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Abstract
In 1950, the U.S. Army Corps of Engineers (USACE) reported a rapid increase of water discharge
from the Mississippi River to its distributary channel; the Atchafalaya River. If not prevented by man-made
structures, the complete capture of the Mississippi River by the Atchafalaya River was predicted. The
USACE report cites multiple causes for the observed increase in discharge partitioning, yet fails to assess
the largescale channel dredging operations conducted throughout the Atchafalaya River Basin during the
1930’s and 1940’s as a potential cause for the increased discharge. To assess the role man-made
interventions, specifically channel dredging, played in the increase of discharge partitioning down the
Atchafalaya River, this study incorporates a one-dimensional backwater flow model based on
conservation of fluid mass and momentum equations and utilizes the geological and engineering data of
the Atchafalaya, Mississippi and Old River Systems compiled by the USACE from 1880-1950. Two
models were developed from 75 channel cross-sections measured during hydrographic surveys of the
Atchafalaya Basin and river systems in 1916-17 and 1950, representing the pre-dredging and postdredging conditions of the Atchafalaya River. A third model was adapted from the 1916-17 pre-dredging
model and incorporates the dredging of a 4 meter deep channel from Morgan City, Louisiana to the
headwaters of the Atchafalaya River at Simmesport, Louisiana. Based on this one-dimensional modeling
approach, comparison of the 1916-17 Pre-Dredging (16%) and Proposed Dredging (26%) models of
discharge partition percentages flowing into the Atchafalaya River from the Mississippi River indicates
that dredging is potentially associated with an increase of Atchafalaya River flow partition discharge of
+10% under 1916-17 historically measured discharge conditions of 18,000 (m3/s) total discharge above
the bifurcation (TDAB). By comparison, the historically measured discharge partition percentages
recorded by the USACE for 1916-17 (11%) at 18,000 (m 3/s) TDAB and 1950 (22%) at 25,000 (m 3/s)
TDAB indicate a similar increase in discharge partitioning of +11% change between 1916-17 pre-dredging
and 1950 post-dredging conditions. However, due to the limitations of the one-dimensional model to
simulate flow through additional downstream bifurcations, further multi-dimensional analysis is needed
before definite causation can be warranted.
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I.

Introduction
The Mississippi River, from its headwaters at Lake Itasca, Minnesota, to its mouth at the Gulf of

Mexico, is ~3,770 km long (Kammerer 1990), and when combined with its longest tributary, the Missouri
River, it is considered one of the longest rivers in the world (Leopold 1994). The Lower Mississippi River
(Figure 1) flows approximately 1,550 km downstream from Cairo, Illinois to the Gulf of Mexico (Harmar et
al. 2005). On average, the Mississippi River and its largest distributary, the Atchafalaya River, discharges
580 km3 of water into the Gulf of Mexico each year (Meade 1995; Brown et al. 2011). As of 1950, the
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Figure 1. The Lower Mississippi River Alluvial Valley from Cairo, IL to the Gulf of Mexico (adapted from
Saucier et al. 1994).
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Atchafalaya River Basin received ~30% of the Mississippi River’s total discharge (Latimer and Schweizer
1951). This discharge enters the Atchafalaya Basin via the Old River and is dispersed throughout four
distributary channels within the basin.
During the late nineteenth and early twentieth centuries, the Lower Mississippi River alluvial
valley experienced multiple flood events, which encouraged the development of extensive flood control
structures, such as channel levee systems and backwater floodways used to distribute Mississippi River
flood waters and mitigate the effects of flood level discharges entering the Lower Mississippi River Delta.
In 1963, the Old River Control Structure was built at the confluence of the Mississippi and Old Rivers to
regulate the flow of discharge entering the Atchafalaya Basin and maintain the natural ~30% discharge
measured in 1950 (McPhee 2011). The majority of these river improvements, in addition to the Old River
Control Structure, were the direct result of the U.S. Army Corps of Engineers’ (USACE) response to the
Great Mississippi Flood of 1927. The implementation of an extensive engineering and geological analysis
of the Lower Mississippi River and Atchafalaya River systems is known as “The Atchafalaya River Study”.
In 1951, a report from the U.S. Army Chief of Engineers assessing the results of the Atchafalaya
River Study states that the Atchafalaya and Old Rivers have continued to enlarge their channel capacities
throughout the available 1880-1950 engineering and geological data range (Latimer and Schweizer
1951). The report states that in the event of a single flood with discharge exceeding the maximum
projected flood elevations occurring at Simmesport, Louisiana by 1,000 to 2,800 (m3/s) potentially
catastrophic results are likely to occur. The report continues by predicting that the persistence of the
natural enlargement of the Atchafalaya and Old Rivers at their current rates will result in the eventual
capture of the Mississippi River in its entirety by 1975. This capture or full avulsion will result in the
Atchafalaya River System becoming the primary channel on the Mississippi Delta encompassing the
totality of the Mississippi River’s discharge from Simmesport, Louisiana to the Gulf of Mexico (Latimer and
Schweizer 1951). In short, the U.S. Army Chief of Engineers 1950 report concludes that without the
implementation of man-made structural intervention to regulate the occurrence of a maximum probable
flood water discharge event, it would be only a matter of time before the Atchafalaya River captures the
Mississippi River in its entirety.
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The Mississippi River Commission’s proposed plan identifies the most pertinent part of the
problem as water discharge though the delta. The plan states, “Water comes primarily from precipitation
and is an act of nature and cannot as yet be controlled by man. Where it goes can be regulated by
engineering structures designed after a complete study of all conditions pertaining to the problem has
been made”(Latimer and Schweizer 1951, Vol.1, p.14). Relating to the quantity of discharge, the report
states that a great many conditions affect the discharge of an alluvial stream that carries up to ~71,000
(m3/s) [referring to the entire Mississippi River and its tributaries] and is subject to man-made structures in
addition to those imposed by nature. Aside from the natural and man-made conditions under which the
water must flow, it is estimated that discharges of ~85,000 (m3/s) [projected flood conditions] will reach
the latitude of the Old River and must be disposed of without material injury to the adjoining
territory(Latimer and Schweizer 1951).
Although the report cites dredging, for the purpose of maintaining a navigable Atchafalaya River
channel of project depth and width over sandbars, as one of the man-made conditions under which the
water must flow; it fails to clearly state which dredging project it is referring to or to clarify the affect these
dredging operations had upon the increase of water discharge partitioning observed. The existing
Atchafalaya River Navigation Project, prior to 1932, involved intermittent maintenance dredging initiated
in 1870-1874 and was confined principally to work in the Lower Old River channel and in the Atchafalaya
Bay channel at the mouth of the Atchafalaya River below Morgan City, Louisiana (Figure 2).
However, “in response to a Congressional Resolution” (Latimer and Schweizer, 1951 Vol.1, p.22),
a report was adopted that provided the creation and maintenance of a 4 m deep and 38 m wide channel
from Morgan City, Louisiana to the Mississippi River via the Old River. It is important to note that the 1950
USACE report states that channel dredging within the interior portion of the Atchafalaya River Basin,
which includes the Atchafalaya River and Atchafalaya Basin Main Channel (ABMC), recorded the
excavation of river channels with widths of up to 2,460 m wide and channel dredging depths of 11 m
below mean Gulf [sea] level (Latimer and Schweizer 1951).
The Atchafalaya Basin dredging work mentioned above began in the upper most leveed section
of the Atchafalaya River in 1932. The dredging operations were sighted as a work of major significance in
the overall improvement of the Atchafalaya River in that it has provided: (1) drainage within the basin
3

section, (2) an excellent navigation channel above Six Mile and Grand Lakes, (3) enlargement of the
restricted sections within the leveed channel and, consequently, an increase in flood-carrying capacity of
the Atchafalaya River (Latimer and Schweizer 1951). Figure 3 illustrates the areas along the Atchafalaya
River and ABMC where actual channel dredging occurred between 1932 and 1948. The dredging
Old River
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Torras, La.

Baton
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Figure 2. Atchafalaya River Basin from Old River to Gulf of Mexico. Red boxes indicate areas of
intermittent maintenance dredging prior to 1932. Dredging was initiated in 1870-1874 and was confined to
the Old River channel and the mouth of the Atchafalaya River below Morgan City, Louisiana. (Adapted
from Latimer and Schweizer, 1951 Vol. 2, Plate B1)
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Figure 3. Atchafalaya River Basin from Old River to Gulf of Mexico. Red lines indicate dredging locations
from 1932-1948 along the Atchafalaya River and ABMC. (Adapted from Latimer and Schweizer, 1951
Vol. 2, Plate B83)
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operations required to construct the proposed 4 m deep by 38 m wide channel from Morgan City,
Louisiana to the Mississippi River via the Old River channel, and the relative impact these operations had
upon the change in water discharge flowing down the Atchafalaya River from the Mississippi River has
never been investigated.
The purpose of this thesis is to investigate a possible relationship between channel dredging
operations and the observed increase of discharge flowing down the Atchafalaya River. This study
incorporates the use of a one-dimensional backwater flow modeling methodology and utilizes the
historical records of the Atchafalaya River System compiled by the USACE, prior to the construction of
the Old River Control Structure at the Mississippi River and Old River Bifurcation (MRORB). The recorded
measurements of channel cross-sectional elements will be used to assess the relative impact dredging
operations within the Atchafalaya River Basin from 1932 to 1948 had upon the observed increase of
discharge partitioning from the Mississippi River to the Atchafalaya River System.
The use of historical data as a basis for analysis, especially data collected over a time span of 80
years, gives rise to many challenges and subsequent limitations to analyses. Though many variations of
highly developed multi-dimensional models have been successfully utilized in the study of backwater
influences relating to sediment dynamics, channel bifurcations and other bathometric changes within
deltaic river systems (Edmonds 2012; Lamb et al. 2012; Chatanantavet, Lamb, and Nittrouer 2012), by
limiting the analysis to the use of historical measurements calculated via methods available prior to the
technological advances realized in the 1960’s and 70’s, a simplified flow model is preferred.
Furthermore, a one-dimensional model is best suited for this study in that it requires less data to
run a simple model. Thus, the simplified modeling method enables the use of a somewhat limited or
confined dataset and allows room for alternative means of calculation or the use of reasonable
assumptions to constrain unknown variables. The datasets used in this study were limited to the
availability of the published texts of historical engineering and geological data compiled by the Mississippi
River Commission and USACE from 1880 to 1950. Although the time range of the collective data is large,
there were significant portions of data missing. This is especially the case within the earlier date ranges of
the compiled data set.
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Enough viable data was available to run three separate one-dimensional backwater flow models
to quantitatively compare water discharge partitioning at the bifurcation of the Atchafalaya and Mississippi
River Systems. The influence of channel dredging is measured by comparing the calculated flow partition
percentages from a control model developed under the 1916-17 Pre-Dredging river conditions to the flow
partition percentages of a simulated 1916-17 Proposed Dredge model that is created by imposing a
channel bed dredge having a minimum channel bed elevation depth of 4 m below mean sea level. This
study will show that the impact of dredging on the Atchafalaya River channel resulted in an increase in
discharge partitioning of +10% from the Mississippi River to the Atchafalaya River, similar to the changes
measured by the USACE.
A. Basis of Research Hypothesis
Figure 4 and Table 1 were taken from the USACE 1951 report and illustrate the percentage
increase of the Atchafalaya River’s total flow at the latitude of the Old River. Table 1 indicates 17.2% of
the total Mississippi River discharge flowed down the Atchafalaya River between 1882 and 1910. By
1950, the total discharge down the Atchafalaya River had increased to 30%. By 1960 (by extrapolation of
the curve), it was predicted to reach approximately 40% of the total discharge of the Mississippi River
above Red River Landing at the latitude of the Old River (Latimer and Schweizer 1951)
Based on the initial observations in Figure 4, the drastic increase of Atchafalaya River percentage
flow curve’s slope from 1925 to 1950; combined with the initiation of additional dredging operations and
subsequent removal of ~17,000,000 m3 of channel sediment from the leveed section of the Atchafalaya
River between 1932 and 1948 (Latimer and Schweizer 1951), it is reasonable to hypothesize that these
dredging operations would increase the channel flow capacity of the Atchafalaya River System by
increasing the cross-sectional area of the channel under bankfull conditions. This increase of flow
capacity could have a significant role in the proliferation of the partial avulsion of the Mississippi River to
the Atchafalaya River thus warranting further investigation.
The available engineering and geological data from the published texts of the Atchafalaya River
Study, which includes river channel plans, profiles, cross-sections, tables, charts and diagrams within the
official USACE 1951 reports, were converted into digital format. The digitized data from each year of the
Old River and Atchafalaya River surveys were entered into a one-dimensional backwater flow model of
7

the Atchafalaya and Mississippi River Systems. Each model was created for the purpose of re-creating
the historically observed flow partition percentage based on the historical total Mississippi River discharge
quantities determined above the MRORB.
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Figure 4 illustrates the percentage flow down the Atchafalaya River attributed to Mississippi River
discharge flowing through the Old River channel. The calculations are based on the sum of the
Mississippi River discharge measurements recorded below the confluence of the Old River at Red River
Landing, Louisiana and the Atchafalaya River discharge measurements recorded at Simmesport,
Louisiana. The USACE reports do not indicate if the data used in the development of this graph accounts
for the additional discharge received from the Red River which enters the Atchafalaya River System ~8
km upstream from Simmesport, Louisiana. (Adapted from Latimer and Schweizer, 1951 Vol. 2 Plate 17)
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Table 1. Flow Increase Down the Atchafalaya River at Simmesport, Louisiana
(from Latimer & Schweizer, 1951 Vol. 2, Plate 17)
Period or Year

Percent Increase

1882 to 1910

17.2

Commencing 1910

0.0

1915

0.3

Percent Increase
5 Year Period

Percent of Total Flow at
Latitude of Old River

17.2
0.3
0.4

1920

0.7
0.9

1925

1.6
1.2

1930

2.6
2.0

1935

4.8
2.0

1940

6.8
2.8

1945

9.6
3.5

1950

13.1
4.7

Est. 1955

17.8
5.0

Est. 1960

22.8

Increase 1910-1960
Total Increase to
1960

22.8
40.0

Table 1 consists of percentage increase values of measured flow down the Atchafalaya River for a given
year, 5 year period, and total date range from 1910 to 1960. This table was taken from Latimer and
Schweizer, 1951. Vol. 2, Plate 17 and corresponds with the adapted graphical representation in Figure 4.

In all, three Atchafalaya River backwater flow models were developed and resolve the flow
partition percentages of the Mississippi and Atchafalaya Rivers below the MRORB during their specified
time period. A 1916-17 flow model which represents the Atchafalaya River under Pre-Dredging
conditions, a 1950 flow model representing the Atchafalaya River under Post-Dredging conditions, and a
1916-17 Proposed Dredging model used to simulate the impact of channel dredging on changes in
discharge partitioning. The data obtained from the backwater flow models was compared to the
9

measurements obtained from the USACE published reports and each model incorporates the calculation
of historically measured discharges for each model year outlined in the Mississippi River Commission’s
1950 official report. The use of two data sets from the 1916-17 and 1950 surveys is sufficient to test the
effects of dredging operations upon the Atchafalaya and Mississippi River Systems, in that they
encompass the 1932-1948 date range of dredging operations within the Atchafalaya River Basin.
B. Origin of the Atchafalaya River Study
The Great Mississippi Flood of 1927 is considered to be the most destructive flood in United
States’ history, resulting in the inundation of 67,000 km 2 in up to 9 m of flood water from Illinois to
Louisiana (Barry 1997). The flood displaced over 700,000 people killing 246, and resulted in total property
loss that exceeded all previous Mississippi River floods combined (U.S. Army Corps of Engineers 2002).
Mississippi, Arkansas and Louisiana were the states most affected by the failure of levee systems put in
place during the late nineteenth and early twentieth centuries prior to the 1927 flood. It was estimated that
36% of agricultural lands and 29% of the local populations throughout the three states were affected,
resulting in $400 million dollars in property damage, a 2015 equivalent of $5.45 billion dollars (“US
Inflation Calculator” 2016). Ironically, this disaster occurred after the Chief of the Army Corps of Engineers
officially stated in his annual report prior to the flood of 1927, that “the Lower Mississippi River Valley
levee systems were finally in condition to prevent the destructive effect of floods” (Barry 1997).
In response to the flood of 1927, the U.S. government passed The Flood Control Act of 1928 that
authorized the USACE to design and construct flood controls along the Lower Mississippi River and its
tributaries. Section 8 of The Flood Control Act of 1928, under the direction and supervision of the U.S.
Secretary of War and the U.S. Army Chief of Engineering, directed the Mississippi River Commission to
prepare an engineering and geologic study of the rate and extent of the enlargement of the Atchafalaya
River and its connecting link to the Mississippi River, the Old River. The original objective of this study,
known as “The Atchafalaya River Study”, was to develop a plan for controlling the maximum probable
flood discharge in the Lower Mississippi Valley, estimated to be a maximum of 85,000 (m 3/s) total
Mississippi River discharge at the latitude of the Old River. At the conclusion of the Atchafalaya River
Study, three volumes of engineering and geological data and formal technical reports were published and
10

utilized to support the development of control structures within the Atchafalaya River Basin and
neighboring areas.
C. Relevant Terminology
Definition of Avulsion
An avulsion is defined as the abandonment of part or the whole of a river channel in favor of a
new channel course (Stouthamer 2014). The process can be further described as water flow being
diverted out of an established river channel into a new channel course; usually onto an adjacent
floodplain. Although the term is usually intended for major discharge departures that result in an entirely
new channel, it is sometimes used in reference to short-term flow switching within braided channels or
cut-offs of meander bends (Slingerland and Smith 2004). Earlier texts such as Fisk, (1945) and Latimer
and Schweitzer, (1951) utilize the term “diversion” or “capture” to describe the historical and predicted
avulsions of the Mississippi River. In this respect, avulsion, diversion and capture should be considered
as synonymous terms for the purpose of this study.
Avulsion Mechanics
Avulsions relate to a variety of physical and temporal features associated with the diverted flow of
channelized discharge. The parent channel is the original or established channel that flow is diverted from
and the resulting channel to which the flow is directed is known as the avulsion channel (Figure 5.A). In
general, avulsions may be classified as either full avulsions (Figure 5.B), in which all flow is transferred
out of the parent channel resulting in total abandonment of the parent channel downstream of the
diversion site; or partial avulsions, where only a portion of the flow is transferred which can lead to the
formation of new channels that coexist with the parent or established channel (Slingerland and Smith
2004).
Additional supplementary terms such as nodal vs. random and local vs. regional avulsions are
used to further classify avulsion behavior. Nodal avulsions (Figure 5.C) are recurring events that originate
from a relatively fixed area of a floodplain, e.g., at the apex of an alluvial fan, whereas random avulsions
may occur anywhere along an active channel system (Leeder 1978). A local avulsion (Figure 5.E) is one
that forms a new channel that rejoins its parent channel downstream; a regional avulsion (Figure 5.F),
implicitly a larger scale event, affects the location of the channel everywhere downstream from the site of
11

origin (Heller and Paola 1996). It is important to note that these terms are not mutually exclusive for any
given flood plain as avulsions are commonly hierarchal in nature, in that upstream channel divergence
(either full or partial) may develop new channel systems that undergo numerous smaller avulsions as the
system evolves throughout the entire area of a floodplain, or avulsion belt (Smith et al. 1989).
Furthermore, regional avulsions occurring in areas where significant new deposition persists, a
sequence of four avulsion stages evolve. The initial avulsion stage results in the creation of multiple new
splays and channels, the rate of new splay and channel development then becomes relatively balanced
as the anastomosis stage occurs via the abandonment of old splays and channels (Smith et al. 1989).
After the area of the new floodplain is confined, the rate of splay and channel abandonment exceeds the
rate of new channel formation resulting in channel flow becoming captured by a smaller number of
increasingly larger channels during the reversion stage. Eventually, the system returns to a singlechannel stage which completes the avulsion sequence and initiates the development of a new alluvial
ridge.
In the case of the Atchafalaya and Mississippi Rivers, the style of the predicted avulsion is
characteristic of a regional avulsion, where the diverted flow does not quickly merge with another active
channel (Smith et al. 1989). Previous analyses of regional avulsions show that as sediment deposition
continues within the parent channel below the avulsion bifurcation, the regional avulsion can change to a
progradational style of avulsion, which in turn compromises the parent channel’s ability to contain the full
discharge of the channel system below the avulsion bifurcation (Smith et al. 1998). As further
progradation persists, the parent channel’s flow discharge continues to decline, an occurrence that is
similar to the measured decline in Mississippi River discharge below the MRORB in the early 1900’s
(Latimer and Schweizer 1951). As the decline in flow discharge within the parent channel persists, the
resulting partial avulsion can evolve into a full avulsion, similar to the existing partial avulsion of the
Mississippi River into the Atchafalaya Basin at the MRORB (Tye and Coleman 1989a; Tye and Coleman
1989b).
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Figure 5. Sketches illustrating avulsion terminology. Solid lines indicate active channels; dashed lines
indicate abandoned channels. As of the 1950 USACE report, the Mississippi and Old River Systems are
characteristic of a partial avulsion illustrated in Figure 4.A. Figure 4.B represents the predicted full
avulsion of the Mississippi River, if no intervention occurs. (Adapted from Slingerland and Smith, 2004)
Natural vs. Human Causation for Avulsion
There have been numerous studies regarding the geological and geomorphological influences of
channel avulsion events. Evidence cited in most published works regarding avulsions is commonly
derived from the study of modern river systems or from abandoned channel belts on Holocene flood
plains (Bridge and Leeder 1979; Mackey and Bridge 1995; Smith and Rogers 1999). The relationships of
avulsion frequency to that of sediment fluctuations, base-level changes, tectonism and climate change
have been extensively studied and have allowed for a progressive evolution of theoretical models
presenting a more accurate representation of avulsion processes. Although there continues to be debate
regarding the specific trigger of a specific avulsion event, due to the complexities and unique
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characteristics of every channel system, some reoccurring aspects, such as the observation that most
avulsions usually occur during flood periods, can be found within the texts cited above.
In order to evaluate the influences of man-made structures and alterations to channel systems
(i.e. the development of levee systems and river channel dredging), I hypothesize that the occurrence of
Mississippi River discharge capacity reduction below the MRORB is a result of the intentional or
unintentional human-influenced diversion of a significant portion of discharge volume via channel
dredging of the Atchafalaya River. The enlargement of the Atchafalaya River’s channel discharge
capacity, via the removal of ~17 million m 3 of sediment form the upper most leveed section of the
Atchafalaya River between 1932 and 1948 (Latimer and Schweizer 1951), could facilitate the measured
decrease in channel discharge volume from the Mississippi River. This decrease in discharge volume
would lead to a decrease in channel bed slope. In turn, the otherwise natural aggradation processes of
the Mississippi would be expedited, which is similar to the increased base-level and increased avulsion
frequency relationship observed in the Rhine-Meuse delta (Stouthamer and Berendsen 2000).
In any case, it is recognized that sediment dynamics and other natural geological processes have
significant roles in the continual evolution of alluvial river systems, though the primary focus of this study
is to assess effects of human influences upon a river system. Thus, sedimentation dynamics and
aggradational responses to discharge changes will not be considered. This study strictly adheres to
analysis of the measurable discharge changes in partitioning from the Mississippi parent channel to the
Atchafalaya avulsion channel and the potential influences of channel dredging upon the discharge
behavior of the avulsion system of both rivers.
II. Methods
The objective of this study is to quantify the proportion of discharge partition flow through the
Mississippi and Atchafalaya River Systems occurring at the MRORB. This study uses the following onedimensional backwater flow model representing the Mississippi and Atchafalaya rivers below the MRORB
and resolves water discharge partitioning by holding the water surface elevations for each channel
system equal at the bifurcation location.
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A. One-Dimensional Backwater Flow Model
The hydraulic model for river channel flow is based on the conservation of fluid mass and the
momentum for a depth-averaged, gradually varied flow in the stream wise direction (e.g. Chow, 1959).
Each of the three models presented here will simulate the flow partitioning of a single river channel’s total
discharge (i.e. total discharge of the Mississippi River above the MRORB), bifurcating into two separate
river channels (i.e. Mississippi and Atchafalaya Rivers below the MRORB) illustrated in Figure 6. The
one-dimensional backwater flow model equation used for each river channel adapted from Chow, (1959)
is as follows:

𝛥𝐻
𝛥𝑥

=

𝛥ƞ
−𝛥𝑥−𝐶𝑓 𝐹2
(1−𝐹2 )

(1)

where H = Z – ƞ is the channel flow depth (m), Z is the bank-full water surface elevation (m) above mean
sea level and ƞ is the channel bed elevation (m). x is the measured distance in the downstream direction
(m), Cf is the dimensionless coefficient of friction and F is the Froude number. The Froude number is
calculated by the equation

𝐹=(

𝑈2
𝑔𝐻

1/2

)

(2)

where g is the acceleration due to gravity (m/s2) and U is the flow velocity (m/s) in the x direction and is
calculated by the equation

𝑈=

𝑄

(3)

𝐴

where Q is the measurement of water discharge (m 3/s) and A = WH is the cross-sectional area of the
channel (m2) measured as the product of the channel width W (m) and the channel flow depth H (m).
To effectively run the one-dimensional back water flow model, the required measured crosssectional elements from each river channel system consists of the (1) measured channel bed elevation
(ƞ) represented by either a thalweg depth (maximum depth measurements for each cross-sectional
profile; usually below mean sea level) or depth-averaged channel bed elevation, (2) a measured channel
width (W) at a specified water surface elevation for each channel cross-section, and (3) a measured
downstream distance (x) from the initial channel bifurcation. The measured distance (x) for each channel
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increases from the initial upstream starting point at the MRORB, where xi = 0, and continues downstream
to a final cross section at the end of the channel, where x = xf.
Each backwater flow model will utilize measured cross-sectional elements from the Atchafalaya
River and Mississippi River data sets. The flow model initially calculates the discharge partition
percentages flowing from the furthest downstream cross section at xf and continues upstream through
each channel ending at the MRORB, where xi = 0. The determination of a representative modeled flow
partition percentage depends upon an equivalent value of the Atchafalaya River and Mississippi River
Systems modeled water surface elevations (Z) at the MRORB. However, it should be noted that more
traditional one-dimensional models used in other studies (Lamb et al. 2012) strictly model backwater flow
through a single thread-like channel and state that a one-dimensional model cannot accurately simulate
downstream flow through an additional downstream bifurcation.
To clarify this statement, one-dimensional models could potentially simulate downstream flow
through an additional downstream bifurcation, though it would require an additional flow model to be
incorporated within the channel system at the point where the second bifurcation occurs, thus increasing
the complexity of the model. That being said, for the purpose of this study the use of a simplified onedimensional model will be retained and in the occurrence of an additional downstream bifurcation, in
either of the two channel systems, the flow through the downstream bifurcation will not be resolved.
B. Boundary Conditions & Model Assumptions
The boundary conditions for the Atchafalaya River System were derived from Latimer and
Schweizer (1951). The Mississippi River System boundary conditions were derived from the USACE
1974-75 data set used by Lamb et al. (2012). For the purpose of this study, the following assumptions
and boundary conditions are required for the one-dimensional backwater flow model.
(1) The total upstream discharge into the system (Qi) is retained throughout the entire two channel
system. For the modeled total discharge range of 18,000 (m3/s) to 30,000 (m3/s) run in each model,
occurrences of discharge loss from overbank floodplain flow, or additional discharge quantities gained
from adjoining channels downstream (i.e. the Red River) are disregarded. Therefore, the initial
discharge measured above the bifurcation (Qi) is equal to the sum of Mississippi River discharge (Q1)
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and Atchafalaya River discharge (Q2), which is equivalent to the final downstream discharge (Qf)
illustrated in Figure 6.

Figure 6. Conservation of Total Model Discharge

MRORB

Q1

Qi

Q2

Qi = Q1 + Q2

Figure 6 illustrates the conservation of the total discharge of the Mississippi River above the bifurcation at
Old River (Qi) through both channel systems (Q1, Q2) to the final measured downstream distance.

(2) The Atchafalaya River and Mississippi River distances used in each model begin at the MRORB
where xi = 0. The total distances of the 1916-17 and 1950 Atchafalaya River System surveys are
adjusted to include the Old River and Atchafalaya River as a single channel system. (2.a) Both the
Mississippi River System and Atchafalaya River System are measured to their respective final
downstream distance (xf). (2.b) In the event a downstream bifurcation occurs, the last measured
cross section upstream of the second bifurcation will represent the final distance downstream for the
respective channel (Lamb et al. 2012). (Figure 7) This assumption greatly simplifies both the
Atchafalaya River and Mississippi River Systems and will be discussed in greater detail within Section
C. pertaining to the collection of data for the Atchafalaya and Mississippi River Systems. Lastly, (2.c)
the initial downstream distance value used in the first calculation of the flow model will be an
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assumed downstream distance of 0.00001m further downstream from the final channel cross section
at xf. This is necessary for the model to be stabilized.

Figure 7. Adjustment of Total Distance Downstream

x = xf

MRORB

xi = 0
x = xf

Figure 7 illustrates the occurrence of a second bifurcation within the Atchafalaya River System channel.
The one dimensional model used in this study does not resolve flow through an additional downstream
bifurcation. Thus we must constrain the final distance downstream x = xf to be the final measure cross
section above the occurrence of the additional downstream channel bifurcation.

(3) The initial water surface elevation value (Z) used in the first calculation of the flow model, will equal
the measured water surface elevation (Z) for each river system at their final downstream distance (xf),
with respect to assumption (2.a). This approach is similar to the method discussed in Lamb et al.
(2012) to account for variations in water surface elevations at river mouths. The boundary conditions
for each model channel system and their respective water surface elevations (Z) at a given
historically measured discharge or range of discharges can be found in Table 2.
(4) The channel bed elevation (ƞ) for each river system below the bifurcation will be a representation of
the measured channel bed elevation (ƞ) at each measured cross section. The resulting channel bed
slope will be calculated as the change in channel bed elevation between two consecutively measured
18

cross-sections in the streamwise direction. Similar to assumption (3), the initial channel bed elevation
(ƞ) value used in the first calculation of the flow model, will equal the measured channel bed elevation
(ƞ) the final downstream cross section, will equal the final measured channel bed elevation (ƞ) for
each river system at their final downstream distance (xf), with respect to assumption (2.a). Use of the
same bed elevation for the first calculation of the model, is not expected to impact the modeled bed
slope due to minute changes in downstream distance resulting from assumption (2.c).
(5) The dimensionless coefficient of friction (Cf) is assumed to be a constant friction factor for both
channel systems, where Cf = 2 x 10-3 (Wright and Parker 2004). This number has been shown to
accurately represent the typical value for large lowland river systems (Parker et al. 2007) and has
been used by Chatanantavet, Lamb, and Nittrouer (2012); and Lamb et al. (2012) in their modeling
studies of the Lower Mississippi River.
(6) The measured channel width (W) for each cross section, measured at a specified water surface
elevation (Z), will represent both the top channel width and the lower channel bed width. This
assumes geometry of a rectangular channel for each cross-section profile measured.
C. Data Collection
Two data sets are used in the creation of each backwater flow model. The first data set consists
of the measured cross-sectional elements of the Mississippi River System; while the second data set
combines the measured cross-sectional elements of both the Atchafalaya River and Old River into a
single Atchafalaya River System.
Mississippi River Data
The Mississippi River data set, acquired by the USACE surveys conducted in 1974-75 (Lamb et
al. 2012), contains the measured channel cross-sections spaced every 250 to 400 m, adjusted to the
downstream distances below the MRORB. In regard to model assumption (2.b) above, the Mississippi
River data set starts at the MRORB and continues downstream to the “Head of Passes” (Figure 8), where
the Mississippi River bifurcates into four main branches (Lamb et al. 2012). This reduces the Mississippi
River System data set’s total downstream distance to 502 km by excluding the lower ~ 20 km of channel
downstream from the “Head of Passes” to the Gulf of Mexico.
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MRORB
xi = 0 km

Louisiana

Mississippi

Baton Rouge, La.

New
Orleans, La.

Morgan City, La.

Head of Passes
xf = 502 km
N
30 km

Gulf of Mexico

Figure 8 illustrates the total downstream distance of the Mississippi River data sets from the Old River
bifurcation (xi = 0 km) to the Head of Passes (xf = 502 km). (Adapted from Latimer and Schweizer, 1951
Vol. 2, Plate B2)
While the Mississippi River data was collected ~25 years after the latest Atchafalaya River Study
data set of 1950, this thesis study uses it because it was readily available. Furthermore, utilizing one
Mississippi River data set means that all changes between models can be attributed entirely to changes
within the Atchafalaya River System.
Atchafalaya River & Old River Data
Over a two year period, the published engineering and geological data contained in Volumes 2 &
3 of Latimer and Schweitzer (1950) were systematically converted into digital format. Data from Volume 2
consisted of 152 pages of relevant charts, graphs, plates, sedimentation range locations, cross sectional
channel profiles, dredging locations, aerial surveys, river mileage locations, periods, reach diagrams and
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other illustrations from surveys conducted between 1880 and 1950. Volume 3, Appendix B consisted of
52 tables of data related to development of most, but not all of the elements found in Volume 2. High
resolution digital photographic images of all 152 pages of Vol. 2 were taken and retained for the purpose
of extracting channel data and graphical images relevant to the development of modern digital figures and
data points unavailable or omitted from table data in Vol. 3.
The dates of the available surveys were 1880, 1905, 1910, 1916-17, 1932, 1936, 1938, 1942,
and 1950. For each year, I digitized as many points as possible along the Old River Channel, Atchafalaya
River Channel, and Atchafalaya River Basin Main Channel. I cannot emphasize enough the extensive
number of man hours devoted, the painstaking commitment and attention to detail required to accurately
convert the cross-sectional channel profiles, thalweg depths of each channel reach, water surface
elevations, and combined river mileage conversion differences for each data point and data collection
location related to each survey year. Once the digitization of the data was complete, it was manually
entered, organized, compiled and then converted from U.S standard measurement units to metric units in
45 Microsoft Excel files. These digitized datasets are available as supplementary materials to this thesis.
After all the relevant Atchafalaya River Study data sets were compiled, each survey year was
reviewed to ensure that the corresponding channel cross-sections ran consecutively downstream and
possessed the necessary cross-sectional elements required to run the model listed above in Methods
section A. Of the nine survey time periods, only the 1916-17 survey and the 1950 survey data sets were
initially found to be suitable for modeling purposes. Consequently, three additional channel bifurcations
were found to occur downstream of the MRORB within the Atchafalaya River System channel (Figure 9).
This resulted in a reduction of the cross-sectional data points for both the 1916-17 and 1950 data sets.
The furthest downstream bifurcation was a natural bifurcation occurring downstream of
Atchafalaya River cross section R-AR 3.0 (Figure 9), which reduced the 1916-17 data set to a total of 40
consecutive cross-sections. The two other bifurcations were man-made and occurred upstream of R-AR
3.0. The first was Butte La Rose Cut-Off created in 1932 and the second was the Atchafalaya Basin Main
Channel (ABMC) created in 1935 (Figure 9). Both of these man-made bifurcations occur downstream of
Atchafalaya River cross section R-636 (Figure 9). Neither the ABMC nor the Butte La Rose Cut-Off
bifurcations reduced the ability to use the cross-sectional data points between R-636 and R-AR 3.0 for
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the 1916-17 model, but did significantly reduce the 1950 data set to 35 viable consecutive cross-sections.
The total downstream distance from the MRORB to the last viable Atchafalaya River cross section for
each survey year as well as the total number of viable cross-sections for the 1916-17 and 1950 surveys
can be found in Table 2.
Calculation of Distance Downstream from Bifurcation
Over a range of 33 years, the USACE conducted periodic river surveys measuring the channel
lengths of the Old River and Atchafalaya River. The Old River was surveyed in 1930 and 1950. The
Atchafalaya River surveys were conducted in 1916-17 and 1950. In order to represent the Old River and
Atchafalaya River as a single channel system with consecutive distances between each measured crosssection, the Atchafalaya River survey distances were combined with the Old River channel
measurements to yield a combined total distance downstream. The result is an Atchafalaya River System
having all data points originating from the confluence of the Mississippi and Old Rivers at xi = 0.0 km.
For example, the 1916-17 distance survey at the headwaters of the Atchafalaya River at Reach
No. 0 is assumed to be equivalent to the 1930 survey of Old River’s final downstream distance of 11.9
km. The 1950 Atchafalaya River survey distances were combined with the Old River’s 1950 survey
distances. Overall, in comparing the total downstream distances of the 1916-17 and 1950 surveys in
Table 2, from the MRORB to Atchafalaya River cross section R-636, the Atchafalaya River was 6.25 km
shorter in 1950 than in 1916-17, a reduction of ~ 6.0%.
Table 2. Atchafalaya (Atch.) River & Mississippi (Miss.) River Systems Model Boundary Conditions
Total
Bed
Data Set
W.S. Elevation Discharge
Channel Range
Number of
Distance
Elevation
xf (km)
Z(m) at xf
Q (m3/s)
ƞ (m) at xf
(Year)
MRORB to…
Cross-Sect.
Atch. River
1916-17
Atch. River
1916-17
Miss. River
1974-75
Atch. River
1950
Miss. River
1974-75

118.82*

4.10

18,000

-9.20

R-AR 3.0

40

103.42

6.56

18,000

-4.22

R-636

35

502.00

0.50

15-20,000

-11.98

Head of Passes

1670

97.17*

9.48

25,000

-10.08

R-636

35

502.00

0.84

25-30,000

-11.98

Head of Passes

1670

* Combined distance of Old River & Atchafalaya River starting at MRORB xi = 0.0 km.
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Red River

Old River
MRORB

Simmesport, La.

Red River Landing, La.
Torras, La.

Mississippi River

Melville, La.

Krotz Springs, La.
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N

10 km

Atchafalaya Basin
Main Channel (ABMC)
(1935)

R-AR 3.0

Butte La Rose Cut-Off
(1932)

Figure 9 illustrates the downstream locations of final downstream cross-sectional data point locations for
both the 1916-17 model (R-AR 3.0) and the 1950 model (R-636) due to the occurrence of secondary
bifurcations. The first reach of the Atchafalaya Basin Main Channel (ABMC) also known as the “Whiskey
Bay Pilot Channel” (Figure 16) was constructed in 1935 below cross section R-636. (Adapted from
Latimer and Schweizer, 1951 Vol. 2, Plate B1)
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Analysis of Recorded Bankfull Water Surface Elevations
The Atchafalaya River and Old River cross section profiles mirror a cut across the river channel
perpendicular to the downstream flow direction, and thus representing an equal distribution of water
surface elevation across the entire section. After the cross-sectional elements from the Atchafalaya River
Study were digitized, irregularities within the USACE 1950 measurements of bankfull water surface
elevation were found. Figure 10 illustrates the difference in the 1950 measured bankfull water surface
elevations, which occurs downstream from the Atchafalaya River cross section R-636 at ~ 97 km
downstream from the MRORB. The apparent change in the bankfull water surface method of calculation
occurs in conjunction with the introduction of the ABMC man-made bifurcation of downstream of
Atchafalaya River cross section R-636 (Figure 9).

Water Surface Elevation (Z) in Meters
Above Mean Sea Level

16

Atchafalaya and Old River
Bank Full Water Surface Elevations
Measured by the USACOE
1950

14
12
10
8
6
4
2
0
0

20

40
60
80
100
Distance (km) Downstream from MRORB

120

140

Figure 10 illustrates the Corps of Engineers apparent change in criteria for determining the bankfull water
surface elevation. Each data point represents a bankfull water surface elevation recorded in the Corp of
Engineers’ 1950 survey of the Atchafalaya and Old River channels. Downstream of channel cross section
R-636 (Figure 9), an additional channel was dredged in 1935 which split the Atchafalaya River channel
into two separate river channels, the earlier or “Original” Atchafalaya River channel and the Atchafalaya
Basin Main Channel (ABMC). As a result of the USACE bankfull water surface elevation inconsistencies,
the water surface elevation Z(m) for each cross section was digitally quantified by measuring the distance
from mean sea level = 0.0 (m) to the top bank elevation above mean sea level for both the 1916-17 and
1950 cross-sections.
The cause of the bankfull water surface elevation measurement irregularities is not fully known,
as the USACE reports do not specifically address the method of calculation or definite criteria for the
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basis of their bankfull measurements. However, it is noted in a 1945 letter from USACE Brig. Gen. Hans
Kramer to USACE Brig. Gen. M.C. Tyler (President of the Mississippi River Commission) regarding the
bankfull measurements at Red River Landing, Louisiana, that “the bankfull measurements used to
determine the necessary controls of bankfull discharges below the point of the Old River diversion are
somewhat erratic and inconsistent and are therefore susceptible to varying interpretations” (Latimer and
Schweizer 1951, Vol.1, D32). Whether the measurement irregularities are a result of two different survey
teams utilizing differing methods or simply a result of clerical errors, the need to standardize the
measurement of bankfull water surface elevations for our modeling purpose was evident. Since the
measurement of channel width (W) is dependent upon the measurement of bankfull water surface
elevation (Z), alternative methods of calculating the cross-sectional elements of each channel cross
section were explored.
Calculation of the Cross-Sectional Elements
The initial calculation of each flow model requires the input of a measured total discharge (Qi), a
measured channel bed elevation (ƞ), and a measured channel width (W) at a specified water surface
elevation (Z) for each cross-sectional channel profile measured at distance downstream (x) from MRORB.
Due to the irregularities of the recorded bankfull water surface elevations discussed above, alternative
methods of calculating the cross-sectional elements will be addressed. The calculations of the total
discharge of the Mississippi River above the MRORB (Qi) will be discussed in the section to follow.
The cross-sectional elements of each channel cross section can be calculated in two ways and
each method of calculation effects the partitioning results. Both methods of calculation utilized the
recorded data acquired by the USACE and assume a channel profile having a rectangular geometry with
respect to assumption (6).
In calculation Method I, the channel bed elevations measured along the Atchafalaya River and
Old River channels are the thalweg depths. Use of the thalweg channel depths to calculate the modeled
cross-sectional area (A) results in a modeled cross-sectional area measurement greater than the actual
channel profile area. This is due to calculation Method I assuming a rectangular channel geometry, which
retains the measured top channel width (W) at a measure water surface elevation (Z) illustrated in Figure
11.A.
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Method I Cross Section Profile
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Figure 11.A illustrates the method used for calculation of river channel cross-sectional area (A = W H)
based on the USACE data, where the calculation for flow depth (H) is the sum of the channel bed
elevation (ƞ) measured as the thalweg or maximum depth and the bankfull water surface elevation (Z).
Figure 11.B illustrates the depth-averaged channel bed elevation (ƞ) calculated by measuring the crosssectional area of the natural channel profile relative to adjusted channel width (W) and the adjusted
bankfull water surface elevation (Z). The adjusted bankfull water surface elevation was based on the
technical definition of “bankfull” defined as the point at which the flow just begins to enter the active
floodplain. (Leopold 1994)
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Alternatively, the channel bed elevation (ƞ) can be calculated if the measured cross-sectional
area (A), and top channel width (W) at a specified water surface elevation (Z) are known. This method is
referred to as calculation Method II.
Method II also assumes a rectangular channel cross-sectional profile, yet the calculated area is
equivalent to the actual cross-sectional area of the natural channel profile. Due to the bankfull water
surface elevation differences illustrated in Figure 10 and the lack of supporting documentation of the
bankfull measurement criteria within the USACE records mentions above, the digital measurements of
each channel cross section profile were collected.
The data for each cross section was acquired by digitally tracing each channel profile. This
allowed for a new calculation of the top channel width (W) based on the Leopold (1994) definition of
bankfull water surface elevation as the point at which the water flow begins to enter the active floodplain.
The process of determining the new bankfull elevation was dependent on which channel bank, from a
given cross section, had the lowest elevation. Once the new bankfull elevation was determined, a new
calculated top channel width (W) was also realized. Next, the area above the digitized cross-sectional
curve up to the new bankfull water surface elevation was calculated. This calculation yields a true
representation of the cross-sectional area (A) of each channel profile based on the formal definition of
bankfull water surface elevation. Finally, the cross-sectional area was divided by the calculated top
channel width (W) to determine the width-averaged flow depth (H).
Since the water surface elevation (by definition) is known and the width-averaged flow depth was
calculated, the new channel bed elevation (ƞ) could be determined by subtracting the water surface
elevation from the width-averaged flow depth. The result is a depth-averaged channel bed elevation (ƞ)
representing a true channel cross-sectional area of rectangular geometry measured at a defined bankfull
water surface elevation (Figure 11.B). By comparison, the two methods of calculating the cross-sectional
elements illustrated in Figure 11.A and 11.B show a distinct difference in channel bed elevations and
cross-sectional areas in relation to the natural profile of the channel cross-section. Figures 12.A and 12.B
show a 1950 cross-sectional profile image of R-636 taken from the Atchafalaya River Study (12.B)
compared to a digitized graph of the same cross section adjusted to Method II calculations (12.A).
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Figure 12.A is a digitized representation of Atchafalaya River channel cross section R-636. Figure 12.B is an adapted image of Atchafalaya River
channel cross section R-636 from Latimer and Schweitzer, (1951) Vol. 1 Plate B21. The image represents the 1950 survey channel cross section
with the original X & Y gridlines with the overlying surveys from 1880-1938 removed, the numerical values of the X & Y coordinates converted to
metric units, and title captions changed. Comparison of the water surface elevations (Z) shows a 4.24 m difference between the USACE 1950
bankfull measurement (12.B) and the bankfull measurement of Method II which utilizes a bankfull water surface elevation by definition (12.A).
Cross-section R-636 was the last bankfull measurement before the erratic jump in the downstream section of Figure 10. By using Method II to
calculate the cross-sectional elements of both the 1916-17 and 1950 model data sets, the flow model yields a better representation of the
measured top channel width (W) and the modeled cross-sectional area (A) calculated from the depth-averaged channel bed elevation (ƞ) which
we calculated from the actual cross-sectional area of the true channel profile. The area of the light blue rectangle (12.A) is equal to the crosssectional area of the natural channel profile up to the top channel width (W) at bankfull water surface elevation.

Calculating the Total Mississippi River Discharge above Bifurcation
The Atchafalaya River Study has extensive information regarding discharge quantities at various
river gauge stations throughout the survey area. The USACE calculated the total Mississippi River
discharge above the MRORB by combining the river gauge measurements of the Mississippi River’s
downstream discharge at Red River Landing, Louisiana (Figure 9) with the Atchafalaya River’s discharge
at Simmesport, Louisiana (Figure 9). The sum of both discharges were used to illustrate Figure 4,
representing the increase in total discharge percentages flowing down the Atchafalaya River from 1910
and extrapolated to 1960. This calculation method does not accurately represent the percentage of the
total Mississippi River discharge above the MRORB that enters the Atchafalaya River via the Old River
channel. The discharge measurements at Simmesport, Louisiana include both the Old River discharge
(that received from the Mississippi River) and Red River discharge that enters the Atchafalaya River
channel ~ 8 km upstream from the Simmesport, Louisiana gauge.
In order to determine the total discharge of the Mississippi River (Qi) immediately above the
MRORB, the annual discharge measurements of the Mississippi River’s flow through Old River channel
recorded at the Torras, Louisiana (Figure 9) gauge located ~1.5 km downstream from the MRORB were
utilized. By combining the measured Old River discharges of 1950 (~5,500 m 3/s) and 1916-17 (~1,900
m3/s) recorded at the Torras, Louisiana gauge (Q2) and the downstream Mississippi River discharges of
1950 (~19,700 m3/s) and 1916-17 (~16,400 m3/s) recorded at Red River Landing, Louisiana (Q1) a more
accurate representation of the total Mississippi River discharge (Qi) above the MRORB can be achieved.
For modeling purpose, the Red River discharge entering the Atchafalaya River channel will be ignored
due to insufficient records prior to 1928 and its relative insignificance compared to the discharge of the
Mississippi River (Edmonds 2012). The measurements of the total Mississippi River discharge above the
MRORB (Qi) and the partition percentages attributed to Mississippi River flowing down the Atchafalaya
River System can be found in Table 3.
For modeling purposes, the flow regime of both the Atchafalaya and Mississippi River Systems is
constrained by the available mean annual discharge measurements recorded at both the Red River
Landing, Louisiana (Q1) and Torras, Louisiana river gauges (Q2). The flow for both the Atchafalaya and
Mississippi River System channels, below the MRORB, assumes a steady flow, where flow velocities
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experience no change in magnitude or direction in relation to time at each measured distance throughout
each river system. Thereby, we are neglecting turbulent fluctuations in the downstream flow regime.
Downstream changes in the modeled flow velocity (U) are directly influenced by the modeled discharge
quantity (Q1 or Q2) and the modeled cross-sectional area (A).
The calculated total discharge of the Mississippi River and the calculated percentage flow through
each channel system below the MRORB for a given survey year (1950 & 1916-17) was used as a
standard reference for the modeled flow partition percentages down the Atchafalaya River. A range of
total discharges above the MRORB (Qi) from 18,000 (m3/s) to 30,000 (m3/s) were used in each model.
The actual measured discharges of 1916-17 and 1950 (Table 3) fell within the range of discharges and
were also modeled for comparison between the Pre-Dredging and Proposed Dredging models.
Table 3. Discharges of the Mississippi (Miss.) River at Red River Landing, Louisiana and Old River at
Torras, Louisiana
Mean Annual Discharge
(m3/s)

Total Discharge

(m3/s)

(m3/s)

%

Year

Q1
Miss. River
Red River Landing

Q2
Old River
Torras, La.

Qi
Miss. River Above
Old River Partition

Attributed to Old River
from Miss. River
at Torras, La. Gauge

1950

19,700

5,500

25,200

22.0%

1916-17*

16,400

1,900

18,300

11.0%

* Mean Annual Discharges for 1916-17 were calculated as an average based on discharges recorded
in 1916 & 1917. Discharge percentage flows for Old River at Torras, Louisiana gauge were recorded at
11.0% (1916) and 10.0% (1917)

III. Model Results
In constructing the 1916-17 Pre-Dredging and 1950 Post-Dredging Models, an initial analysis
comparing the model results from both methods of calculating the cross-sectional area and the resulting
cross-sectional elements of each channel system profile was needed to determine the relative effect each
method had on the model results.
A. 1916-17 Pre-Dredging Models
The model results of Method I, which utilized the channel thalweg depth, and Method II, which
calculated the depth-averaged channel bed elevation, are listed in Tables 4 & 5 respectively. The
calculation of the modeled discharge partition percentages for both the Mississippi and Atchafalaya
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Rivers Systems across all discharge ranges was based on the requirement of an equal modeled water
surface elevation of both channels at the MRORB. To achieve this requirement, a Generalized Reduced
Gradient algorithm was used to resolve the discharge partition percentage down each channel. The
precision constraint was set at a value of 0.000001 for the difference between the two water surface
elevations, while no additional constraints were applied to the algorithm. This method of calculating the
optimal flow partition needed to satisfy the equal water surface requirement proved to be very useful in
modeling the range of discharges through each of the three back water flow models.

Table 4. 1916-17 Pre-Dredging Model Results - Methods I & II
Method I - 1916-17 Thalweg Depth Channel Bed Elevation Model
Total Discharge (m3/s)

Discharges of Mississippi River Above Bifurcation
18,000*

19,000

20,000

22,000

24,000

26,000

28,000

30,000

% to Miss. River

77.0

74.0

72.0

69.0

67.0

65.0

64.0

62.0

% to Atch. River

23.0

26.0

28.0

31.0

33.0

35.0

36.0

38.0

11.0

11.0

Miss. & Atch. Rivers

Water Surface Elevation Z(m) at Bifurcation
8.6

8.8

8.9

9.3

9.6

10.0

Method II - 1916-17 Depth-Averaged Channel Bed Elevation Model
Total Discharge (m3/s)

Discharges of Mississippi River Above Bifurcation
18,000

19,000

20,000

22,000

24,000

26,000

28,000

30,000

% to Miss. River

84.0

83.0

82.0

80.0

78.0

77.0

77.0

76.0

% to Atch. River

16.0

17.0

18.0

20.0

22.0

23.0

23.0

24.0

12.0

13.0

Miss. & Atch. Rivers

Water Surface Elevation Z(m) at Bifurcation
9.3

9.5

9.8

10.0

*Recorded 1916-17 discharge partition percentage at 18,000

(m 3/s)

11.0

11.0

was 11.0% down the Atch. River.

When the 1916-17 measurement of total Mississippi discharge (Qi) of 18,000 (m 3/s) was run
through the Pre-Dredging Model based on Method I, the model partitioning percentage of 23% flowing to
the Atchafalaya System (Table 4) was significantly greater and somewhat unrealistic in comparison to the
recorded partition of 11%. As expected the Pre-Dredging model derived from Method I calculations
resulted in a modeled cross-sectional channel area much larger than the channel’s natural crosssectional profile. In turn, the over estimation of the Atchafalaya River System’s discharge carrying
capacity caused the model to produce an exaggerated partition of the Atchafalaya’s flow. Conversely, the
Pre-Dredging model derived from Method II calculations simulated a more analogous result of 16.0% flow
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partition (Table 4) that is comparable to the recorded 1916-17 partition of 11%. Given these differences,
the initial postulation is that the 1916-17 Pre-Dredging model based on Method II calculations is a more
accurate model by comparison. To further validate this conclusion, both model types were used to
assessing the Post-Dredging conditions of 1950. (Figure 13)
B. 1950 Post-Dredging Models
The 1950 Post-Dredging models were tested across the same range of total Mississippi River
discharges used to assess the 1916-17 Pre-Dredging models. The results of the Post-Dredging models
are listed in Table 5 and are illustrated in Figure 13 along with the 1916-17 model results. Solid red lines
represent the 1950 Post-Dredging models based on thalweg depth with the red hashed line representing
the 1950 Post-Dredging model based on depth-averaged channel elevation. The order of arrangement is
the same for the 1916-17 Pre-Dredging models represented by blue lines.
The 1950 Post-Dredging model based on Method II calculations simulated a discharge partition
percentage down the Atchafalaya River of 28.0% (Table 5) that is comparable to the 1950 recorded
discharge partition percentage of 22.0% given a total discharge quantity of 25,000 (m 3/s) above the
MRORB.
Table 5. 1950 Post-Dredging Model Results - Methods I & II
Method I - 1950 Thalweg Depth Channel Bed Elevation Model
Discharges of Mississippi River Above Bifurcation
Total Discharge

(m3/s)

18,000

19,000

20,000

22,000

24,000

26,000

28,000

30,000

% to Miss. River

71.0

67.0

65.0

60.0

57.0

54.0

51.0

49.0

% to Atch. River

29.0

33.0

35.0

40.0

44.0

46.0

49.0

51.0

10.00

10.00

Water Surface Elevations Z(m) at Bifurcation
Miss. & Atch. Rivers

9.50

9.50

9.60

9.70

9.80

10.00

Method II - 1950 Depth Averaged Channel Bed Elevation Model
Discharges of Mississippi River Above Bifurcation
Total Discharge

(m3/s)

18,000

19,000

20,000

22,000

24,000

26,000

28,000

30,000

% to Miss. River

79.0

77.0

76.0

74.0

72.0

71.0

70.0

69.0

% to Atch. River

21.0

23.0

24.0

26.0

28.0

29.0

30.0

31.0

13.0

13.0

Water Surface Elevations Z(m) at Bifurcation
Miss. & Atch. Rivers

10.0

11.0

11.0

*Recorded 1950 discharge partition percentage at 25,000
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11.0
(m3/s)

12.0

12.0

was 22.0% down the Atch. River.

The red and blue arrows in Figure 13 illustrate the over estimation of the Atchafalaya River’s
channel discharge capacity via the Method I calculations in comparison to the hashed lines of the depthaveraged Pre- and Post-Dredging models. This further supports the argument that the models based on
Method II calculations yield a more accurate representation of the recorded 1950 and 1916-17 partition
percentages at the MRORB indicated by the red and blue diamonds.
Figure 13. Discharge Percentage Comparison of
Method I vs. Method II Calculations of Channel Bed Elevation
1916-17 and 1950 Models
100%

Percent of Total Discharge
Below Bifurcation at Old River

90%
80%
1950
Recorded Partition
22.0%

1916-17
Recorded Partition
11.0%

70%
60%

1950 Model
Q2 >50%

50%
40%
30%
20%
10%
0%
18,000

20,000

22,000

24,000

26,000

28,000

30,000

(m3/s)

Discharge Qi
Above Bifurcation at Old River
Method I - Atch. River 1950

Method I - Atch. River 1916-17

Method II - Atch. River 1950

Method II - Atch. River 1916-17

1950 Recorded Partition at Qi = 25,000

1916-17 Recorded Partition at Qi = 18,000

Figure 13 illustrates model discharges partitioning down the Atchafalaya River for 1916-17 and 1950
based on Method I & II of calculating the channel bed elevation. Method I calculates the channel bed
elevation (ƞ) as a thalweg or maximum depth and Method II calculates a depth-averaged channel bed
elevation based on the measured cross-sectional area of the true channel profile. The measured
discharge partition percentages for the recorded total discharges of 1950 and 1916-17 are represented by
the red and blue diamonds, respectively. The partition difference for each method and given year
indicated by the red and blue arrows, show that Method I significantly over estimates the discharge
partition and Method II simulates a more representative discharge partition to that of the recorded
partitions of 1950 and 1916-17. The black arrow at Q1 = 29,000 (m3/s) model discharge for the 1950
model, illustrates the cross-over of the Atchafalaya River’s discharge partition percentages, based on
Method I calculations. This cross-over is indicative of a transition from Q2 < 50% to Q2 > 50% of the total
flow of the Mississippi River above the bifurcation, partitioning down the Atchafalaya River. This is similar
to the transition illustrated in Figure 5.A & 5.B.
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Additionally, the validity of the flow models based on Method I calculations is further questioned
by the occurrence of the Method I Post-Dredging model producing Atchafalaya discharge partitions that
exceed 50% at a modeled discharge of 29,000 (m3/s). This apparent cross-over of the Atchafalaya’s
modeled discharge, denoted by the black arrow in Figure 13, would indicate a transition of the Mississippi
River from the primary channel (i.e. an avulsion has occurred). This observed crossover, confirms the
argument that cross-sectional elements calculated by this method give a poor representation of the actual
characteristics of the channel system of which the models are attempting to accurately simulate.
The model results from Method II calculations depict a more accurate representation of the true
channel cross-sectional profile, and thus, yield a more accurate representation of the historically
measured discharge partitions of the Pre-Dredged and Post-Dredged Atchafalaya River System. Based
on these observations, only the cross-sectional elements calculated from Method II will be utilized in
comparison of the 1916-17 Pre-Dredging and the 1916-17 Proposed Dredging models to assess the
impact of dredging operations upon the Atchafalaya Rivers’ discharge partition.
C. 1916-17 Proposed Dredging Model
To model the effects related to the creation and maintenance of a 4 m deep by 38 m wide
channel through the Atchafalaya River Basin from Morgan City, Louisiana to the Mississippi River via the
Old River, the 1916-17 Pre-Dredging model’s cross-sectional elements (based on above mentioned
Method II calculations) were utilized. The Pre-Dredging model data set was converted to fit a Proposed
Dredging model by first identifying each channel cross-section having a depth-averaged channel bed
elevation above the proposed 4 m below mean sea level dredged channel depth (Figure 14). Each
channel bed exceeding this elevation was lowered to reflect a minimum channel depth of -4 m below
mean sea level throughout the entire Atchafalaya River System. Pre-Dredging model cross-sections with
bed elevations below the -4 m minimum depth were not altered. The adjustments made to the bed
elevation profile of the 1916-17 Atchafalaya Pre-Dredging model are illustrated in Figure 15.
The total Mississippi River discharge range (Qi) from 18,000 (m 3/s) to 30,000 (m3/s) used in the
1916-17 Pre-Dredging and 1950 Post-Dredging models was also applied in the assessment of the 191617 Proposed Dredging model. The only difference between the 1916-17 Pre-Dredged and 1916-17
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Proposed Dredge models was the manual lowering of the depth-averaged channel bed elevation to -4 m
below mean sea level for 17 of the 40 total cross-sections within the modeled Atchafalaya System.

Simmesport, La.

Red River
MRORB
x = 0 km

R-64
R-93
R-111
R-142
R-167

Old River

R-188

R-203

R-220
R-248
R-266
Melville, La.

Mississippi River

R-303
R-331

R-354
R-367

R-385
R-404
R-434
Krotz Springs, La.

N

R-466
R-485
R-527

10 km

R-492

R-542
R-560
R-583

Cross Section Profiles
Lowered to -4m Depth
Depth Unchanged

R-621
R-183
R-190
R-197
R-AR 08
R-AR 3.0

Figure 14 illustrates the locations of the Atchafalaya River System cross-sections from the MRORB to the
final downstream cross section of R-AR 3.0. The cross sections that were adjusted to reflect a depthaveraged bed elevation of a minimum depth of -4 m below mean sea level have a red cross section icon,
whereas cross-sections having a depth-averaged bed elevation in excess of the -4 m minimum depth
remain unchanged and have a black cross-section icon. (Adapted from Latimer and Schweizer, 1951 Vol.
2, Plate B1)
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Figure 15 illustrates the change in the Atchafalaya River Channel profile between the 1916-17 PreDredging Model and the 1916-17 Proposed Dredging profile. The measured water surface elevations
remain unchanged, while the channel bed elevation ƞ is lowered to a minimum of 4 meters below mean
sea level of 0.0 m.
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The 1916-17 Proposed Dredge and 1916-17 Pre-Dredging model results (Table 6) indicate a
measurable discharge partition increase in the percentage of the total Mississippi River flow above the
MRORB flowing down the Atchafalaya River System as a result of imposing the proposed channel
dredging operations upon the 1916-17 Pre-Dredging model. At 18,000 (m 3/s) total discharge, the
percentage discharge flowing down the Atchafalaya increases by 10.0% when dredging is incorporated
into the model, but at 30,000 (m 3/s) total discharge the percentage discharge flowing down the
Atchafalaya increases by only 3.0% compared to the 1916-17 Pre-Dredging Model. Additionally, when the
results of the 1916-17 Pre and Proposed Dredging Models are compared to the 1950 Post-Dredging
Models (Figure 16), the 1916-17 Proposed Dredging Model shows some similarity to that of the 1950
Post-Dredging Model of partition flow down the Atchafalaya River. In both cases, these results allude to a
potential relationship between an increase discharge partition down a secondary channel and a decrease
in partition percentages from the parent channel due to the removal of a significant portion of the
secondary channel’s bed elevation via dredging.

Table 6. 1916-17 Pre-Dredging & Proposed Dredge Model Results Method II
Model Discharges of Mississippi River Above Bifurcation
Total Discharge
(m3/s)

18,000*

19,000

20,000

22,000

24,000

26,000

28,000

30,000

1916-17 Proposed Dredging Model Discharge Percentages
% to Miss. River

74.0

% to Atch. River

26.0

73.0

73.0

73.0

73.0

73.0

73.0

73.0

27.0

27.0

27.0

27.0

27.0

27.0

27.0

1916-17 Pre-Dredging Model Discharge Percentages
% to Miss. River

84.0

83.0

82.0

80.0

78.0

77.0

77.0

76.0

% to Atch. River

16.0

17.0

18.0

20.0

22.0

23.0

23.0

24.0

Change in Discharge % from Pre-Dredge to Proposed Dredge Model
% Flow Increase
Attributed to
Dredging
Dredging Model
Miss. & Atch. Rivers

+10.0

+10.0

+7.0

+5.0

+4.0

+4.0

+3.0

12.0

12.0

12.0

13.0

Water Surface Elevation – Z (m) at MRORB
8.4

8.7

9.3

9.5

Pre-Dredging Model
Miss. & Atch. Rivers

+9.0

9.1

9.7

10.0

11.0

Water Surface Elevation at Bifurcation (m)
9.8

10.0

11.0

11.0

Change in Water Surface Elevation (m) at MRORB
Δ Z(m)

-0.9

-0.8

-0.7

-0.3

*Recorded 1916-17 discharge partition percentage at 18,000
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(m 3/s)

-1.0

0.0

0.0

-1.0

was 11.0% down the Atch. River.

Discharge Flow Down
Atchafalaya River (m3/s)
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Figure 16 compares the modeled discharge partition percentage of the 1916-17 Pre-Dredging Model, the
1916-17 Proposed Dredging Model, and the 1950 Post-Dredging Model of the Atchafalaya River. There is
an observable increase in the 1916-17 discharge partitioning for a given total discharge measurement
above the Old River bifurcation when the proposed dredge of a 4 m deep channel is imposed upon the
1916-17 Pre-Dredging Model channel bed elevations which have values in excess of 4 m below mean
sea level. This result indicates that there may be a significant and potentially measurable relationship
between the increase in discharge partitioning and the effects of channel dredging operations within the
Atchafalaya River Basin that were observed by the Corps of Engineers in the 1950 report.
IV. Discussion
This modeling study resolves changes in water discharge partitioning at the bifurcation (partial
avulsion) of the Mississippi River into the Old River and Atchafalaya River System purely as a function of
dredging in the Atchafalaya River channel. These predictions are in line with the partitioning changes that
occurred in the natural system. These modeling results suggest that 10% of the partitioning change
between 1916-17 and 1950 can be attributed to the channel dredging operations within the Atchafalaya
River Basin between 1932 and 1948. These predictions come from a highly simplified model with several
significant assumptions.
First, the model assumes two single channel river systems flowing downstream of the channel
bifurcation where one dimensional flow sufficiently models river dynamics. The 1916-17 and 1950
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Atchafalaya River models do not truly fit the ideal one-dimensional model which would have both
modeled systems flowing downstream to a final distance, where the measured water surface elevation is
the same (i.e. the Gulf of Mexico at Z = 0.0 m). Due to the constraints of additional downstream channel
bifurcations occurring in both the Atchafalaya and Mississippi River Systems, the final downstream crosssectional measurement of the bankfull water surface elevation for each system in Table 2 was used.
Second, the model also assumes that no additional discharge enters or exits the model system
which, in reality, is not the case. Between 1928 and 1949 the Red River and Ouachita River Basins
contributed 34% of the mean annual discharge and 39% of the annual peak discharge to the Atchafalaya
River, as measured at the Simmesport, Louisiana gauge. (Latimer and Schweizer 1951) This is a
significant contribution to the total discharge flowing throughout the remaining Atchafalaya River Basin
especially during bankfull events, yet the models created in this study were unable to reflect the influence
of this discharge contribution due to the limited availability of recorded data and the simplicity of the onedimensional model.
Furthermore, observable discrepancies in the USACE recorded measurements, and the lack of
formally defining the methods used in their calculation of key cross-sectional components exacerbate the
amount of scientific uncertainty associated with the available recorded dataset. Irregularities in crosssectional measurements, in addition to the 1950 survey, were recognized throughout the other survey
periods from 1880 to 1950. The cause of the observable discrepancies is unknown, but they are likely
attributable to the compilation of a large data set by various individuals over the time span of 70 years.
Above all, there is a significant source of probable error that could potentially be mitigated
through the use of multi-dimensional modeling methods that incorporate channel flow and sedimentation
dynamics or uncertainty analysis. The one-dimensional model resolved only one depth at each cross
section and neglects bathymetric variations and planform changes to the river channel system, such as
bending channel segments and morphological changes, such as channel bank erosion and channel bed
aggradation and scour. Bathymetric surveys of river deltas conducted by Galler et al. (2003); John B.
Shaw, Mohrig, and Whitman (2013, specifically in the Wax Lake Delta located in the lower Atchafalaya
River Basin, identify channel scouring in regions upstream of river bifurcations. In the case of the

39

Atchafalaya River, a man-made bifurcation below cross section R-636 (Figure 7) was created in 1935 and
imposed an additional data constraint for the 1950 Post-Dredging data set. Upon closer observation of
the cross-sectional profiles in Plate B21 of the Atchafalaya River Study (Latimer and Schweizer 1951)
above the man-made Atchafalaya Basin Main Channel bifurcation, there seems to be initial visual
evidence of channel scouring occurring following the creation of the Atchafalaya Basin Main Channel
(Figure 17). The model presented here did not resolve sediment transport or bed evolution. However,
feedbacks between flow and erosion are evident.
Scour Upstream of Man-Made
Bifurcation Created 1935

R-75

R-636

R-621
R-598
R-183

Figure 17 illustrates the cross-sectional profiles of the Atchafalaya River and the Atchafalaya Basin Main
Channel from 1880 to 1950 above and below R-636 (Figure 9). R-636 was the final cross-section suitable
for the 1950 Post-Dredging model as a result of the man-made bifurcation created in 1935. The Whiskey
Bay Pilot Channel serves as the starting point of the Atchafalaya Basin Main Channel (Figure 9). The
channel bathymetry for cross-sections R-598, R-621 and R-636 remain relatively stable from 1880 to
1916-17, but after the creation of the Atchafalaya Basin Main Channel in 1935, below R-636, the channel
cross-sections exhibit significant bathymetric changes. The relationship of the introduction of the manmade bifurcation below R-636 may have significant implications on the effects of man-made influences
upon the river system similar to the upstream scouring observed in the Wax Lake Delta (Galler et al.
2003; J. B. Shaw and Mohrig 2009). (Adapted from Latimer and Schweizer, 1951 Vol. 2, Plate B21)
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Adding to this observation is the fact that, while the majority of the most significant dredging work
within the Atchafalaya Basin was focused on the uppermost leveed section of the Atchafalaya River,
where this study was primarily focused, the USACE records indicate that a total of ~194 million m3 of
channel sediment was removed from this area of the Atchafalaya River between 1932 to 1950. This total
does not include the sediment removed by dredging operations conducted in the lower half of the
Atchafalaya Basin. Of the ~194 million m3, only ~17 million m3 can be attributed to the channel
improvement dredging during that period of time. The remaining ~177 million m 3 of sediment was
observed and determined by the USACE in 1950 to have been removed as a result of channel scour
within this section of the Atchafalaya River. The increase in discharge was cited as a primary factor
contributing to the occurrence of channel scour. (Latimer and Schweizer 1951) This means that natural
scouring removed roughly ten times as much sediment compared to that removed by the dredging
operations in the same period.
The scour induced by dredging not only justifies the need for future investigations incorporating
sediment dynamics into a multi-dimensional flow model, it strengthens the argument the man-made
influence upon the Atchafalaya River System from 1932 to 1948 significantly impacted the observed
increase of discharge partitioning from the Mississippi River to the Atchafalaya. Significant scour on this
scale had not been previously observed, at least within the recorded history of the Atchafalaya River. The
official reports within the Atchafalaya River Study show very little evidence of any substantial effort by the
USACE or the Mississippi River Commission to investigate these channel operations as a possible cause
for the abrupt change in channel behavior. Instead, they focus on how these dredging operations have
vastly improved navigability of the channel, which was predicted to lead to an improvement in commerce
and infrastructure development in the region, as this view is reiterated throughout the published texts and
correspondence of The Atchafalaya River Study.
The results of this thesis shows that the alteration of a river channel’s bed structure through the
removal of channel bed sediment via dredging can provoke a quantifiable hydraulic response from the
river system on the order of a +10% increase in discharge flow by way of increasing the channel flow
capacity of the river system. Whether or not the USACE or the Mississippi River Commission overlooked
or simply ignored the coincidental occurrence of channel dredging operations and the scouring of ~177
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million m3 of sediment from the Upper Atchafalaya River during the same period of time, these facts only
reinforce the validity and further substantiate the results of this study. Citing the dredging and removal of
~17 million m3 of sediment as the primary catalyst that initiated a discharge capacity increase and
proliferated the immense channel scour that followed further mitigates the uncertainties and potential
criticisms associated with the use of a simplified one-dimensional backwater flow model. Future studies
utilizing more complex multi-dimensional models and alternative means of scientific analysis are
encouraged, as they are likely to add significant contributions to the scientific understanding of the
relationship between a river channel and the human influences imposed upon it.
V. Conclusion
River systems, regardless of their shapes and sizes, represent an ever evolving and extremely
complex natural dynamic of perpetual responses to changes within their environmental surroundings.
Whether those changes are realized through natural processes or influenced by other means, the
implications of a river system reacting to an alteration of its environment can be subtle in the short-term.
Subsequently, in the long-term, those initially subtle changes may perpetuate exponentially to the point at
which the sheer magnitude and rate of their proliferation overshadows the true causation of their
existence; as well as diminishing any planned benefit that was the basis for a man-made alteration.
Furthermore, when a system the size of the Mississippi River responds in this manner, the end results
can potentially reroute the largest river in North America.
In the case of the Atchafalaya River System and the increase of discharge partitioning from the
Mississippi River observed from 1910 to 1950 by the USACE, it is reasonable to assume that a river
system on the scale of the Lower Mississippi Delta could, even in the absence of man-made alterations,
naturally experience such extreme changes in discharge behavior over a short duration. This was
especially the case in the context of the devastating results of the Great Flood of 1927. It is evident that
the USACE 1950 report identifies a definite change in channel discharge behavior and addresses the
need to employ methods to mitigate or prevent the proliferation of the discharge fluctuation, after the fact.
However, the failure of the reporting agency to consider the increase of discharge partitioning to the
neighboring Atchafalaya River Basin as possibly resulting from the extensive channel dredging operations
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throughout the 1930’s and 1940’s should not be viewed as negligible when considering the veracity of the
report as a reliable reference in that regard.
Implementing a simple one-dimensional model based on the historical recorded discharge
measurements and cross-sectional elements of the Atchafalaya River under 1916-17 pre-dredging
channel conditions; then imposing the dredging of the 4 m deep channel upon the 1916-17 Pre-Dredging
model, elicits a measurable hydrologic response from the Atchafalaya River System. When observed
within the boundary limitations of the one-dimensional model and the available 1916-17 data, a +10%
increase in discharge partitioning down the Atchafalaya River, from 16% under pre-dredge conditions to
26% with implementation of the proposed 4 m dredge, is realized. It is a reasonable argument that a onedimensional model may be too simplistic to definitively identify dredging of the Atchafalaya River Basin as
the controlling factor pertinent to the observed partition discharge increase. I further acknowledge that
alternative multi-dimensional hydrologic modeling techniques are warranted and could potentially add to
the validity of the results achieved from the one-dimensional backwater flow model utilized within this
study. Until that time, the preliminary conclusion of this study is limited to a probable association, not a
definite causation, of the channel dredging operations within the Atchafalaya River Basin directly
influencing the measured increase in partition discharge flow down the Atchafalaya River from 1910 to
1950.
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VII.

Appendix

Appendices and the related cross-sectional data for both the Atchafalaya River and Mississippi River
channel systems are attached as a supplementary file to this thesis.
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