the bay, based on the 330 samples from
the top 1 to 2 ft of the bed deposit, is as follows: 10 percent clay,
62 percent silt, and 28 percent sand. Figure 20 shcws sample locations in the
bay, and Figure 21 is the composite bed gradation curve for all bay samples
(Coleman et al. 1988).
Development of unit
weights for bed deposits

83. The final required bed sediment property is composite unit weight

of the bed deposit. Measured values shown in Figure 22 are referenced by
letter to locations plotted on Figure 23. The lightweight sample is repre-
sentative of an initial clay deposit because it came from a deep hole on the
Wax Lake Outlet side of the bay taken at sta S, during the low flow season.
Averaging the other samples gave a unit weight of 65 lb/cu ft on the bed
surface, increasing to 68 1b/cu ft at 1 ft of depth.

84. The HAD-1 program requires separate unit weights for clay, silt,
and sand. It then calculates the composite unit weight of the deposit using
the equation:

$ Clay , % Silt % Sand

L YClay si1t "sand (3)
Yy 100

where
YB = composite unit weight of the mixture, 1b/cu ft
Y = unit weight of each sediment class in the bed deposit
Using the average gradation curve and initial unit weights of 25, 60, and
93 1b/cu ft for clay, silt, and sand, respectively, HAD-1 would calculate an

initial unit weight of the mixture of 58 1lb/cu ft as follows:

0,62, 28
e S
B

where YB = 57.7 1b/cu ft.

4y
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85. The HAD-1 program allows silt and clay to consolidate with time
according to the following equation (Vanoni 1975):

YT = Yi + B 1og10 T (5)

Y., = consolidated unit weight at the end of year T

T = time in years

Y, = the unit weight at T = 1 year

B = the consolidation coefficient

86. For a period of 10 years (i.e., length of adjustment period), the
calculated consolidated weights of clay and silt are

Clay: Y1O =25 + 16 log10 (10) = 41 1b/cu ft (6)

Silt: Y1O = 60 + 5.7 log10 (10) = 66 1b/cu ft (7
Sand remains at the unit weight of the initial deposit, 93 1b/cu ft. The con-
solidated unit weight of the mixture by applying Equation 3 is 67.2 lb/cu ft,
which compares favorably with the measured value of 68 1lb/cu ft at 1 ft below
the bed surface. Consequently, the initial unit weights and consolidation
coefficients shown in Equations 6 and 7 were adopted for the entire HAD-1
grid.

Selection of transport function

87. The rate of sand transport was calculated with the Toffaleti
method. Clay and silt movement was calculated using cohesive transport con-
cepts with deposition processes patterned after the work of Krone (1962), and
erosion concepts developed by WES based on work published by Partheniades
(Shen 1971) and Ariathurai (Ariathurai, MacArthur, and Krone 1977).

Particle Settling Velocities

88. Particle settling velocities were calculated by HAD-1 using the
procedure documented in Vanoni (1975). Silt and clay settling velocities were
checked against values measured in laboratory tests of Atchafalaya Bay sedi-~

ments and compared satisfactorily.
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Reconstitute sediment
trap efficiency in the basin

89. Values for the critical shear stress thresholds and erosion rate
coefficients for clay and silt were established by trial and error using trap
efficiency of the floodway as estimated by Roberts, Adams, and Cunningham
(1980) and the following field data as guides: measured sediment load at
Morgan City, measured sediment load at Calumet, total deposit in the bay, and
deposit in each cell in the bay. Table 13 shows the resulting coefficients
for deposition and erosion symbols, as defined in Table 5. The deposition
threshold Tod for clay is 0.0004 1b/sq ft, and for all silt sizes is
0.001 1b/sq ft. The threshold for erosion of both silt and clay Tee is
0.0024 1b/sq ft. The processes are assumed to be constrained by the clay
erosion. By that same reasoning the erosion rate coefficients are the same
for =silt as for clay. Clay erosion shifts from individual particles to flocs
m of 0.015 1b/sq ft. The erosion rate, ERM, is thus
0.001 ton/sq ft/day. As the actual bed shear stress, 1 , increases above

at a bed shear stress

Ty the erosion rate increases by the amount Bm(T - rm) where Bm is 0.3
and the product is in tons per square foot per day. Similarly, if the bed
shear stress drops below L the erosion rate is decreased by the amount

Bp(T - rm) where B_ 1is 0.06 and the product is in tons per square foot per

day. Steps in arriv?ng at these values are described in the following para-
graphs. When the bed shear stress falls between T4 and T » silt and clay
are transported without erosion or deposition.

90. The calculated sediment retention in the basin was compared to re-
sults published by Roberts, Adams, and Cunningham (1980). The comparison is
tabulated in Table 14, The first entry in that table shows agreement at
Simmesport, the upstream boundary condition for HAD-1. During that portion of
the HAD-1 adjustment period which overlapped with Roberts, Adams, and Cunning-
ham, the total sediment inflow of each investigator was 105 million tons per
year. The distribution between sand and silt/clay fractions is slightly
different between the two studies. The second entry in Table 14 shows the
sediment outflow from the basin. The outflow points are the Morgan City and
Calumet discharge ranges, and the outflow calculated by HAD-1 matches very
closely that calculated by Roberts, Adams, and Cunningham in both total yield,
78 million tons per year versus 80 million tons per year, and also yield by

size clasa. That comparison is the most significant in the table because it
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confirms the volume of sediment being delivered to the bay by the HAD-1 model.
The overall trap efficiency calculated by HAD~1 agrees well with that calcu-
lated by Roberts, Adams, and Cunningham. The disagreement in trap efficiency
of sand is to be expected since Roberts, Adams, and Cunningham used a differ-
ent inflowing sediment load at Simmesport than was used in HAD-1. The average
annual outflow is the more important parameter and was given first priority in
this adjustment test.

Reconstitute measured sediment discharge
rates at Morgan City and Calumet gages

91. Whereas the previous test demonstrated that the combined Morgan
City-Calumet average annual sediment yield as calculated by HAD-1 matched the
work of others, this test demonstrates that the short-interval discharge cal-
culated by HAD-1 also matches that measured in the prototype, and that in
addition, the distribution between the Lower Atchafalaya River and the Wax
Lake Outlet matches the prototype. The results are displayed in Figures 24
and 25 for the Morgan City gage and the Calumet gage, respectively.

Reconstitute average depth of
sediment deposition in the bay

92. The 1967 and 1977 hydrographic surveys of the bay were digitized
using a 1,000-ft-square mesh, and the digital maps were subtracted to obtain
the change in bed elevation during the adjustment period. The HAD-1 grid was
superimposed over the digitized surveys, and the change in bed elevation cal-
culated in each cell by averaging the values for all mesh points in the cell.
Only the bay portion of the grid was included as shown by the grid cell
numbers in Figure 26. Results are shown in Table 15. Positive values are
deposition and negative values reflect a lowering of the bed surface as by
subsidence, dredging, or scour.

93. The average change in bed elevation of all cells between cross
sections 136.00 and 145,00 is +1.05 ft (Table 15). Some cells in that com-
putation are in the marsh zone rather than the bay. When confined to the bay,
the average depth of change is +1.19 ft. By comparison, the calculated change
in HAD-1 is +1.31 ft. The surface area in that calculation is 176.14 square
miles. Although prototype data are not available to verify the HAD-1 sediment
yield at the coastline, the good agreement between calculated and measured
depth of bay deposits, the tests presented in the calculation of trap effi-

ciency in the basin, and the calculated sediment discharge rates at the Morgan
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7 CELL NUMBER
(7) STRIP NUMBER

Figure 26. Index of cell numbers for calculating changes
in bed elevations




City and Calumet gages support the reasonableness of the results. Other evi-
dence of reasonableness is the consistency between the calculated trap effi-
ciency in the basin and in the bay, 31 percent compared to 26 percent. Of the
calculated 70 million tons per year of sediment passing the coastline during
the adjustment period, only 1 percent was sand. All of that deposited in the
bay. The average annual amount of silt and clay passing through the bay into
the Gulf of Mexico was calculated to be 50 million tons per year.

Reconstitute depth of sediment deposi-
tion or erosion in each cell of the bay

94, The changes in bed elevation calculated by HAD-1 compared to the
prototype values are shown in Plates 22-28. Those results demonstrate the
trends observed in the prototype surveys although some point values deviate
from the prototype significantly. For example, the prototype surveys show two
deposition zones in strip 1 (Plate 22). One 1s located near the cross section
for river mile 139 and the other at 142. HAD-1 results also showed two depo-
sition zones, but the first is located near river mile 140 rather than 139.
Calculated deposition in strip 2 (Plate 23) is about 1.5 miles gulfward of the
prototype location. The conclusion from this cell-by-cell comparison is that
the model will give trends on a cell-by-cell basis, but the location of
islands and channels may be different in the prototype. However, the average
bed elevation change by strip correlates with prototype data as shown in the
following tabulation. The mean u and standard deviation p of bed

Prototype HAD-1
Strip 2 - b £
1 1.2 0.8 0.9 0.8
2 1.4 0.6 1.2 1.9
3 0.2 0.6 0.2 1.0
] 1.4 0.4 1.1 1.1
6 0.6 0.8 1.2 1.5
7 0.4 0.9 0.8 1.2

elevation change in the bay were calculated for all cells in each strip, and
compared to the prototype values in the tabulation. At the strip level of ad-
justment, the model performance is adequate. Consequently, questions addressed
to this model should be at or coarser than the strip level of resolution.

95. A significant difference still exists between HAD-1 and the proto-
type in the gulfward ends of strips 6 and 7 (Plates 27 and 28, respectively).
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These strips lie east of the navigation channel. That difference is due
either to an energy source not included in HAD-1, such as a c¢ross current, or
some activity which has not been included in the modeling process, such as
shell dredging. The quantity of sediment involved lends itself to the latter
explanation. Consequently, the model was accepted as shown and a sensitivity
test was devised to measure the impact of location of deposits on the calcu-
lated water-surface profile at Morgan City and Calumet for the predicted
future delta.

96. Deposition in the area of strips 6 and 7 will be investigated in
more detail with the two-dimensional models in the final phase of this study.

97. In conclusion, this adjustment supports the overall rate of depo-
sition as well as the general distribution of deposits in the bay; however,
model results should be interpreted as a general pattern and not as the spe-

cific location for land growth.

Delta Growth Prediction

Procedure followed in prediction

98. The procedure followed in prediction was to change the boundary
conditions in the adjusted model to represent the future rather than the
verification period. Otherwise, no changes were made to the adjusted model
until deposition produced islands in the bay. At that point, Manning's n
values were changed from 0.025 to 0.20 to reflect willow growth on the new
subaerial land.

Time period selected for predictions

99. A short-term prediction was made 10 years into the future with
year zero being 1980. A total of 50 years was also simulated in the model,
ending in 2030.

Development of boundary conditions
100. The future water discharge at the latitude of 0l1d River was to be

30 percent of the total latitude flow. Eugene Island stage was not changed
from the adjustment. The annual sediment concentration at Simmesport de-
creased during the 1950's and 1960's (Figure 12). It seems to have stabilized
during the decade 1970 to 1980, and data from that period were used to develop
a sediment discharge curve for the forecast. The resulting concentration at

Simmesport, based on annual water and sediment yields, is 450 mg/% which
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approximates the upper limit of field data for the period 1970 to 1980. The
annual yield is 91 million tons per year.

Rate and distribution
of apparent subsidence

101, The value adopted for the adjustment period, 1.3 c¢m per year, was
used throughout the model for the forecast period also. That amounts to
0.47 ft per decade for a total of 2.35 ft during the 50-year forecast period.

Predicted delta volume
and growth of subaerial land

102. Figure 27 shows the predicted delta growth in terms of new sub-
aerial land as well as the volume of deposition in the bay. Calculated yields
by sediment type are shown in Table 16. The total yield at Simmesport during
years 0-10 was calculated from the boundary condition load curve to be
910 million tons, or an average of 91 million tons per year. Calculations
show that 79 percent of that reaches Morgan City; 68 percent reaches the
coastline; and 49 percent passes the Eugene Island range (section 145) into
the Gulf of Mexico. Furthermore, the calculated clay discharge passing the
Morgan City-Caiumet gages is 93 percent of the clay passing the Simmesport
gage. The other 7 percent deposits in the basin. Between the latitude of the
Morgan City-Calumet gages and the coastline, deposition is quite active
amounting to 7 percent, 12 percent, and 13 percent of the Simmesport yield for
clay, silt, and sand, respectively.

103. The total trap efficiency between Simmesport and Eugene Island,
shown in the last column of Table 16, was 51 percent during years 0-10. The
calculated trap efficiency of the bay during that time was 28 percent (i.e.,
trap efficiency, E , of the bay is the coastline yield minus Eugene Island
yield divided by the coastline yield with values expressed in tons).

104. The 50-year total sediment yield at the coastline (Table 16) is
3,339 million tons, and at the Eugene Island range it is 2,767 million tons.
Therefore, the average trap efficiency of the bay during the 50-year forecast
period is 17 percent, and the resulting deposition is 572 million tons. That
converts to an average depth of 4-1/2 ft over the entire bay. Because of the
mixtures of sediment types involved, the details of converting the bay deposit
from weight to volume are shown in Tables 17, 18, and 19.

105. Table 17 summarizes the calculated weight of deposits by decade
and sediment type. The values were determined from Table 16 by subtracting
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the sediment yield at Eugene Island from that at the coastline. Accumulated
deposits by sediment type are shown for the forecast period as is the accumu-
lated total of sand/silt/clay. The percentage of each type present in the
deposit is also shown for each decade and for the accumulated deposits. These
percentages were used in Equation 3 to determine the composite unit weight of
deposits, and the results are shown in Table 18. Silt and clay sediments con-
solidate with time, and Equation 5, along with coefficients shown in Equa-
tions 6 and 7, was used to predict future unit weights. The resulting depths
of deposit, shown in Table 19, were calculated with values from Tables 17 and
18.

106. Whereas the accumulated depth of the sediment deposit continually
increases with time as shown in the last column of Table 19, Figure 27 shows
that subaerial land growth peaks at year 40 and declines during the next dec-
ade. That increase in depth of deposits was expected, but the decrease in
subaerial land over the entire delta was a surprise. Several reasons have
been considered: (a) poor model performance in that the model is not properly
simulating the prototype; (b) the Atchafalaya and Mississippi River deltas
must be studied together since either is only a subdelta of the whole;

(c) subdeltas are subject to local fluctuation in sediment availability and
hydraulic controls; and (d) subsidence is allowing land to sink below the
water surface at too high a rate in the model. These are discussed in the
following paragraphs.

107. Regarding model performance, the decrease in subaerial land does
not seem to be related to the detailed cell-by-cell deposition process. Since
adjustment included a check against total volume deposited, model performance
should adequately forecast the total land surface.

108. Wells, Chinburg, and Coleman (1984) studied the combined growth of
the Atchafalaya and Mississippi River deltas in a generic analysis of this
river system. Concentrating on subdeltas, they discovered the growth and
decay of subaerial lands was a common characteristic in the delta growth
process. Even when subdeltas were combined, the decrease in subaerial land
was a common occurrence. Not all subdeltas peaked at the same time, and the
access to sufficiently accurate data limited the study to the most recent
50-100 years. Consequently, the next inflection point in the growth curve,
the point where the decline in area ceases and growth resumes, is beyond this

forecast period.
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109. Regarding local fluctuations in sediment availability and hydrau-
lic controls, the HAD-1 model indicated that both of these affected the growth
and decline of subaerial land. The average amount of sediment entering the
bay during the forecast period, from Table 16, 1s 660 million tons per decade
with a standard deviation of 22 million tons whereas the average amount dis-
charged from the bay is 515 million tons per decade with a standard deviation
of 70 million tons. Two points are pertinent. First, beginning the decade
10-20 years into the forecast in Table 16, 553 million tons of sediment is
being transported out of the bay which exceeds the average for the forecast
period. Second, the standard deviation of outflow, 70 million tons, is three
times that of the inflow, 22 million tons, showing the relatively large fluc-
tuations in local sediment yield from one decade to the next. Such fluctua-
tions are also logical in nature and would indeed contribute to shifts between
growth and decline of the prototype delta.

110. Vegetation growth on subaerial land is a significant hydraulic
control in the prototype. It was reproduced in the HAD-1 model by increas-
ing n values from 0.025 for subaqueous to 0.20 for subaerial land. That
shift reduces the conveyance of water over subaerial land; and even though
deposition should have become more likely, the quantity of deposited sediment
was reduced.

111. Regarding the subsidence between years 30 and 40, the net gain in
bed elevation was 0.15 ft over the bay. That comes from 0.62 ft of deposition
(Table 19) and 0.47 ft of subsidence during that decade. During the following
decade, the net gain in bed surface elevation relative to subsidence is pre-
dicted to be zero. Consolidation of the deposit is continuing. That trend is
expected to continue until sand begins to dominate the deposition process.
Thereafter subaerial land growth is expected to increase. According to HAD-1
predictions, that reversal will not occur during the 50-year forecast
period.

Predicted delta configuration

112. The calculated delta configurations are shown in Plates 29-34 for
year 0 through year 50, respectively. The T@ (base condition) delta corre-
sponds to 1980 conditions as calculated by HAD-1 during adjustment. The reso-
lution of the model grid is considerably coarser than the size of deltaic lobes
presently visible in the prototype; however, the volume of sediment entering
the bay has been adjusted to the prototype yield. Therefore the growth of
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subaerial land in the model is slower than it has been in the prototype.

113. The year 10 (T10) delta shows considerable filling to the east of
the navigation channel (Plate 30). Adjustment showed this portion of the
model to fill at twice the rate of the prototype. Therefore, either the
energy forces which dominate this portion of the prototype are not considered
in the HAD-1 model or some activity is occurring in the field that is not
included in the model. For example, there could be a cross current between
Atchafalaya Bay and Four League Bay (Figure 4). That simulation is beyond the
capability of HAD-1, but the next phase of this study will investigate cross
currents using fully two-dimensional numerical models. Another possible
factor is shell dredging in the prototype during the 1967-1977 time period.
The difference in the quantity of bed sediment between model calculations and
prototype bed change is 14 million cubic yards. Although no actual data are
available, it is feasible to remove such a quantity during a decade. If that
is the case, the two-dimensional models will also show deposition in this
portion of the bay. A conclusion must await results from the more detailed
two-dimensional modeling.

114, In assessing model behavior west of the navigation channel, it is
interesting that the model showed a dominant channel developing toward the
southwest from the present navigation channel. 1In this study the explanation
is related to the geometry used in the model. That is, when the survey used
as initial condition for these computations was made in 1961, a barrier reef
separated Atchafalaya Bay from the Gulf of Mexico along the alignment from
Eugene Island to Marsh Island as indicated in Figure 4. That condition is
emulated at cross section 146.00 by setting the bed elevation at -2.0 across
strips 4, 6, and 7. Consequently, flow passed either through the deep,
500-ft-wide outlet of strip 5, or over the shallow reef, or across Atchafalaya
Bay toward the southwest. (Note: subsequent to this study, a fathometer
survey of the bay conducted along the historical alignment of the barrier reef
showed that the reef is gone. The depths from that survey were used in two-
dimensional model grid, and the results from the two-dimensional model study
will be better indicators of the likelihood of having a dominant channel which
is misaligned with the navigation channel.)

115, The model showed new land extending the present coastline into the
bay and extensive shoaling on the west side of Wax Lake Outlet.

116. During the next decade, ending with T20, the T10 trend continued
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as subaerial land appeared east of the navigation channel, and shoals to the
west became larger. By T30 the dominant flow channel had developed to the
west, linking Wax Lake Outlet with the Lower Atchafalaya River and moving
toward Marsh Island. The TU4O and TS50 deltas continued to grow in that same
pattern. Superimposed on top of this general pattern will be the crow's foot
delta associated with a sand system. Whereas the silts provide the largest
volume of sediment and shape the subaqueous delta, sand deposition is expected
to shape the subaerial land. That is, the sand particles are heavier than
silt and therefore deposit in the center of the channel, forming islands which
divide the flow. Silt particles are swept toc either side of the main current
forming side boundaries for the flow and are easily resuspended by waves.

117. Because the cell-by-cell adjustment was weak, an alternate delta
shape was produced by adding the average depth of HAD-1 deposits in the bay to
the 1977 hydrographic survey. That result is shown in Plate 35. The total
volume of sediment is the same as that in Plate 34; only the pattern of deita
growth is changed. The resulting surface area is 12,000 acres by year 50 as
compared with 18,000 acres from the HAD-1 results. The volume of deposits at
and above el -3 is 12 billion cubic feet as compared with 6 billion in the
HAD-1 pattern, i{llustrating the reduction in sediment passing over subaerial
land when hydraulic roughness was increased to reproduce vegetation growth.
The one major difference between the delta pattern developed rrom the 1977
survey and average deposit as compared with the HAD-1 calculated pattern is
the absence of the cross-bay channel. That suggests the reef did rot exist in
1977 because that survey showed no accelerated deposition upstream (landward)
from the historical location of the reef.

118. In summary, the two approaches for expressing the 50-year forecast
differ by only 4.5 square miles of surface area in a total of 24 square miles.
The pattern will probably be more like Plate 35 than Plate 34 because the reef
no longer appears to control flow at any Gulf elevations. The delta will, by
year 50, occupy 80 percent of the bay if defined as in Letter (1982) and
Wells, Chinburg, and Coleman (1984). Those studies defined delta areas as

that area where bed elevation is equal to or greater than el -3.
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PART III: STAGES AND FLOw DISTRIBUTION
STUDY WITH SOCHMJ

Introduction

called the Multiple Channel Model (MCM), is illustrated in Figure 28.

allows flows to exit the floodway through the Lower Atchafalaya River,

119, SOCHMJ is an unsteady flow program which can simulate the movement
of flows in a network of streams including closed loops (i.e., sometimes
referred to as island flow). This fixed-bed calculation determines water-
surface elevation, water velocity, water discharge, and flood wave travel

time. Flow reversals are accommodated. The network of streams in this study,

120. Each "branch" of the network is numbered as well as each point
where branches intersect, called junctions. The network starts at Simmesport,
the upstream end of branch 1; it includes flows from Morganza, branch 2; and

branch 13; and the Wax Lake Qutlet, branch 11. The interior of the basin is

modeled by multiple interconnected channels called closed loops such that

hydraulic calculations determine the amount and distribution of flow as the

program routes the flood hydrograph through the system.

Studx Area

121. The MCM network begins at the same points offshore as the HAD-1

grid but it extends further inland. The upstream boundaries are located at

Simmesport, Atchafalaya River mile 4.7, and the Morganza control structure.

122. The resulting numerical model, MCM, consists of the computer pro-

gram, SOCHMJ, plus the digital description of the network, channel overbank

geometry, initial water discharge, initial water-surface elevations, and

boundary conditions for inflows and tailwater controls. As in the case of the

HAD-1 study, attention was focused on the Atchafalaya Bay. The upstream por-

tion of the model was used only to establish the proper flow distribution into

the bay. To forecast the effect of delta growth on flood stages, the results
from HAD-1 were added to the 1977 geometric data for the MCM; and the 1973,
1975, and S8AEN project flood hydrographs were routed through the model.

Stages at Morgan City/Calumet and Eugene Island were calculated.
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Model Evolution

123. Three versions of the MCM were developed during the course of the
study. The first, MCM I, was used to test the application of SOCHMJ to net-
works containing multiple closed loops at the scale of Atchafalaya and to test
preliminary designs of the network system. MCM II, a partial implementation
of the selected network, was used to expedite the first stage of adjustment by
using the Calumet and Morgan City gages as the downstream boundary. MCM III,
the full network implementation shown in Figure 28, was used to complete veri-

fication and to forecast the effects of deltaic growth on flood stages.

Network Design

124. The first step in the development of the MCM was to design a net-
work which could reconstitute the magnitude, shape, and phase of a flood hy-
drograph passing through the Lower Atchafalaya River and the Wax Lake Outlet
given the recorded discharge hydrograph at Simmesport, the recorded discharge
hydrograph at Morganza, and the recorded water-surface elevations at Eugene
Island. In addition, the selected network was required to distribute flows
into each region of the basin in a manner that would reproduce the water-
surface elevation and storage volume in that region.

125. As shown in Figure 18, 75 percent or more of the total flow at any
section is accounted for by three primary channels down the basin: Atchafalaya
River, Morganza Floodway to East Side, and West Side Floodway. However, a
significant difference has been observed between water-surface elevation on
the west side and the water-surface elevation on the east side of the basin
for the same point in time.

126. To account for the lateral distribution of storage, more thcai
three pathways were used in the MCM (Figure 28). In planform, each branch can
be drawn as a quadrilateral region. Flow may enter and leave a region only
through the ends; the sides are treated as barriers to flow. In the absence
of obvious barriers, such as levees, the layout of branch boundaries is based
largely on engineering judgment.

127. Topographic maps, cross-section plots, flow distribution esti-
mates, and stage records from the prototype and MBM were used to identify

obvious barriers to flow, the number of pathways needed in the model, and the
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approximate location of branch boundaries. Additional sources of data used to
refine the network were flooded area maps from the MBM, the computer program
GEDA (Geometric Data from Cross-Section Coordinates) which calculated cross-
section properties such as incremental conveyance and area across the section,
and velocity vector plots from early runs of the two-dimensional, hydrodynamic
model of Atchafalaya Bay.

128. Several attempts were made to develop quantitative procedures for
determining branch and storage boundary locations. Some insights were gained
into the behavior of the system during the development of these procedures,
but the single most useful method of determining suitable branch and storage
zone boundaries was observation of flow patterns in the MBM.

129. The MCM III has 13 branches, 7 junctions, and 4 exterior boundary
nodes. Branch 1, as shown in Plate 36, is the leveed reach of the Atchafalaya
River from the discharge range at Simmesport, Louisiana, to its junction with
the WBPC at river mile 55. Branch 2 (Plate 37) is the Morganza Floodway from
the Morganza Control Structure to the cross section marking the lower end of
branch 1. Branch 3 (Plate 38) represents the old, main channel of the
Atchafalaya River from its junction with the WBPC to its junction with the
West Freshwater Diversion Channel near the Bayou La Rompe No. 10 gaging
station. Branch 4 (Plate 39) represents the WBPC from its junction with the
Atchafalaya River to its junction with the East Freshwater Diversion Channel
(Little Tensas Bayou). Branch 5 (Plate 40) represents the West Freshwater
Diversion Channel from its junction with the old main channel of the Atcha-
falaya River to the West Floodway Channel and along the western levee to a
junction with the existing main channel of the Atchafalaya River near Myette
Point. Branch 6 (Plate U41) represents the old main channel of Atchafalaya
River from its junction with the West Freshwater Diversion Channel to its
confluence with the WBPC. Branch 7 (Plate Y42) represents the East Freshwater
Diversion Channel from its junction with the WBPC to its junction with the
East Floodway Channel and along the eastern levee to the main channel of the
Atchafalaya River above Morgan City. Branch 8 (Plate 43) represents the WBPC
(Lake Mongoulois) from its junction with the East Freshwater Diversion Channel
to its confluence with the o0ld main channel of the Atchafalaya River. Branch 9
(Plate 4Y4) represents the Atchafalaya River from its confluence with the WBPC
to its confluence with the Western Floodway. Branch 10 (Plate U45) begins at

the lower end of branches 5 and 9, and ends near the upper end of Cypress
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Island where a portion of the flow is diverted toward the Wax Lake Outlet.
Branch 11 (Plate U46) begins at the lower end of branch 10 and represents a
portion of Grand Lake, the Wax Lake Qutlet, the western third of Atchafalaya
Bay, and a portion of the Gulf of Mexico. Branch 12 (Plate U47) representing
Six Mile Lake, begins at the lower end of branch 10 and ends at the confluence
of Strouts Pass and the Eastern Floodway. Starting at this confluence,

branch 13 (Plate 48) represents the Lower Atchafalaya River, the eastern two-
thirds of Atchafalaya Bay, and a portion of the Gulf of Mexico.

Network Performance

130. Because some of the prototype's two-dimensional behavior could not
be reproduced by the SOCHMJ model, the network design incorporated two major
compromises. First, in circumstances where the model could not accurately
reproduce both low and high flows, the network was designed to reproduce high
flows. Second, in conflicts between the upper and lower parts of the basin,
the network was designed to reproduce events in the lower parts of the basin
with greater accuracy. For example, the East and West Access Channels were
not included in the network because they would have interrupted the longitu-
dinal pathways down the east and west sides of the basin that exist under high
flow conditions. 1In order to preserve the flow distribution in the lower
parts of the basin, the flow that would have been diverted away from the main
channel by the East and West Access Channels was added to the flow in the East

and West Freshwater Diversion Channels.

Geometric lata

131. Cross-section locations are shown in Figure 29. Cross sections
of the Upper Atchafalaya River, the Lower Atchafalaya Basin Floodway, and the
marsh were derived from the 1974-1976 Atchafalaya River Hydrographic Survey
(USAED, New Orleans, 1977a), topographic maps, and cross sections developed by
New Orleans District for HEC-2 and HEC-6 studies of the basin (USAED, New
Orleans, Appendix C). Morganza Floodway cross sections were digitized from
USGS T7.5-min topographic maps. Cross sections of the Atchafalaya Bay were
developed from the 1977 hydrographic survey furnished by New Orleans District.

132. Each cross section was partitioned into three to seven subsec-

tions. Channel subsections were assigned an initial Manning's n value of
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0.030; a value of 0.140 was used for overbank subsections; and a value of
0.025 was used in Atchafalaya Bay. The cross-section geometry was processed
with the computer program GEDA, and the resulting geometric data tables were
saved for input into SQCHMJ. A summary of branch characteristics, including
spatial step size AX , is given in Table 20.

Boundary Conditions

133. SOCHMJ is a flood-routing model which solves boundary value prob-
lems. That is, for prescribed hydrographs of water discharge or stage at the
external boundaries of the MCM network, SOCHMJ calculates the water-surface
elevation, water discharge, and flow velocity at all internal computational
nodes and junctions. There are two types of boundaries: (a) the computa-
tional node at the model 1limit and (b) lateral inflow (i.e., a tributary or
rainfall input) at the internal computational nodes.

134. There are four external boundary locations in the MCM network:

(a) the Simmesport gage, (b) the Morganza Control Structure, (c¢) the Gulf end
of the Wax Lake QOutlet branch, and (d) the Gulf end of the Lower Atchafalaya
River branch. In addition, a lateral inflow point was included near the Bayou
La Rompe No. 10 gage for the project design flood discharge from the West
Atchafalaya Floodway.

135. During model adjustment, a series of steady state water discharges
were run from the Simmesport boundary to Morgan City and Calumet. These
started at 50,000 cfs and ranged up to 450,000 c¢fs. Later, 350,000-cfs and
800,000-cfs steady flow discharges were run all the way to the Gulf. MBM data
were used to adjust n values and the flow distribution among the several
branches.*

136. Later in the verification tests, the 1973 and 58AEN flood hydro-
graphs from the MBM were run in SOCHMJ. The 58AEN hydrograph is a version of
the design flood producing 1.5 million cubic feet per second at Eugene
Island. The 1975 flood hydrograph and corresponding Eugene Island gage record

provided the one prototype data set analyzed.

* Personal Communication, 29 May 1979, WESHR, from H. B. Simmons, WES, to
District Engineer, USAED, New Orleans, New Orleans, La., subject: "Trans-
mittal of Test Results for Hypothetical Flood SBAEN (Modified) in the
Atchafalaya Basin Portion of the Mississippi Basin Model."
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137. Recorded peaks at the latitude of Morgan City/Calumet are shown in
the following tabulation along with the stage for the project design flood,
the 58AEN hydrograph, as predicted by the MBM.

Morgan City Calumet
Flow Flow Total
1,000 1,000 Flow
cfs Stage, ft* cfs Stage, ft¥* 1,000 efs
1975 Flood 511 7.95 (18 Apr) 205 8.82 (19 Apr) 716
1973 Flood 692 10.53 (23 May) 272 11.02 (26 May) 964
58AEN 18.3

Hydrograph¥*#*

* Stages are given in feet referred to mean sea level.
*%* MBM data.

Adjustment

138. Water-surface elevations from the steady-flow adjustment tests
are shown in Tables 21 and 22 for 350,000 cfs and 800,000 cfs, respectively.
Since the MBM was adjusted to 1973 flood conditions, the MBM results were
considered adequate for this test. The adjustment parameter in SOCHMJ is a
composite Manning's n value, and the final values are shown in Table 23.

139. The East Floodway branch, branch 7, was more difficult to adjust
than the West Floodway branch because a geometry control is present near the
upstream end. The control corresponds to Little Tensas Cut/Upper Grand
River/East Freshwater Diversion Channel in the prototype, and indicates that
the natural overbank is a very inefficient passage for conveying water away
from the main channel.

140. The old Atchafalaya River Channel near the Atchafalaya gage,
branch 3, showed the most difference between MCM and MBM water-surface eleva-
tions, -1.1 ft at 800,000 efs. This is acceptable because the location is
well away from the study area.

141, The flow distribution calculated with SOCHMJ is superimposed in
Figure 30, the results from van Beek et al. (1979). This comparison shows
very good agreement between MCM and prototype flow distribution.
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Verification

142. The 1973 and 1975 flood hydrographs were also used in the veri-
fication process. Peak water-surface profiles, peak water discharges, and
hydrograph shape are the parameters observed in this test. Only the 1975
results are described here because they reflect prototype data. The 1975
Simmesport inflow and Eugene Island tailwater are shown in Plates 49 and 50,
respectively. Plates 51 and 52 are calculated stages at Morgan City and
Calumet, respectively. Plates 53 and 54 are the corresponding discharge hy-
drographs at Morgan City and Calumet; and although discharge is a much more
sensitive parameter than stage, the MCM reconstituted both the peak and shape
of the hydrograph very nicely.

Forecast

143, The delta deposit calculated with HAD-1 was transferred from the
HAD-1 numerical model to the MCM by changing cross-section elevation. Fig-
ure 31 is a HAD-1 cross section showing the T@ and calculated TS50 bed eleva-
tions for section 138.0. The amount of bed change is constant across a
strip. These constants, called bed change in Tables 24 and 25, were added to
the T@ (1977) SOCHMJ bed elevations to develop the T50 conditions. Since the
T50 delta is expected to be vegetated, all new subaerial land was assigned
n values equal to the present marsh values.

144, Future water-surface profiles were calculated for only one time--
the end of the 50-year forecast period. These results are labeled as TS50
conditions whereas the beginning of the forecast period is labeled T@. 1In
calendar time, the beginning of the forecast period coincides with the end of
the adjustment period, which is 1977. However, the T50 delta and water-
surface profiles are referred to as 2030 conditions, and the 50-year forecast
is actually 53 years of simulation.

145. Three possible T50 futures were considered: (a) the delta deposit
calculated with HAD-1 shown in Table 24; (b) a delta created by simply extend-
ing the present marsh geometry to Eugene Island without regard to the volume
of sediment required to accomplish that extension; and (¢) a delta having the

volume of sediment predicted by HAD-1 calculations but deposited, starting at
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the present coastline, oceanward as far as that volume permitted shown in
Table 25.

146. The 1975, 1973, and 58AEN flood hydrographs were rerun in the MCM
and results plotted over T@ conditions. Plate 55 illustrates the results of
the 1975 hydrograph run. Both Wax Lake and the Lower Atchafalaya River are
plotted as Atchafalaya River miles. The largest increase in water-surface
elevation occurred at the location of the present coastline, mile 137. The T@
elevation is 3.4 ft and the T50 elevation is predicted to be 5.2 ft for the
Lower Atchafalaya River outlet. The TS50 water-surface profile approaches the
T@ profile as distance from the coastline increases. By Morgan City,

mile 117.6, the predicted water surface is only 0.6 ft higher than present
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conditions. Table 26 shows the calculated stages at T@ and T5O0.

147. The rather modest change on the Wax Lake Outlet side of the bay
demonstrated a similar pattern. Of particular interest are the water-surface
profiles because the Wax Lake side is lower than the Lower Atchafalaya River
side, indicating a gradient toward the west. That would produce the south-
western movement of water through the bay as indicated in HAD-1. A major fac-
tor in that prediction is the extent to which the shell reefs exist in the
prototype. They extended over the eastern two-thirds of this model grid.

148. The rather small increase in calculated water-surface elevations
at Morgan City/Calumet during the forecast period, 1980-2030, is the result of
two processes: (a) subsidence in the HAD-1 model and (b) channel deepening as
the delta building establishes a marsh along each side.

149, As the delta grows, water will be confined to the channel, result-
ing in erosion and the corresponding increase in conveyance. The stream slope
across the present marsh is about 0.5 ft per mile. That converts to a head
loss between Morgan City and Eugene Island of 13-14 ft. 1In the 1973 flood the
head was measured at 10 ft. That additional 3-4 ft is a reasonable long-term
estimate of water-surface rise, but computations indicate that a longer time
than 50 years will be required to create the entire 3~4 ft.

150. The other factor is subsidence. The HAD-1 numerical model per-
mitted a uniform subsidence rate over the entire grid. That was transferred
to the MCM via the bed change. For example, Table 19 shows the quantity of
deposits in the bay to amount to a depth of 4.57 ft. Subsidence, at the
HAD-1 rate of 1.3 cm per year, amounts to 2.35 ft in 50 years. The nominal
bed change is the difference between those two or a value of 2.2 ft. A
realistic consideration of subsidence is also to let structures along the
river subside. In that case, 2.4 ft should be added to all stage changes to
determine what grade structures should be built to assure that protection
50 years in the future will be equivalent to that of today.

151. Profiles for the 1973 flood and the 58AEN hydrograph are shown in
Plates 56 and 57, respectively. Eventually, this study was limited to the bay
and the Lower Atchafalaya River. Therefore the basin portion of these models
was not modified for T50 geometry. In addition, the bed of the Lower Atchaf-
alaya River is sand, and as overbank deposition forced more water into the
channel, degradation occurred. Wax Lake Outlet passes through a clay plug and

no erosion was allowed. These two factors combine and shift outflows from Wax
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Lake Qutlet into the Lower Atchafalaya River in the future. The calculated
values for the project design flood were 29 percent th-ough Wax Lake Outlet
and 71 percent in the Lower Atchafalaya River, presently shifting to 21/79 per-
cent, respectively, for T50 conditions. The significance of this prediction

is that two refinements should be made for the next phase of this study:

(a) deposition should be considered inside the basin and (b) an estimate of
the erodibility of the Wax Lake Out =t clay plug should be made.

Sensitivity of Water Profiles to
Size and Shape of Delta

152. A sensitivity analysis of two conditions was tested. First, the
existing coastline was extended to Eugene Island at the elevation of the pres-
ent marsh, 2 ft. The channel in the present marsh, which is estimated to be
half a mile wide and 40 ft deep, was extended along with the marsh geometry.
The volume of deposition required to create such a deposit is estimated at
39 billion cubic feet (1.4 billion cubic yards). The expected value of the
50~-year yield of sand, silt, and clay inflow at Simmesport is 140 billion
cubic feet, and 40 billion of that is predicted to deposit before reaching the
bay. Consequently, that condition could develop in 50 years; and since it
represents an extreme case, it was tested. The results are shown in Plates 58,
59, and 60 for the 1975, 1973, and 58AEN flood peaks, respectively. Except
for the 58AEN profile, they agree rather well with water-surface profiles for
the delta predicted with HAD-1 upstream from river mile 130.

153. The second test was to accept the HAD-1 volume of deposits as
being the best estimate, to start at the present coastline and marsh eleva-
tion, and to extend the delta into the bay until the volume of deposits was
exhausted. That procedure set the T50 coastline at about river mile 142 of
the HAD-1 grid. For the same channel size adopted in the preceding paragraph,
no new information would be gained from this delta size; therefore, the impact
of channel dimensions was introduced. The average channel width through the
present marsh zone (i.e., between the intracoastal canal and the coastline) is
estimated to be half a mile. Where the existing channel is that width, it is
40 ft deep. The present bay is only 4 ft deep, and it has a 400-ft-wide navi-
gation channel maintained at 14 ft deep. The sensitivity question posed is
"What water-surface profile would result if the present bed of the bay cannot

erode as the marsh zone grows toward Eugene Island?"” This result is shown in
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Plates 58-60 as the remolded HAD-1 volume. It shows that the ultimate water-
surface profile will depend more strongly on the ultimate size of the channel
cross section which develops through the bay than it will on the size, shape,

or roughness of the delta deposit.
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PART IV: DISCUSSION OF RESULTS AND CONCLUSIONS

154, Although the model limits in this study extend from the Gulf,
6 miles beyond Eugene Island, to well inside the floodway, the study area is
limited to Atchafalaya Bay (i.e., in terms of the grid, cross sections that
correspond to Atchafalaya River mile 137 to Atchafalaya River mile 145),
These locations carrespond to the present coastline and Eugene Island shell
reefs, respectively. The surface area of the bay is 200 square miles, and the
average water depth in the 1977 survey was 5 ft.

155. Although the tidal range is less than a foot, setup and setdown of
the Gulf water surface ranged from +3.8 to -3.5 ft at the Eugene Island
gage. Seasonal trends in Gulf water-surface elevation at Eugene Island ranged
from a low of 0.7 ft for the average of all Januarys to a high of 1.6 for the

average of all Augusts.

Sedimentation

156. Adjustment of HAD-1 was satisfactory for total quantity trapped in
the basin and deposited in the bay, for the distribution of water and sediment
between the Lower Atchafalaya River and the Wax Lake Outlet, and for the dis-
tribution of sediment deposits by strips west of the Lower Atchafalaya River.
More deposition occurred east of the navigation channel in the model than
detected by the prototype surveys. Two possibilities for that are proposed:
Either (a) a strong cross current between Four League Bay and the vicinity of
Eugene Island prevents water from flowing toward Point Au Fer or (b) shell
dredging removed bed sediments from the prototype. The quantity of dredging
would have had to be only 13 million cubic yards between 1967 and 1977 to
cause the difference between prototype and HAD-1 behavior.

157. The increase in subaerial land peaked at about 24 square miles in
year 40 and decreased during the next decade to about 22-1/2 square miles.
Three factors in the decline in subaerial land are as follows: (a) the sedi-
ment yield at the coastline increases from year 0 to year 20, then remains
about constant from year 20 to year 40, (b) during the decade of years 30 to
40, predicted sediment transport through the bay becomes much more efficient
resulting in a smaller quantity of deposits than in the earlier decade, and

(c) apparent subsidence continues at the constant rate of 1.3 cm per year
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causing previously formed subaerial deposits to sink beneath the water surface.

158. Wells, Chinburg, and Coleman (1984) showed a similar trend in the
generic analysis approach. They show the peak growth occurring in year 50 and
the reduction in subaerial land continuing for 2 decades thereafter. The
generic analysis indicated the peak growth of new land would be 48-72 square
miles or from 2 to 3 times that predicted by HAD-1. A major difference be-
tween the two study approaches is in the way the inflowing sediment discharge
was treated. The generic analysis assumed historical growth rates and patterns
in predicting the future. The HAD-1 used historical growth rates and sediment
inflows to adjust the model, but it used predicted future water and sediment
inflows to predict future delta growth. Presumably, if historical and future
inflows were the same, the HAD-1 model should produce the same results as the
generic analysis, but in this system the estimated future annual sediment
yield is 80 percent of historical. That showed up in the HAD-1 delta fore-
cast, but not in the generic approach.

159. Letter (1982) estimated the %otal deposition within his study grid
will be 60 billion cubic feet of sediment, but that approach did not estimate
the amount of newly formed, subaerial land surface. In comparison the HAD-1
model predicted a total deposition, within the model limits, of 57 billion
cubic feet, a good agreement with Letter's results. The generic approach
focused on land surface growth rather than total volume of the deposit.

160. Subaerial land in the HAD-1 study was defined to be those cells
whose surface elevation was equal to or greater than el 0. Many cells in the
grid fell slightly below zero, and to include a comparison with the original
estimate of Garrett, Hawxhurst, and Miller,* the aerial extent of the -3 con-
tour was also calculated. This resulted in 109 square miles inside the reef,
that is 62 percent of the entire bay, plus 16 square miles outside the reef.

161. Total sediment yield at the coastline 1s estimated to be 3.3 bil-
lion tons which converts to 100 billion cubic feet. Trap efficiency of the
bay is estimated to be about 25 percent of that yield with essentially all
inflowing sand, 24 percent of the silt, and 5 percent of the clay deposit-
ing. Because 78 percent of the Simmesport sand discharge deposited before
reaching the coastline, the major bay filling resulted from silts. Con-

sequently, resuspension turned out to be important in the modeling process.

* CTH, op cit.
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162. The preliminary investigation into subsidence revealed that it is
a dominant process in the delta growth problem. Defined as apparent subsi-
dence to include both sea level rise and all settlement type factors, the rate
in Atchafalaya Bay is 1-4 cm per year. A value of 1.3 cm per year (2.4 ft per
5C years) was adopted for this study.

163. The sediment yield at Simmesport has decreased over the past
3 decades because sediment concentrations have decreased (Figure 12). This is
probably the single most important boundary parameter to establish in fore-
casting delta growth because the water yield does not demonstrate such a
trend. The concentrations used in this forecast reflect the decade of the
1970's with annual values ranging from 300 to 500 mg/%.

Stages and Flow

164. When delta growth was translated into changes in water level,
subsidence of the bay and marsh were considered along with increased vegeta-
tion. The net effect at Morgan City and Calumet was an increase in peak stage
of about 1 ft for the design flood. The increased storage in the basin, re-
sulting from the tendency to increase the stage at Morgan City/Calumet, did
not significantly change the discharge.

Comparison to Other Approaches in This Study

165. The results from this phase of the overall study support the re-
sults from Wells, Chinburg, and Coleman (1984) and from Letter (1982). The
study highlighted problem areas needing extra attention during the two-
dimensional phase. Current patterns due to interaction between Atchafalaya
and Four League bays or between Atchafalaya and Cote Blanche bays need de-
fining since silt resuspension may be a dominant activity there. Subsidence
rates are sufficiently high in the bay to require additional refinement. Of
particular interest are different rates cf subsidence between Morgan City,
Calumet, and the bay. Deposition in the marsh zone should be considered in
more detail since that affects the sediment yield at the coastline., The basin
should be linked to the bay model for that same reason plus the fact that
deposition in the basin will probably affect flow distribution between Morgan
City and Wax Lake Qutlets. The forecast should be extended beyond 50 years
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since the model indicates the delta is on the verge of a more rapid growth at
about that time.

166. Although modeling inside the basin was for the sole purpose of
establishing boundary conditions for this delta, having the flood-routing
model extend to Simmesport and Morganza makes it a potentially useful tool for
routing floods through the basin.
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Table 1
Annual Water and Sediment Yields at Simmespcrt*

Total

Measured Sand/Silt Ratio*¥*

Water Sediment Sand Silt

Year Load 1,000 1,000
(Oct-Sep) 1,000 tons tons b} tons %
1951-1952 196,000 49,000 25 147,000 75
1952-1953 135,000 28,000 21 107,000 79
1953-1954 54,100 13,000 24 41,000 76
1954-1955 93,400 24,100 26 69, 300 T4
1955-1956 67,200 15,500 23 51,700 77
1956-1957 225,000 55,000 25 170,000 75
1957-1958 214,000 48,000 22 166,000 78
1958-1959 83,200 20,900 25 62,300 75
1959-1960 132,000 24,000 18 108,000 82
1960-1961 133,000 40,000 30 93,000 70
1962-1963 44,900 8,600 19 36,300 81
1963-1964 52,600 10,400 20 k2,200 80
1964-1965 109,000 28,000 25 81,000 75
1965-1966 88,500 17,500 20 71,000 80
1966-1967 55, 700 6,800 12 48,900 88
1967-1968 121,000 16,000 14 105,000 86
1968-1969 115,000 27,000 24 88,000 76
1969-1970 75,100 19,800 26 55,300 T4
1970-1971 72,400 19,600 27 52,800 73
1971-1972 89,600 18,700 21 70,900 79
1972-1973 124,000 45,000 36 79,000 64
1973-1974 143,000 32,000 23 111,000 77
1974-1975 158,000 35,000 22 123,000 78
1975-1976 56,100 8,500 15 47,600 85
1976-1977 57,100 6,000 1" 51,100 89
1977-1978 71,200 12,500 18 58,700 82
1978-1979 112,300 25,500 23 86,800 77
Average 108,000 25,000 23 83,000 77

Water
Year Average
Discharge Sediment

1,000 Concentra-
DSF+ tion, ppm
80, 800 900
57,000 880
32,000 627
50, 400 686
49,100 507
74,100 1,126
89, 400 887
55,700 553
69,300 704
76,800 643
47,100 353
33,100 588
€6,400 607
51,000 642
57,300 360
80,100 561
83,300 512
74,300 374
71,700 374
75,400 Luo
140,000 329
117,000 453
117,000 499
65,900 315
47,800 443
79,700 3N
104,800 346
72,230 500

* Personal Communication, 1980, to W. A. Thomas, US Army Engineer Waterways

Experiment Station, Vicksburg, Miss.
¥* The sand fraction is the material retained on the No.
(0.062 mm).

the No.
t+ DS

F=4d

230 sieve
The silt fraction includes all of the fine material passing

230 sieve.
gi-second-feet (cubic feet per second for 1 day).
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Table 3

Stage Data Available

1 1 1 1 1 1
9 9 9 9 9 9
3 4 5 6 7 8
9012345678901234567890123456789012345678901234567890

(132222 2222822222 222222222 2322333322332 222222222
(3222222222222 22 22 2222232222z 22222
(2222222222222 2322 222222222222 2232 3222232222223 3
(2323 22 232222 2222222222223 323222222237
o i i Y 2 s a2 2323222223232 ]

(2 3 X X 22 s 222222222222 22222222 21222 22 2222233

1222222222322 322 RRR22 332222222222 2 1 L DRPRINEN 122222233
e QBN T 0DE DR JE BT U I N NN NN

QRN T 06T 00T 0000006 06 O JEIE 0 0000
____________________________ LIS EI SRR 224

____________________________________________ ERREERE
___________________________ ERERNRNNE
-------- ~=-00--000000000000000000
-------------------------- 00--000000000000000000
------ 00 ========0~==0 == =--00--00000000000 - *# ¥ £ ¥ ¥ £ ¢
—-===0000000000000~-=0—-~—-0OFXEREXERQOO ¥ ¥ K XXX NHEN
____________________ OREEERBERRXRRNUEEEREXRARERERERE
_______ 10]0]0 [ TSUSRIPREp, T, NINSRIpImpin ¥ ¥ £ % 29 12
O *#000000000 ~=-0~=-===-===cmmammm—man EREEBEEE
QORMEEERXRERRRERRE
......................................... DREBERERY
__________________ ROO-HHERHERERNERRENRASERR RS R RN
______________ ERQOUERRAFERAERERRRRRERREAREERRNRERN

CaQUERRERERARERRERRSRERERRR RN ERERNRRERS
QEABEXFABAERREREXRERRRARERRR
O % 336 0036 3000 36 96 06 30 00 36 96 06 0 0006 01 3 96 06 06 36 2 6 0
.................................. L2332 22332222222 28 ]

Station
Station Name Availadble No.
Atchafalaya River at Barbre Landing, LA 03015
Atchafalaya River at Simmesport, LA------------ 03045
Atchafalaya River at Melville, LA------- 03050
Atchafalaya River at Krotz Springs, LA- 03075
Atchafalaya River at Atchafalaya, LA-- 03090
Atchafalaya River at Butte La Rose, lA------------ --- 03120
Bayou La Rompe at 03210
Whiskey Bay Pilot Channel Below Head, LA---~----------- 03240
Blind Tensas Cut Below Upper Grand River [lA)--------- 03315
Bayou Chene Below Bayou Chene Cut (LA)----~---------=- 03420
Chicot Pass at West Fork Chicot Pass (LA)------------- 03465
Chicot Pass Near Myette Point (LA)-~------=w---cuooou- 03540
Grand Lake at Charenton Floodgate (LA)-----~==---ve--ux 03550
Keelboat Pass Below Lake Chicot {(LA)---- 03615
Six Mile Lake Near Verdunville, LA--------~----eowcua- 03645
Wax Lake Dutlet at Calumet, wa------==----~=----——--—— 03720
Lower Atchafalaya River at Berwick Lock (LA) (West)--- 03650
Lower Atchafalaya River at Morgan City, LA------------ 03780
Lower Atchafalaya River Below Sweet Bay Lake (LA)----- 03820
Wax Lake Qutlet Vicinity at Belle Isle, LA------ -- 03830
Round Bayou at Deer Island (LA)---------- -- 03850
Bayou Latenache Above Pointe Coupee--~----=-=-—---->---- 40900
Dralnage Structure (LA)
Bzyou Latenache Below Pointe Coupee----=-=~-===--ac--o 43500
Drainage Structure
Bayou Courtableau Outlet Channel at-------==-=--cm--=x 49075
Sta 225+00 (LA) (East Auto.)
WABPL (FWS) at Cleon, LA~--—==---ecremoceoo oo 49120
WABPL Borrow Pit (FWS) at Opelousas Bay (LA)--~--=----- 49135
WABPL Borrow Pit (FWS) at Bayou Mersier (LA)---------- 49150
WABPL (FWS) at Lower Grand Bayou (LA)----<~-===w-awee- 49195
Arm of Grand Lake Near Crook Chene Cove (LA) -- 49197
WABPL (FWS) at Little Lake Long (LA)~------- -- 49230
Buffalo Cove at Round Island (lLA)--=w=--- -~ 49235
Bayou Fordoche Near Krotz Springs, LA----------------= 49255
Alabama Bayou (FWS) at Sherburne, LA~---=--mrcc-cm-cce 49400
Upper Grand River at Little Tensas Bayou (LA)---=------ 49440
EABPL Borrow Pit (FWS) at Dixie Bayou (LA)-=---=------- 49510
EABPL Borrow Pit (FWS) at Ramah, LA--------=-----=----- 49525
(Above Railroad Fill)
EABPL Borrow Pit (FWS) at Ramah, LA-~-----=----------- 49540
(Below Railroad Fill)
Upper Grand River (FWS) at Dike (LA)~=r==-=c-me-cawacs 49670
EABPL Borrow Pit (FWS) at Bayou Sorrel Lock (LA)----- -~ 49630
Big Bayou Pigeon (FWS) Near Pigeon, LA---=----==-m--w-- 49635
Old River (FWS) at Junction with GIWW------- 49645
Intracoastal Waterway Near Plerre Pass, LA- 49690
Little Bayou Sorrel at Junction with GIWW------------~ 49725
(Morgan City-Port Allen Route)
Lower Grand River at Bayou Sorrel Lock, LA--—-----=---- 52560
Charenton Drainage Canal Near Floodgate (LA) 64400
Charenton Drainage Canal at Baldwin, LA----- 64450
Bayou Teche at West Calumet Floodgate (LA)-- 64650
Bayou Teche at East Calumet Floodgate (LA)-- 64700
Vermilion River Near Bancker, LA=-=----=------- —————— 67875
(Continued)
Note:

Watersheds in the New Orleans District"™ for 1977.

Any data available prior to 1929 were ignored.

This information was extracted from "Stages and Discharges of the Mississippi River and Tributaries and Other

Data available throughout a year on a daily basis signified by "*.,"
Data available partially or intermittently during a year signified by "0."
Unless specified otherwise, the notes refer to feet msl.

thru 1974,

Example: 3.81(-74) means gage zero was 3.81 ft msl

0.00(75-) means gage zero was 0.00 ft msl from the beginning of 1975 to the present.

The pamphlet is very hard to decipher in respect to changes in gage zero over the years and {s amblguous as

to the meaning of the "to” in respect to the years that data were collected.
"To" is assumed to mean "to," not "thru."

mean 1933 thru 1940 or 1933 thru 1941).

(Example: does 1933 to 1941

The gage zero information was so difficult to decipher that it is strongly recommended that this information

be reverified.




Table 3 (Concluded)
1 1 1 1 1
9 9 9 9 9
Station 3 4 5 6 7
Station Name Available No. 901234567890123456789012345678901234567890123456789
Bayou Boeuf (IWW) at Bayou Boeuf Lock (LA) (East)----- 76360 -- e QR AR RN AN RN RRE
Bayou Boeuf (IWW) at Bayou Boeuf Lock (LA) (West)----- 76400 - OREREER AR RS RENRR R RN RN NS
Intracoastal Waterway at Wax Lake-----=-=--==--cccecoae T6440 B T T OUBREREREEEENARRRNRARERS
Wax Lake East Borrow Pit (LS) Near Calumet, LA (North) TOHU60  m-wmmmmemm e mm e e e e 0~0--000
Wax Lake East Drainage Area at Control Structure (LA)- 76480 —-emmmmmr e eem ORUEBARFEENRRRERABRRRRRR
Wax Lake West Drainage Area at Control Structure (LA)- T6520 —m=mccmmmemcemccmmceemenn ORERERRERRARRRERRERRNNNE
Intracoastal Waterway at Wax Lake-------=-----w--wo--- 76560  ——=--—memcrecmcmccccncaeo ORRERESRERERERERERRRB IR
West Control Structure
Freshwater Canal Above Reef Ridge (LA)=---=--~==--=a-wu-- 76590 ——mmmmmme e e OUSHRNARERN
Freshwater Canal at Freshwater Bayou Lock (LA) (South) THS93 —omm e e ORERBANERER
Schooner Bayou (Inland Waterway) at Control--=--e------ 76600 FRRRERBARRRRRRERRERRERRERRNRERERRERRERRRRRRR RN RN
Structure (LA) (East Auto.)
Schooner Bayou (Inland Waterway at Control------------ 76640 ERERERRREER RN N RN RN RN RN RN RN AR NN RR
Structure (LA) (East Staff)
Schooner Bayou (Inland Waterway) at Control=-~-=------- 76680 RN NIRRT N RN RN RN RN
Structure (LA) (West)
Intracoastal Waterway at Vermilion Logk-----~==--==~-~ 76720 R RN RN NN R RN E RN R RN RN E RN RRANRR
(LA) (East Auto.)
Intracoastal Waterway at vermilion Lock----- e ———— 76760 RN E A AR AR AR AL AR BARE RN R RERE R RN AR RRR RN
(LA) (East Staffr)
Intracoastal Waterway at Vermilion Lock (LA) (West)--~ 76800 e QRN R RN R AR R RN ERRERRRRRRT AR RN R NN
Intracoastal Waterway at Calcasieu Lock (LA) (East)--~ 76880 ERREERRENRARRARERAERRERR RN
Atchafalaya Bay Near Eugene Island (LA)-----~--=-cc-m- 88550 mmmmemmmmeccecaceccmmeemcm e ~mmmerecccmaa= [TT)
Atchafalaya Bay at Eugene Island (LA)=~---wr~=c=can—me 88600 ------ e QR EERARA R RRARARERRERRRRRERENERROOR NN NN
East Cote Blanche Bay at Lukes Landing, LA------------ 88800 —---mmmemececcmamcdecccene AENRERERRRRERERRRRRRRN
Misaissippi River Near Knox Landing, LA-----v---=e---x 01080  e-c-cemcermemeenmcce e QRN RNRORERARRLRNRNENRRNE
Mississippi River at Tarbert Landing, MS--~=~---=-=-- - 01100 ---00000000000000000000000000000000000000000000000
Mississippi River at Red River Landing, LA--~---------~ 01120 —=-cmmememe O SEREREEERR RN RN RN RN AR RN AR AR R NRN
Mississippi River at Bayou Sara, LA~- 011“0 FE NI IE IO JE 00 A6 T30 3 006 D06 3K 60606 D663 T I 60606 0 00 O O 03NN
Mississippl River at Baton Rouge, LA-------=ve-acec--- 01160 ERRERRE RN AN RR AN AN ERRHRARERRRRRARRNAERARAA R RN
01d River Inflow Channel Near Knox Landing, LA---~---~ 02050 2 ~=m~=csmecmmcecmccccciccenme——ea DRENANEERERRRES NN
01d River OQutflow Channel Near Knox Landing, LA------ - 02100 —mmemmeemeemmeeeceeaoa m—————e ORMREEREERRRENER NS
01d River at Torras, LA (Lock Forebay)------w-c--co--- 02725 RN TR R AR AR RN RN E RN R R RRE RN
0ld River at Torras, LA (Lock Tailbay)==--=-==-==c---e 02750 2 ~=-wv-cmmmmccccncccon——e RERRRRBERERRERLERERR AR R




Table U
Discharge Data Avajlable

1 1 1 1 1 1
9 9 9 9 9 9
Station 3 y 5 6 7 8
Station Name Available No. 90123u45678901234567890123456789012345678901234567890
Atchafalaya River at Barbre Landing, LA-----------—--- 03015  ==--mememm oo e e m e
Atchafalaya River at Simmesport, LA------------ 03045
Atchafalaya River at Melville, LA------------c----o-a- 03060
Atchafalaya River at Krotz Springs, LA---------------- 03075
Atchafalaya River at Atchafalaya, LA------------==--w- 03090
Atchafalaya River at Butte La Rose, LA---=----=-v----- 03120
Bayou La Rompe at Lake Long, LA---------------ococeo-m 03210
Whiskey Bay Pilot Channel Below Head, LA----=---=----- 03240
Blind Tensas Cut Below Upper Grand River (LA)-- 03315
Bayou Chene Below Bayou Chene Cut (LA)=--~-===-==cc-—-- 03420
Chicot Pass at West Fork Chicot Pass (LA) 03465 RESEREREERERRNQONRAR
Chicot Pass Near Myette Point (LA)-----=--=----=w- 03540 -000000-~0 --~--00000000000
Grand Lake at Charenton Floodgate (LA)-----------=- 03650 @ —mmmmm oo e e 241l
Keelboat Pass Below Lake Chicot (LA)~=---=-=-~---- 03615 -000000----====-=~=--=-——
Six Mile Lake Near Verdunville, LA-----------w---co--- 036U5  —mommmmm e eeees 0000000000000000000000
Wax Lake Outlet at Calumet, LA~---------sce-—ecomcoaon 03720  ----s---esme- EEEE-—.NEERER.-_0000000000000000000000
Lower Atchafalaya River at Berwick Lock (LA) (West)--- 03650  =--===--mmmmommm oo oo oo
Lower Atchafalaya River at Morgan City, LA------------ 03780  0000000000000000G000000000000000000000000000000000
Lower Atchafalaya River Below Sweet Bay Lake (LA)-~--- 03820  —mmmmmmme o e
Wax Lake Outlet Vicinity at Belle Isle, LA------==---- 03830  —oemm oo e e
Round Bayou at Deer Island (LA)--------~- smmommmmeee- 03850  mmmmmm e e QunkE
Bayou Latenache Above Pointe Coupee-------=---=r=n-w-- 0900  ~--mre--eve—mesecaa—o QREREERRBARARERBERRERNDRANRNY
Drainage Structure (LA)
Bayou Laten: the Below Pointe Coupee-------=--==--v=em-- 43500  —--memmememooememeeeoas HRAREANENRA R RN R NRR RN NNR,
Drainage Scructure
Bayou Courtableau Outlet Channel at---------=--==w--c- 49075  mmemmemmmmec e eeeo e ORESERERUREARERENREY
Sta 225+00 (LA) (East Auto.)
WABPL (FWS) at Cleon, LA----==m-o-=moeomooconon 49120  ~---- 00-*~-00000~~~=-=== OFARREXERNRINRNRRRRN RS
W BPL Borrow Pit (FWS) at Opelousas Bay (LA)--- 49135
WABPL Borrow Pit (FWS) at Bayou Mersier (LA)-~-------- 49150
WABPL (FWS) at Lower Crand Bayou (LA)---=-==~---=~===- 49195
Arm of Grand Lake Near Crook Chene Cove \LA)~-=====-=== 49197
WABPL (FWS) at Little Lake Long (LA)~--~-=--recr-~-e-x 49230
Buffalo Cove at Round Island (LA) 49315
Bayou Fordoche Near Krotz Springs, LA---=-==~-==cw---- 49255
Alabama Bayou (FWS) at Sherburne, LA-====-—-=---ce---- YOO  —ommm s oo Heznnns
Upper Grand River at Little Tensas Bayou (LA)--------- BIYUD  mmmmmmmmmmm e RRERERRR
EABPL Borrow Pit (FWS) at Dixie Bayou (LA)--~-- 49510 -00--000000000000000000
EABPL Borrow Pit (FWS) at Ramah, LA----~-=-==-=--s-=-n 49525  -emmmmmemmmmemmmecomoeo 00--000000000000000000
(Above Railroad Fill)
EABPL Borrow Pit (FWS) at Ramah, LA----~=---~--c---c--- H9540  ---- - 00 -======= 0~-=0----~ 00 --00000000000-%* ¥k &
(Below Rajlroad Fill)
Upper Grand River (FWS) at Dike (LA)---~=---~c--emw—un 49870 ~=~=-000000UJ00000---0-~--0REHRERRRQOOFRERRENNNNELE
EABPL Borrow Pit (FWS) at Bayou Sorrel Lock (LA)-- 49630 c-memmmmmemmmmme e QEABERURARAAXEARARREARERERAENS
Big Bayou Pigeon (FWS) Near Pigeon, LA-~~--==r--=w~--- 49635  ------- 000 --===m===- 00~ --~mcmmmmen - EREBREEN
0ld River (FWS) at Junction with GIWW--~---------—--=- 49645 0*#000000000 ~~~0--===~-==rmmemmm - ERRERRER
Intracoastal Waterway Near Pierre Pass, LA-- 49690 OONRERAMRERNRERSER
Little Bayou Sorrel at Junction with GIWW------ 49725  —emmmemcm e e QRESRRRES
(Morgan City-Port Allen Route)
Lower Grand River at Bayou Sorrel Lock, LA-==--===-=-=- 52560  ---=----eee-amaoan ROO-HRRERERARNNRRANERNNRERAREREE
Charenton Drainage Canal Near Floodgate (LA)---------- 64400  -m-me-mmmeeeo- ERQOEARARNNURAARNRERERRRRAARNURRARRE
Charenton Drainage Canal at Baldwin, LA------=---=c--- 6BU50  wmm-memmmmm OFEMHRREEEEREEERRE N AR RRERAR
Bayou Teche at West Calumet Floodgate (LA)----------- 64650 QR EXRRERENRERARNRNRENRERNRRSR
Bayou Teche at East Calumet Floodgate (LA)-- 64700 ORFRFRRAARERARARERARBERRERE R
Vermilion River Near Bancker, [A---=----w--=wmr-co-——- 67875  ——mmmm o m s TR0 N
(Continued)
Note: This information was extracted from "Stages and Discharges of the Mississippi River and Tributaries and Other

Watersheds in the New Orleans District™ for 1977.
Any data available prior to 1929 were ignored.

Data available throughout a year on a dally basls signified by "#®,n
Data available partially or intermittently during a year signified by "0."
Unless specified otherwise, the notes refer to feet msl.

thru 1974,

Example: 3.81(-74) means gage zero was 3.81 ft msl

0.00{75~) means gage zero was 0.00 ft msl from the beginning of 1975 to the present.

The pamphlet is very hard to decipher in respect to changes in gage zero over the years and is ambigucus as

to t.ue meaning of the “to" in respect to the years that data were collected.
"To" is assumed to mean "to," not "thru."

mean 1933 thru 1940 or 1933 thru 1941).

(Example: does 1933 to 191

The gage zero information was so dilficult to decipher that it is strongly recommended that this information

be reverified.




Table 4 (Concluded)
1 1 1 1 1 1
9 9 9 9 9 9
Station 3 4 6 7 8
Station Name Available No. 9012345678901234567890123456789012345678901234567890
Bayou Boeuf (IWW) at Bayou Boeuf Lock (LA) (East)----- 76360 —----memmemceacaaeas T AR I ]
Bayou Boeuf (IWW) at Bayou Boeuf Lock (LA) (West)----- T6H00  =-c-me--- DR AR AR AR AR RN RRERE RN
Intracoastal Waterway at Wax Lake-------=~--=-c--c---- TOUHO  —— e e | OFEAEERRERERERRARRIUARANN
Wax Lake East Borrow Pit (LS) Near Calumet, LA {(North)  T6HHED  ==cc-mmemmammee o n e ce e aees 0-0--000
Wax Lake East Drainage Area at Control Structure (LA)- 76480 OFHEIENRRRRINRRENRERRN AR
Wax Lake West Drainage Area at Control Structure (LA)- 76520 QEAERERBRNREKRRRNNENRRES
Intracoastal Waterway at Wax Lake------=--~v-=-=--cowao-- TES60  mmmmmmmm o m e e e e
West Control Structure
Freshwater Canal Above Reef Ridge (LA)---~-----=------ 76592  mo oo e
Freshwater Canal at Freshwater Bayou Lock (LA) (South) N T e T
Schooner Bayou (JInland Waterway) at Control----------- 76600 HERERAERRE AR ER R R R R R RN RN RN RN RN N AR RN R RS
Structure (LA) (East Auto.)
Schooner Bayou {Inland Waterway at Control-~-------=-- 76640 FAM TN NIRRT R RN RN R RN NRN
Structure (LA) (East Staff)
Schooner Bayou (Inland Waterway) at Control-~-—--==--- 76680 HRERRRRER RN R R RRER AR R ERR RN R EARRNNERRNEERRES
Structure (LA) (West)
Intracoastal Waterway at Vermilion Lock--------------- 76720 DR RAERREARNN SRR RN RN RN RN NN RN RN
(LA) (East Auto.)
Intracoastal Waterway at Vermilion Lock--------==--—=- 76760 e QN R R R RN RRR R RN R RN RN RRRRN RN RN
(LA) (East Staff)
Intracoastal Waterway at Vermilion Lock (LA) (West)==-= = 76800  -——-ONMERREEREREEREERANRNARRERERRERERRRRERRNRNNR
Intracoastal Waterway at Calcasieu Lock (LA) (East)-~-- 76880
Atchafalaya Bay Near Eugene Island (LA)---------c--wa- 88550
Atchafalaya Bay at Eugene Island (LA)====--==-e——u-ca- 88600
East Cote Blanche Bay at Lukes Landing, LA 88800
Missisaippi River Near Knox Landing, LA-------=-----=- 01080
Missisaippi River at Tarbert Landing, MS-------=------ 01100 LA I T R RS R T IR R R Ry R e T e T
Mississippi River at Red River Landing, LA------------ 01120  —--mmmemmeny QNIRRT RN
Mississippl River at Bayou Sara, LA------- - 01140
Mississippi River at Baton Rouge, LA------------ ——— 01160
014 River Inflow Channel Near Knox Landing, LA-------- 02050
01d River Qutflow Channel Near Knox Landing, LA- - 02100
0ld River at Torras, LA (Lock Forebay)------=r==--==n-- 02725
0ld River at Torras, LA (Lock Tailbay)-=-----=-==c-=-- 02750




Table 5
Model Coefficients for HAD-1

Coefficient Description

n value Manning's n value. It is used for friction and vegetation
loss, and is calibrated in fixed bed node using water-surface
elevations and flow distribution for performance criteria

Critical bed shear stress for deposition of clay

cd
T Critical bed shear stress for erosion of clay. = must be
ce ce
equal to or greater than Tod
Teq Critical bed shear stress for deposition of silt
T Critical bed shear stress for erosion of silt. 1In the present
se
version of HAD-1, = must equal =
se ce
Tn Bed shear stress at which mass erosion begins
ERM Erosion rate, tons/day/ftz, corresponding to T
Bp Slope of erosion rate curve for particle erosion
Bm Slope of erosion rate curve for mass erosion
Yci The unit weight, lb/ft3, of a freshly deposited clay bed
Bclay The consolidation coefficient for the compaction of clay deposits
Bsilt The consolidation coefficient for the compaction of silt deposits
Ys The unit weight of sand deposits. No compaction of the sand bed
is expected
Y . The unit weight, lb/ft3, of a freshly deposited silt bed

81




Table 6

Events in Flow Duration Curve

Water Yield

Sediment Yield

Duration Q x DD as QS x DD
Event Percent DD - 1,000 1,000 1,000
No. Exceeded p 365 x P _Q Q cfs-days tons/day tons
100 35
1 0.10 36 68 2,448 17 612
90 85
2 0.10 36 95 3,420 36 1,296
80 102
3 .10 36 15 4,140 56 2,016
70 125
4 0.10 36 133 4,788 78 2,808
60 145
5 0.10 36 156 5,616 110 3,960
50 170
6 0.10 36 185 6,660 161 5,796
40 200
T 0.10 36 230 8,280 265 9,540
30 255
8 0.10 36 280 10,080 510 14,760
20 310
9 0.10 36 330 11,880 530 19,080
10 370
10 0.05 18 390 7,020 900 16,200
5 410
1 0.01 4 420 1,680 1,020 4,080
y 430
12 0.0t ] Ly0 1,760 1,190 4,760
3 450
13 0.01 b 475 1,900 1,350 5,400
2 500
14 0.01 b 560 2,240 2,100 8,400
1 560
Total 71,912 98,709
Measured* 84,527 97,000
Note: P = probability
DD = Duration, days
Q = discharge, 1,000 cfs
Q = average discharge, 1,000 cfs
S = sediment load, tons
*  Average of years 1967-1977, Table 1.




Table 7
Eugene Island Gage Datum Changes, Atchafalaya River
USGS Gage No. 8860010

Shift
Period Gage Zero* ft
26 May 1939-31 Dec 1943 -2.99 +0.3
1 Jan 1944-31 Dec 1958 -2.99 -0.7
1 Jan 1959- 3 May 1972 -2.99 0
12 Apr 1973-31 Dec 1974 -1.59 0
1 Jan 1975-1978 0 0
* Given in feet referred to mean sea level (msl).
Table 8
Joint Probability Table
Simmesport Eugene Island Stage Class Intervals®
Class Water ft msl
Interval Discharge -2 to -1 -1 to 0O 0 to +1 +1 to +2
No. 1,000 cfs P(Q) (0.10) (0.20) (0.50) (0.20)
1 35- 85 0.10 0.01 0.02 0.05 0.02
2 85- 100 0.10 0.01 0.02 0.05 0.02
3 100- 125 0.10 0.01 0.02 0.05 0.02
y 125- 145 0.10 0.01 0.02 0.05 0.02
5 145- 170 0.10 0.01 0.02 0.05 0.02
6 170- 200 0.10 0.01 0.02 0.05 0.02
7 200- 255 0.10 0.01 0.02 0.05 0.02
8 255~ 310 0.10 0.01 0.02 0.05 0.02
9 310- 370 0.10 0.01 0.02 0.05 0.02
10 370- 410 0.05 0.005 0.01 0.025 0.01
11 410- 430 0.01 0.001 0.002 0.005 0.002
12 430- 1450 0.01 0.001 0.002 0.005 0.002
13 450- 500 0.01 0.001 0.002 0.005 0.002
14 500- 560 0.01 0.001 0.002 0.005 0.002
—-~*R 560-1,500 <<0,01 0.001 0.002 0.005 0.002
Marginal Distribution Function 0.10 0.20 0.50 0.20
Joint Cumulative Distribution 0.10 0.30 0.80 1.00

* The probability of occurrence P(H) for each stage class interval is
given in parentheses under that class.
*% These values are required to make the results total 100 percent .




Table 9
Flow Duration in Days for the Joint Probability Mass Function

Class Simmesport Discharge Eugene Island Stage for H Value¥
Interval Class Event Q -2 to -1 -1to0 O0¢toil +1 to +2
No. 1,000 cfs 1,000 cfs (-1.5) (-0.5) (+0.5) (+1.5)
1 35- 85 68 36 72 180 72
2 85-100 95 36 T2 180 T2
3 100-125 115 36 72 180 T2
y 125-145 133 36 T2 180 72
5 145-170 156 36 72 180 72
6 170-200 185 36 72 180 72
7 200-255 230 36 72 180 72
8 255-310 280 36 72 180 72
9 310-370 330 36 72 180 72
10 370-110 390 18 36 90 36
1 410-430 420 3.6 7.2 18 7.2
12 430-450 440 3.6 T.2 18 7.2
13 450-500 475 3.6 7.2 18 7.2
14 500-560 560 3.6 7.2 18 7.2
Marginal 356.4 712.8 1,782 712.8

In terms of years 1 2 5 2
Accumulative 1 3 8 10

* The mean value of stage H for each class interval is given in parentheses
under that class.

Table 10
Sediment Discharge by Grain Size Class

Particle Size Discharge, tons/day, for Water Discharge, cfs
Class mm 700 35,000 70,000 400, 000 775,000
Clay <0.004 700 3,300 13,000 265,000 720,000
Silt, 0.008 -0.016 30 200 1,400 120,000 600,000
Silt, 0.016 -0.032 30 200 1,400 120,000 600,000
Silt3 0.032 -0.062 30 200 1,400 120,000 600, 000
Very fine
sand 0.062 -0.125 1 40 350 165,000 1,200,000
Fine sand 0.0125-0.250 1 40 280 80,000 500,000
Total 792 3,980 17,830 870,000 4,220,000
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Table 12
_Distribution of Flow in HAD-1, Percent,
Q = 350,000 cfs, 1977

Cross Section Strip
by river mile 1 2 3 [ 5 6

Bay
151.00 13.4 5.8 7.8 uy.8 2.4 10.8 14.9
146.00 27.0 11.3 15.1 27.2 5.1 13.8 0.5
145.00 19.8 6.7 14.8 37.0 6.3 9.0 7.2
144.00 23.5 13.4 19.8 25.4 2.4 6.0 9.4
143.00 22.7 6.4 18.0 26,1 3.7 12.4 10.6
142,00 26.6 6.5 19.9 22.2 3.7 9.8 11.2
141.00 18.3 T.4 33.5 16.6 4.0 9.2 11.0
140.00 14.3 9.0 40.9 11.8 3.9 9.5 10.7
139.00 2.2 14,7 39.6 24,6 2.1 2.2 14,5
138.00 0.0 12.9 7.5 72.1 5.1 1.5 0.9
137.00 0.3 34.5 3.0 4,7 33.9 1.2 22.3

: Marsh
136.00 0.7 18.7 0.8 0.3 64.5 9.2 5.8
129.90 0.5 16.0 0.3 0.5 82.6 0.1 0.0
126.00 .3 10.6 0.2 0.7 84.6 2.6 0.0
121.20 .0 29.0 0.0 0.0 63.0 - 8.0
117.00 0.0 29.0 0.0 34.9 30.8 3.0 2.3

Basin
107.00 0.3 38.7 0.0 49.8 2.6 2.0 6.6
102.78 0.1 18.4 0.0 76.3 2.2 1.0 1.9
97.19 0.8 20.5 0.0 68.5 1.6 4,2 4.4
91.7h 0.8 9.8 0.3 83.7 1.2 2.9 1.4
87.0 0.0 13.1 2.0 72.5 2.9 4.3 5.2




Table 13

Calibration Coefficients for Deposition and Erosion of Silt and Clay

Bed
Shear Threshold Erosion Rate Coefficients
Particle Settling T 1
Sediment Size Velocity cd ce m B B
Type mm fps lb/sq ft 1b/sq ft 1b/sq ft ERM p m
Clay <0.004 0.000016  0.0004 0.0024 0.015 0.001 0.06 0,30
S1ilt, 0.004-0.008 0.000067 0.001 * * * * *
Silt, 0.008-0.016 0.00026 0.001 * * * * *
Silt3 0.016-0.032 0.0010 0.001 * * * * *
Va‘y fine 0-062“0-125 00016 - - - - - -
sand
Fine sand 0.125-0.250 0.052 - - -~ - - -
Note: Symbols are defined in Table 5.
* Same as used for clay.
Table 14
Basin Retention
Roberts, Adams,
and Cunningham (1980) HAD-1
Millions Millions
Fraction of Tons £ of Tons )
Inflow, Simmesport Gage
Average annual yield
Sand 25 24 31 30
Silt/clay 80 76 T4 70
Total 105 100 105 100
Outflow, Morgan City Plus Calumet Gages
Average annual yield
Sand 13 16 12 15
Silt/clay 67 8Y4 66 85
Total 80 100 78 100
Average Annual Retention and Trap Efficiency
Sand 12 50 % 19 61%
Silt/clay 13 16% 8 g*
Total 25 24 % 27 26%
Note: Data from US Geological Survey (1977).

* Trap efficiency,
is not the summation of the parts.

E = (Inflow-Outflow)/Inflow .

Total trap efficiency




Table 15
Prototype Bed Change

1977 Survey* 1967 Survey*
Area Avg Area Avg Bed
Cell square Number of Depth square Number of Depth Change
No. miles Measurements ft miles Measurements ft ft
1 5.56 155 8.22 6.28 175 8.33 0.1
2 5.92 165 7.04 5.92 165 8.00 0.96
3 6.31 176 6.63 6.31 176 7.82 1.19
y 5.56 155 4,64 5.49 153 7.08 2.4y
5 4,73 132 3.48 4.66 130 5.46 1.98
6 3.55 99 3.28 3.62 101 3.60 0.32
7 2.19 61 2,67 2.19 61 3.18 0.51
8 0.97 27 1.1 1.22 34 3.48 2.37
9 0.1 3 1.1 0.07 2 3.25 1.85
10 0.14 ] 9.66
1M 1.15 32 6.43 0.14 y 8.97 2.54
12 1.18 33 5.4 1.18 33 7.50 2.09
13 1.15 32 4. 1.15 32 5.59 0.88
14 1.18 33 3.67 1.18 33 4.07 0.40
15 1.08 30 3.83 1.08 30 6.12 2.29
16 1.15 32 4,65 1.15 32 7.40 2.75
17 1.18 33 6.83 1.18 33 7.62 0.79
18 1.1 3 6.95 1.11 Nn 8.01 1.06
19 1.36 38 7.92 1.51 42 8.72 0.80
20 .27 119 7.94 5.02 140 8.25 0.31
21 3.1 95 7.06 3.1 95 7.56 0.50
22 3.26 9N T.17 3.26 91 6.98 -0.19
23 3.59 100 6.39 3.59 100 6.38 -0.01
24 3.73 104 6.15 3.73 104 5.54 -0.61
25 5.02 140 5.36 5.02 140 5.21 -0.15
26 5.38 150 h.12 5.38 150 5.56 1.44
27 4,52 126 3.93 4,05 113 5.20 1.27
28 2.33 65 3.38 1.51 42 4,85 1.47
29 0.32 9 1.93
30 4,23 118 1.84 0.18 5 4.73 2.8
3 5.06 11 2.2% 2.98 83 4,02 1.8
32 3. 44 96 2.57 3.44 96 4,22 1.65
33 3.08 86 2.46 3.08 86 4.7 2.25
34 2.80 78 2.59 2.80 78 3.81 1.25
35 2.73 76 3.60 2.73 76 4,18 0.58
(Continued)

* USAED, New Orleans, 1967 and 1977a.




Table 15 (Concluded)

1977 Survey 1967 Survey
Area Avg Area Avg Bed
Cell square Number of Depth square Number of Depth Change
No. miles Measurements ft miles Measurements ft ft
36 2.73 76 4,24 2.73 76 5.37 1.13
37 2.83 79 5.06 2.83 79 6.43 1.37
38 2.87 80 4.75 2.73 76 6.80 2.05
39 3.30 92 6.47 3.23 90 7.06 0.59
40 0.61 17 7.81 0.22 6 12.35 4,54
41 0.39 11 2.10 0.39 1 8.1 6.81
42 0.32 9 5.11 0.32 9 7.85 2.74
43 0.50 14 2.19 0.50 14 5.50 3.31
by 0.50 14 1.79 0.50 14 3.46 1.57
45 0.50 14 4,97 0.50 14 4. 21 -0.76
46 0.57 16 4. 84 0.57 16 5.58 0.7
47 0.50 14 2.76 0.50 14 6.54 3.78
48 0.36 10 6.22 0.25 7 T.U44 1.22
49 0.29 8 5.47 0.22 6 6.28 0.81
50 1.15 32 8.88 0.54 15 11.99 3.11
51 1.83 51 6.44 1.69 47 8.09 1.65
52 2.40 67 5.63 2.40 67 6.10 0.47
53 2.69 75 b oyt 2.69 75 5.62 1.15
54 2.55 T 3.4 2.55 T 4,79 1.38
55 2. 44 68 3.52 2.44 68 5.27 1.75
56 2.73 76 5.31 2.73 76 6.03 0.72
57 2.73 76 6.99 2.73 76 6.70 -0.29
58 2.62 73 T.13 1.97 55 6.76 -0.37
59 3.55 99 7.78 1.79 50 7.04 ~0.74
60 3.37 94 5.21 1.1 31 4.7 -0.50
61 3.08 86 5.60 3.16 88 4,99 ~0.61
62 3.41 95 6.00 3.44 96 5.38 ~0.62
63 3.34 93 5.86 3.12 87 5.1 -0.45
64 3.12 87 5.26 2.62 73 5.47 0.21
65 3.23 90 3.96 2.40 67 4,92 0.96
66 3.59 100 3.27 3.16 88 4.7 1.44
67 3.10 89 2.46 2.87 80 3.88 1.42
68 2.33 65 1.70 1.69 u7 3.37 1.67
172.28%% 4,806%* 4,95t 156.21 %% 4, 355%% 6.00t +1.05t

#*%* Total value.
t+ Average value,

e ——————————————
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Table 17
Sediment Deposition in Bay in Millions of Tons

Forecast
Period By Decade Accumulative
years Clay Silt Sand Total Clay Silt Sand Total
Millions of Tons
10 24 115 35 174 24 115 35 174
20 12 T 37 120 36 186 72 294
30 11 58 i1 110 47 244 113 4oy
4o 9 uy 34 87 56 288 147 491
50 6 32 42 80 62 320 189 572
Percent by Sediment Type
Calibration 12 57 3 12 57 3
10 14 66 20 13 61 26
20 10 59 3 12 61 27
30 10 53 37 12 59 29
4o 10 51 39 12 58 30
50 7 40 53 1" 56 32
Table 18
Composite Unit Weights of Bay Deposits
Clay Silt Sand Composite
YT YT YT YB
Year 1b/cu ft ) 3 lb/cu ft L lb/cu ft ) lb/cu ft*
10 b1 12 54 57 93 3 59
20 45 13 55 61 93 26 60
30 48 12 56 61 93 27 61
40 50 12 57 59 93 29 63
50 51 12 58 58 93 30 6

* Composite unit weight at the end of year specified.




Table 19
Average Depth of Deposits

Forecast
Period Incremental, ft Accumulated, ft
years Clay Silt Sand Total Clay Silt Sand Total
0-10 0.27 1.00 0.31 1.58 0.27 1.00 0.3t 1.58
10-20 0.20 0.83 0.16 1.19 0.47 1.83 0.47 2.77
20-30 0.07 0.48 0.16 0.71 C.54 2.31 0.63 3.48
30-40 0.07 0.37 0.18 0.62 0.61 2.68 0.81 4.10
40-50 0.06 0.27 0.14 0.47 0.67 2.95 0.95 4.57
Table 20
SOCHMJ Branch Characteristics
No. of Spatial Step Total Channel
Branch Nodes Size, ft Length, miles
1 13 21,078.8 47.9
2 9 18,687.5 28.3
3 5 19,775.0 15.0
y 5 18,912.5 14.3
5 9 16,775.0 25.4
6 5 5,375.0 4.3
7 13 19,600.0 by.s
8 5 4,087.5 3.1
9 T 19,300.0 21.9
10 5 7,650.0 5.8
1 17 12,300.0 37.3
12 5 19,025.0 14.4
13 43 4,575.0 36.4
Total 11 Total 299.0




SOCHMJ Water-Surface Calibration at 350,00G cfs

Table 21

Branch

10

1

13

Gage

Simmesport
Melville
Krotz Springs
WBPC No. 1

Atchafalaya
La Rompe No. 10

Des Glaises

Lower Grand Bayou

Bayou Sorrel
Little Bayou Sorrel

R 22 BC

Myette Point

Calumet
Wax Lake Outlet

Morgan City
Deer I1sland
Eugene Island

Stage, ft NGVD

MBM

Observed

33.3
26.2
23.7
20.8

20.0
17.0

20.4

12.7

7.5
5.4

15.4

10.0

4.1
0.6

4.2

1.3
0.0

MCM Difference
Computed fLe
33.38 +0,1
26.66 +0.5
23.61 -0.1
20.88 +0,1
20.50 +0.5
17.40 +0.U
19.93 -0.5
13.24 +0.5
8.06 +0.6
5.58 +0.,2
15.56 +0.2
10.04 ~0.1
4,22 -0.2
0.56 T
4,08 -0.1
1.3
0.02

¥ T = less than 0.1 ft.




Table 22
SOCHMJ Water-Surface Calibration at 800,000 cfs

Stage, ft NGVD

MBM MCM Difference

Branch Gage Observed Computed ft*
1 Simmesport 57.1 56.71 -0.4
Melville 46.3 47.04 +0.7
Krotz Springs 40,1 39.51 -0.6
WBPC No. 1 30.8 30.61 -0.2
3 Atchafalaya 29.7 28.64 -1.1
La Rompe No. 10 22.7 21.84 -0.9
y Des Glaise 29.1 28.80 -0.3
5 Lower Grand Bayou 20.5 20.74 +0.2
T Bayou Sorrel 17.2 17.56 +0.4
Little Bayou Sorrel 13.7 14,04 +0.3
9 R 22 BC 20.0 20.32 +0.3
10 Myette Point 16.6 16.82 +0.2
11 Calumet 10.3 10.40 +0.1
Wax Lake Qutlet 1.9 1.97 +0.1

13 Morgan City 10.0 9.96 T
Deer Island 2.3 2.20 -0.1

Eugene Island 0.0 -0.02 T

¥ T = less than 0.1 ft.




Table 23
Manning's n Values, SOCHMJ 1975 Adjustment
Channel Overbanks
Branch From _ To From To
1 0.021 0.030 0.098 0.140
2 0.030 0.030 0.140 0.140
3 0.030 0.030 0.140 0.140
] 0.042 0.042 0.196 0.196
5 0.030 0.030 0.140 0.140
6 0.030 0.030 0.140 0.140
7 0.024 0.036 0.112 0.168
g 0.042 0.042 0.196 0.196
9 0.033 0.036 0.154 0.168
10 0.030 0.030 0.140 0.140
11 0.023 0.045 0.023 0.252
12 0.021 0.030 0.098 0.140
13 0.018 0.030 0.018 0.140




Table 24
HAD-1 Delta Growth, T = 50 years; SOCHMJ Model
Bed Change in ft*

Wax Lake Outlet Branch Lower Atchafalaya River Branch
X-Section Strip X-Section Strip
miles¥¥ 1 2 3 miles** [ 5 7
146t 2.1 -4.9 2.3 146 1.8 2.8 -1.8
145 1.5 3.4 2.2 145 2.0 2.6 0.6
144 -0.2 1.8 .9 144 2.0 1.3 3.4
143 -1.7 3.5 2.1 143 -1.8 6.9 1.6
142 -1.1 0.8 -1.4 142 3.4 4,2 2.5
™ 0.6 3.1 0.6 141 -0.9 3.0 3.3
140 1.6 3.3 3.4 140 -4 2.8 3.7
139 0.08 701 2.6 139 -2.5 -0.9 4,0
138 2.6 3.2 -2.5
137 -1.2 10.4 4.1
136 1.0 9.0 1.3
122.28 -1.9 ~2.6 1.5 135.8 1.5 7.5 0.7
120.84 -0.1 1.7 1.6 135.1 1.7 6.1 0.3
119.95 0.6 0.2 134,28 1.8 4.6 -0.2
119.38 -0.7 3.1 -0.3 133.12 2.0 2.6 -0.8
118.81 -1.2 6.3 -0.4 131.65 2.1 1.8 -1.5
117.90 -0.5 10.5 -0.6 130.50 2.2 0.6 -1.5
116.95 -0.2 14.5 -0.8 129.55 1.4 0.7 -1.5
116.00 -0.2 7.6 -0.2 129.00 1.0 1.2 -1.5
115.18 -0.2 2.6 -0.2 127.13 0.1 2.9 -1.5
114,48 -0.2 -2.3 -0.2 126.50 1.1 2.2 -1.6
113.73 -0.3 -2.3 -0.3 125.63 5.3 1.1 -1.6
112.40 -0.4 -2.3 0.4 124,35 9.6 -0.1 -1.6
111.83 -0.5 -2.3 -0.5 123.40 10.5 -0.5 -1.7
111,00 -0.5 -2.3 -0.5 122,20 11.6 -1.0 =-1.7
121.73 12.7 -1.7 -1.7
120.77 12.1 -2.2 -1.4
120.22 9.4 -2.2 -1.1
119.28 -0.5 -2.3 -0.5
118.49 -1.3 ~-2.3 -0.4
118.00 -2.4 -0.2
117.97
117.16 -3.2 -2.3
116.40
115.90

* + {3 deposition; - is erosion.

¥* This position in table corresponds to relative location in bay.

+ 146 to 136 corresponds to Atchafalaya River miles extended along Naviga-
tion Channel.




Table 25
Delta, Remolded HAD-1 Volume, T = 50 years; SOCHMJ Model
Bed Change in ft*

Wax Lake Outlet Branch Lower Atchafalaya River Branch
X~-Section Strip X-Section Strip
miles¥*#* 1 2 3 miles** 1 5 6 7
145 0.0 0.0 0.0 0.0 0.0 0.0 0.0
144 0.0 0.0 0.0 0.0 0.0 0.0 0.0
143 0.0 0.0 0.0 0.0 0.0 0.0 0.0
142 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0
140 0.0 0.0 1.0 3.0 0.0 3.0 3.3
139 3.5 3.3 4.5 3.5 0.0 3.5 3.7
138 2.5 7.1 4.5 3.5 0.0 3.5 4,0
137 4.0 0.0 4,0 4,0
136 136 4,0 0.0 10.4 4.0
135.0 4.5 0.0 9.0 4.5
122.28 -1.9 -2.6 1.5 135.80 1.5 7.5 0.7
120,48 -0.1 1.7 1.6 135.10 1.7 6.1 0.3
119.95 0.6 0.2 134,28 1.8 4.6 -0.2
119.38 -0.7 3.1 -0.3 133.12 2.0 2.6 -0.8
118.81 -1.,2 6.3 -0.4 131.65 2.1 1.8 -1.5
117.90 -0.5 10.5 -0.6 130.50 2.2 0.6 -1.5
116.95 -0.2 14.5 -0.8 129.55 1.4 0.7 -1.5
116.00 -0.2 7.6 ~-0.2 129.00 1.0 1.2 -1.5
115.18 -0.2 2.6 -0.2 127.13 0.1 2.9 -1.6
114,48 -0.2 -2.3 -0.2 126.50 1.1 2.2 ~1.6
113.73 -0.3 -2.3 -0.3 125.63 5.3 1.1 -1.6
112.40 -0.4 ~2.3 -0.4 124,35 9.6 -0.1 -1.6
111.83 -0.5 -2.3 -0.5 123.40 10.5 -0.5 -1.7
111.0 -0.5 -2.3 -0.5 122.20 11.6 -1.0 =1.7
121.73 12.7 -1.7 -1.7
120.77 12.1 -2.2 -1.4
120,22 9.4 -2.2 -11
119.28 -0.5 -2.3 -0.5
118.49 -1.3 -2.3 -0.U4
118.00 -2.4 0.2
117.97
117.16 -3.2 -2.3

Note: There are no entries in cross-sections 1U45-141 because there were no
changes in these cross sections.
* + {3 deposition; - is erosion.
¥*% This position in table corresponds to relative location in bay.
+ 146 to 136 corresponds to Atchafalaya River miles extended along

Navigation Channel.
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Table 26

Calculated Stage Changes,

T = 50 years

Wax Lake Qutlet

Lower Atchafalaya River

Water- Water-
Surface Dis- Surface Dis-
Stage Stage charge Stage Stage charge
NGVD Change 1,000 NGVD Change 1,000
Gage Td T50 cfs Gage T@ T50 efs
1975 Flood
Calumet 9.3 +0,3 188 Morgan City 8.2 +0.6 512
Coastline 1.7 +1.2 188 Coastline 3.4 +1.8 512
Shell Reef 0.6 +1.2 186 Eugene Island 8.0 +0.1 511
1973 Flood
Calumet 11.2 0 236 Morgan City 10.0 0.5 636
Coastline 3.8 +0.2 236 Coastline 4.5 +1.8 636
Shell Reef 2.0 0.2 236 Eugene Island 2.1 +0.1 636
58 AEN
Calumet 16.7 0 847 Morgan City 14,7 +0.5 1,096
Coastline 7.5 +0.2 yy7 Coastline 7.8 1.8 1,096
Shell Reef 5.2 +0.3 Ly7 Eugene Island 5.3 0.1 1,096
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