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Abstract 

 

Changes in recent effective discharge and geomorphology near the Old 

River Control on the lower Mississippi River 

 

Richard Leo Knox, MA  

The University of Texas at Austin, 2013 

 

Supervisor:  Edgardo M. Latrubesse 

 

The Mississippi River is considered the ultimate single channel meandering river.  

Five hundred km upstream from its mouth, about 25% of the river’s discharge is diverted 

into the Atchafalaya River.  This diversion is controlled by the Old River Control 

structure, built by the US Army Corps of Engineers in stages since 1963, to stop the 

avulsion of the Mississippi River into the Atchafalaya.  The study area is a 119 km sandy 

bedded reach near Old River Control that is highly impacted by engineering measures.  

Channel dimensions average 1,000 m wide with average thalweg depths of 23 m.  The 

mean annual discharge is 15,000 m
3
s

-1 
with a water surface slope of 0.06 m per river 

mile.   

In a sandy bedded river, the effective discharge is the discharge which 

cumulatively transports the most sand.  This study evaluates how the Old River Control 

structure has influenced an adjusting effective discharge between 1978 and 2011.  The 

bed load component of sand transport is included by employing a novel, automated, 

cross-correlation technique.  It was found that the upper limit for discharges that 



 vii 

cumulatively transport 85% of the total sand load has decreased from 34,000 m
3
s

-1
 to 

28,000 m
3
s

-1
 between 1978 and 2011.  Sand transport from 1982 to 2011 occurred during 

progressively greater ratios of water discharge to the Atchafalaya River and corresponded 

to an aggradational trend in the nearby Mississippi River at Red River Landing stream 

gage. The combination of this sand transport trend and nearby channel aggradation is 

some indication that the diversion may not be stable and that the avulsion of the lower 

Mississippi River is ongoing. However, sand was transported at similar discharge ratios 

in the 1978 to 1982 and 2002 to 2011 periods.   Future trends will reveal definitively if 

these findings indicate that the lower Mississippi River avulsion is continuing.   

Two aims are pursued by placing the effective discharge approach into the 

geomorphologic context of the study area.  Ten zones are categorized by four distinct 

geomorphologic classes:  meander, no islands; meander, geologic control; meander, 

islands and divided flow; and straight zones.  One, these classes have merit for future 

research and are shown to be geomorphologically distinct in several ways: natural levee 

height and channel planform adjustment relationships, sinuosity and width to depth 

ratios, and bedform depth to height scaling.  Two, this approach allows the comparison of 

the effective discharge to the study area’s geomorphology.  Process-form linkages can be 

made between sediment transporting events and the three levels in a fluvial hierarchy: 

fluvial bedforms and channels, bars, and levees.  Median grain size and channel position 

of sediment samples from these three levels were plotted on combined LiDAR and 

bathymetric derived cross- sections from specific geomorphologic zones.  This analysis 

indicates that the fluvial hierarchy coincides with the stages of effective discharge but 

seems to scale to the elevation of natural levees.   

This study interjects a geomorphologic approach into the lower Mississippi River 

discourse and raises a number of interesting questions for further research.   
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Chapter 1:  Introduction 

The Mississippi River is considered the ultimate single channel meandering river 

by discharge (Latrubesse, 2008) and may be one of the most humanly manipulated large 

river systems on earth (Hudson and Kesel, 2006).  500 km from its mouth in the Gulf of 

Mexico, about 25% of the river’s discharge is diverted through the Old River Control 

Structure, hereafter referred to as Old River, into the Atchafalaya River.  This structure 

was built in stages since 1963 by the US Army Corps of Engineers (USACE) with the 

purpose of arresting the avulsion of the lower Mississippi River (LMR) into the 

Atchafalaya’s shorter, steeper route to the ocean, figure 1.1.   

 

Figure 1.1.  Mississippi River system and Old River Control Structure 
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This avulsion began after a westward migrating Mississippi meander bend 

intersected the Red River after the 14
th

 century (Aslan et al, 2005).  The Red River below 

this intersection became the Atchafalaya River and experienced bidirectional flow until 

1920 (Mossa, 1996).  The Atchafalaya’s share of discharge seemed to increase after the 

state of Louisiana dismantled a log jam at its entrance in 1939 (Nguyen et al, 2010).  

Since Old River has stopped the avulsion, the structure “augments” discharge to the 

Mississippi and preserves the river’s longitudinal profile (Harmar and Clifford, 2007).  

However, Old River isn’t thought to be a significant cause of the changes in the quantities 

of sediment discharge observed downstream on the LMR (Meade and Moody, 2010).  

 This study explores the hypothesis that Old River has influenced stream and 

sediment discharge by applying the effective discharge approach next to Old River in a 

119 km (74 mile) long section of the LMR channel between river miles 321 and 247 

(river kilometers 517 and 397), figure 1.2.  The discharge which cumulatively transports 

the most sediment is called the “effective discharge” and is based on the magnitude-

frequency discussion broached by Wolman and Miller (1960).  In a sandy bedded river 

like the Mississippi where the main morphologic features are composed of sand, the 

erosion, deposition and transport of sand is of key importance (Thorne et al, 1993).  

Further, trends in sand load have corresponded to changes in parameters such as 

roughness, slope, width, depth, and velocity below Old River (Powell, 1985).   Within 

this context, the first aim of this study is to determine how the effective discharge is 

adjusting through time and determine if Old River is an influence.  Since the LMR is an 

intensely managed large river (Hudson et al, 2008) that experiences a high level of 

variability along its channel due to a number of controls (Schumm et al, 1994), the 

study’s first aim requires a geomorphologic approach.  Because the study area should not 

be conceptualized as a homogenous “chute for sediment transmission”, the second aim of 
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this study is to identify and describe distinct geomorphic zones within the study area.  

This has not been done well for the LMR between Old River and Baton Rouge, LA, with 

the reach classification of Schumm et al (1994) beginning at Cairo, IL and ending at Old 

River.  Channel characteristics such as sinuosity, width to depth ratios, levee heights, 

thalweg elevation and planform adjustment, stream bank planform adjustment, and 

bedform distribution and morphology are employed to describe geomorphic zones and 

display that this approach should be given serious consideration for future studies.  The 

third aim combines the first two aims by putting the results of the effective discharge 

approach into the context of geomorphic zoning and attempts to discover how the 

effective discharge relates to channel geomorphology.  This section explores the 

hypothesis that the effective discharge approach has merit but must be evaluated in the 

specific geomorphic context of each zone through the comparison of effective discharge 

stages and the stage, composition, and distribution of point bars and levees.  Because the 

Old River diversion is the last tributary or distributary prior to reaching the Gulf of 

Mexico, the findings in this study have merit for ongoing research related to coastal 

restoration and management of large rivers. 

  This project fits into the greater context of the Large Rivers program in the 

Department of Geography and the Environment at the University of Texas - Austin.  The 

program has four main interrelated aims focusing on large river systems: 

hydrogeomorphology, Quaternary and multidisciplinary studies of fluvial systems, long 

term evolution of basins, and multidisciplinary research on human and global impacts.    
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Figure 1.2.  The study area is between river mile 247 and river mile 321.  River gages 

used in the study are displayed with selected river mile markers and 

bathymetry in feet relative to the NAVD 1988.   
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After this introduction, the study is organized into five chapters.   

Chapter 2:  Literature Review.  The first part of the review focuses on the recent 

geologic framework of the LMR.  The second part of the review assesses the recent 

human and natural impacts in the study area. 

Chapter 3: Geomorphic Description and Adjustment.  This chapter presents the 

study area, identifies and describes four categories of geomorphic zones and then, using 

these categories, classifies the study area into ten zones.  Geomorphic adjustment from 

1948 to 2012 is evaluated for each geomorphic zone and category in terms of the thalweg 

elevation and planform, stream bank width, sinuosity, width to depth ratios, and 2012 

LiDAR derived levee heights.   

Chapter 4:  Bed load and Bed Morphology.  Chapter four has two parts.  The first 

part provides an estimate of the study area’s bed load sediment discharge for the effective 

discharge calculations.  This estimate is made by employing a novel, automated, cross-

correlation technique using time elapsed bathymetric imagery at RM 311 (RK 500).  

Seven bathymetric surveys were completed at discharges between 5,500 m
3
s

-1
 and 45,000 

m
3
s

-1
 in 2010, 2011, and 2012.  The second part of the chapter places bedform 

morphology of the study area into the geomorphologic zoning context.  Bedform zoning 

is accomplished in each geomorphic zone using location and bedform height and 

dimensionality.  Geomorphologic zones are explored in terms of distinct bedform depth 

to height ratios and height to length ratios.             

Chapter 5:  Effective Discharge.  This chapter evaluates the effective discharge 

from 1978 to 2011 during four different periods.  This analysis determines the 2,000 m
3
s

-

1
 discharge range which cumulatively transports the most sand, including the suspended 

and bed load components.  The adjusting effective discharge is then linked to Old River 

by evaluating several sediment and water discharge relationships between Old River and 
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the LMR.  Then, the effective discharge is put in to the context of the geomorphologic 

zones by comparing the stage of effective discharge to the stage and composition of bar 

and levee deposits in specific zones.   

Chapter 6:  Discussion and Conclusion.  This is a brief discussion and synthesis of 

the study’s findings with relevance to large river management.   
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Chapter 2:  Literature Review 

Review of Recent Geologic Framework 

The Mississippi River traces its origins to the breakup of Pangea in the Mesozoic 

(Van Arsdale and Cox, 2007; Van Arsdale, 2009) and the development of the Mississippi 

Embayment in the Cretaceous (Mann and Thomas, 1968; Cox and Van Arsdale, 1997; 

Cox and Van Arsdale, 2002).  However, much of the topography and drainage of the 

Mississippi River system developed rather recently in the Cenozoic Era (Knox, 2007).   

Periodic sea level rise and fall during that time led to the Gulf of Mexico reaching inland 

in the Mississippi Embayment and then progradation of the Mississippi River delta into 

the Gulf, respectively (Van Arsdale, 2009).  Considerable modification took place during 

the Neogene Period in both the upper and middle Mississippi systems with the upper 

system experiencing at least 6 periods of glaciation and the middle system undergoing 

uplift of 100 m to 500 m (Knox, 2007).  The Pliocene river shared some similarity to the 

modern river, flowing south through a wide valley while depositing gravel, sand, silt and 

clay, but occupied a channel that was 100m above the modern channel due to advanced 

sea level (Van Arsdale, 2009).  With the appearance of the first glaciers 3.0 to 2.5 million 

years ago, the Mississippi River developed a narrow gorge across the cuestas of 

southwestern Wisconsin and northwestern Illinois which was driven by the drainage of 

proglacial lakes (Knox, 2007).  During this time, episodes of glaciation were also 

impacting the Missouri and Ohio basins which delivered large quantities of glacial 

sediment to the lower valley (Schumm et al, 1994) and left braided river deposits and 

other meltwater landforms (Van Arsdale, 2009).   

Optically stimulated quartz grains have been used to date late Pleistocene 

meander and braid belts in the Lower Mississippi Valley (LMV) (figure 2.1) and 

reconstruct longitudinal profiles of key channel-belt surfaces, figure 2.2.  Rittenour et al 
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(2007) presents a new model of LMV fluvial evolution for the last glacial cycle based on 

optical ages, loess stratigraphy, geomorphic relationships, and previous work.  The 

authors’ model is an improvement to previous ones which were conceptual (e.g. Fisk, 

1944) or based on relative age relationships (e.g. Saucier, 1994) (Rittenour et al, 2007).   

Two channel belts that are optically dated to 85-83 ka are the Rondo and Paragould 

channel belt in the Western Lowlands.  The Rondo belt has a thin loess cover and 

exhibits large scroll bar morphology, much like the Mississippi River today, and is used 

to argue that the river was meandering during that time.  The authors identify seven major 

braid belts in the LMV that range in age from 64 to 11 ka: Dudley (64 ka), Melville 

Ridge (42 ka), Lower Macon Ridge (33 ka), Ash Hill (27 ka), Sikeston and equivalents 

(19.7-17.8 ka), Kennet and equivalents (16.1-14.4 ka), and Morehouse and equivalents 

(12.4-11.3 ka) (Rittenour et al, 2007). The transition from a meandering to a braided river 

was in response to glaciation of the river’s headwaters (Rittenour et al, 2005).  The 

authors construct a longitudinal profile (figure 2.2) of channel belt surfaces juxtaposed 

with the current river’s point-bar and water surface elevation.  This profile suggests that 

the last interglacial river was similar in elevation and gradient to today’s river in the 

central and lower valley (Rittenour et al, 2007).  An exception to this is the Morehouse 

and possible Kennett/Sikeston braid belts which denote a much steeper path to the ocean 

below 34˚.   
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Figure 2.1.  Locations of late Pleistocene braid belts from Rittenour et al (2007) 
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Figure 2.2.  Longitudinal profile reconstructed from channel-belt surfaces from Cape 

Girardeau, Missouri to the present day gulf from Rittenour et al (2007) 

Flooding induced from the latest Wisconsin glaciation (~11,000 years BP) is 

clearly recorded in the marine sediments in the Gulf of Mexico (Wohl, 2011) and is some 

indication that the age of functioning Mississippi River braided channels were coming to 

an end.  During the last glacial retreat, discharge from the Glacial Lake Agassiz sent 

numerous, extreme pulses of cold fresh water to the Gulf, with the largest flood estimated 

at over 1,000,000 m
3
s

-1
 (Knox, 2007; Wohl, 2011).  These events induced fundamental 

channel modifications throughout the system.  In the upper system, the runoff regime 

began to be filtered by proglacial lakes whose sediment poor discharge shifted the system 

from aggradation to degradation (Knox, 2007).  In the lower river valley, which was 

developed to convey coarse glacial outwash, the decrease in the sand and gravel load 

caused the system to reduce its gradient by increasing sinuosity (Schumm et al, 1994).  

Knox (2007) argues that LMV incision and channel belt abandonment is linked to 
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increasing meltwater discharge during times of sea level rise whereas base level 

influences were limited to several hundred kilometers of the lowermost river, probably no 

further north than the latitude of present day Vicksburg, Mississippi (Saucier, 1974).   

Quaternary deposits and formations of the lower river are the direct and indirect 

result of Pleistocene glaciation as well as climate and vegetation changes (Saucier, 1974; 

Knox, 2007).  One important climatic condition coincident with the last glacial maxima 

was sufficient windy conditions responsible for depositing silt from braided river deposits 

as loess in the uplands in the valley and east of the valley.  The second important 

condition was increasing pluvial activity that resulted in increased tributary discharge and 

subsequent terrace formation and river bed degradation (Saucier, 1974).  Modern large 

scale vegetation biomes in the Mississippi Basin, grasslands in the west and forests in the 

east, were well established by 9,000 years BP (Knox, 2007).  Holocene periods of 

dryness influenced the proportion of these biomes in the basin and were strongly 

associated with changes in the magnitude and frequency of flooding (Knox, 2007).   

 A trigger event such as a major flood after initial conditions are two phases 

required for an avulsion which can play a major role in floodplain development (Aslan et 

al, 2005).  While there is no direct evidence to support exact paleographic reconstruction 

of Holocene meander belts (Saucier, 1994), there are five or six recognized meander belts 

and five recognized delta lobes in the lower river (Saucier, 1994; Aslan et al, 2005; Knox, 

2007) with the Atchafalaya-Wax Lake system  initiating a sixth delta in the last 500 years 

(Blum and Roberts, 2009).  The models of Saucier (1994) and Aslan et al (2005) are used 

here to describe meander belt evolution and the influence of avulsion, respectively. 

Saucier (1994) refers to Holocene meander belts as “stages” with the oldest stage 

numbered six and the youngest stage numbered one.  A series of avulsions during this 

time led to the succession of channel belts and deltas (Aslan et al, 2005) and are 
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represented by chronology and map, figures 2.3 and 2.4.  Little is known about the stage 

6 meander which is represented by a scant 18 mile long point bar deposit near Marks, 

Mississippi.  Stage 5, 4, and 3 meander belts all flowed through the Yazoo basin.  There 

is little evidence of stages 5 and 4 below the current Atchafalaya diversion, but stage 3 

clearly flowed down the western side of the lower valley and began to form the Teche 

delta.  After an avulsion in the upper LMV, the stage 2 belt also flowed through the 

Yazoo basin.  The river below Vicksburg has seen four late Holocene avulsions with two 

of them at Old River.  The first avulsion was about 5 ka near Old River, when the stage 2 

river changed its course to the eastern side of the valley and began to form the St. 

Bernard delta.  The stage 1 meander belt was created in the upper LMV when the channel 

occupied the western side of the valley.  The second avulsion below Vicksburg, about 2.8 

ka, allowed the stage 1 river to reoccupy the stage 2 channel along the eastern side of the 

deltaic plain.   During this time, the third avulsion near Donaldsonville, LA initiated the 

Lafourche delta.  Near the same time, an increase in discharge past New Orleans initiated 

the Plaquemines delta which is the modern day channel and main delta.  However, the 

fourth avulsion is currently ongoing at Old River Control between the Atchafalaya River 

and the main stem Mississippi.  This avulsion, partially the result of natural forces and at 

times spurred on by humans while other times restrained by them (e.g. Shuman et al, 

1993; Saucier, 1994; Mossa, 1996; Patrick, 1998; Aslan et al, 2005; Wohl, 2011), 

highlights the degree to which this river system is a coupled human- environment system.  

After the Mississippi River naturally captured the Red River and developed a sinuous 

meander, some of the key components of the avulsion include a human induced neck 

cutoff in 1831 (Shuman et al, 1993), the state of Louisiana’s removal of a log jam at the 

entrance to the Atchafalaya River in 1939 (Nguyen et al, 2010), and the development of 

the Old River Control Structure beginning in 1963. 
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Figure 2.3.  A chronology of LMV delta and channel succession, from Aslan et al (2005) 
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Figure 2.4.  Geologic map of the southern LMV from Aslan et al (2005) 
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Review of Human and Natural Impacts 

The LMR is one of the most intensely regulated rivers in the world (Hudson et al, 

2008).  The river is one of the world’s largest with a basin covering 3,200,000 km
2 

(Kesel, 2003) and 41% the contiguous United States (Wohl, 2011).  With a mean annual 

discharge of 17,000 m
3
s

-1
 at Vicksburg, MS, it yields the world’s tenth largest annual 

discharge (Latrubesse, 2008).  It drains 31 U.S. states and 2 Canadian provinces 

(Schumm et al, 1994) and is home to 70 million people and worth $100 billion per year to 

the agricultural economy (Foley et al, 2004).  Two rivers, the Ohio and Missouri, are the 

main contributors of water and sediment to the Mississippi River with the Missouri River 

and other western tributaries contributing much more than half the sediment and the Ohio 

River and other eastern tributaries offering more than half the runoff (Meade and Moody, 

2010).  

Smith (1996) describes four major physiographic regions in the present-day 

alluvial valley.  Starting from the north end from Cairo, Illinois to near Memphis, 

Tennessee, there is a single narrow active meandering belt within the framework of a 

broad, Late Pleistocene valley train.  From Memphis to Vicksburg, Mississippi there is a 

wide array of intermixed Holocene Mississippi River meander belts.  From Vicksburg to 

the Old River the valley narrows and the active meander belt, within a matrix of four 

previous belts, runs down the eastern side of the valley.  The area from Old River Control 

to the Gulf of Mexico is dominated by the Atchafalaya basin bounded by narrow meander 

belts.  The broad distributary wedge of the deltaic plain is the last physiographic region 

before the Gulf (Smith, 1996).   

While considerable interventions to the river system were initiated by settlers of 

European descent, it is recognized that impacts of Native Americans at specific locations 

weren’t negligible (Butzer, 1990; Denevan, 1992; Knox, 2007; Hudson et al, 2008).    
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The devastating flood of 1927 put an end to the existing “levees only” policy and began 

an era of modern management (Barry, 1997).  Prior to the 1927 flood, significant impacts 

to the LMR began in the 18
th

 century when levees were constructed at New Orleans for 

flood protection (Knox, 2007).  Flood protection along the river was a collection of local 

levees and dikes with no central level of management.  The first levees were built at New 

Orleans in the early eighteenth century and have grown from the height of 3 feet (0.9 m) 

to over 30 feet (9.1 m) (Winkley, 1994).  Figure 2.5 illustrates how gradual confinement 

of the river and stage increase necessitated continual levee construction.   

 

 

Figure 2.5.  Evolution of the standard USACE levee section 1882-1972, from Rogers 

(2008) 

Between 1799 and 1931, the river would flood an average every 2.8 years with the largest 

flood in 1927 with a peak discharge of 49,812 m
3
s

-1
 (Hudson et al, 2008).   

During this time, maintaining the LMR channel for navigation became extremely 

challenging.  Sand bars, ship wrecks, and a large amount of uncertainty with respect to 

the location of the navigable channel were a threat to river traffic.  By far the biggest 

challenge was shoaling at the river’s mouth.  There, sand bars often kept the draft too 

shallow for shipping to pass.  Barry (1997) discusses two men who would personally 
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impact management on the river.  One was James Eads, a self-taught genius who came to 

know the river better than anyone else, arguably, by recovering wrecks from the river 

bottom.  He personally financed the construction and emplacement of cane reed jetties at 

the river’s mouth and solved the perennial problem of shoaling there.  With Ead’s jetties 

installed, shipping from St. Louis through New Orleans to Europe increased from 6,857 

tons in 1875 to 453,681 tons in 1880, the year construction of the jetties was concluded 

(Barry, 1997).  This established New Orleans as one of the world’s most important port 

and a subsequent need to keep shipping lanes open. The second man Barry discusses was 

General Andrew Humphries who conducted a seminal 1850s survey and report on the 

LMR and would eventually become the Chief of the US Army Corps of Engineers 

(USACE).  More than any other person, Humphries is connected with the “levees only” 

policy which was revealed as inadequate in the 1927 flood (Barry, 1997).   

The 1927 flood is the largest Mississippi River flood on record and overpowered 

local levees as well as relief organizations then in existence (Barry, 1997).  It was at this 

point that congress enacted the 1928 Mississippi River and Tributaries Act (MR&T Act).  

This act put the Mississippi River Commission (MRC) squarely in control of the river to 

focus on flood management as well as navigation, and once and for all ended the “levees 

only” policy.  Hudson et al (2008) outline the four main aspects of the act.   The MRC, 

created in 1879, would assume responsibility for the growth and maintenance of over 

3,200 km of levees.  Secondly, the act stipulated channel improvement and stabilization 

which resulted in channel bend cutoffs, concrete revetments and wing dikes.  Thirdly, the 

act directed the creation of structures to divert large flood crests from the main channel 

into spillways.  Finally, the act directed the creation of tributary improvement to 

construct dams and reservoirs there.  Despite the impression that the MR&T Act was a 

comprehensive plan that remained unchanged in its execution, management of this large 
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river continues to be experimental in nature (Hudson et al, 2008), where human 

modifications induced unforeseen effects that required further modification.    

The greatest repercussion of the 1928 MR&T Act was the creation of 14 neck 

cutoffs in the LMR between 1933 and 1942 which shortened the river by 228 km (Wohl, 

2011).  Despite additional reduction of 88 km through chute cutoffs, the net change by 

1975 was only 235 km (Winkley, 1994).   The program created reaches with increased 

stream power and slope that not only incised the bed but promoted channel widening 

coincident with meandering which dulled the desired effects of the cutoff program.  

Much like the effects of the “levee only” policy, the second and third order effects of the 

cutoffs were not expected and generally counterproductive to river management aims.  

Several of these unforecasted requirements are listed below.   

Maintenance dredging to improve depths for navigation in riffles began in 1885 

(Winkley, 1994).  Winkley (1994) notes that the natural river had many poorly aligned 

reaches due to cutoffs and divided flows and that the cutoff program exacerbated the 

situation.  Dredging requirements and crossing depths increased and decreased, 

respectively, through 1962.  Constant dredging and additional expensive training 

structures such as wing dikes resulted in a 48% reduction in crossings with depth 

problems by 1989.  Generally, each cutoff required between 7 and 21 years of dredging 

before the new channel had the appropriate navigating depth for all flows (Winkley, 

1994).   

Kesel (2003) notes that bank stabilization in the form of articulated concrete 

revetments has been responsible for a 90% decrease in bank caving.  Prior to 1900, bank 

caving added a huge amount of sediment to the river, as much as 5x10
8
 m

3
yr

-1
 near Old 

River.  By 1972, the same stretch of river added less than 1x10
8
 m

3
yr

-1
.  Bank 
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stabilization was an unforecasted requirement stemming from the cutoff program and has 

essentially frozen the river’s planform geometry (Kesel, 2003).   

Kesel (2003) highlights a second unforecasted requirement stemming from the 

cutoff program.  Dike construction was conducted to decrease channel width and train the 

flow in a smaller, self-scouring channel.  Most dike construction occurred between 1955 

and 1980 with over 1,000 km of dikes constructed in the Memphis and Vicksburg 

districts.  By the mid-1970s, more sediment was trapped in dike fields than in unregulated 

active bar locations (Kesel, 2003).   

Because the LMR is so humanly impacted, geomorphic adjustments in the system 

can be viewed as a function of the system’s natural reactions to both human and natural 

factors.  There is a rich literature describing many of these adjustments with the 

following review and brief discussion encapsulating many pertinent aspects.  Authors 

have tried to discern “human impacts” from “natural impacts” by studying channel 

phenomenon before and after periods of significant human activity.  While this 

delineation involves some subjectivity due to the large size and complexity of the river 

basin, the magnitude and swiftness of adjustment following certain human endeavors 

makes the exercise possible.  Figure 2.6 is a graphical display of these findings from 

1800 until 2010 and is able to capture the two great paradigm shifts in the Mississippi 

River system: land use changes in the basin beginning in the late 1800s and the 

implementation of the 1928 MR&T throughout the remainder of the century (Hudson et 

al, 2008).   
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Figure 2.6.  An organization of human and naturally induced geomorphic adjustments in 

the Alluvial Valley and Deltaic Plain of the Lower Mississippi River by 

time 
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Considerable attempts have been made to understand the river prior to human 

intervention (Hudson, 2002; Kesel, 1992, Kesel, 2003).  Hudson (2002) evaluates the 

river in its natural state by characterizing pool riffle morphology at the scale of the 

channel reach from 1880-1915.  He considers pools and riffles as an inherent 

characteristic of alluvial channels and points out that few studies have related pool/riffle 

characteristics in the context of an actively migrating channel in large rivers.  He draws 

heavily from the seminal work of Leopold and Wolman (1960) and their finding that 

meander length is usually seven to ten times the channel width.  Further, meander length, 

channel width and radius of curvature all subscribe to common relationships and seem to 

be controlled by hydraulic processes and discharge.  Hudson (2002) reveals that 1880 and 

1911 pool depth lacked a significant relationship due to considerable vertical adjustment 

and lateral migration.  Generally, deeper pools aggraded and smaller pools increased in 

depth.  He then relates channel migration rates to pool depth change and finds that low 

migration correlates to pool scour and high migration to pool fill. 

Kesel et al (1992) created a sediment budget for the river prior to 90% of its 

current modification during the period 1880-1921.  They describe a system that is 

transport limited where bank caving is the most important sediment source.  Fifty percent 

more of the sediment was stored in short term channel storage than long term overbank 

storage.  Astonishingly, they compared their work to Kesel (1988) and found that the 

historic bed load must have been greater than 30% of the total sediment discharge which 

is much greater than most estimates of modern bed loads (e.g. Biedenharn et al, 1999; 

Nittrouer et al, 2008), but not all (e.g. Harbor, 1998).  However, Biedenharn et al (2000) 

argue that the river’s bed load must have been greater after the cutoffs than before (1943-

1992 versus 1880-1930).  Their study makes use of Lane’s equation (Lane, 1955) where 
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the product of water discharge and channel slope are proportional to the product of bed 

load and the D50.  The authors use gage height records to recreate water slope over long 

reaches with an average 80 km length.  Then they show that with increasing stream 

power and constant D50, given the yearly peak discharge record and apparent transport 

limited conditions, the bed load must be greater after the cutoffs.  Then again, Bagnold 

(1977) makes the distinction that the term “S” in stream power, equation 2.1, is the 

“effective gravity gradient” where “the local water surface slope S’ is but a rough 

indication of the gravity gradient and requires considerable care in its acceptance.” 

(Bagnold, 1977, p.305) 

 

 

Equation 2.1.  Stream power, taken from Bagnold (1966) 

Bagnold supports the use of peak discharge values by explaining that gross errors can 

arise from substituting S’ for S at low water profiles.  On the other hand, Bagnold seems 

to support this substitution at smaller reaches because the gravity gradient must be less 

than the average water slope and “maybe considerably less, owing to energy dissipation 

at each successive change of boundary conditions” (Bagnold, 1977, p.305) with the 

implication that shorter reaches may have less opportunity to dissipate energy.  While it 

isn’t known how the substitution of S’ for S influences the authors findings, this raises 

the question of how scale is a factor for similar substitutions.  Or, given a fluvial system 

at a certain stage, how small does a reach need to be for S’ to be a satisfactory substitute 

for S and what other factors are important?  This appears to be an area that requires 

Ω Stream power per unit length of whole stream

ρ Density of fluid

Q Discharge

S Energy Slope

Ω= ρgQS
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further study. As far as employing Lane’s equation for natural river channels, Harmar and 

Clifford (2007) initially recommend consideration of the stream power per unit width 

before arguing that fluvial systems are far more complex than can be explained by 

functional relations.  In light of their paper, changing downstream morphologic 

parameters, geologic controls, engineering interventions, and complicated feedback 

mechanisms merit caution in employing Lane’s equation in this manner. 

Various studies seem to show that the bed material D50 has become finer during 

this time.  Mossa (1996) shows that the bed material D50 between Baton Rouge and Head 

of Passes has gotten appreciably smaller between 1932 and 1965 which supports a greater 

bed load given a constant average water discharge and channel slope in the application of 

Lane’s equation.  Biedenharn et al (2000) cite Nordin and Queen (1992) and interpret the 

findings to say the D50 is either static or slightly decreasing from 1932 to 1989, with local 

variation.  Smith and Winkley (1994) display results from the same survey showing that 

mean grain diameter has gotten indisputably smaller from Cairo, IL to Old River Control.  

These various interpretations of the bed sediment size distribution seem to support the 

assessment of Biedenharn et al (2000), if not their assertion that D50 has remained 

unchanged. 

 Kesel (2003) describes the Lower Mississippi River prior to human disturbance as 

a classic meandering river with an aggrading bed.  Between 1880 and 1935 he finds that 

the upper portion is highly meandering with great increases in channel bar volume and 

very slight thalweg elevation change.  Here, he shows that bank caving volume seems to 

compare with change in point bar volume.  This is surely an echo of Leopold and 

Wolman (1960, p.781) that the downriver movement of meander bends is created by the 

building point bar depositing material from the opposite caving bank downstream from 

the bend axis.  On the other hand, Kesel shows that historically the lower portion has a 
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very high thalweg elevation change and very little net channel bar volume change, figure 

2.7.  This figure shows the net bar volume change and average thalweg elevation change 

for the LMR above Red River and below it for six time periods.   

 

Figure 2.7.  Historic channel bar and thalweg change below Cairo, IL from Kesel (2003) 

 Smith and Winkley (1994) is a fascinating account of the LMR’s response to 

engineering and other factors.  They sum up the main drivers of change in the LMR as: 

sediment loading from the 1811-1812 New Madrid earthquakes, constriction of overbank 

flow, and channel realignment and stabilization.  They state that the main feature of the 

river’s response to all of this is the mid-channel bar.  The authors believe that by 

removing multiple channels and concentrating flow in a single channel that sediment 

storage would be more dynamic and that sediment size would be coarser.   They spend 

some time exploring the Nordin and Queen (1992) report which shows the opposite:  

there is a downward trend in suspended sediment related to sediment supply and 
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improved land use, the Old River Control structure, and the nature of engineering 

interventions.  River channels adjust through time to convey the varying discharges of 

water and sediment which is why engineering large rivers is so very challenging.  

Engineered river channels must function at high and low flows and their construction 

should consider meander wavelength, sinuosity and radius of curvature (Smith and 

Winkley, 1994).   

  Nordin and Queen (1992) also hypothesized that thalweg sediment would 

be coarser in the 1989 survey than the 1932 survey due to the increased channel slope, 

and the reduction of fine and very fine sediment supply from upstream reservoirs and the 

river’s banks.  The opposite was true but not below Old River Control.  Here, the mean 

distribution didn’t change but the study found less gravel and very fine sand and more 

fine sand.  The authors state that the reduction in very fine sand isn’t enough to increase 

the proportion of fine sand required.  However, it could be related to periodic 

transportation and storage of fine sand stored throughout the system.   

 Harmar and Clifford (2007) evaluated the 1974-1975 long profile of the LMR in 

order to evaluate the concept of river profile’s concavity.  They find that the “long-profile 

of the Lower Mississippi River is actually a complex and scale-dependent morphological 

property” arising from several scales of process-form interaction (Harmar and Clifford, 

2007, p.222). They find three distinct sections with two in the alluvial plain and one 

between Old River Control and the river’s mouth.  This last section is described as 

slightly concave with augmented discharge and length due to the Old River.  Without Old 

River, the Atchafalaya River would capture the Mississippi River and the river’s path to 

the ocean would be much shorter and steeper.  The increase in elevation near Old River 

control in figure 2.8 is explained by a decrease in stream power per unit width.   
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Figure 2.8.  Smoothed long profile of the Lower Mississippi River, 1974-1975,  from 

Harmar and Clifford (2007) 

Employing Lane’s equation, an abrupt decline in discharge given a constant channel 

width indicates a decreased capacity to transport bed material.   
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Chapter 3:  Geomorphic Description and Adjustment 

Introduction 

The LMR is a highly variable river with varying hydraulic and hydrologic 

conditions and different geologic and tributary controls (Schumm et al, 1994).  The LMR 

is also an intensely managed large river with a relatively long history of human 

modification (Hudson et al, 2008).  This requires that any study of the LMR is put into a 

specific geomorphologic and historic context.  This has not been done well for the LMR.  

A classification of the Vicksburg district of the LMR, above Old River, was presented by 

Schumm et al (1994) but has not been repeated for the LMR between Old River and 

Baton Rouge, LA.  Is it possible to classify this section of the LMR into 

geomorphologically distinct zones?  That is the primary objective of this chapter.  It is 

hypothesized that a classification based on present day channel planform geometry, 

islands, and floodplain influences will identify zones that share similar geomorphic 

qualities and have adjusted similarly through time.  After a description of zone 

categories, each individual zone is described in major channel features, channel cross 

section geometry, width to depth ratios, channel bed median grain size, and levee height.  

Zone adjustment from 1948 to 1975 and 1975 to 2012 is examined by thalweg elevation 

and sinuosity change, and stream bank width change.   Zone adjustment is then put in the 

historical context of human modification.  Adjustment of two sections from 1948 to 1975 

and 1975 to 2012 is completed at the river mile scale.  The purpose of examining 

adjustment outside of the zone context, at the river mile scale, is to allow a higher 

resolution analysis in which to place the effective discharge results of chapter 5.  We find 

that the zones presented in this chapter are geomorphologically distinct and that 

categories share some similarity.   
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Methods and Data 

Historic USACE bathymetric surveys imported into a Geographic Information 

System (GIS) and literature was employed to describe distinct geomorphic zones.   

Before zones were described, floodplain geomorphology and 2012 channel bathymetry 

was determined. Floodplain geomorphology based on Saucier (1969) was mapped in a 

GIS.  The 2012 USACE bathymetric survey was imported into a GIS.   The survey was 

originally in XYZ format with individual files for each river mile and has a two foot 

resolution.  The XYZ format is a text file where each line represents the longitude, 

latitude, and elevation of one data point.  An ArcGIS model was developed to import 

each file of the 2012 survey into a GIS.  This model iterated through each XYZ file, then 

used the “ASCII 3D to Feature Class” tool to convert the text file to a feature class.  

Then, the “Add XY coordinates” tool was used to assign each feature its full x, y and z 

coordinates and make the feature useable.  Then, the “Point to raster” tool was used to 

create a raster file for each river mile.  Then, the mosaic tool was used to mosaic each 

raster image together.   Then, each survey was projected in the “NAD 1983 State Plane 

Louisiana South FIPS 1702 Feet” projection.  Elevation of the bathymetric survey was 

related to the North American Vertical Datum of 1988 (NAVD 88).   

Using floodplain geomorphology and the 2012 USACE bathymetric survey, the 

study area was divided by four categories of geomorphic zones into ten total zones.  

Categories of zones were based on channel planform geometry (meandering versus 

straight channels), the intersection of meandering channels with the LMR’s east valley 

wall (the Tunica Hills bluffs), and the presence of islands in the river channel.  Channel 

zones are described in the “study area description” section. 

Each geomorphic zone is described in terms of its major geomorphic features 

such as thalweg characteristics, bar locations, and the presence of chutes through the use 
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of the 2012 USACE survey.  Floodplain influences such as the presence of erosion 

resistant bluffs or cutoffs is explained using the mapping based on Saucier (1969).  River 

mile averaged LiDAR derived natural levee heights from the west bank are described for 

each zone and taken from Sounny-Slitine (2012), who was primarily interested in 

describing floodplain inundation between the river and man-made levees and 

consequently focused on the west bank because the east bank’s proximity to the Tunica 

Hills bluffs limits the area of inundation there.  Median grain size of sediment taken from 

the channel’s bottom is described from Nordin and Queen (1992) and from fieldwork in 

July 2012.  Physical samples were taken from the river bottom using an improvised 

device, figure 3.1.  The improvised device consisted of a boat anchor, plastic funnel with 

the small funnel hole closed with epoxy, and a small hand weight.  It is estimated that the 

device collected samples from the top 0.15 m of each sample location.   

 

 

Figure 3.1.  Professor Latrubesse prepares to deploy the improvised sediment collection 

device 
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Sieve analysis of sediment samples was conducted.  Samples were baked in an 

oven for 24 hours.  100g of each sample was placed in the top of a stack of the following 

sieves: 2mm, 1mm, 500 um, 250 um, 150 um, and 63 um.  The stack was placed on a 

Retch sieve shaker for 10 minutes at a 60 amplitude.  The weight of matter in each sieve 

was used to calculate the median grain size of field samples. 

Sinuosity and width to depth ratios were compared for each zone using channel 

morphology from the 2012 USACE survey.  Sinuosity was calculated by dividing the 

zone’s channel centerline distance by the zone start to end straight line distance.  Zone 

width to depth ratios were found by averaging the width to depth ratio at each river mile 

in a zone.  Widths were measured between channel banks that were delineated through 

the identification of break-in-slope on a slope surface of channel bathymetry.  Depth was 

measured at each cross section between 0 m (NAVD 88) and the deepest point of the 

channel.   

Geomorphic change of the study area through time is conducted using the 

geomorphic zones and by using two sections.  The two sections are separate 29 km (Old 

River Control Reach) and 27 km (St. Maurice Towhead Reach) reaches that each 

comprise two zones.  Planform stream bank adjustment from 1765 to 1944 is evaluated 

from Fisk (1944) and from 1948 to 2012 using stream bank identification from break in 

slope analysis from the 1948, 1964, 1975, 1992 and 2012 USACE bathymetric surveys.  

The 1948, 1964, 1975 and 1992 surveys were obtained in the computer aided design 

(CAD) design (.dgn) format.  These surveys were conducted by transects with spacing of 

100 m to 300 m between transects and individual measurements on transects spaced on 

the order of tens of meters.  These surveys were imported into a GIS and interpolated to 

create a smooth raster surface.  However, in order to avoid error from interpolation, 

measurements were only made at the intersection of survey transects and the survey 
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raster.  The two sections were also evaluated by comparing 2012 river mile averaged 

LiDAR derived west bank heights to west bank planform adjustment from 1948 to 2012.  

River mile averaged thalweg elevation was completed for both sections for the 1948, 

1964, 1975, 1992, and 2012 surveys.  The river mile averaged thalweg elevation was 

found by averaging the deepest measurement at each transect in a river mile for each 

survey year, thus avoiding interpolation error.   

Change of the geomorphic zones through time was evaluated by the 2012 river 

mile averaged LiDAR derived west bank heights to west bank planform adjustment from 

1948 to 2012 analysis.  The remaining analysis for zones evaluated the changing value of 

several parameters between 1948 and 1975, and from 1975 to 2012.  These parameters 

include the average of river mile averaged thalweg elevation in each zone.  Thalweg 

sinuosity was determined by dividing the thalweg planform length by the straight line 

length of the zone start to end.  An ArcGIS model was developed to assist in identifying 

and drawing the thalweg location in planform, figure 3.2.  Identifying the deepest point 

on each transect is a tedious process.  This model uses an interpolated raster surface of 

the channel bathymetry (step 1) and the “focal statistics” tool to identify the deepest point 

in north-south and east-west oriented cross sections (steps 2 and 3).  This deepest point is 

assigned to every cell in that cross section in two new rasters.  Then, both rasters are 

subtracted from the original raster creating two additional rasters where the thalweg 

location is equal to zero and all other areas have an absolute value greater than zero (steps 

4 and 5).  Then, a symbology layer is loaded that distinguishes values of zero from all 

other values (step 6).  Finally, the two rasters with the symbology from step 6 are used to 

draw the thalweg.  The thalweg line is only drawn at the intersection with original 

transect surveys to avoid interpolation error.  This tool is suitable to the LMR in this 

study area given the river’s north-south or east-west orientation.  Transitions between 
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these two orientations require a manual approach of identifying thalweg locations for 

individual transects.   

This method can be used to create a thalweg elevation profile by assigning the 

elevation of the original raster surface to the drawn line at their intersection.  This method 

is preferable to stream network delineation (SND) for this specific application.  SND 

requires the user to “fill sinks” which adjusts the elevation of some locations of channel 

bathymetry thereby introducing more error into the process.  Filling sinks is not a 

required step in this method.  Since both methods require a rasterized channel surface to 

begin with, the limitations of using a rasterized surface are not a valid critique in 

distinguishing the two methods from each other.   
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Figure 3.2.  Schematic and steps of the ArcGIS model developed to assist in identifying 

the thalweg planform 

Finally, stream bank width and adjustment is computed for each zone by averaging the 

stream bank widths at each river mile in a zone for the 1948, 1975 and 2012 surveys.  

Stream bank widths are found by delineation of stream banks using break in slope 

analysis on a survey slope map.   
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Presentation of the Study Area 

This study reach is a 119 km long section of the LMR that includes Old River 

Control and the Atchafalaya diversion with two sub-sections studied in detail, the Old 

River section and the St. Maurice Towhead section, marked A and B in figure 3.3.  This 

reach was chosen because it contains the Old River diversion of the Mississippi River to 

the Atchafalaya River and contains a particularly long record of over 50 years of water 

and suspended sediment data at Tarbert Landing gage.  With the regulated diversion to 

the Atchafalaya, this reach is unique to the LMR above it due to the reduced levels of 

discharge and sediment.  Consequently, the reach is a prime area to pursue the stated 

aims of this study: the examination of the geomorphologic impacts of an adjusting 

effective discharge through time and the influences of the Old River Control structure on 

the geomorphology of the river channel and water and sediment discharge.  Additionally, 

there are not any large diversions or tributaries below Old River.  Two distinct sub-

reaches were chosen to study in detail due to their geographic separation and differing 

geomorphic qualities.  Section A is the 29 km long Old River Control section 

immediately near the structure in a meandering reach without an island that abuts the 

valley wall.  Section B, the 27 km long St. Maurice Towhead section, is a meander 

section with a well-developed point bar and a long straight cross-valley section 

dominated by a large island, the St. Maurice Towhead.  These two sections allow the 

evaluation of a changing effective discharge in reaches with different geomorphic 

qualities.  The two sections also allow the evaluation of impacts of Old River Control in 

the channel immediately next to the structure as well as 48 km down river.   
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Figure 3.3.  Study area with cutoffs and associated islands near reach with the Old River 

section (A) and St. Maurice Towhead section (B) outlined by boxes.  Inset 

shows location relative to the alluvial valley and deltaic plain. 
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Study Area Description 

The study area begins at RM 321 in the LMR’s alluvial valley and flows through the 

river’s deltaic plain bounded on the east by the Tunica Hills bluffs and on the west by 

manmade levees removed no more than 10 km from stabilized natural levees. The study 

area is 119 km long and ends at RM 247.  This reach flows past Old River Control (figure 

3.4) at RM 316, a structure built by the USACE in 1963 (Low Sill Intake Structure), 1987 

(Auxiliary Structure) and 1990 (Hydroelectric station) to control the diversion of water 

from the Mississippi River into the Atchafalaya River.  Between 15% and 29% of the 

river’s discharge is regularly diverted through the structure (Mossa, 1996).   

 

Figure 3.4.  Old River Control Structure 
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The river continues to flow along the eastern valley wall through point bar and 

backswamp deposits.  Mid-channel islands and divided flows are common and usually 

associated with recent meander neck cutoffs (Shreve’s cutoff 1831, Raccourci cutoff 

1848, and False River cutoff 1722) though several straight reaches have mid-channel 

islands as well.  The river valley here is between 80 and 120 km wide though the river is 

confined between man-made levees and the Tunica Hills.  Gaging stations in this reach 

include the Old River Outflow and the Mississippi River at Tarbert Landing, Red River 

Landing, St. Francisville, and at Baton Rouge.   

 River channel zonation delineates three types of meanders and one type of straight 

reach based on the 2012 river’s planform and bathymetry and is presented here, figure 

3.5.  This is an attempt to group sections of the river channel by similar morphologic and 

genetic qualities.  Today’s river is the result of human and natural forces.  These zones 

are presented below along with floodplain geomorphic units from Saucier (1969).   

 Meander, no islands.  These zones are typified by meanders without islands, 

with apexes facing west, and well developed thalwegs and point bars.   

 Meander, geologic control.  These meander zones abut the Tunica Hills to the 

east and may have a small island not associated with a cutoff.  Here, the Tunica Hills are 

considered a highly erosion resistant unit that, in historic time scales, is an area that is off 

limits to the river channel.  The Tunica Hills are a geologic control and the eastern limit 

of where the river may meander.  These zones include a riffle which has a rising mid-

channel bar bounded by a prominent thalweg.   

 Meander, islands and divided flow.  These meanders have mid-channel islands 

that are associated with cutoffs.  Flow is divided around the islands.   

 Straight.  These straight reaches have mid-channel islands that may be linked to a 

cutoff and divided flow around the island.   
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Figure 3.5.  Geomorphic units abutting the river after Saucier (1969), channel zoning, and 

bathymetry related to the NAVD 1988. The four zones are: i) meander, no 

islands (Meander NI), ii) meander, geologic control (Meander GC); iii) 

meander, islands and divided flows (Meander IDF); and iv) straight 

(Straight).   
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The following description of zones follows the order listed above.  For instance, the  

meander, no island zones are described first, from north to south, before the meander, 

geologic control zones are described.  Bathymetry is indicated by a color symbology.  

Dark brown indicates lower elevations while yellow indicates a higher elevation.  All 

elevations indicated in cross-sections and in bathymetry are related to the NAVD 1988.   

The two meander, no island zones are displayed in figure 3.6.  Both meanders 

display a well-developed thalweg.  While zone 2’s thalweg is well aligned, zone 1’s 

thalweg is poorly aligned apparent in transect D-D’.  Maximum thalweg depths are 105’ 

and 95’ in zones 1 and 2, respectively.  These zones have well developed point bars 

apparent in all transects.  Width to depth ratios vary between 24 and 51 and average 28 

for zone 2 and 44 for zone 1.  The median grain size of bed material varies widely in zone 

2.  Nordin and Queen (1992) collected samples with a D50 of 480, 70 and 10 µm.  

Samples collected in zone 1 during this study were more similar at 181 and 182 µm.  

Average levee heights per river mile taken from the west bank show a similar profile for 

both zones.  However, the zone 2 levee may be more mature given the small variability of 

less than 0.6 m in levee height.  Zone 1 shows a much greater variability in levee height 

at over 1.8 m.  Levee height is lowest on the upstream portion of both zones.  Travelling 

downstream, the form of both levees is an initial dip in levee height when the thalweg is 

near the opposite bank to a levee maximum some distance after the meander apex 

followed in the next river mile by a zone minimum in levee height.   
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Figure 3.6. Meander, no islands zone 1 and 2 with five selected profiles (given in feet) 

and west bank levee heights (given in feet by river mile).  Both levee and 

cross section elevations are related to the NAVD 1988.    
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The three “meander, geologic control” zones are displayed in figures 3.7, 3.8, and 

3.9.  These zones abut the Tunica Hills Bluffs and contain a well-developed riffle with a 

mid-channel bar.  Width to depth ratios vary between 24 and 90 and average 37, 54, and 

53 for zones 3,2 and 1.  Zone 3 is near Old River Control and has a rising riffle with a 

bottom near -12 m at transect A-A’ and 3 m at B-B’.  Transect C-C’ displays a well-

developed thalweg without the shelf like point bars common in the meander, no island 

zones.  Sediment samples taken from the bottom by Nordin and Queen (1992) display 

some variability at zone 3 with median grain size ranging from 500 µm at RM 309, 130 

µm at RM 312, 260 µm and 330 µm at RM 315.  Samples taken for this study at RM 311 

and RM 312 were 249, 316, 400 and 483 µm.   Zone 2 has a small island that is a 

stabilized point bar with a small chute cut off.  A well-developed riffle is apparent in 

transect A-A’.  Transect C-C’ displays a thalweg without the shelf like point bar 

upstream at B-B’.   Median grain size of a sample taken at zone 2 by Nordin and Queen 

(1992) was 500 µm at RM 296.  Zone 1 contains a riffle that rises from -35’ to -10’ 

apparent in transect A-A’.  A massive point bar at almost 5,000’ wide is apparent in B-

B’.  This transect displays a small thalweg which develops into an -80 deep bucket like 

chute by C-C’.   This meander has one of the largest width-depth ratios at 90 before 

decreasing to 21 at C-C’.  Nordin and Queen (1992) found a D50 of 410 µm at zone 1.  

Levee profiles from the west bank and inside meander bend are similar.  Levee 

maximums in zone 1 and 2 are near the meander apex with minimums two miles 

downstream.  Zone 2’s minimum is adjacent to the island.  Zone 3’s maximum is also 

near the meander apex. However, its minimum is at the end of the zone near a riffle 

transition to the next meander.  Zones 2 and 3 have levee elevation differences of over 

3.4 m while zone 1 has a difference of only 1.8 m.   
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Figure 3.7.  Meander, geologic control zone 3 near Old River Control with west bank 

levee height 
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Figure 3.8.  Meander, geologic control zone 2 with west bank levee height.  The flat 

surface in B-B’ indicates a “no data” area where bathymetry wasn’t 

measured 

 

Figure 3.9.  Meander, geologic control zone 1 with west bank levee height 
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The two “meander, islands and divided flow” zones are displayed in figure 3.10.  

These zones have mid-channel islands that are genetically related to cutoffs and 

abandoned channels.  Width to depth ratios vary between 25 and 169 with averages of 72 

and 86 for zones 1 and 2.  Zone 1 has a well-developed thalweg in D-D’ before 

displaying a bucket shaped channel in E-E’.  Flow is divided unevenly around a 

particularly large channel at F-F’ with the western channel conveying most of the water.  

Nordin and Queen (1992) took one sample here which had a D50 of 220 µm.  Zone 2 is 

south of Old River Control and begins with a riffle at A-A’ before encountering a mid-

channel island that divides flow rather evenly at B-B’.  Discharge is divided into three 

sections with two islands and a central thalweg at C-C’.  The islands at B-B’ and C-C’ are 

related to Shreve’s cutoff and the Raccourci cutoff, respectively.  Width to depth ratios 

varied here between 69 and 113 with an average of 86.  Nordin and Queen (1992) took 

several samples in zone 2 ranging in D50 from 130 to 560 µm.  Both zones show an 

increasing trend in levee height with a maximum at some point after the meander apex.  

Zone 2’s minimum is at the beginning of divided flow while zone 1’s minimum is near 

the upstream riffle.   
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Figure 3.10.  Meander, islands and divided flow zones 1 and 2 with levee heights.  The 

flat surfaces on profiles indicate a “no data” area where bathymetry wasn’t 

measured 
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Figure 3.11.  Straight zone 3 with levee heights. 
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 Figure 3.12.  Straight zone 2 with levee heights 
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Figure 3.13.  Straight zone 1 with levee heights 
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The three “straight” zones each contain an island and are either completely straight or 

have a very slight sinuosity, figures 3.11, 3.12, and 3.13.  Width to depth ratios vary 

between 16 and 83 and average 46, 42 and 45 between zones 3, 2 and 1.  Nordin and 

Queen (1992) collected samples in each reach with D50 of 260,250 and 370 µm in zone 3, 

220 µm in zone 2 and 240 µm in zone 1.  Zone 3 is a long straight reach with a small side 

island and very little divided flow.  A noticeable thalweg at A-A’ is replaced by a bucket 

shaped channel at C-C’.  Zone 2 has a larger mid-channel island that divides more flow 

than in zone 1 but the southern channel still carries most of the discharge.  A thalweg is 

noticeable in all transects.  Zone 1 is associated with the False River Cutoff and has a 

mid-channel island that divides little flow.  A noticeable thalweg shifts from the left bank 

at A-A’ to the right bank at B-B’ and C-C’.  Levees have small ranges in these zones 

varying by no more than 1.5 m.   

 

Figure 3.14.  Similarities of each zone type is apparent in this channel sinuosity and 

width to depth plot 
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 These zones quickly distinguish themselves by channel sinuosity and width to 

depth ratios, figure 3.14.  Meander, no island zones have variable sinuosity but very low 

width-depth ratios near 50 which are a result of a deep, zone-length thalweg.  Straight 

zones have the lowest sinuosity at slightly above one and variable width-depth ratio.  

Meander, geologic control zones have a similar width-depth variation but a greater 

sinuosity.  Meander, island and divided flow zones occupy the greatest width to depth 

ratios and have a similar sinuosity of near 1.5.  These two aspects can be attributed to the 

effects of the islands on channel width and channel development.   

Geomorphic Change Through Time 

This section will analyze the geomorphic change of the Old River section and the 

St. Maurice Towhead section (inset A and B, figure 3.3) through historic time.  The Old 

River section will begin with a reconstruction of its formation from the 14
th

 century until 

1950.  For both sections then, this analysis will begin with the section’s geomorphic 

setting and zoning.  Then, a review of Fisk’s findings (1944) is used to assess the channel 

bank’s planform change between 1765 and 1944.  USACE decadal surveys are then used 

to assess planform change from 1948 to 2012.  This will be followed with an analysis of 

the bathymetric change of the channel and thalweg of each section from 1948 to 2012.   

Old River Section.  This section of the river meanders through point bar and backswamp 

deposits created by the meandering channel, figure 3.15.  The section contains two zones, 

meander, geologic control #3 and meander, islands and divided flow #2, both described 

above.  Significant in this section is the Atchafalaya diversion, the geologic control of 

Tunica Hills on the east, and the mid-channel island at RM 304.   

This river reach has undergone a considerable amount of change through time.  A 

major expression of this is the Atchafalaya avulsion.  Figure 3.16, taken from Aslan et al 
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(2005) depicts one way that the Atchafalaya River avulsion could have developed.  After 

the Atchafalaya became a distributary of the Mississippi, sometime before 1765, the 

Atchafalaya trapped floating debris that grew into 30km long logjam inhibited discharge 

to the rest of the river.  This log jam was cleared in the 1880s (Patrick, 1998) and another 

log jam cleared in 1939 (Nguyen et al, 2010).  Henry Shreve, a steam boat captain, 

ordered the neck cutoff at Turnbull bend (RM 304) to improve navigation and solve a 

problem of shoaling, making the channel 15 km shorter (Shuman et al, 1993).  This cutoff 

was completed in 1831.  The combination of clearing the log jam and conducting the 

neck cutoff at Turnbull bend, which ultimately led to the Atchafalaya capturing the Red 

River, may have increased the likelihood that the Mississippi would divert into the 

Atchafalaya as well (Knox, 2007).   

  Considerable planform variation took place between 1765 and 1944, figure 3.17.  

This image illustrates the dynamic quality of the river channel.  After the upstream 

Homochitto cutoff in 1776 (Gagliano and Howard, 1983), figure 3.3, the river regained 

some sinuosity by 1820 inducing the channel to make contact with the bluffs at RM 312.  

Since 1820, the meander bend at the contact has translated down river, shifting the 

channel to the west by almost two channel widths.  Between 1820 and 1880 two things 

occurred.  One, the cutoff at RM 304, mentioned above occurred.  Two, the channel 

straightened with the meander at RM 312 moving downstream in contact with the bluff 

and the upstream meander shifting to the east by two channel widths.  Between 1880 and 

1944 the channel regains sinuosity by shifting the meander in contact further 

downstream.     
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Figure 3.15.  Geomorphic setting of Old River section with zoning and bathymetry 
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Figure 3.16.  Development of the Atchafalaya River from Aslan et al (2005) 

Planform adjustment of the channel banks from 1948 to 2012 is shown in figure 3.18.    

The planform during this time underwent narrowing from 1948 to the 1975 survey.  This 

trend was arrested with the installment of revetments in the 1970s.  The 1948 channel 

was very wide, with the 1964 channel similar but much narrower from RM 301 – 304 and 

from RM 315-318.  The 1975 channel constricted from the 1964 channel between RM 
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306 and 310 and from RM 315 to RM 318.  The 1992 and 2012 channels are virtually the 

same.  The 1992 channel shows a constriction from RM 309 to 311 and RM 313 to 315.   

 

 

Figure 3.17.  Historic map of channel evolution near Old River showing the channel 

location in 1765 (blue), 1820 (red), 1880 (green) and 1944 (current 

channel), from Fisk (1944)   

 



 55 

 

 

Figure 3.18.  Banks from the 1948, 1964, 1975, 1992 and 2012 USACE surveys 
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Figure 3.19.  2012 west bank levee height relative to Qmean (15,000 m
3
s

-1
) stage versus 

west bank adjustment, 1948 to 2012,  by river mile.     

Channel planform adjustment of the right bank is related to right bank adjustment in 

figure 3.19.  Here, average levee heights, from Sounny-Slitine (2012), in relation to the 

Qmean stage are plotted for the right bank planform adjustment from 1948 to 2012.  The 

Qmean stage is used here as a reference plane to take the downstream slope of levee 

height into account.  Positive values of bank accretion indicate river bank accretion 

towards the channel and negative values indicate erosion of the bank.  Levee heights of 

accreting banks are clearly lower and less mature than levees of degrading banks, 

apparent from RMs 307-310 and at RM 319.  Levee height correlates to bank accretion 
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with an R coefficient of 0.57.  Accreting banks are creating new levee tops and are in a 

state of adjustment.  Degrading banks may be eroding towards natural levee tops that are 

older, more mature, and the result of past channel processes. The degree to which the 

channel has meandered through the area and created extensive point bar deposits (figure 

3.15) indicates that a greater context than channel processes of the river in its present 

location is required to understand modern levee heights.   Figure 3.20 highlights river 

mile average vertical thalweg adjustment from 1948 until 2012.  In this reach, the 

analysis reveals a general aggradational trend with downstream shifting of pool and riffle 

morphology where the two pools downstream from Old River Control (RMs 303 and 

310) have experienced the greatest aggradation on their downstream                                                                                                                                                     

sides.     

 

Figure 3.20.  River mile averaged thalweg depth from selected survey years, between 

1948 and 2012, RM 300 – 324 
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St. Maurice Towhead Section.  This section meanders through point bar and 

backswamp deposits and consists of the meander, no island zone 1 and the straight zone 

2, figure 3.21.  A large island occupies the straight zone and creates a divided flow.  Fisk 

(1944) reveals that the meander in this section has been highly active, adjusting several 

channel widths to the west between 1765 and 1944, figure 3.22.  The straight zone has 

undergone adjustment as well, adjusting its sinuosity between the 1820, 1880, and 1994 

stages.     

 

 

Figure 3.21.  Geomorphic setting of St. Maurice Towhead section with zoning and 

bathymetry 
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Figure 3.22.  Historic map showing channel evolution near RMs 270-280, from Fisk 

(1944) 

The island in figure 3.21 is known as the St. Maurice Towhead and Fisk (1944) shows 

that it formed between 1880 and 1944.  This towhead’s formation is another example of 

the degree to which this study area is a coupled human-environment system.  Hay (2013) 

links the towhead’s formation to the fire and sinking of the beautiful 320 foot long 

steamboat, J.M. White.  Known as “the finest riverboat in the world” she caught fire and 

sunk on December 13, 1886 near the St. Maurice plantation.  Over the years, sand piled 

up on the wreck, then still visible at low water, until a sand bar was formed.  Eventually, 

this bar grew into the 3 km long St. Maurice Towhead (Hay, 2013).    
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Figure 3.23.  Stream banks from the 1948, 1964, 1975, 1992 and 2012 survey 

Channel planform adjustment for this section is displayed above in figure 3.23.  

Compared to the adjustment displayed by Fisk (1944), the adjustment in the channel from 

1948-2012 is very minimal.  In the lower portion, RM 268 to 280, the channel constricts 

a small amount by bank accretion on the left bank.  Between RMs 280 and 283 there is a 

greater amount of bank accretion on the right bank with a smaller amount on the left 

bank.  Figure 3.24 shows the west bank levee height in relation to the Qmean stage versus 

the bank adjustment.  There is less correlation between levee height and bank accretion 

here than in the Old River section with a R coefficient of 0.36.  What may be more 

influential here than bank accretion is the influence of the St. Maurice Towhead.   
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Figure 3.24.  West bank levee height relative to Qmean stage (15,000 m
3
s

-1
) versus west 

bank adjustment, 1948-2012.  Very little accretion near St. Maurice 

Towhead is associated with maximum levee heights at RM 277 and 

decreasing heights to RM 268, a result of immature levees which only began 

to grow after the beginning of St. Maurice Towhead in 1886.   
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Figure 3.25.  River mile averaged thalweg depth from selected survey years between 

1948 and 2012, RM 268-284  

While bank lines have shown little adjustment near the towhead from 1948-2012, levee 

height trends from a maximum near RMs 276 and 277 to a minimum at RMs 270 and 

271, at the tail end of the towhead.   

 The thalweg in this section has undergone an aggradational trend from 1948-

2012, figure 3.25, with the greatest aggradation occurring upstream from the St. Maurice 

Towhead on the downstream side of thalweg peaks.  The thalweg near the towhead 

reached a maximum elevation in the 1975 survey before returning to near 1948 levels by 

2012.  Upstream areas of the thalweg have remained at elevations far above 1948 levels.   

 When the levee height – bank accretion analysis is completed by zones, figure 

3.26, there is a strong correlation between levee heights and bank accretion with an R 

coefficient of 0.68, comparing to an R coefficient of 0.44 purely when the analysis is 

done by river mile alone, 0.36 for the St. Maurice Towhead section, and 0.57 for the Old 
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River section.  For each zone, the given levee height is the average levee height for each 

river mile contained in the zone.  The given bank accretion is the average bank accretion 

measured at each river mile in the zone.  Significantly, zones cluster together with the 

exception of the meander, islands and divided flows zone.  Zone 1 and 2 of this type 

almost occupy both extremes of bank accretion and levee height.  However, the levee 

height for both zones behaves as expected for the relatively large amounts of bank 

accretion and erosion.   

 Since this analysis makes use of west bank levee heights and west bank accretion 

only,  specific zones within a category with west banks undergoing opposite processes of 

bank accretion and receding, are not likely to cluster together.  Of the three meander 

zones, the “meander, no island” and “meander, geologic control” zones are each oriented 

the same direction. The meander, no islands’ apex orients to the west and meander, 

geologic control’s apex to the east.  On the other hand, the “meander, islands and divided 

flows” zones have meandered in opposite directions.  Despite this, the “meander, islands 

and divided flows” zones have behaved as expected as have the other zones which have 

clustered as well.   

 When grouped by zones, the general picture we get of the study area is of a river 

that is reducing its channel capacity through an aggrading thalweg and a narrowing of the 

channel width, tables 3.1, 3.2, and 3.3.  The 1948 to 1975 period displays a relatively 

large amount of thalweg aggradation with an average of 1.8 m and an average channel 

narrowing of 68 m.  The 1975 to 2012 period has a much smaller aggradation of 0.5 m 

and a smaller average channel narrowing of 35 m.  Thalweg sinuosity didn’t adjust much 

with an average reduction of 0.02 from 1948 to 2012 and an average of zero adjustment 

between 1975 and 2012.  Observations of specific zones will be made before 

contextualizing these results. 
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Figure 3.26.  2012 average west bank height relative to Qmean stage (15,000 m
3
s

-1
) 

versus west bank adjustment, 1948-2012, by zone.  Zones group together 

with the exception of the Meander, islands and divided flows zones which 

are almost complete opposites.   

 

Table 3.1.  River mile averaged thalweg elevation related to the NAVD 1988 (m), Po; 

thalweg sinuosity, Pt; and channel width (m), Bo for each zone in 1948, 

1975 and 2012. 

Zone Po Pt Bo Po Pt Bo Po Pt Bo
Meander, NI #2 -19.1 1.29 1207 -21.0 1.31 890 -17.9 1.33 832
Meander, GC #3 -14.3 1.55 1089 -13.4 1.52 1013 -11.6 1.55 922

Meander, IDF #2 -12.7 1.8 1427 -10.3 1.71 1266 -11.5 1.71 1396
Meander, GC #2 -13.3 1.33 1049 -11.1 1.24 1091 -10.4 1.31 1009
Straight #3 -14.3 1.03 1085 -13.0 1.06 1023 -10.4 1.06 1002
Meander, NI #1 -22.5 2.31 923 -18.0 2.27 862 -17.8 2.24 795

Straight #2 -17.3 1.12 1057 -16.3 1.11 1069 -17.1 1.15 1044
Meander, GC #1 -16.6 1.5 936 -15.4 1.5 979 -14.4 1.48 893
Straight #1 -20.3 1.26 1321 -16.2 1.22 1223 -16.5 1.19 1307
Meander, IDF #1 -21.0 1.59 981 -18.6 1.6 975 -20.6 1.58 839

Average -17.1 1.48 1108 -15.3 1.45 1039 -14.8 1.46 1004

2012

Po: Thalweg Elevation, NAVD 1988 (m); Pt:  Thalweg sinuosity; Bo: Channel width (m)

1948 1975
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Table 3.2.  Average change and percent change between 1948 and 1975 and between 

1975 and 2012 for thalweg elevation in meters (Po), thalweg sinuosity (Pt), 

and channel width in meters (Bo) for each zone.  Negative values are 

identified with black background and white text 

 

Table 3.3.  Change in thalweg elevation in meters (Po), thalweg sinuosity (Pt) and 

channel width in meters (Bo) between 1948 and 1975 and 1975 and 2012 for 

each zone category 

 Meander, no islands zone 2 is mostly upstream from the Old River and is 

therefore different from all other zones in terms of discharge, conveying the LMR’s total 

discharge to include that which passes through Old River.  Between 1948 and 1975 this 

zone is the sole zone displaying a degrading thalweg.  During this period the zone also 

Zone Po Pt Bo Po Pt Bo Po Pt Bo Po Pt Bo

Meander, NI #2 -2.0 0.02 -317 -10 1.6 -26 3.2 0.02 -57 15 1.5 -6
Meander, GC #3 0.9 -0.03 -76 6 -1.9 -7 1.8 0.03 -91 14 2.0 -9
Meander, IDF #2 2.3 -0.09 -161 19 -5.0 -11 -1.1 0.00 130 -11 0.0 10
Meander, GC #2 2.2 -0.09 41 16 -6.8 4 0.7 0.07 -82 7 5.6 -8

Straight #3 1.4 0.03 -62 10 2.9 -6 2.6 0.00 -21 20 0.0 -2
Meander, NI #1 4.5 -0.04 -61 20 -1.7 -7 0.2 -0.03 -67 1 -1.3 -8
Straight #2 0.9 -0.01 12 5 -0.9 1 -0.8 0.04 -25 -5 3.6 -2
Meander, GC #1 1.1 0 43 7 0.0 5 1.0 -0.02 -85 6 -1.3 -9

Straight #1 4.1 -0.04 -98 20 -3.2 -7 -0.3 -0.03 84 -2 -2.5 7
Meander, IDF #1 2.4 0.01 -6 12 0.6 -1 -2.0 -0.02 -137 -11 -1.3 -14

Average 1.8 -0.02 -68 10 -1.4 -6 0.5 0.01 -35 3 0.6 -4

1948-1975 1975-2012
Change % Change Change % Change

Po: Thalweg Elevation, NAVD 1988 (m); Pt:  Thalweg sinuosity; Bo: Channel width (m)

Po Pt Bo Po Pt Bo
Meander, NI 1.3 -0.01 -189 1.7 -0.01 -62
Meander, GC 1.4 -0.04 3 1.2 0.03 -86

Meander, IDF 2.4 -0.04 -83 -1.6 -0.01 -3
Straight 2.1 0 -49 0.5 0 12
Average 1.8 -0.02 -80 0.4 0 -35

Change

1948-1975 1975-2012

Po: Thalweg Elevation, NAVD 1988 (m); Pt:  Thalweg sinuosity; Bo: Channel width (m)
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experienced at least twice as much channel narrowing as the other zones.  From 1975 to 

2012, thalweg behavior was the opposite with more than 3 m of aggradation which was 

more than any other zone.   

 Meander, islands and divided flow zones behaved differently than other zones.  

These zones underwent the greatest amount of thalweg aggradation from 1948 to 1975 

with an average 2.4 m.  Channel width decrease during this time was an intermediate 83 

m.  During the 1975 to 2012 period, these zones were the only zones to experience an 

average thalweg elevation decrease of 1.6 m.   

 Generally, between 1948 and 1975 we see a strongly aggrading thalweg with an 

average elevation increase of 1.8 m.  At the same time we see an average channel width 

decrease of 80 m, table 3.3.  The 1975 to 2012 period has a similar trend but with less 

thalweg aggradation and less channel width decrease.  This could be the result of 

engineering impacts.  By the start of the 1948 to 1975 period, the LMR had already 

begun to adjust to the upstream meander cutoff program of the 1930s.  This program 

increased stream energy and bank caving in the LMR above Old River contributing to the 

sediment supply in general and the bed load.  Without the increased stream power of the 

cutoff reaches, the study reach reacted to the increased sediment supply and bed load 

through an aggrading channel, reflected here in average thalweg adjustment.  The 1950s 

was also a period of dam construction in the Missouri basin which sharply decreased the 

suspended sediment load in the LMR (Meade and Moody, 2010).       

 The 1975 to 2012 period is influenced by revetment construction in the LMR 

which reached its maximum in the 1970s (Kesel, 2003).  Increased bank caving, an 

unintended consequence of the cutoff program, was stopped by the bank stabilizing 

program which resulted in a reduced bed load component to the LMR.  The full length of 

this period has experienced the effects of the Old River Control.  The conditions which 
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have historically promoted the growth of the Atchafalaya diversion still exist and, in the 

absence of an increased bed load supply, have caused the channel to aggrade and lose 

channel capacity to a smaller degree than during the 1948 to 1975 period.   

 These are general trends across the study area.  It was shown that individual 

geomorphologic zones and zone classes behaved differently during these periods.  The 

explanation of the individual behavior of zones during these periods deserves more 

attention.   
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Chapter 4:  Bed Load and Bed Morphology 

Introduction 

Rivers transport sediment along the bed, in suspension, and in solution (Charlton, 

2007).  The lower Mississippi River is no different.  However, quantifying the mean bed 

load transport rate for a given discharge and other conditions is particularly difficult 

given spatial and temporal variability (Abraham et al, 2011).  In the majority of large 

river studies, the bed load isn’t even considered or estimated (Milliman and Meade, 

1983).  Because of this, sand and other bed materials are an under-measured component 

in fluvial systems (Nittrouer et al, 2008).  While the USGS regularly quantifies the total 

suspended sediment and the sand fraction in suspension at several gages on the LMR, 

there is not any recurring measurement of sediment transported in contact with the bed.  

In a general sense, Thorne et al (1993) present two ways of looking at the problem.  Since 

the main morphologic features in a sandy bed river are composed of sand, it is the 

erosion, transport and deposition of sand which is crucial to shaping the channel.  On the 

other hand, the suspended silt load is usually the much greater part and can’t be ignored 

(Thorne et al, 1993).     

What is the bed load transport in the study area and how does it relate to 

discharge?  The first aim of this chapter is to quantify this bed load – discharge 

relationship in the study area.    I hypothesize that the bed load to discharge relationship 

will result in similar findings to other researchers who have studied bed load in the LMR 

below Old River by employing three dimensional methods.  Abraham et al (2010) 

computed the bed load percent of total load near the Old River Control on the LMR using 

most of the data set employed here and found it to vary between 3.2% and 5.1%. 

Nittrouer et al (2008) found that the bed load transport rates below New Orleans was 

2.5% of the suspended sediment discharge and that the total sand load was 23% of the 
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total suspended load.  Two studies from the LMR above Old River that employed 

literature or two dimensional methods estimated that the bed load is less than 5% of the 

total sand discharge (Biedenharn et al, 1999) and that the bed load is between 10% and 

60% of the total load (Harbor, 1998).  I estimated the bed load within the framework of 

Simons et al (1965) (equation 4.1) from seven different survey pairs, conducted during a 

range of discharges between 5,500 m
3
s

-1
 and 45,000 m

3
s

-1
, near RM 311 (figure 4.6).  A 

novel, automated cross correlation technique was developed in ArcGIS to estimate the 

distance bedform crests moved and Excel was used to estimate bedform height. 

Acoustic or optical sensors coupled with cross-correlation techniques, h-level 

crossing analysis, or cross-spectral density functions are best able to characterize bedform 

geometry and migration (Aberle et al, 2012).  Simons et al (1965) is an important starting 

point for using time elapsed imagery to estimate bedform migration.  Based on flume 

experiments and the Exner equation, Simons et al (1965) found that bed load volume rate 

of bed load transport per unit width could be estimated quite accurately by measuring 

average dune crest velocity and average dune height in a profile, equation 4.1. 

 

Equation 4.1.  Volume rate of bed load transport per unit width per unit time.  Taken 

from Simons et al (1965) 
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.  The volume rate can be converted to a mass rate by using the density of the bed 

material.  The authors used several assumptions:  (1) bedforms are triangular in shape, (2) 

bedforms are two dimensional and (3) the porosity is constant.   Constant C1 was found to 

be zero as long as the bed was completely covered in ripples or dunes.   McElroy and 

Mohrig (2009) study this constant, which they call deformation, or vertical sediment flux 

between the bed and suspension, and find that that deformation of the bed might account 

for 40% of the total bed material flux in rivers.   Despite this, most researchers consider 

the constant equal to zero.   Given the availability of single beam echo sounders, equation 

4.1 has commonly been applied in the bedform tracking method where two dimensional 

transects are reoccupied over an elapsed time (e.g. Harbor, 1998).   The accuracy of this 

method is limited by the difficulty of reoccupying transects and by the ability of 

researchers to extrapolate the total width flux from that of several transects.   

High resolution multi beam sonars have allowed researchers to employ three 

dimensional time elapsed imagery to estimate bed load flux.   Abraham et al (2011) 

focuses on the stoss side volumetric flux and has the added benefit of being flume tested.  

This method begins with a mass-based form of Simons et al (1965), equation 4.2. 
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Equation 4.2.  Sediment load per unit width.  Taken from Simons et al (1965) and 

Abraham et al (2011) 

Using this change in volume in equation 4.2 yields the mass of sand per unit 

width that is moved during the time interval,   .  In practice, the authors’ method, called 

the ISSDOTv2 (Integrated Section Surface Difference Over Time version 2), can be 

applied in three dimensions.  Between two time elapsed images, the total bed load flux 

can be found for all bedforms.  Some method then must be used to eliminate the scale 

effects of the image size and find the unit or channel flux.  If each dune spans the entire 

channel width, one method to find the unit flux is to take the average of the flux of each 

bedform in the two images.   This chapter displays that individual bedforms rarely span 

the entire channel in the study area.  Applying this method, then, in a large river such as 

the LMR requires the estimation of bed load of areas limited by individual bedform 

extent.  Whereas Simons et al (1965) treated dunes like triangles, Abraham et al (2011) 
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found that a range of beta between 0.5 and 0.63 was a good estimate of the shape factor 

with the best value of 0.57.   

The application of a bed load-discharge relationship where bedform 

measurements from a spatially limited area (e.g. a 300m by 300m area at RM 311) are 

used to create a generic bed load-discharge relationship for a much larger area (e.g., the 

119 km study area) is inherently problematic.  Bedform size and shape is influenced by a 

number of factors to include channel position and reach-controlled relations between 

flow and energy loss (Harbor, 1998).  In other words, the geomorphologic approach from 

chapter 3 should be applied to any analysis of bedforms in the LMR.  A common mode of 

bedform analysis is to apply a statistical approach to encompass all multi-scale, 

superimposed bedforms (Leclair, 2011).  While this approach has been shown to have 

merit, it must be placed in the specific context of the study area.  Where studies use data 

sets from widely varying geomorphologic sections of a river (e.g. a bend versus a straight 

reach), statistical methods should be employed and then explained in terms of channel 

geomorphology and reach specific conditions.   

How does bedform morphology relate to geomorphologic zones of the study area?  

Relating bedform morphology to the geomorphologic zones of chapter 3 is the second 

aim of this chapter.  I hypothesize that zone categories will share similar bedform 

relationships such as depth to height ratios and height to length ratios.  This aim is 

pursued by the zoning of the 2012 USACE bathymetric survey based upon a bedform 

classification in the form of Ashley (1990) using bedform height and dimensionality.  

Bedform parameters from each zone are compared in terms of depth to height ratios, 

depth to length ratios, and height to elevation ratios.   
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Methods and Data 

I developed an automated, three-dimensional, cross correlation technique for 

calculating bed form sediment flux based on the work of Simons et al (1965) and 

Abraham et al (2011).  This method employs the sediment load per unit width, equation 

4.2, and requires the average bedform translation and average bedform height.  This 

method employs two time elapsed bathymetric images in raster form where images must 

be rotated so that longitudinal profiles can be represented by vertical raster columns (a 

raster image is composed of rows and columns).       

Bathymetric surveys for this analysis are from two sources and were conducted 

near RM 311, figure 4.6.  Five surveys from 2010 and one survey from 2011 were 

conducted by the USACE and were used at a 1.5 m spatial resolution.    One survey in 

2012 was conducted by the author aboard the Jules Oreste, a 28’ craft operated by Chustz 

Surveying, figure 4.1.  Bathymetry was collected using a Reson Seabat 8101 multibeam 

sonar, figure 4.2, and was processed to a 0.6 m resolution.  The North American Vertical 

Datum of 1988 (NAVD 88) was used in both sets of surveys.   

 

Figure 4.1.  The surveying vessel used in the July 2012 bathymetric survey, the 28’ Jules 

Oreste operated by Chustz Surveying 
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Figure 4.2.  The Reson Seabat 8101 multibeam sonar used aboard the Jules Oreste during 

the July 2012 survey 

Daily discharge values from the Mississippi River at Tarbert Landing stream 

gage, figure 1.2, on the day of each survey was used to develop the bed load – discharge 

relationship for the 2010 and 2011 estimates.  A Teledyne RDI Rio Grande Acoustic 

Doppler Current Profiler (ADCP) was employed in the 2012 survey to measure 

discharge, figure 4.3. 

 

 

Figure 4.3.  The ADCP used aboard the Jules Oreste during the July 2012 survey, lashed 

to the boat during travel 
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Using these bed load estimates and the discharge values, a linear regression was 

conducted using Excel.   

Average dune translation.  Here, a ArcGIS model was developed in Model 

Builder to automatically find the translation that best aligns each longitudinal profile 

from the second time elapsed image with the longitudinal profile from the first time 

elapsed image.  This method is similar to cross correlation techniques where a “lag” is 

found that best aligns two different series.  Here, the translation is similar to “lag”.   

 

 

Figure 4.4.  Simplified depiction of dune crest translation 

Figure 4.4 shows a simplified depiction of bedform crest translation between 

longitudinal profiles.  This method employs each longitudinal profile from a pair of 

images where each longitudinal profile is the width of each raster column.  For instance, 

in a pair of bathymetric raster images where there are 240 columns with cells size 1.5 m 

by 1.5 m, this method will estimate the bed form sediment flux for each of the 240 

longitudinal profiles individually and in total.  The necessity of making the distinction 

between an individual dune crest translation and the average dune translation is required 

because the bedform surface contains dunes that travel at different speeds and deform.  If 
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this wasn’t the case, any individual bedform crest translation would equal the average 

bedform translation.  This method makes use of the average bedform translation for each 

column by finding the translation that produces the smallest sum of the absolute values of 

the differences between each image.  Since this method treats longitudinal profiles of the 

river bottom as vertical columns, it is necessary to rotate both raster images so that 

average bedform translation is vertical in the “north-south” direction.  After rotation, this 

process is described in figure 4.5.   

 

 

Figure 4.5.  ArcGIS model processes to find the average dune translation 

Average Bedform Height.  Here, Excel is used to the find the average dune 

height in each profile.  The first image in the time elapsed pair is smoothed by ArcGIS’s 

low pass filter.  It is then exported as an ASCII text file and imported into Excel.  

Bedform heights are found using the identification of peaks and troughs.  The average 
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bedform height in each column is found by averaging all bedforms over 1.5 m in height.   

Code steps are as follows:   

Step 1:  Identify the difference between each cell in each column.   

Step 2:  Identify peaks and troughs from step 1.  These areas are identified by 

finding where the slope changes sign between cells in each column.   

Step 3:  Identify the elevation of each trough and crest using the locations of zero 

slope.   

Step 4:  Use the elevation of troughs and crests to identify stoss side bedform 

heights. 

Step 5:  Find the average bedform height in each column by averaging all 

bedforms over 1.5 m in height.  It was found that filtering the image in ArcGIS didn’t 

smooth the dune surface to the degree required for this process to be satisfactory.  After 

some inspection, it was decided that for the final averaging, only dune heights over 1.5 m 

in each column would be averaged.  For those columns with no dune heights over 1.5 m 

identified by this method, the average dune height would be set to 1.5 m.   

Step 6:  Export this row of average bedform heights as an ASCII text file.  The 

value at each place in the row is the estimate of the average dune height in that column.   

This process for bedform height estimation generally overestimates very small 

bedforms and underestimates very large bedforms.  However,  it was found to 

satisfactorily estimate bedforms in the 1.5 m to 4.6 m range which is shown later in this 

chapter to be the common mode of bedform transport.   
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Calculation of bed load.  A final raster calculation is completed by 

k * average dune translation * average dune height, 

where k = β*ρs*(1-ρ) * (1/∆t)*(column width)*(dimension conversion factor) 

This operation takes place between the average dune translation raster, a two 

dimensional image with n rows and m columns, and the average dune height raster, an 

image with one row and m columns and the constant k.  The output has cell values that 

are the bed load flux in that profile.  These cell values are then summed to find the total 

bed load flux for the two images.   

Comparison of Methods 

Here I will compare the outputs from three different methods:  the manual 

method, the Abraham method and the method described above.  This comparison will 

employ two images from the 09 February 2010 survey, with the surveys starting at 1800 

and 2005 hours.   

Manual Method.  Four transects were drawn across the image and interpolated to 

each image, see figure 4.6.   
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Figure 4.6.  Four transects drawn for the manual method on the February 2005 hours 

image.  This image’s location is in the meander, geologic control zone #3, 

immediately down river from the Old River Control auxiliary intake, inset.  

Transects were aligned parallel with the general direction of bedform 

movement. 

 

Then, each transect was used to measure the translation of each dune crest.  The 

1800 hours image was used to measure the lee side dune heights.  Below are the two 

profiles from transect 2 with my estimates of dune heights and crest translation, figure 

4.7.   



 80 

 

Figure 4.7.  Two profiles with bedform height (N) and bedform translation (  ) 

measurements for the manual method.  Elevation is relative to the NAVD 

1988.      
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Table 4.1.  Results from the manual method 

Results were tabulated and qv was found applying equation 4.2. The flux was 

found by applying one fourth of the image width to each transect average qv.  This 

method resulted in a total of 33,671 tons/day.   

Method proposed here.  This method returned a value of 33,534 tons/day using 

all 295 longitudinal profiles of 6 foot width.   

Abraham/ISSDOTV2 method.  An estimate for 09 February 2010 based on 

three surveys starting at 1800, 2000 and 2205 was 36,295 tons/ day.   

 

Results and Discussion 

The similarity of the manual method and the proposed method is striking and is 

partially a result of chance.  Note that 58% of the flux found in the manual method, table 
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4.1, was provided by one massive, highly mobile dune, dunes 14 on transect 3.  The 

manual method is highly arbitrary with respect to the selection of profiles and the 

decisions for extrapolating channel wide flux from a small number of profiles.  So, the 

selection of transect 3 with dune 14 is highly influential.  Choosing another location 

without a similar dune or choosing another profile in addition with a similar dune would 

heavily influence the result.  Three dimensional methods, like the one proposed here or 

the ISSDOTv2, reduce the arbitrariness of decisions by applying a method to the entire 

width of the study area.   

The results employing this method are below, table 4.2. 

   

 

 Table 4.2.  Results of bed load flux for each day in tons/day.  SSD is the reported 

suspended sediment discharge in tons/day for that day at Tarbert Landing.  

“BL% Total SD” is the percent of the total sediment discharge transported 

as bed load and “BL % Coarse SD” is the percent of the coarse sediment 

that is transported as bed load. 

Figure 4.8 shows the results of the linear regression for the bed load to discharge 

relationship which uses seven estimates of bed load.  The bed load method using time 

elapsed imagery is employed for the 5,500 m
3
s

-1
 data point.   

02/09/10 27,046 43,293 861,000 4.8 9.5

03/03/10 21,353 31,500 348,000 8.3 18.2

04/29/10 14,423 4,900 383,000 1.3 3.9

07/01/10 17,757 7,380 617,000 1.2 11.7

09/08/10 9,770 5,620 244,000 2.3 17.6

05/23/11 45,029 58,000 722,000 7.4 14.1

07/17/12 5,465 122 UNK UNK UNK

BL % Coarse 

SDDay

Q, Tarbert Landing 

(cms)

Calculated Bed Load Flux 

(tons/day)

SSD 

(tons/day)

BL % Total 

SD
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Figure 4.8.  Linear regression of calculated bed load versus discharge 

The linear regression found a line of y = 1.629x – 11238 where x is discharge in 

m
3
s

-1
 and y is the estimate of bed load flux in tons/day.  When rating this equation to the 

Tarbert Landing water discharge data, negative values for bed load flux, at discharges 

below 7,000 m
3
s

-1
, were set to zero tons/day.   

The method put forward here is a hasty automated estimate of the bed load flux 

between two time-elapsed bathymetric images that makes full use of the images.  The 

method contrasts with other three dimensional methods by using average dune translation 

and average dune height instead of volumetric changes between two images.  Since 

volumetric methods require identification of individual dunes and the relation of dune 

flux to channel wide flux, the method put forward here may be particularly useful when 

either of these two conditions cannot be met.  The ArcGIS model for finding dune 

translation is a powerful computational method with some drawbacks.  One, the method 

finds dune translation, not dune crest translation as required by the theory.  But then 



 84 

again, the theory rests on the condition that there isn’t any dune deformation between 

time elapsed images, which clearly isn’t the case.  Two, to date, the manner in which the 

images are rotated so that dune profiles are in column is arbitrary, by judgment, and 

surely introduces some error into the calculations so that dune bodies are moving 

between columns.  Since bedforms in a river channel are not moving completely in 

parallel, future work should focus on optimizing the rotation so that the greatest amount 

of dune movement is vertically.  This should be accomplished by nesting this model in 

another model that shifts the rotation through a range and then selects the rotation with 

the smallest absolute value of the differences between the two images once the lag is 

established for each column.  This optimization rests on the assumption that the 

alignment of the raster pair so that average dune movement is parallel to columns 

produces the “best fit” once each profile’s lag (i.e. bed form translation) is established.  

Once profile pairs are aligned using the lag, differences in profiles can be attributed to 

two things.  One, bed forms translate in different directions distributed around the 

average bed form movement direction.  Two, during the elapsed time, in addition to 

translating the bed can deform as well which means the shape of the bed has changed 

(beyond translation) and that C1 from equation 4.1 is not zero.  

 The dune height average method is a rough estimate that can be easily 

reproduced.  There is no black box here.  This method produces a rough estimate of the 

dune height average in each column.  The selection of only averaging dune heights over 

5’ is arbitrary and based on visual inspection of numerous profiles.  This method seems to 

be more accurate for profiles with dunes heights in the 1.5 m to 5 m range, as opposed to 

the 5 m to 14 m range.  However, applying this same method to every profile in an image 

provides a level of consistency that can be reproduced.   
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The results in table 4.2 are a starting point for calculating the effective discharge 

of the river including the bed load.  The estimates, which show that the bed load is less 

than 10% of the total sediment discharge compares with estimates of Nittrouer et al 

(2008) and Abraham et al (2010).   

Bed Morphology 

There is a need for comprehensive three dimensional analysis of bedforms in the lower 

Mississippi River.  During his two-dimensional bedform study in the Vicksburg District, 

Harbor (1998) noted the lack of studies comparing channel geomorphology and bedform 

dimensions.  Certainly influential, there has been little progress since his report in this 

regard and no progress in this study area.  One, adequate description of the geometry and 

dynamics of bedforms in the field is always difficult due to natural unsteady and non-

uniform flow coupled with the limited spatial and temporal perspective of observations 

(Bridge, 2003).  Two, there is not a long history of studies employing multibeam sonar 

and its three-dimensional capabilities, as the technology is relatively new.  For instance, 

Harbor (1998) employed two-dimensional longitudinal tracks from the 1960s and 1970s.   

Also, this technology has only been applied in the latest USACE decadal bathymetric 

survey.  This may not be such a problem on large, braided, rivers under a monsoonal 

influence such as the Brahmaputra River.  With a discharge range from 2,860 m
3
s

-1
 to 

102,500 m
3
s

-1
 and a yearly stage difference of 6 m (Best et al, 2007), there is at least an 

opportunity to study exposed bedforms.  The lower Mississippi’s channel geometry and 

channelization do not allow visual inspection even at low water, with the exception of 

point bar surfaces.   

The latest USACE decadal survey, conducted in 2011 and 2012, is a great 

opportunity to begin to analyze bedform morphology and distribution in three 
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dimensions. The survey’s 2’ spatial resolution allows for the zoning and description of 

bedforms in the study area beginning at the uppermost zone and working downstream.  

Bedforms are described in the context of the channel zones described in chapter 2.  The 

classification used here is drawn from Ashley (1990) who recommends that necessary 

bedform descriptors include the height of bedforms and whether the bedform is two or 

three dimensional, table 4.3.  This classification uses four classes for height but differs 

from the ranges used in Ashley (1990).  Her range for “large” is heights of 2.5 feet to 

16.4 feet  and “very large” > 16.4 feet.  After visual inspection it became apparent that 

most bedforms would fall into the “large” category, with very few in the “very large” 

category.  Accordingly, the classification below was developed with two classes in the 

2.5 feet to 16 feet range to better differentiate these bedform heights.  Classification 

includes a letter denoting the average bedform height and a number 2 or 3, denoting two 

or three dimensional bedforms and is in the form of Ashley (1990).  A superscript acts as 

an identifier to distinguish separate zones with the same classification.  When possible, 

bedforms are described with terms such as “sinuous”, “linguoidal”, “lunate”, etc.   

 

 

Table 4.3.  Bedform classification scheme consists of a letter for bedform height and a 2 

or 3 for bedform dimensionality.  A superscript denotes subsequent and 

separate areas with a similar classification.   

For instance, an area of linguoid bedforms with an average 6’ height would be 

classified a C3, for large, three dimensional bedforms.    Isolines are plotted for the 10’, -

20’, -50’, and -80’ elevation and are useful in discerning bed topography and bedform 

adjustment with depth.  Bedforms zones are not necessarily defined by isolines and there 

2: 2-dimensional

3: 3-dimensional 

Bedform Height (A/B/C/D) Dimensionality (2/3)

A (small) 0.25' - 1.3'

B (medium) 1.3' - 2.5'

C (large) 2.5' - 8'

D (very large) > 8'
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is usually a gradual transition between zones.  Bedform depth was found by subtracting 

the bedform elevation from the average stage on the day or days the river mile was 

surveyed.  Bedforms are plotted on a map of each zone.  A 100’ by 400’ swath of each 

bedform is plotted in perspective view with a 5x vertical exaggeration.  For each zone, 

perspective view of bedforms are plotted roughly parallel to the flow of water with the 

same flow direction.  However, due to unique zone orientation, some plots are made with 

the flow direction to the right, and some to the left. Finally, bedform characteristics of 

each zone are compared and some general remarks are made about the study area’s bed.  

All of this then is related to the literature.   

One note about the survey is required here.  While the bathymetric survey 

employed here is one cohesive image, the survey took place on 74 different days during a 

418 day span, from 3 March 2011 until 23 April 2012.  Discharges at Tarbert Landing 

during this survey range from 11,300 m
3
s

-1
  in early March 2012 up to 27,300 m

3
s

-1
  in 

late March 2011.  Stages at Red River Landing (RM 302) during this time range from 31’ 

to 51’.  Consequently, the bedforms and channel scale topography captured here are 

experiencing varying hydrologic and sedimentologic conditions.  Quality control reports 

provided by USACE and Chustz Surveying detail the date and stage conditions for the 

survey during each river mile.  In some cases, a river mile was surveyed over the span of 

several days.  Bedform depths were found by employing the bedform elevation and the 

average stage from that river mile for the days surveyed.  The average stage from the 

survey days is used because it was not possible to discern which section of the river mile 

was surveyed on which day.   
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Meander, no islands zone 2 

This zone is dominated by a large, continuous point bar with a gently sloping upstream 

face and a steeper downstream face.  The upper section of this zone is displayed in figure 

4.9.  Isolines are plotted to assist in understanding topography and are not meant to 

delineate bedform types.  For reference, the Qmean stage in this reach is near 39.5’.  

Shelf like surfaces are present in the greatest extent above 10’ with deeper surfaces 

occupying a smaller and smaller extent.  The majority of the channel planform area in 

this layout is occupied by areas similar to A3, A2 and B3, at elevations above -20’, with 

medium to small dunes and ripples prevalent.  The remaining sites are differentiated by 

depth with G and E occupying elevations between -20 and -50 feet and H and F 

occupying -50 to -80 feet adjacent to the thalweg which has a maximum elevation of -90’ 

with a depth of 130’.   
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Figure 4.9.  Bedform zoning in the upper section of meander, no islands zone 2 

Transect A-A’ displays the increase in cross section slope near 10’ elevation that 

divides the channel into a flat area above 10’ like site A3, with sites like  C3
3
 occupying 

steep cross channel areas on the side of the thalweg.      
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Figure 4.10.  Perspective view of selected bedforms from the north portion of meander, 

no islands zone 2.  Each section is parallel to flow and is 400’ by 100’.  

There is a 5x vertical exaggeration.   
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The downstream half of the point bar is quite a bit different than the upstream portion 

with a steeply sloping margin beyond its 10’ elevation and a bucket shaped thalweg 

(transect B-B’).   

 

 

Figure 4.11.  Bed zoning in the lower section of meander, no islands zone 2 
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Figure 4.12.  Perspective view of selected bedforms from the south section of meander, 

no islands zone 2.  Each section is 400’ by 100’.  5x vertical exaggeration.  

Flow is to the right.   
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Meander, geologic control zone 3 

The bed morphology of this zone is dominated by a rising riffle and mid channel bar 

followed by a narrow thalweg dominated channel.  At Qmean, the stage is at 38.5’ in this 

zone.   

 

Figure 4.13.  Bed zoning in the upper half of meander, geologic control 3 



 94 

 

Figure 4.14.  Perspective view of selected bedforms from the north section of meander, 

geologic control zone 3 (1 of 2).  Each section is 400’ by 100’.  5x vertical 

exaggeration.  Flow is to the right.   
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Figure 4.15.  Perspective view of selected bedforms from the north section of meander, 

geologic control zone 3 (2 of 2).  Each section is 400’ by 100’.  5x vertical 

exaggeration.  Flow is to the right.   
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Figure 4.16.  Bed zoning in the lower half of meander, geologic control zone 3 
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Figure 4.17.  Perspective view of selected bedforms from the lower half of meander, 

geologic control zone 3.  Each section is 400’ by 100’.  5x vertical 

exaggeration.  Flow is to the left 
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Meander, islands and divided flow zone 2 

The upper half of this section is dominated by Shreve’s bar, visible between B3 and D3
2
, 

figure 4.18.  The island portion of this bar sits on the lower half of the bar with the 10’ 

isoline extending two river miles upstream.  We already saw that the right side channel 

passes most of the discharge.  However, the left side channel receives a substantial 

minority as well.   

 

Figure 4.18.  Bed zoning in the upper half of meander, islands and divided flow zone 2 
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Figure 4.19.  Perspective view of selected bedforms from the upper half of meander, 

islands and divided flow zone 2.  Each section is 400’ by 100’.  5x vertical 

exaggeration.  Flow is to the left 
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The lower half of this zone is similar to the upper half with the main channel 

dissecting two areas with towheads and a wide channel margin.  The main channel is 

steeper on the right bank with the left bank bedforms dominated by a point bar that is 

stabilized by a towhead.   

 

Figure 4.20.  Bed zoning in the lower half of meander, islands and divided flow zone 2 
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Figure 4.21.  Perspective view of selected bedforms from the lower half of meander, 

islands and divided flow zone 2.  Each section is 400’ by 100’.  5x vertical 

exaggeration.  Flow is to the right 
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Meander, geologic control zone 2 

The first part of this zone is a shallow and wide riffle followed by the second part which 

is a narrower, deeper section with a point bar and thalweg. 

 

 

Figure 4.22.  Bed zoning in the meander, geologic control zone 2 

 



 103 

 

Figure 4.23.  Perspective view of selected bedforms from the meander, geologic control  

zone 2.  Each section is 400’ by 100’.  5x vertical exaggeration.  Flow is to 

the right 
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Straight zone 3 

This zone has a large lateral bar on the left bank and a prominent thalweg that operates 

around the bar.   

 

Figure 4.24.  Bed zoning in the straight zone 3 
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Figure 4.25.  Perspective view of selected bedforms from the straight zone 3.  Each 

section is 400’ by 100’.  5x vertical exaggeration.  Flow is to the left 
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Meander, no islands zone 1 

This large meander is dominated by a major point bars separated by a narrow section.  

Pictures taken from this exposed point bar surface are in figure 4.27.  A well-developed 

thalweg runs along the opposite side of the channel.  A less well developed point bar 

begins at the top of the zone and leads into the major point bar.  The lower half of the 

zone is a large, underdeveloped point bar with very little area above the 10’ isoline, 

whereas the major point bar has a large surface above the 10’ isoline.   

The underdeveloped point bar in the lower half of the zone is composed of B3
2 

between the 10’ and -20’ isolines and D3
2
 near the -20’ isoline.  This relatively shallow 

and flat thalweg area, above the -50’ isoline is B3
3
, is quite different that the deep and 

misaligned thalwegs next to the major point bar.   
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Figure 4.26.  Bed zoning in the meander, no islands zone 1 
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Figure 4.27.  Surface C3
3 

is above the 10’ isoline and is exposed at low water during a 

stage of 12.8’ on 18 July 2012.  A)  View looking upstream along the left 

bank a regular set of crests and troughs are visible with a wavelength more 

similar to B3
2
 than C3

3
; B) View towards the bank along a sinuous crest 

line; C)  The crest line is about 3’ high; D) The sinuous crest line shows 

some trending downstream but not the 45 degrees found at C3
3
.  
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Figure 4.28.  Perspective view of selected bedforms from the meander, no islands zone 1.  

Each section is 400’ by 100’.  5x vertical exaggeration.  Flow is to the left 
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Straight zone 2 

This straight zone is dominated by the recent St. Maurice Towhead.  The thalweg travels 

on the north side of the Towhead while a small chute travels south of the towhead with 

surprisingly large bedforms.   

 

Figure 4.29.  Bed zoning in the straight zone 2 
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Figure 4.30.  Perspective view of selected bedforms from the straight zone 2 (1 of 2).  

Each section is 400’ by 100’.  5x vertical exaggeration.  Flow is to the right 
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Figure 4.31.  Perspective view of selected bedforms from the straight zone 2 (2 of 2).  

Each section is 400’ by 100’.  5x vertical exaggeration.  Flow is to the right 
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Meander, geologic control zone 1 

This zone abuts the Tunica Hills on the east side and is composed of an extremely wide 

meander section with a very broad point bar followed by a narrow chute like channel.   

 

 

Figure 4.32.  Bed zoning in the meander, geologic control zone 1 
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Figure 4.33.  Perspective view of selected bedforms from the meander, geologic control 

zone 1.  Each section is 400’ by 100’.  5x vertical exaggeration.  Flow is to 

the right. 
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Straight zone 1 

This zone is a straight reach with a point bar stabilized by an island.  A chute behind the 

island passes a small fraction of the discharge.   

 

Figure 4.34.  Bed zoning in the straight zone 1 
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Figure 4.35.  Perspective view of selected bedforms from the straight zone 1.  Each 

section is 400’ by 100’.  5x vertical exaggeration.  Flow is to the right.   
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Meander, islands and divided flow zone 1 

This zone has a very large island with divided flow.  Leading up to the island the right 

bank contains two immature point bars.  On the left bank of the main channel there is a 

mature point bar affixed to the island.   

 

 

Figure 4.36.  Selected bedforms from the meander, islands and divided flow zone 1 
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Figure 4.37.  Perspective view of selected bedforms from the meander, islands and 

divided flow zone 1 (1 of 2).  Each section is 400’ by 100’.  5x vertical 

exaggeration.  Flow is to the right.   
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Figure 4.38.  Perspective view of selected bedforms from the meander, islands and 

divided flow zone 1 (2 of 2).  Each section is 400’ by 100’.  5x vertical 

exaggeration.  Flow is to the right.   
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Analysis and Discussion  

This analysis allows some generalization of the study area.  Firstly, at the times of 

this survey, virtually the entire bed of the study area was mantled with some type of 

sandy bedform.  The only exceptions to this are several of the deepest portions of the 

river below the -80’ isoline.  This is quite a contrast with reaches downstream between 

New Orleans (RM 104) and the river’s mouth where only straight reaches are fully 

mantled with bedforms and bends are devoid of bedforms (Nittrouer et al, 2008).  

Perhaps this is an illustration of the southern limit of the low-water sand transport of the 

river near RM 200 (Mossa, 1996).    

Very large bedforms of class D3 persist through much of the study area 

emphasizing that sediment transport along the bed is a common mode of transportation.  

Every zone experiences areas where D3 is absent with the exception of meander, 

geologic control zone #3.  Every area where D3 is absent has several characteristics.  

Each of these areas has elevations below -50’ and some have areas below -80’.  Of the 27 

areas measured with D3 bedforms, only three had elevations below -50’.  In fact, this is a 

general trend with all bedforms:  of the 100 bedforms measured only eight were below -

50’ elevation.  The other thing that is in common with areas of D3 absence is that these 

areas are thalweg dominated areas with steep cross channel slope.  One exception to this 

is the very wide meander bend of meander, geologic control zone 1.  D3 is absent from 

this bend but smaller bedforms are present.  Nittrouer et al (2008) attributes the absence 

of dunes in similar areas to suspension of sand in the bends and then deposition after the 

bend.  This would certainly seem to be the case here since very large bedforms persist 

throughout the study area.  Since bedform growth is accomplished through trough scour 

and fast upstream bedforms overtaking slower downstream bedforms (Bridge, 2003), the 

absence of D3 in the wide, shallow meander, geologic control zone 1 would seem to 
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indicate that water velocities and shear stress are only large enough to create bedforms of 

class C3, not D3.   

This analysis places measurement of specific bedform classification into the 

context of the four reach scale zones.  The three meander zones and the straight zone 

begin to distinguish themselves in terms of bed form depth to height ratios, figure 4.39.  

Average depth to height ratios vary amongst the four zone types with the meander, no 

islands zone and the straight zones experiencing depth to height ratios of 28.3 and 23.7, 

respectively.  Meander, islands and divided flow zones have a smaller depth to height 

ratio of 18.3 while meander, geologic control zones have the smallest ratio at 13.7.  

Bedform classes vary amongst the zones as well, with classes experiencing different 

depth to height ratios by zone.   

What distinguishes the two meander zones, no islands and geologic control, so 

strongly from each other, with the most differing depth to height ratios?  Interestingly, 

when bedforms in these two zones are plotted on height-depth and length-depth charts, 

figure 4.40, both zones experience the about same level of correlation between depth and 

height and between depth and length about 0.425 and 0.27, respectively, table 4.4.  About 

half of the variation in bedform height can be explained by depth.  On the same reach of 

the river, Leclair (2011) noticed that dunes don’t necessarily scale with depth, with 

smaller dunes occasionally occupying greater depths than bigger dunes.  Ultimately, 

these two different zones are fundamentally different in geomorphologic terms.  For a 

given bedform elevation, meander, no island zones tend to experience much smaller 

bedforms heights than bedforms in the meander, geologic control zones, figure 4.41.  The 

explanation for this deserves more attention.   

On the other hand, the meander, islands and divided flow zones experience a 

correlation between bedform depth and height and length of at least 0.6.  In other words, 
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bedforms in these zones scale with depth, to a degree.  This is in contrast to straight zones 

which have very little correlation between depth and height or length.   

 

 

Figure 4.39.  Average depth – height ratios by bedform size: A (small), B (medium), C 

(large), and D (very large) and by zone type:  Meander, no islands; 

Meander, geologic control; Meander, islands and divided flow; and Straight.   
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Figure 4.40.  Individual bedform height-depth and length-depth plot by zone.  Both plots 

contain each individual measured bedform zone from the analysis above 

categorized by the zone the bedform was in:  Meander, no islands; Meander, 

geologic control; Meander, islands and divided flow; and Straight.  A linear 

regression is plotted for each of the four zones.   
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Table 4.4.  Correlation of bedform height and length to depth by linear regression for 

each type of zone.  There are three levels of positive correlation here.  

Meander, islands and divided flows exhibit a strong correlation between 

both height and length to depth.  Meander, no islands and meander, geologic 

control have a medium correlation between height and depth but less 

correlation for length.  Straight zones exhibit very little correlation between 

height, length to depth.   

 

Figure 4.41.  Height-elevation plot for bedforms in the meander, geologic control and 

meander, no islands zones.  Bedforms in the meander, no island zone tend to 

inhabit the lower half of the graph, with smaller bedforms at the same 

elevation. 
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Chapter 5:  Effective Discharge  

Introduction 

The dominant discharge concept is based on the hypothesis that the geometry of 

stable alluvial channels is determined by the flow which performs the most work (Thorne 

et al, 1993).  While this concept is somewhat disputed, most agree that the concept has 

merit for large catchments, humid areas, and for periods over 30 years (Biedenharn et al, 

1999).  This is a captivating idea because it offers the ability to link a process to 

geomorphic change.  Soar et al (2005) put forth a framework for the channel-forming 

flow, which they describe as “the dominant discharge, is the single steady discharge that, 

over time, would theoretically yield the same bankfull morphology as that shaped by the 

natural sequence of sediment transporting flow events.”  This comes from “regime” and 

“hydraulic geometry” theories for determining morphologic characteristics of alluvial 

channels (Biedenharn et al, 2000b).  To Soar et al (2005), there are three ways to 

approach the channel-forming flow.  One can use stream morphology to find something 

like the bankfull discharge which is useful as a concept but difficult to identify in 

practice.  A second option is to use the recurrence interval such as annual maximum 

series.  The third is the effective discharge which is the discharge or range of discharges 

that cumulatively transports the most sediment.   

While acknowledging the genesis of the effective discharge concept in “regime” 

theory, Biedenharn et al (2000b) offer that the regime concept isn’t necessarily feasible in 

a natural streams (compared to constant discharge channels).  On the other hand, regime 

equations demonstrate relationships between hydraulic, channel, and sediment variables 

and should be applicable to rivers whether or not they are in regime (Powell, 1985).  

Given that context, the equivalence of bankfull discharge (Qb) and the effective 

discharge (Qef) has been demonstrated in a number of natural alluvial channels and the 
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concept of the effective discharge is useful in integrating the physical processes that 

determine stable channel dimensions (Biedenharn et al, 2000b).   

On rivers where there is a relatively long history of instrumented measurements of 

water and sediment discharge, it is possible to discern the effective discharge by adding 

the sediment transported within a range of discharges and choosing the discharge that 

transports the most sediment (e.g. Thorne et al, 1993; Biedenharn et al, 1999).  On rivers 

without a long history of instrumentation, it is necessary to estimate water and sand 

discharges before computing the effective discharge (e.g. Amsler et al, 2005).   

In a sandy bed river such as the LMR, where the main morphological features are 

composed of sand, it is the erosion, transport, and deposition of sand which is of key 

importance to shaping of the channel (Thorne et al, 1993).  Biedenharn et al (1999) found 

that the range of discharges which cumulatively transported 70% of the sand in 

suspension, from 15% (which we will call the 15% Q) to 85% (which we will call the 

85% Q) of the total sand discharge, occurred at stages that compared to natural levee and 

mid-channel bar elevations along the LMR as seen in figure 5.1.  Bar tops plotted 

between the stages of the Qef (30,000 m
3
s

-1
) and the 15% Q (17,000 m

3
s

-1
).  Top of banks 

or levee tops compared to stages for the Qef and the 85% Q (42,000 m
3
s

-1
).    

On the Brahmaputra River, Thorne et al (1993) found that the Qef stage is 

between island and bar top stage.  Consequently, they conceptualize the Qef as the 

“barfull discharge” instead of the “bankfull discharge”.   
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Figure 5.1.  Bar and bank tops correspond to the 85% Q (42,500 m
3
s

-1
), the Q effective 

(30,000 m
3
s

-1
) and the 15% Q (30,000 m

3
s

-1
), from Biedenharn et al (1999) 

Amsler et al (2005) show that three climate regimes influenced the Qef and 

channel morphology in the Paraná River.  A decreasing Qef from 1933 to 1970 is 

associated with decreasing channel widths and volumes and maximum thalweg depths.  

Maximum thalweg depths are attributed to lower Qef and water levels which concentrates 

flow in the thalweg and “self-dredges” the thalweg to maximum depth.  Periods of 

greater Qef before and after the 1933 to 1970 period are associated with the opposite 

channel characteristics:  larger mean widths and lower depths (Amsler et al, 2005).   

Unlike the morphology of the Brahmaputra River, which adjusts relatively free of 

engineering impacts (Thorne et al, 1993), the LMR is regarded as a highly engineered 

river.  This is true in many respects.  While the river is confined by articulated concrete 

revetments, these only support the sides of the river’s bank, not the top surface.  In other 

words, the top of the river’s bank are, when not disturbed by humans, a natural signature 

created by the river.  However, in the Old River section in chapter 3, this signature was 

shown to coincide with channel planform adjustment which has been heavily human 

induced.  So here, the surface of the bank is significant as is the bank full discharge.   
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The first purpose of this chapter is to determine if the effective discharge is 

adjusting through time and if this adjustment is by any influence of Old River Control.  It 

is hypothesized that the operation of the Old River Control Structure has perturbed the 

LMR’s sediment and water discharge in a manner that will be discernible through the 

integrative effective discharge process.  This is accomplished through the calculation of 

the effective discharge as well as the 15% Q and the 85% Q for four time periods 

between 1978 and 2011.  Sand discharge is quantified using the Mississippi River at 

Tarbert Landing stream gage and estimations for bed load from chapter 4.  The concern 

over sufficiently long study periods for effective discharge analyses isn’t applicable here 

since my main interest is in capturing the water-sediment discharge dynamic through 

time, not whether that dynamic is the result of high magnitude events.  The influence on 

the Qef of Old River is evaluated by comparing a number of water and sediment 

discharge relationships between Old River Outflow and the Mississippi River at Tarbert 

Landing.   

The second aim of this chapter is to put the effective discharge into the study 

area’s geomorphologic context.  It is hypothesized that natural levee heights will 

correspond to the Qef and the 85% Q and that bar tops will correspond to the Qef and the 

15% Q, much as reported by Biedenharn et al (1999), but with some amount of 

variability.  This is accomplished through the use of combined LiDAR - bathymetric 

derived cross sections to compare the median grain size, elevation, and channel position 

of various samples taken from bars and levees to the stages of the 15% Q, Qef, and the 

85% Q, all within the geomorphologic context established in chapter 3.   
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Methods and Data 

  The effective discharge analysis employs the Mississippi River at Tarbert Landing 

stream gage for the sand fraction of suspended sediment from 1978 to 2011 using four 

periods of unequal time:  9/26/78-9/25/1982 (period 1), 9/26/82-9/25/92 (period 2), 

9/26/92-9/25/02 (period 3), 9/26/02-9/30/11 (period 4).  The total time span was chosen 

for the availability of the suspended sediment record at both Tarbert Landing and Old 

River Outflow, figure 1.2, and the coarse sediment in suspension record at Tarbert 

Landing.  Sand fraction of suspended sediment measurements were made every 14 days 

at Tarbert Landing.  Total daily sand load was estimated by linear interpolation between 

measurements and assigning each day a bed load based upon reported daily discharge and 

the bed load-discharge equation from chapter 4.  Then, for each period and each 2,000 

m
3
s

-1
 interval, the total sand load was summed.  This process was also completed without 

the bed load estimate.   

 Both the Tarbert Landing, yearly average suspended load chart and the Tarbert 

Landing, yearly average coarse discharge with bed load chart are based on the USACE, 

New Orleans report for the summary of measured suspended sediment loads at main river 

stations, lower Mississippi River at Tarbert Landing, Mississippi.  The coarse discharge 

chart is a combination of this report and bed load estimates from chapter 4.   

 A number of relationships between Old River Outflow and Tarbert Landing 

versus total discharge are made.  Ratios between suspended sediment (SSD) or water 

discharge from Old River Outflow to Tarbert Landing are made by dividing the total sum 

of SSD (or water discharge) at Old River Outflow by the total sum of SSD (or water 

discharge) at Tarbert Landing for each interval of 1,000 m
3
s

-1
 total discharge.  Total 

discharge was computed daily by summing daily average discharge values at Tarbert 

Landing and Old River Outflow.   
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 Percent of sand load transported during discharge ratios of Old River to Tarbert 

Landing was determined by assigning each day of the study period a discharge ratio 

based on the reported daily average discharge.  Then, for each 0.01 interval of discharge 

ratio, the sum of sand transported for that interval and period was divided by the total 

sand load transported for that period.  The similar chart that is normalized to occurrence 

of discharge ratios divided the results from the previous chart by the occurrence fraction 

of the discharge ratio.   

 Combined LiDAR and bathymetric cross-sections were developed using the 2012 

USACE bathymetric survey and a LiDAR image with a 1.2 m spatial resolution from 

Sounny-Slitine (2012).  Cross sections of bathymetry from the bathymetric survey and 

levees from the LiDAR image were originally made in ArcGIS and then exported into 

Excel where the cross sections were combined. 

 Sieve analysis of samples collected from the channel and exposed point bars and 

levees was conducted as described in chapter 3.   

 Stages of the 15% Q, Qef, and 85% Q were plotted on each cross section using 

linear interpolation between the average stages at the Mississippi River at Baton Rouge 

stream gage and the Mississippi River at Red River stream gage, figure 1.2, for each 

discharge using stages from 2002 to 2011.   

Results and Analysis  

Figure 5.2 is the result of the total coarse sediment discharge versus water 

discharge interval for each of the four periods at a 2,000 m
3
s

-1
 resolution.  This figure 

considers including (red) and not including bed load (blue).  The green bar represents the 

range of water discharge that transports 70% of the coarse sediment, including bed load.  

The lower limit is the 15% Q and the upper limit is the 85% Q.    
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Figure 5.2.  Total coarse sediment discharge with and without bed load, versus water 

discharge bin by period at Tarbert Landing.  The green bar is 15% and 85% 

for sediment discharge.  Each bar represents the amount of coarse discharge 

moved at discharges in a 2,000 m
3
s

-1
 range.  For instance, the bar above 

24,000 m
3
s

-1
 indicates the coarse sediment transported between discharges 

of 22,000 and 24,000 m
3
s

-1
. 
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Table 5.2 illustrates this range numerically.  Table 5.3 illustrates the singular effective 

discharge for 100 and 2,000 m
3
s

-1
 intervals.   Including bed load in consideration of the 

choice of effective discharge didn’t alter the selection from that made using the 

suspended coarse discharge only.  Bed load constituted 13.5% of the total coarse load, 

including bed load over the entire period but climbed from 13% from 1978-1982 to 19% 

from 1982-1992 before dropping to 12% and 11% for the last two periods, table 5.1. 

 

 

Table 5.1.  Bed load percent of total sand load 

We show the range of discharges that transport 70% of the coarse sediment in the form of 

Biedenharn, et al (1999) by showing the range of water discharge that moves is the upper 

limit for 15% of sand transport (15% Q) and the 85% of sand transport (85% Q) 

 

 

Table 5.2.  The effective discharge range that moves 70% of the coarse sediment at 

Tarbert Landing  

15%

1978-1982 13,000

1982-1992 14,000

1992-2002 12,000

2002-2011 12,000

Discharge for 15% and 85% Coarse 

Sediment (cms)
Period

85%

34,000

31,000

29,000

28,000
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Table 5.3.  The effective discharge for 100 and 2,000 m
3
s

-1
 intervals 

 

These findings are in agreement with the use of the equation above and 

considering flows under 7,000 m
3
s

-1
 to have zero bedform flux.     

Results and Analysis- The Changing Effective Discharge  

Through time we see the effective discharge shift in modality as well as range.  

The effective discharge shifts from a wide distribution with three peaks in period 1 to a 

unimodal “plateau” in periods 2 and 3 to a unimodal peak in period 4. Period 1 displays a 

distinct trimodal quality with effective discharge at 20,000-22,000 m
3
s

-1
, a minor peak at 

14,000 to 16,000, and a tertiary peak at 34,000-36,000 m
3
s

-1
.  The minor peak 

corresponds to the mean discharge of 14,280 m
3
s

-1
 for the period, table 5.4. 

 

 

Table 5.4.  Mean discharge of each period at Old River and Tarbert Landing 
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Period 2 has a unimodal “plateau” where the three intervals between 20,000 and 26,000 

m
3
s

-1
 transport about the same amount of sediment.  Period 3 also has a unimodal plateau 

at the two intervals from 22,000 – 26,000 m
3
s

-1
.  The last period has a unimodal peak at 

the 22,000-24,000 m
3
s

-1
.   

 While the modality was changing through these periods, the effective discharge 

range adjusted as well.  The 85% Q for coarse discharge illustrated the greatest change 

dropping from 34,000 m
3
s

-1
 in period 1 to 28,000 m

3
s

-1
  in period 4, an 18% decrease.  

The singular effective discharge increased from period 1 to 2 before dropping in periods 

3 and 4.  The 15% Q for coarse discharge followed a similar pattern as the effective 

discharge. 

 From this, we see a concentration of sand transporting discharges by a decrease in 

the 85% Q.  Sand is being transported at smaller ranges and smaller discharges.  The 

terminology used in describing the effective discharge modality is subjective, with some 

researchers describing a main peak with a smaller secondary peak as unimodal (e.g. 

Biedenharn, et al 1999) and others as bimodal (e.g. Thorne, et al 1993).  Regardless, the 

modality of period 1 is similar to that found by Biedenharn, et al (1999) in the upper 

LMR with a pronounced secondary peak at high magnitude discharges.  Another way of 

looking at these discharges is cumulatively, figure 5.3 below.  Periods 2,3, and 4 are 

roughly parallel between 16,000 and 28,000 m
3
s

-1
.  Period 1 is more similar to period 4 in 

this range but changes drastically after 24,000 m
3
s

-1
.  Thorne, et al (1993) conducted a 

similar plot on the Brahmaputra River and found that the break in slope at high 
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Figure 5.3.  Cumulative coarse discharge by water discharge 

 

magnitude discharges corresponded to bankfull discharge.  Periods 2,3 and 4 have similar 

break in slopes with concave down curves and break in slopes at 34,000 m
3
s

-1
  (periods 2 

and 3) and 30,000 m
3
s

-1
  (period 4).  On the other hand, period 1 has an almost linear 

relationship between 24,000 and 40,000 m
3
s

-1
, which is reflected in the relatively large 

amount of sediment transported during high magnitude discharges.   

 Is a changing bankfull stage responsible for these changing break in slopes?  

Human modifications to the river channel leads to depressed levee heights, whereas 

levees are below the theoretical height of maturity (Sounny-Slitine, 2012).   However, 

revetment construction in the study area began in the 1950s and now covers one bank or 

the other along the entire area with the exception of RMs 287-292 where the outside 

meander bend is against the valley wall.  If this modification was driving the change in 
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break slope, maturing levee adjustment should push the slope break to greater levels of 

discharge, not less.  What then could be responsible for this changing effective 

discharge?  

 Amsler et al (2005) present climate variability and changing water discharge as 

the driving force behind the adjusting effective discharge they discovered on the Parana.    

On the Mississippi in general, increased precipitation and runoff might be responsible for 

the observation from stream gage data that the annual mean discharge has increased 30% 

from the 1950s to the 1990s (Foley et al, 2004).   At Tarbert Landing, Meade and Moody 

(2009) show that after a large decrease in suspended sediment discharge in the 1950s, 

there has been a 3.3 million tons per year decrease in SSD from 1967-2007 and a maybe 

a slight increase in water discharge, figure 5.4.   

 

Figure 5.4.  Tarbert Landing, yearly SSD and water discharge, from Meade and Moody 

(2009) 
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Mean annual discharges and annual floods are shown in tables 5.4 and 5.5.  Here we see 

increased discharges and floods in period 2.  However, the two means for period 1, which 

are lower than the other periods, does not account for period 1’s advanced 85% Q.   

 

 

Table 5.5.  Mean annual flood at Old River Outflow and Tarbert Landing 

Suspended sediment and suspended coarse sediment discharge at Tarbert Landing 

for the study period are in figures 5.5 and 5.6.   There is a decreasing trend across the four 

periods for total sediment in suspension.  Incorporating the bed load rating from this 

chapter, we see an increasing amount of coarse discharge from 1992-2011 after a sizable 

decrease from 1982-1992.   

 

Figure 5.5.  Average Suspended Discharge per year at Tarbert Landing  
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Figure 5.6.  Average yearly coarse discharge at Tarbert Landing 

 

Results and Analysis- The Influence of the Old River Control  

While we couldn’t prove that climactic fluctuations (via discharge fluctuations), 

in the form of Amsler et al (2005), or suspended sediment patterns measured at Tarbert 

Landing account for the decreasing range and 85% Q, there is another hydrologic factor 

we have not examined.  This is the Old River Control Diversion.  However, based on 

figure 5.7, the histograms of the suspended sediment record below Old River Control  at 

Tarbert Landing and Simmesport do not appear to show any long term perturbations that 

can be attributed to the structure (Meade and Moody, 2009).   
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Figure 5.7.  These suspended sediment records at Tarbert Landing and Simmesport do 

not show any long term pertubations that can be attributed to Old River 

Control (from Meade and Moody 2009) 

In fact, flow through the Old River System was bidirectional until 1920 with later 

discharges from the Mississippi into Old River varying between 15% and 29% of the 

total upstream discharge  (Mossa, 1996).  By the time the control structure was put in 

place the unidirectional diversion from the Mississippi was already about 25% (Meade 

and Moody, 2009).   

Is the Old River diversion influencing the changing effective discharge?  Is the 

diversion “locked into” a static relationship with the Mississippi River?  Or, is the Old 

River avulsion continuing even now?  In figure, 5.8, we begin to look at relationships 
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between measurements made at Old River Outflow and Tarbert Landing.  In these 

graphs, total discharge denotes the combined discharge of Old River Outflow and Tarbert 

Landing.  The discharge ratio is the ratio of Old River discharge to Tarbert Landing 

discharge.  This figure shows that the discharge ratio at the diversion has a varying 

character with increasing discharges and with the different time periods.  The 1982-1992 

ratio has a noticeably lower ratio between 20,000 m
3
s

-1
  and 40,000 m

3
s

-1
  total discharge, 

a range that encompasses the Qef of 25,000 m
3
s

-1
  and the 85% Q of 31,000 m

3
s

-1
.  A low 

ratio here means that less water is diverted into the Old River diversion.  This low ratio 

corresponds to Old River outflow’s lowest mean discharge of 4,030 m
3
s

-1
.  The peaks at 

very high discharges are circled in the figure and may represent a function of the control 

structure, whereas more water is sent down the mainstem Mississippi.  These peaks occur 

at smaller discharges as time progresses with the exception of the 1992-2002 peak.  This 

peak could be an anamoly due to the small sample size.  It sits on a discharge range 

representing three total days whereas the other peaks sit on ranges representing more than 

ten days each (period 1: 11 days, period 2: 17 days, period 4: 16 days).  All of these peaks 

are extremely low frequency discharges exceeded only 2.3%, 1.8%, 0.8% and 3.1% of 

the time, respectively.  Choosing a “peak” ratio in the 1992-2002 decade with an 

exceedance of 1.8% is at the discharge of 44,000 m
3
s

-1
  and discharge ratio of 0.32  is 

more in line with the trend displayed in the other periods. 
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Figure 5.8.  Ratio of Old River discharge to Tarbert Landing discharge by total discharge 

and time period.   Two arrows indicate that discharge ratio peaks occur at 

lower total discharge and elevated discharge ratios between the first two 

periods and the second two periods 

 The next figure examines the average Old River discharge as a function of total 

discharge, figure 5.9.  Is the Old River Control structure being operated to ensure the 

discharge through the structure doesn’t exceed the structure’s capacity of nearly 700,000 

cfs (19,800 m
3
s

-1
) (New Orleans District, 2009)?  While this is surely a management goal 

of the structure’s operation, the Old River component of discharge is never more than 

14,000 m
3
s

-1
, even during high discharge events. Old River discharge components during 

the discharge ratio peaks circled in figure 5.8 are far below the 1973 and 2011 flood 

peaks of about 17,000 m
3
s

-1
  and 19,000 m

3
s

-1
  respectively.   
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Figure 5.9.  Average Old River Outflow discharge by total discharge 

The next chart, figure 5.10, examines the suspended sediment ratio (all suspended 

sediment, not just coarse) between Old River Control and Tarbert Landing for total 

discharge from 1978-2011.   This ratio is very steady near 0.27 and 0.28 for a large range 

of flows, from 11,000 m
3
s

-1
 to 30,000 m

3
s

-1
 total discharge.  Only at very high total 

discharges does Old River Control begining to capture a larger share of the suspended 

sediment with ratios increasing to 0.4.  The next chart, figure 5.11, displays this 

relationship by time period.  Compared to the other periods, period 1 shows an elevated 

sediment discharge ratio between 26,000 and 36,000 m
3
s

-1
 total discharge.  The peak at 

very high flows begins in period 1 at 47,000 m
3
s

-1
 with a ratio of 0.4 increases in period 2  
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Figure 5.10.  Average suspended sediment ratios between Old River Outflow and Tarbet 

Landing for each 1,000 m
3
s

-1
 interval of total discharge, 1978-2011. 

 

Figure 5.11.  Average SSD ratios between Old River Outflow and Tarbert Landing by 

varying total discharge and four time periods 
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to 0.67 at 46,000 m
3
s

-1
 and 1.0 in period 3 at the same discharge.  The reason for the 

sudden disappearance of this peak between periods 3 and 4 is unknown.  Unfortunately, 

there isn’t a coarse suspended sediment record for the Old River Outflow that spans the 

study time.   

The next chart, figure 5.12, connects suspended sand discharge at Tarbert Landing 

with the water discharge ratio between Old River Outflow and Tarbert Landing by time 

period.  The relationship for each time period varies markedly here with the last three 

periods transporting a majority of sand at larger ratios.  Here, we begin to understand 

why the  discharge range at Tarbert Landing for 70% of the sand discharge has a 

diminishing upper limit.  Progressive time periods transport sand at Tarbert Landing at 

higher ratios of discharge which means less water discharge at Tarbert Landing and more 

water discharge at Old River Outlflow.  Period 1 doesn’t fit this trend and transports 91% 

of the total sand between discharge ratios of 0.26 and 0.3.  Period 2 transports 93% of the 

total sand between discharge ratios of 0.21 and 0.3 with a peak of 37% sand transported 

at a ratio of 0.24.  Period 3 shifts to the right and transports 92% of sand between ratios 

of 0.24 and 0.29.  Finally, the period 4 transports 91% of sand between ratios of 0.28 and 

0.33 with a peak 26% transported at the ratio of 0.3.  Even though these ratios of 

discharge are within the normal operating ratios of Old River, a continuing trend of this 

sort does not have good implications for the long term stability of the Atchafalaya – LMR 

relationship. 

The next chart, figure 5.13, is similar but normalizes the percent of sand discharge 

by the percent occurrence of the water discharge ratio between Old River Outflow and 

Tarbert Landing.  This is an attempt to disentangle the matter of magnitude and 

frequency.   
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Figure 5.12.  Tarbert Landing, percent of sand discharge by the water discharge ratio of 

Old River and Tarbert Landing by time period 

 

Figure 5.13.  Tarbert Landing, percent of sand discharge by the normalized water 

discharge ratio of Old River and Tarbert Landing by time period 
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The shape of this chart for each period is very similar to the previous chart with 

the exception of period 1 which is flatter, meaning that the high magnitude peaks of sand 

discharge are due to relatively high frequency ratios which corresponds to relatively 

lower levels of sand discharge per event.  In other words, sand discharge at periods 2,3 

and 4 occur at similar and lower frequency ratios with high levels of sand discharge.    

From this, we know that coarse sand discharge happens at higher and higher 

discharge ratios, explaining why the 85% Q is diminishing.  Higher discharge ratios is 

equivalent to less water discharge to the Mississippi and Tarbert Landing gage and more 

discharge to the Old River outflow.  But why is coarse sediment discharge happening at 

higher discharge ratios?  The Red River gage is unique compared to other LMR gages 

above Old River Control in that it has continually aggraded since the 1880s, with stages 

increasing up to 10 feet (3 m) for given discharges (Winkley, 1994).  Winkley (1994) 

also displayed that the bankfull capacity decreased by a third from 33,100 m
3
s

-1
 to 22,100 

m
3
s

-1
  during the same time. Here, we take a look at average stage heights at Red River 

Landing for the total discharge at Old River Outflow and Red River Landing, figure 5.14.  

This graph combines two things.  One, the stage height at Red River for each period is 

represented by a smooth curve devoid of the typical break in slope due to bankfull 

discharge.  This absence is due to the use of total flow and the combination of the Old 

River Outflow discharge to the Red River discharge.  The four periods are 

indistinguishable plotted at this scale.  The second part of this graph is 3 lines displaying 

the difference in stage between period 1 and the three subsequent periods.   We see that 

the stage difference from period 1 to period 4 is very similar to the difference between 

periods 1 and 3.  For both there is a stage level increase of at least 1 foot for total 

discharges between 9,000 and 30,000 m
3
s

-1
.   The difference between period 1 and 2 is 
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some fraction of the other differences.  At roughly 34,000 m
3
s

-1
, the difference between 

time periods drops to zero and then oscillates between -1.5 and 2.  This discharge 

corresponds to the 2012 flood stage at Red River Landing of 14.6 m.  In-channel flows 

show an aggradational trend through time at Red River Landing while above channel 

flows do not, necessarily.    

  

 

 

Figure 5.14.  Red River Landing average stage height difference by total discharge at Old 

River Outflow and Red River Landing 

The aggradational trend below Old River Control is reflected in decreasing slopes 

of LiDAR derived levee heights (Sounny-Slitine 2012) as well as decreasing water 

surface slopes observed in FY 2008-2010 (Allison et al, 2012).  While the water surface 

slope and stream power decrease can be attributed to the Old River diversion, another 

cause of aggradation might be due to the river’s transition from a gravity driven system to 

a gravity-pressure driven one as the river approaches the gulf (Allison et al, 2012).  These 
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conditions have led to 80% of the sand load passing Old River Control being sequestered 

in the channel or over-bank storage (Allison et al, 2012).   

From this analysis, it would appear that an aggradational trend in the channel, 

recorded by the Red River Landing stream gage, would be at least partially responsible 

for the sand transport trend noted in figure 5.12.   

Results and Analysis- The Geomorphologic Context 

What signature does the effective discharge or effective range of discharges leave?  We 

have seen Thorne et al (1993) compare the barfull stage to bars and islands while 

Biedenharn et al (1999) compared the effective range of flows to mid channel bars and 

bank tops.  Like Thorne et al (1993) we begin to recognize a hierarchy of process-form 

linkages that are apparent from this effective discharge analysis, field samples, and levee 

heights.  This hierarchy is fluvial bedforms and channels that are inundated at almost all 

levels of discharge, bars that are inundated some of the time, and levees that are 

inundated at high magnitude, low frequency discharges.  The field samples were 

collected from 16 to 18 July 2012 when the Tarbert Landing discharge was near 5,500 

m
3
s

-1
, a very low discharge.  This afforded the opportunity to visually identify point bars 

and levees and collect samples from both.  It also allowed the collection of bottom 

samples from areas that are almost always inundated.    Figures 5.15 and 5.16 display the 

locations, D50, elevations, discharge stages that correspond to the sample elevation, and 

the water surface profile on the day the samples were collected.  These two figures also 

display the location of profiles A-A’, B-B’,  C-C’, D-D’, and E-E’.  Samples were 

collected near RM 311 and the auxiliary intake structure at Old River Control as well as 

between RM 269 and 280.   
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In figure 5.17 we see that samples B and C are between the stages of the 15% Q 

and the Qef.  These sandy samples represent bar deposits and their situation in the lower 

parts of the effective range of flows is in agreement with the findings of Biedenharn et al 

(1999).  Sample B, while containing very little silt, was located near silt and sand 

interbedded layers that indicates that the levee regime was beginning even here.  Sample 

A, still a sandy sample, is on the top of the massive dune at this location and represents a 

sandy sample in the levee regime.  From figure 5.22, we know that levee height is 

relatively high in this area.  This confining of the river contributes to bar formation at 

elevations normally associated with levee formation.   

 

Figure 5.15.  Location, D50 (um) and elevation (feet) of samples taken near Old River 

Auxiliary intake at RM 311.  The above water samples are marked with the 

D50 and the average discharge (m
3
s

-1
) for that elevation to +3.3’.  The 

below water samples are marked with the D50 and the elevation of the 

sample.  The stage is indicated.   
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Figure 5.16.  Location, D50(um), and elevation of samples taken from RMs 270-280.  

The average discharge for the stage of above water samples to +3.3’ is in 

parentheses.   The stage is indicated.   

 With a median grain size of 73 um, sample P represents the levee regime and is at 

a stage just beyond the Qef, figure 5.18.  Sample O is a sandy sample and represents the 

upper bar regime and is situated between the 15% Q and the Qef.  The situation of these 

two samples is in agreement with the findings of Biedenharn et al (1999).  While we 

know that the right bank heights in this area are of intermediate elevations, figure 5.22, it 

is not known how left bank influences regime height.   
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 Figure 5.19 reveals the St. Maurice Towhead.  The top of island elevation is 

almost the same stage as the 85% Q and must experience some amount of inundation.  

The towhead elevation is similar to levee elevation.  We see from figure 5.22 that the 

levees in this reach are relatively immature.  

 

 

Figure 5.17.  Profile A-A’ at RM 311 plotted with samples A,B, and C and the stages for 

the  85% Q, Qef, 15% Q and the stage at the time of sample collection 
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Figure 5.18.  Profile B-B’ at RM 279 plotted with samples Q,O, and P with the 85% Q, 

Qef, 15% Q and the stage at the time of sample collection 

 

Figure 5.19.  Profile C-C’ at RM 271 plotted with sample K with the 85%Q, Qef, 15%Q 

and the stage at the time of sample collection 
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Figure 5.20.  Profile D-D’ at RM 270 plotted with sample J with the 85%Q, Qef, 15%Q 

and the stage at the time of sample collection 

 

Figure 5.21.  Profile E-E’ at RM 269 plotted with sample I with the 85%Q, Qef, 15%Q 

and the stage at the time of sample collection 
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Figure 5.22.  85%Q and Qef plotted by zones with the average bankfull stage from 

Sounny-Slitine (2012) by river mile 

In chapter 2 we saw that right bank levees heights near the St. Maurice Towhead are 

decreasing downstream and are linked to the towhead’s recent formation beginning in 

1886.  So here we see a potential feedback between towhead creation, levee formation, 

and the upper limit of towhead accretion, where the towhead can only accrete to the level 

of levees because levee height is a control on overbank stage.   

 Sample J represents the upper bar regime at is situated between the Qef and the 

15% Q, figure 5.20.  Below, a photo take at the location of the sample shows the bar’s 

sandy surface which is also sparsely covered with brush.   
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Figure 5.23.  Photo of location of sample J shows that this sample, of mostly fine sand, 

represents the upper bar regime 

 Sample I represents the levee regime with a median grain size of 35 um and 43% 

coarse silt, figure 5.21.  The levee regime in this area is at the stage of the 15% Q which 

indicates that levee regimes and possibly bar regimes in this area are extremely 

depressed.  This in agreement with the levees in the general area which are generally 

below the Qef stage, figure 5.22.   
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Chapter 6: Discussion and Conclusion 

 

This study used a combined effective discharge and geomorphologic approach to 

evaluate how Old River Control has influenced water and sediment transport in a 119 km 

reach of the lower Mississippi River between 1978 and 2011. 

Four distinct geomorphologic zone classes based on channel planform, islands, 

and the presence of geologic controls, were developed:  meander, no islands; meander, 

geologic control; meander, islands and divided flow; and straight zones.  These four 

classes were used to classify the study area into ten different zones.  Zone classes were 

shown to be physically significant in terms of levee height to channel planform 

adjustment and channel sinuosity to width to depth ratios.  Bedform morphology was 

zoned based on a classification of bedform height and dimensionality.  Geomorphologic 

zones displayed distinct bedform depth to height ratios.  The zones presented in the study 

are geomorphologically distinct and should be a guide for future studies in this reach of 

the LMR.   

A bed load to discharge relationship was developed in order to include a bed load 

component in the effective discharge analysis.  A novel, automated, cross-correlation 

technique to estimate the bed load between two time-elapsed bathymetric images was 

developed in ArcGIS.  Seven pairs of time elapsed bathymetric images surveyed during 

discharges ranging from 5,500 m
3
s

-1
 to 45,000 m

3
s

-1
 in 2010, 2011, and 2012 were used 

to estimate bed load at each discharge and create the bed load to discharge relationship.  

Using this relationship, it was estimated that during the study period, 14% of the total 

sand load was transported as bed load. 
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An effective discharge analysis below Old River was used to determine the 

discharge which transported the most sand.  Sand transport to discharge relationships 

were developed for four time periods between 1978 and 2011 using the measured sand 

component in suspension at the Mississippi River at Tarbert Landing stream gage and the 

bed load component estimated in this study.  Significantly, each subsequent period 

cumulatively transported 85% of its sand load at a lower discharge.  The 1978 to 1982 

period transported 85% of its sand load at or below 34,000 m
3
s

-1
 while the 2002 to 2011 

period transported 85% of its sand load at or below 28,000  m
3
s

-1
.  

The most significant finding of this study is that since 1982, sand transport below 

Old River has occurred at increasing ratios of discharge between the Atchafalaya 

diversion and the lower Mississippi River.  The 1982 to 1992 period transported 93% of 

its sand load between ratios of 0.21 and 0.3 while the 2002 to 2011 period transported 

91% of its sand load between ratios of 0.28 and 0.33.   Sand transport is occurring below 

Old River when a greater proportion of discharge is entering the diversion.  This trend 

coincides with a two foot stage increase per discharge at the Red River Landing stream 

gage which indicates an aggradational trend.  While these discharge ratios are within the 

normal operation of Old River, the sand transport trend combined with nearby channel 

aggradation is some indication that the diversion may not be stable and that the avulsion 

of the lower Mississippi River is ongoing.  On the other hand, similarities in the water 

discharge ratios during sand transport in the 1978 to 1982 and 2002 to 2011 periods is an 

indication that these results stem from a normal oscillation.  Future trends will reveal 

which is the case.   

The effective discharge analysis was placed into the study area’s geomorphologic 

context by comparing the stages of the 15% Q, Qef, and 85% Q to the three hierarchies of 

process-form linkage: fluvial bedforms and channels, bars, and levees.  Sieve analysis 
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was conducted on sediment samples taken from each.  Median grain size and channel 

position of each sample was plotted with the effective discharge stages on combined 

LiDAR and bathymetric derived channel cross-sections.  Each of the areas examined are 

geomorphologically different and the fluvial hierarchy seems to scale to the local 

elevation of levees.  For instance, the elevation of bars and levees at RM 279 are greatly 

depressed in relation to those at RM 311.  The effective discharge approach still has merit 

but must be explored within the geomorphic context of the study area.   

This study interjects a geomorphologic approach into the lower Mississippi River 

discourse and raises a number of interesting questions for further research.   

 

   

 

 

 

 

 

  



 159 

References 

 

Aberle, J., S. E. Coleman, V.I. Nikora (2012). "Bed load transport by bed form 

migration." Acta Geophysica 60(6): 1720-1743. 

Abraham, D., T. Pratt, et al. (2010). Measuring Bedload Transport on the Missouri River 

Using Time Sequenced Bathymetric Data. 2nd Joint Federal Interagency 

Conference, Las Vegas, NV. 

Abraham, D., R.A. Kuhnle, A.J. Odgaard (2011). "Validation of Bed-Load Transport 

Measurements with Time-Sequenced Bathymetric Data." Journal of Hydraulic 

Engineering 137(7): 723. 

Allison, M.A., E.A. Meselhe (2010).  “The use of large water and sediment diversions in 

the lower Mississippi River (Louisiana) for coastal restoration.”  Journal of 

Hydrology 387: 346-360.   

Allison, M.A., Demas, C.R., Ebersole, B.A., Kleiss, B.A., Little, C.D., Meselhe, E.A, 

Powell, N.J., Pratt, T.C., Vosburg, B.M. (2012). “A water and sediment budget 

for the lower Mississippi-Atchafalaya River in flood years 2008-2010: 

Implications for sediment discharge to the oceans and coastal restoration in 

Louisiana.” Journal of Hydrology 432-433: 84-97. 

Amsler, M. L., Ramonell, H.A. Toniolo (2005). "Morphologic changes in the Paraná 

River channel (Argentina) in the light of the climate variability during the 20th 

century." Geomorphology 70(3-4): 257-278. 

Ashley, G. (1990). "Classification of Large-Scale Subaqueous Bedforms: A New Look at 

an Old Problem." Journal of Sedimentary Petrology 60(1): 160-172. 

Aslan, A., W. J. Autin, M.D. Blum (2005). "Causes of River Avulsion: Insights from the 

Late Holocene Avulsion History of the Mississippi River, U.S.A." Journal of 

Sedimentary Research 75(4): 650-664. 

Bagnold, R. (1966). "An Approach to the Sediment Transport Problem From General 

Physics." Geological Survey Professional Paper 422-1. 

Bagnold, R. (1977). "Bed Load Transport by Natural Rivers." Water Resources Research 

13(2): 303-312. 

Barry, J.M. (1997). Rising Tide: The Great Mississippi Flood of 1927 and how it 

Changed America. Simon & Schuster, New York, N.Y.. 524 pp. 

Best, J. L., P. Ashworth, M.H. Sarker, J.E. Roden (2007). The Brahmaputra-Jamuna 

River, Bangladesh. Large Rivers: Geomorphology and Management. A. Gupta. 

West Sussex, England, John Wiley & Sons: 396-433. 



 160 

Biedenharn, D. S., C. D. Little, C.R. Thorne (1999). Magnitude-Frequency Analysis of 

Sediment Transport in the Lower Mississippi River, WES, US Army Corps of 

Engineers. 

Biedenharn, D. S., C. R. Thorne, C. Watson (2000). "Recent morphological evolution of 

the Lower Mississippi River." Geomorphology 34: 227-249. 

Biedenharn, D. S., Copeland, R. R., Thorne, C. R., Soar, P. J., & Hey, R. D. (2000b). 

Effective discharge calculation: A practical guide (No. ERDC/CHL-TR-00-15). 

Engineer Research and Development Center, Vicksburg, MS, Coastal and 

Hydraulics Lab. 

Blum, M. D. and H. H. Roberts (2009). "Drowning of the Mississippi Delta due to 

insufficient sediment supply and global sea-level rise." Nature Geoscience 2: 488-

491. 

Bridge, J. (2003). Rivers and Floodplains: Forms, Processes, and Sedimentary Record, 

Wiley. 

Butzer, K. (1990). The Indian legacy in the American landscape. The Making of the 

American Landscape. M. Conzen. Boston, Harper Collins Academic: 27-50. 

Charlton, R. (2007). Fundamentals of fluvial geomorphology. Routledge. 

Cox, R. and R. B. Van Arsdale (1997). "Hotspot origin of the Mississippi embayment and 

its possible impact on contemporary seismicity." Engineering Geology 46: 201-

216. 

Cox, R. T. and R. B. Van Arsdale (2002). "The Mississippi Embayment, North America:  

a first order continental structure generated by the Cretaceous superplume mantle 

event." Journal of Geodynamics 34: 163-176. 

Denevan, W. (1992). "The Pristine Myth: The Landscape of the Americas in 1492." 

Annals of the Association of American Geographers 82(3): 369-385. 

Fisk, H. N. (1944). Geological investigation of the Alluvial Valley of the Lower 

Mississippi River, Mississippi River Commission, Vicksburg, Mississippi: 170. 

Foley, J., C. Kucharik, T.E. Twinde, M.T. Coe (2004). "Land Use, Land Cover, and 

Climate Change Across the Mississippi Basin: Impacts on Selected Land and 

Water Resources." Ecosystems and Land Use Change Geophysical Monograph 

Series 153: 249-261. 

Gagliano, S. and P. Howard (1983). The Neck Cutoff Oxbow Lake Cycle Along the 

Lower Mississippi River. River Meandering, Proceedings of the Conference 

Rivers. C. Elliot. New Orleans, LA, ASCE: 147-158 

Harbor, D. J. (1998). "Dynamics of Bedforms in the Lower Mississippi River." Journal of 

Sedimentary Research 68(5): 750-762. 



 161 

Harmar, O. P. and N. J. Clifford (2007). "Geomorphological explanation of the long 

profile of the Lower Mississippi River." Geomorphology 84(3-4): 222-240. 

Hay, J. M. (2013). Mississippi River-Historic Sites & Interesting Places, Inland 

Waterways Books. 

Kesel, R. H. (2003). "Human modifications to the sediment regime of the Lower 

Mississippi River flood plain." Geomorphology 56(3-4): 325-334. 

 

Hoffmann, T., V. R. Thorndycraft, A.G. Brown, T.J. Coulthard, B. Damnati, V.S. Kale, 

H. Middelkoop, B. Notebaert, D.E. Walling (2010). "Human impact on fluvial 

regimes and sediment flux during the Holocene: Review and future research 

agenda." Global and Planetary Change 72(3): 87-98. 

Horowitz, A. J. (2006). The effect of the "Great Flood of 1993" on subsequent suspended 

sediment concentrations and fluxes in the Mississippi River Basin, USA. 

Sediment Dynamics and the Hydromorphology of Fluvial Systems, Dundee, UK. 

Hudson, P. F. (2002). "Pool-riffle morphology in an actively migrating alluvial channel:  

the Lower Mississippi River." Physical Geography 23(2): 154-169. 

Hudson, P. F. (2002). Historic Channel Behavior of the Lower Mississippi River. 

Cultural and Physical Expositions:  Geographic Studies in the Southern United 

States and Latin America. M. K. Steinberg and P. F. Hudson, Geosciene 

Publications, Department of Geography and Anthropology, LSU, Baton Rouge, 

LA. 36: 8. 

Hudson, P. F. and R. H. Kesel (2006). "Spatial and temporal adjustment of the Lower 

Mississippi River channel to major human impacts." Z. Geomorph. N.F. 143: 17-

33. 

Hudson, P. F., H. Middelkoop, E. Stouthamer (2008). "Flood management along the 

Lower Mississippi and Rhine Rivers (The Netherlands) and the continuum of 

geomorphic adjustment." Geomorphology 101(1-2): 209-236. 

Keown, M.P., E. A. Dardeau, Jr., and E. M. Causey (1981). Characterization 

of the suspended-sediment regime and bed-material gradation of the Mississippi 

River Basin, Rep. 1, Potamol. Program (P-l), U.S. Army Eng. Div., Lower Miss. 

Valley, Vicksburg, Miss., 

Keown, M., E. Dardeau, E.M. Causey (1986). "Historic Trends in the Sediment Flow 

Regime of the Mississippi River." Water Resources Research 22(11): 1555-1564. 

Kesel, R. H. (1988). "The Decline in the Suspended Load of the Lower Mississippi River 

and its Influence on Adjacent Wetlands." Environmental Geology and Water 

Sciences 11(3): 271-281. 

Kesel, R. H., E. G. Yodis, D.J. McCraw (1992). "An approximation of the sediment 

budget of the Lower Mississippi River prior to major human modification.”  Earth 

Surface Processes and Landforms 17: 711-722. 



 162 

Kesel, R. H. (2003). "Human modifications to the sediment regime of the Lower    

Mississippi River flood plain." Geomorphology 56(3-4): 325-334. 

Knox, J.C. (2006).  Floodplain sedimentation in the Upper Mississippi Valley: Natural 

Versus human accelerated. Geomorphology 79(3-4): 286-310. 

Knox, J.C. (2007). The Mississippi River System. Large Rivers: Geomorphology and 

Management. A. Gupta. West Sussex, England, John Wiley & Sons Ltd: 145-182. 

Lane, E.W. (1955). The importance of fluvial morphology in hydraulic engineering. Proc. 

Am. Soc. Civ. Eng. 81, Separate No. 745. 

Latrubesse, E. M. (2008). "Patterns of anabranching channels: The ultimate end-member 

adjustment of mega rivers." Geomorphology 101(1-2): 130-145. 

Leclair, S. (2011). "Interpreting fluvial hydromorphology from the rock record: large-

river peak flows leave no clear signature." Society for Sedimentary Geology 

Special Publication No. 97: 113-123 

Mann, C. J. and W. A. Thomas (1968). "The ancient Mississippi River.” Transactions- 

Gulf Coast Association of Geological Societies XVIII: 187-204. 

McElroy, B., and D. Mohrig (2009), “Nature of deformation of sandy bed forms.” 

Journal of Geophysical Research 114: 1-13.   

Meade, R. H. and J. A. Moody (2010). "Causes for the decline of suspended-sediment 

discharge in the Mississippi River system, 1940-2007." Hydrological Processes, 

24: 35-49. 

Milliman, J. D. and R. H. Meade (1983). "World-Wide Delivery of River Sediment to the 

Oceans." The Journal of Geology 91(1): 1-21. 

Mossa, J. (1996). "Sediment dynamics in the lowermost Mississippi River." Engineering 

Geology 45: 457-479. 

New Orleans District (2009). Old River Control. New Orleans District, US Army Corps 

of Engineers. New Orleans. 

Nguyen, I., A. Cox, J.L. Brown, R.D. Davinroy, J. Floyd, E. Rivera (2010). Mississippi 

River and Old River Control Complex Sedimentation Investigation and Hydraulic 

Sediment Response Model Study. Technical Report M4X, USACE St. Louis 

District: 101. 

Nittrouer, J. A., M. A. Allison, R. Campanella (2008).  “Bedform transport rates for the 

lowermost Mississippi River.”, Journal of Geophysical Research 113 (F3) 

Nittrouer, J. A., D. Mohrig, M. Allison (2011). "Punctuated sand transport in the 

lowermost Mississippi River." Journal of Geophysical Research 116(F4). 

Nordin, C. F. and B. S. Queen (1992). Particle Size Distributions of Bed Sediments 

Along the Thalweg of the Mississippi River, Cairo, IL, to Head of Passes, SEP 



 163 

1989. Potamology Research Program (P-1) Report 7. Vicksburg, MS, US Army 

Engineer Waterways Experiment Station. 

Parsons, D. R., J. L. Best, O. Orfeo, R.J. Hardy, R. Kostaschuk, S.N. Lane (2005). 

"Morphology and flow fields of three-dimensional dunes, Rio Paraná, Argentina: 

Results from simultaneous multibeam echo sounding and acoustic Doppler 

current profiling." Journal of Geophysical Research 110(F4). 

Patrick, R. (1998). Rivers of the United States, Volume IV, Part A: The Mississippi River 

and Tributaries North of St. Louis, John Wiley & Sons, Inc. 

Powell, N. J. (1985). Regime Equations, Sediment Load, and the Mississippi River. New 

Orleans, Tulane University: 62. 

Rittenour, T. M., R. J. Goble, M.D. Blum (2005). "Development of an OSL chronology 

for Late Pleistocene channel belts in the lower Mississippi valley, USA." 

Quaternary Science Reviews 24 (23-24): 2539-2554. 

Rittenour, T. M., M. D. Blum, R.J. Goble (2007). "Fluvial evolution of the lower 

Mississippi River valley during the last 100 k.y. glacial cycle: Response to 

glaciation and sea-level change." Geological Society of America Bulletin 119 (5-

6): 586-608. 

Rogers, J.D. (2008).  “Development of the New Orleans Flood Protection System prior to 

Hurricane Katrina.”  Journal of Geotechnical and Geoenvironmental Engineering 

134(5): 602. 

Saucier, R. T. (1969). Geological Investigation of the Mississippi River Area, Artonish to 

Donaldsonville, LA. Vicksburg, MS, US Army Engineer Waterways Experiment 

Station, USACE. 

Saucier, R. T. (1974). Quaternary Geology of the Lower Mississippi Valley, Arkansas 

Archeological Survey. 

Schumm, S., I. Rutherfurd, J. Brooks (1994). Pre-Cutoff Morphology of the Lower 

Mississippi River. The Variability of Large Alluvial Rivers. S. Schumm and B. R. 

Winkley, ASCE: 13-44. 

Schumm, S. (2005). River Variability and Complexity. Cambridge, New York, 

Cambridge University Press. 

Shuman, M., D. Jones, J. Mossa, T. Smith (1993). Cultural Resources Survey of Fort 

Adams Reach Revetment, Mile 312.2 to 306.0-L, Mississippi River, Wilkinson 

County, Mississippi. Cultural Resources Series. New Orleans, US Army Corps of 

Engineers: 130. 

Simons, D., E. Richardson, C.F. Nordin (1965). "Bedload Equation for Ripples and 

Dunes." Geological Survey Professional Paper 462-H. 



 164 

Smith, L. M. and B. R. Winkley (1996). "The response of the Lower Mississippi River to 

river engineering." Engineering Geology 45: 433-455. 

Smith, L. (1996). "Fluvial geomorphic features of the Lower Mississippi alluvial valley." 

Engineering Geology 45: 139-165. 

Soar, P. J., C. Watson, C.R. Thorne (2005). "Channel-Forming Flow:  Representations 

and Variability." Impacts of Global Climate Change ASCE 

Sounny-Slitine, A. (2012). Geomorphic and anthropogenic influences on hydrologic 

connectivity along the lower Mississippi River (Master's thesis). Department of 

Geography and the Environment. Austin, TX, The University of Texas. 

Theiling, C. (1998).  Chapter 4: River Geomorphology and Floodplain Habitats.  

Ecological Status and Trends of the Upper Mississippi River System.   

Thorne, C. R., A. Russell, M.K. Alam (1993). "Planform pattern and channel evolution of 

the Brahmaputra River, Bangladesh." Geological Society, London, Special 

Publications 75(1): 257-276. 

Van Arsdale, R. B. and R. T. Cox (2007). The Mississippi's Curious Origins. Scientific 

American: 76-82B. 

Van Arsdale, R. B. (2009). "Adventures Through Deep Time: The Central Mississippi 

River Valley and Its Earthquakes." The Geological Society of America Special 

Paper 455. 

Winkley, B. R. (1994). Response of the Lower Mississippi River to Flood Control and 

Navigation Improvements. The Variability of Large Alluvial Rivers. S. Schumm 

and B. R. Winkley, ASCE: 45-74. 

Wohl, E. A. (2011). A World of Rivers: Environmental Change on Ten of the World's 

Great Rivers, University of Chicago Press. 

Wolman, M. G. and J. Miller (1960). "Magnitude and Frequency of Forces in 

Geomorphic Processes." The Journal of Geology 68(1): 54-74. 

 

 


