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ABSTRACT 
 

The most recent and currently active delta lobe of the Mississippi River (MR) is the 

Atchafalaya-Wax Lake lobe, which was initiated approximately 400 years ago as a result of MR 

stream capture by the Atchafalaya River (AR). This capture process accelerated in the early to 

mid-1900s but further progress was prevented by construction and operation of the Old River 

Control Structure (ORCS) Complex.  Many recent studies indicate that MR system below the 

ORCS is on a retreating geologic trajectory due to contributing factors such as sea level rise, 

subsidence, faulting, and declining hydraulic stream power. Diversions along the Lower MR 

currently being planned would partially alleviate these risks by altering the Lower MR 

hydraulics and capturing land-building sediment.  

This study uses both 1D and 2D numerical modeling techniques to evaluate the long-term 

effects of current water and sediment regulation mandates and alternatively explore the long-

term land-building potential of progressively continuing the avulsion at the MR-AR bifurcation 

in a controlled manner.  Riverine hydraulic and sediment transport modelling was performed 

using Delft 3D coupled with a spreadsheet which used a 1D spatially averaged equation to 

calculate delta growth. A 150-year model duration was used to account for flow and system 

adjustments, implementation of current restoration plans, and to sufficiently analyze delta 

response trends into the future.  The study tests 12 scenarios (1 No Change scenario, 8 increased 

AR flow scenarios, and 3 increased MR flow scenarios) where flow adjustments are made 

gradually over time in 5% increments.     

The 150-year resulting land areas built for the MR vs. the AR at discrete flow percentages 

demonstrate a clear land-building capacity advantage in the AR. For common flow percentages, 

the AR builds 1.7 times more land at 30% of the total river flow and 3.0 times more land at 70% 



vii 
 

of the total river flow.  Reconnaissance-level cost impact analysis on river levees and 

navigational dredging to accommodate flow, stage, and sediment load alterations indicate that 

flow diversion of up to 60% of total river flow into the AR could result in a cost-effective flood 

alleviation and deltaic land-building strategy over the next 150 years.
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CHAPTER 1: INTRODUCTION 

1.1 Introduction  

Humans have populated the world’s river deltas since the beginning of civilization because 

of their rich resources and dynamic ecosystems.  Today, river deltas of the earth are home to 

over 500 million people and coastal regions altogether are populated by approximately 1.2 

billion people (Nichols and Small, 2002; Giosan, 2014). They provide a diverse range of 

ecosystem services such as fertile soil and water supply for agriculture, habitat and nursery for 

coastal fisheries, storm protection, recreation and tourism, air and water quality regulation, etc. 

(Syvitski et al., 2009; Chapman et al., 2016; REC and EE, 2016).  At present, many of the 

world’s deltaic plains are in peril due to natural and anthropogenic phenomena.  Prior to the 

industrial age, human activities benefited delta growth processes and their ability to counteract 

natural degradation factors such as subsidence, sea-level rise, and wave erosion.  Agricultural, 

mining, and logging practices introduced additional sediment influx into river systems and 

ultimately to deltaic destinations (Syvitski and Higgins, 2012).  Human engineering to create 

reservoirs for drinking water and combat river flooding throughout major drainage basins is now 

a major influence on the growth and evolution of heavily populated delta regions (Syvitski and 

Saito, 2007; Giosan et al., 2014).  Today, sediment supply is increasingly limited by levees, 

pumps, dams, and water control structures which have greatly modified sediment transport and 

storage patterns and pre-Anthropocene deltaic morphology.  
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One of the most acute examples of these human impacts is in the source to sink system of the 

Mississippi River (MR).  Currently, the MR drainage basin shown in Figure 1.1 covers more 

than 3,225,000 km2 and encompasses 41% of the contiguous United States and a portion of two 

Canadian provinces (USACE, 2004).  This enormous drainage basin once delivered 

approximately 400 million tons of sediment to the Mississippi River deltaic plain (MRDP) 

annually, before it was modified by approximately 3500 km of levees, 86 dams, and spillways 

that divert and capture sediment (Meade and Moody, 2010; Kemp et. al. 2014).  Prior to these 

modifications, the MR maintained approximately 40% of its total deltaic plain through active 

delta lobes at any one time, leaving the remaining coastline in retreat (Kolb and van Lopik, 1958; 

Roberts, 1997; Bentley et al., 2014). Currently the sediment supply has been cut in half to 

approximately 200 million tons per year carried to the delta plain, not all of which reaches major 

coastal outlets which generate land-building processes (Allison et al., 2012; Kemp et. al. 2014).  

Consequently, it is estimated that the river is maintaining less than 10-15% of the coast due to 

Figure 1.1.  Mississippi River Drainage Basin (USACE, 2004). 
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drastically decreased sediment loads resulting from upriver dam construction, increased sediment 

storage within the river levee system, and sediment and nutrient bypassing into the Gulf of 

Mexico (GOM) (Barras et al., 2003; Day et al., 2007). 

1.2 Sustainability Decline in the LMR 

During transgressive phases of the Holocene MR delta cycle, progressive hydraulic 

inefficiency plus a reduction in gradient as a result of continued progradation, results in eventual 

stream capture upriver. As this occurs, subsidence-driven processes coupled with marine 

reworking overtake accretionary delta growth.  This phase generally occurs faster for delta lobes 

located within the entrenched alluvial valley vs. those that have developed over a shallow 

Pleistocene base (e.g. St. Bernard delta) (Roberts, 1997).  The PBD composition of very thick 

(~100 m) and compressible prodelta clays makes it prone to subsidence while its shelf edge 

proximity increases its susceptibility to marine degradation. While this process was artificially 

prolonged by the prevention of stream capture into the AR, decreases in hydraulic efficiency 

have continued.  

Recent research and observations indicate that hydraulics in the LMR have changed 

significantly and that the combined effects of sea-level rise, subsidence, and channel infilling 

have reduced the ability of the MR to transport sand through the PBD (Kemp et. al., 2014; 

Bentley et al., 2016).  This has resulted in an increased backwater effect during high river stages 

and a migration of flow through outlets upstream of head of passes. Dredging records over the 

last 30 years also show increasing depositional rates in upstream reaches combined with 

diminishing volumes and sand content in Southwest Pass.  Additionally, four zones of adverse 

(negative downstream) bed slopes occur in the 500 km of the LMR below the MR-AR 

bifurcation.  Two of these zones which occur in the PBD are caused by the onset of deltaic 
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shoaling and upstream migration of sand deposition. The steepest occurs along a 100 km stretch 

between New Orleans and Bohemia and could be due to drastic increases in subsidence rates 

over that stretch (Dokka et al., 2006) in addition to faults crossing the river in this vicinity 

(Gagliano et al., 2003). The fourth negative downstream slope occurs much farther upstream 

near the ORCS as a result of the water diverted to the AR (Harmar and Clifford, 2007; Kemp et 

al., 2014). 

Monitoring surveys of river reaches just below the MR-AR diversion have shown gradual 

sedimentation, bar adjustment to flow diversion, and loss of cross-sectional area since the late 

1800’s which indicate natural underlying conditions conducive to avulsion (Latimer and 

Schweizer, 1951; Fisk, 1952; Kesel et al., 1992; Hudson and Kesel, 2006).  Depositional trends 

just downstream of the ORCS have increased in recent years due to river engineering including 

diversion, revetment, and dike construction (Wang and Xu, 2016).  More specifically, a massive 

mid-channel bar has developed next to the ORCS contributing to the negative slope in this 

stretch of the river because of the loss of flow and associated energy to transport sand.  This bar 

also situated in a meander where the thalweg stops abruptly and abnormally near the hydropower 

intake which delivers 80% of the diversion discharge.  This gives some indication that the helical 

flow that normally occurs in a meander and contributes to sand transport is disrupted (Heath et 

al., 2015; Knox and Latrubesse, 2016).  Lastly, multibeam surveys after the 2011 flood indicate 

extreme scour just downstream from the ORCS further contributing to the precarious situation 

surrounding the long-term stability of the ORCS and the downstream LMR (Knox and 

Latrubesse, 2016). 

In recent studies, researchers also have raised concerns over rising stage levels induced by 

increased sedimentation within the MR system.  Between OR and the PBD, the sediment storage 
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rate within the channel and floodplain was measured at 103 Mt/yr between 2008 and 2010 by 

Allison et al., 2012. While some portion of this volume is deposited in the unleveed floodplain 

above Baton Rouge, the majority contributes to bed aggradation in the river channel (Smith and 

Bentley, 2014; Bentley et al., 2016).  Stage measurements by the USACE (2014) at St. 

Francisville (~66km downstream of the ORCS) between 1951 and 2010 showed rises of 1.5 m 

and 4 m for flows of 8,400 m3/s and 28,000 m3/s, respectively.  Comparison of 1973 vs. 2011 

flood records (the only two years in which the Morganza Spillway was opened) from the USGS 

Vicksburg (RK 700) dataset show that between January and April during those floods prior to 

Morganza Spillway opening, the 1973 flood had a 46% higher average discharge and a 36% 

higher maximum discharge.  Even so, the flood of 2011 produced approximately a 2 m higher 

peak stage (Kolker et al., 2014).  Stage-discharge curves produced by Kemp et al. in 2014 at 

Tarbert Landing (RK 510) and Baton Rouge (RK 367) showed that stage was consistently 0.6 m 

and 0.4 m higher in 2011 than in 1973 at Tarbert Landing and Baton Rouge, respectively, with 

peak stage differences greater than 1m.  In a similar analysis at Tarbert Landing, in 2016 Wang 

and Xu compared stage-discharge rating curves from 1988, 1999, and 2015.  Stage increases 

over the 27-year period ranged from 1.3 m at lower flows to 1.5 m at higher flows.  When these 

trends are projected forward using geomorphological and riverine modeling tools such as the 

Delft 3D model used in this study, results reveal that sedimentation will continue to be 

problematic within the MR branch where stages could increase by up to 3 m in the lower reaches 

at average annual peak flows, potentially placing the river levee system at New Orleans and 

below in jeopardy in the next 75 years. Additionally, rising stages from OR to the GOM diminish 

the sustainability of the LMR and ORCS as currently operated and maintained (Andrus, 2020). 
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To combat rising river stages during flood conditions in the LMR, the USACE incorporated 

two major floodways into the MR&T system downstream of the ORCS.  The present project 

design flood was developed in 1956 when the Mississippi River Commission (MRC) assisted by 

the National Weather Service made a complete review of the adequacy of the MR&T project 

(USACE, 2015). As the river approaches the design flood flow conditions, decisions are made by 

the MRC with recommendations from the USACE New Orleans District (NOD) to open and 

operate the Morganza and Bonnet Carré structures in order to protect levees and riverside 

communities. The Morganza has only been opened and operated twice during the historic 1973 

and 2011 floods, while the Bonnet Carré Spillway has been opened fourteen times since its 

construction in the 1930’s (USACE, 2014, 2019). Six of these openings have occurred since 

2008, with it being opened twice in one year for the first time in 2019.  2019’s second opening 

was also for a record 79 days bringing the total days opened in 2019 to 122.  Figure 1.2 shows 

the estimated volume of water diverted for each opening as well as the cumulative volume 

Figure 1.2.  Historic of Bonnet Carré Spillway Openings (Estimated using 
data from USACE, 2014, 2019). 
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diverted over the life of the spillway (~35% of the total volume has been diverted in the last 11 

years).  While these recent increases in frequency and duration are largely driven by weather 

patterns within the MR drainage basin, they are also indicative of the increased sedimentation 

rates and rising stage-discharge relationships. 

1.3 Transition of the Holocene Delta Cycle into the Anthropocene: Correlation of 
Regressive and Transgressive Phases in MRDP 

Over the past 7,500 years during the Holocene glacial high stand, the MR avulsed five times 

(Fisk, 1952; Coleman et al., 1998; Aslan et al., 2005) producing six delta complexes (Frazier, 

1967; LCWCRTF and WCRA, 1998; Kulp et al., 2005; Blum and Roberts, 2009, 2012).  While 

the age, duration, and spatial extent of these delta lobes are debated (Condrey et al., 2014), on 

average, the MR has historically switched courses within the MRDP every 1000 – 1500 years 

(Coleman 1988; Aslan et al., 2005).  Roberts (1997) schematically summarized the “delta cycle” 

as an orderly progression of delta-building events that results from cyclic deposition on different 

temporal and spatial scales.  Components of the dynamic and progressive stages of the delta 

cycle include stream capture and establishment of a well-defined channel network as part of the 

rapid regressive phase, while the slower transgressive phase includes stream abandonment, 

subsidence, and marine reworking to form beaches, spits, barrier islands, and finally submarine 

shoals. 

While the MR delta cycle has continued up to the present day, it has been largely influenced 

by human activities and intense river engineering in the last two centuries which mark the advent 

of the Anthropocene (Zalasiewicz et al. 2011). Recent research on global deltas has shown 

anthropogenic activities such as agriculture, mining, reservoir construction, transportation 

infrastructure, oil and gas extraction, water diversions, flood control, and navigational channels 

now heavily impact and many times dominate sediment dispersal and depositional patterns at 



8 
 

today’s river mouth locations (Syvitski et al., 2005; Fan et al., 2006; Syvitski and Saito, 2007; 

Bergillos et al., 2016; Yang et al., 2017). Many of these factors are at play in the MRDP’s 

currently active and interconnected regressive (AWL) and transgressive (PBD) lobes. 

Deposition on the currently active PBD complex began ~1.2 to 1.3ka when the MR avulsed 

near New Orleans (Fisk, 1952; Tornqvist et al., 1996; Coleman et al., 1998; Aslan et al., 2005) 

and has created a shelf-edge fluvially-dominated delta overlaying prodelta deposits of >100 m 

thick (Coleman and Roberts, 1988; Kulp et al., 2002). Progradation began to decline in the 

1930’s and 40’s but continued up until the late 1970’s and now the PBD is considered to be in a 

state of retrogradation (Maloney et al., 2018). Contributing factors include declining sediment 

loads due to upstream dam construction (Keown et al., 1986; Kesel, 1988; Meade and Moody 

2010; Blum and Roberts, 2012), increasing diversion of sediment and water into the AR 

distributary (Latimer and Schweizer, 1951; Fisk 1952), reduction in overbank flows due to levee 

construction (Kessel, 1988), hydrocarbon extraction (Morten et al., 2005), significant upstream 

floodplain and channel storage of sediment (Allison et al., 2012; Smith and Bentley, 2014), loss 

of stream power and upstream migration of flows and sediment depocenters (Kemp et al., 2014; 

Bentley et al., 2016), and natural transgressive processes such as subsidence, sea-level rise, and 

marine reworking (Muto and Steel, 1992; Roberts, 1997; Dokka et al., 2006; Tornqvist et al., 

2008; Blum and Roberts, 2012; Jankowski et al., 2017). 

Land loss coastwide in the MRDP between 1932-2010 was estimated to be 4877km2 with 

approximately 25% of the deltaic area in the PBD gone (Couvillion et al., 2011).  Estimated 

coastwide land loss rates to subaerial wetlands have ranged from 50 – 100 km2/yr (Gagliano et 

al., 1981; Van Beek and Meyer-Arendt, 1982; Morton et al., 2005; Couvillion et al., 2011), with 

the majority of the losses both coastwide and in the PBD occurring between the 1930’s and 
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1970’s. Delta front progradation in the subaqueous portions of the PBD began to decline over 

this time period as well and has now been retreating since 1979 at South Pass and Pass a Loutre 

> 20m/yr, while Southwest Pass likely is only slightly prograding due to the location of the 

navigational dredging disposal site located near the mouth of the pass.  Lastly, estimated 

sediment mass accumulation rates along the delta front have decreased since the late 1800’s by 

~73% (Maloney et al., 2018). 

 Delta complexes are built through depositional responses associated with overbank splaying 

and bay-filling within the footprint of a major lobe (Welder, 1959).  Coleman and Gagliano 

(1965) investigated the concept of cyclic MR deposition on a variety of scales and emphasized 

that major delta lobes are active for approximately 1000-1500 years, whereas subdeltas complete 

their cycles of growth and deterioration in about 100-150 years.  Even smaller “crevasse splays” 

and “bay-filling” episodes build and become abandoned within the time-scale of a few decades 

(Roberts and Coleman, 1996).  Each subdelta within a major delta complex roughly follows a 

“bell-shaped” (this is roughly demonstrated by the data presented in Figure 4) curve over its 

active lifecycle where coarsening-upward sedimentary facies develop and are capped by highly 

organic, fine-grained sediments as depositional activity wanes. Currently, the last remaining 

active subdeltas in the PBD are in a state of decline associated with their destructional phases 

(Coleman and Gagliano, 1964; Wells and Coleman, 1987). Extents of these historic subdeltas are 

depicted in Figure 1.3 and overlay the remnant wetlands that remain along with the skeletal 

distributaries outlined by natural levees and passes maintained for navigation (Bentley et al., 

2016). 
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Extensive mapping analysis was performed by Wells and Coleman (1987) who used historic 

nautical maps, charts and aerial photographs to digitize subaerial wetland areas in the four latest 

PBD subdeltas from 1840-1980.  This data set was then extended to 2002 using satellite imagery 

(Coleman, 2006). This combined growth curve data set is presented in Figure 4 alongside a 

similar analysis from the AWL by Majersky et al. (1997) which plots the rapid embryonic 

growth of its two bayhead deltas, namely Wax Lake Delta (WLD) and the Lower Atchafalaya 

Delta (LAD) between 1973-1994 coinciding with a sharp decline in the PBD delta area.  This 

transition follows closely after rapid acceleration of stream capture of flow and sediment through 

the MR-AR bifurcation which occurred in the previous two decades leading up to the 

construction of the ORCS which suspended flow into the AR at 30% in 1962 (Latimer and 

Schweizer, 1951, Fisk, 1952).  Another significant contributing factor to the decline in sediment 

delivery to the PBD was large dam construction in the upper MR Basin, primarily on the 

Figure 1.3.  Historic (Dry Cypress Bayou and Grand Liard – Active prior to 
the 1800s) and Last Remaining Active (Baptiste Collete, Cubits Gap, West 
Bay, Garden Island Bay) Subdelta Complexes of the Plaquemines-Balize 
Delta (After Coleman and Gagliano, 1964 and From Bentley et al., 2016). 
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Missouri River (Kesel, 1988; Meade and Moody, 2010; Blum and Roberts, 2014; Bentley et al., 

2016).  Figure 1.4 demarks these sediment load altering events along with the great flood of 1973 

which stimulated wetland growth in both the PBD and AWL deltas, although the PBD returned 

to previous rates of decline shortly thereafter. 

Wells and Coleman (1987) reported a long-term average growth rate of the composite PBD 

subdelta curve during the regressive period of approximately 1840-1940 to be 5.2 km2/y with a 

maximum rate of 7.0 km2/y occurring in the West Bay subdelta between 1845-1875. Average 

rates of deterioration between 1920-1971 ranged from 1.0 to 4.1 km2/y with a maximum of 12.9 

km2/y in the Baptiste Collete subdelta in the late 1940’s.  In the AWL plots, Majersky et al. 

(1997) used a digital terrain model to estimate delta area above -0.6 m NGVD which includes 

both subaerial lands and subaqueous flats, for an average growth rate of 8.8 km2/y (4.0 km2/y for 

Figure 1.4.  Documented Subdelta Growh Rates from the PBD and AWL 
Delta Complexes with Major Anthropogenic System Alterations (PBD data 

from Wells and Coleman, 1987 and Coleman, 2006; AWL data from 
Majerski et al., 1997; AR Capture Percentages from Latimer and 

Schweizer, 1951). 



12 
 

WLD and 4.5 km2/y for LAD, respectively) over the 21-year study period.  An early study by 

Rouse et al. (1978) reported a growth rate of 6.5 km2/y between 1973-1976 post high flood years.  

Roberts et al. (1997) estimated a combined growth rate of 7.3 km2/y (2.5 km2/y for WLD and 4.5 

km2/y for LAD, respectively).  Using a similar terrain model as Majersky et al. (1997), Fitzgerald 

(1998) estimated a WLD growth rate of 3.0 km2/y and Kim et al., 2009 estimated a land area in 

the WLD subdelta of 100 km2 in 2005 equating to a growth rate of 3.1 km2/yr.  Allen et al. 

(2012) used remote sensing imagery and inundation measures to estimate a much lower growth 

rate of 1.0 km2/y for the WLD between 1983 and 2011.  Similarly, Couvillion et al. (2011) 

estimated a combined growth rate of ~2 km2/y for the AWL between 1973 and 2011.  Rosen and 

Xu (2013) estimated an annual land growth rate for the AWL of 2.8 km2/y between 1989 and 

2010.  Lastly, Carle et al. (2015) estimated 6.5 km2 of land gain at mean water level in the WLD 

in just one year as a result of the major flood of 2011. 

Figure 1.5.  Atchafalaya/Wax Lake Deltaic System Vicinity Map  
(Sediment storage rates from Bentley et al., 2016). 
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The AWL system subaerial deltas, approximate prodelta boundary, and sediment storage 

rates are shown in Figure 1.5.  Up until the 1950’s most of the sediment deposition along the AR 

branch occurred in the Atchafalaya Basin filling interior lakes and forming lacustrine deltas in 

Grand Lake and Six Mile Lake.  The dredging of Wax Lake Outlet (WLO) in 1941 as an 

additional flood relief measure to Morgan City, providing additional sediment transport capacity 

to Atchafalaya Bay as Six Mile Lake filled to capacity.  At this time many oyster reefs existed in 

Atchafalaya Bay with some fine-grained riverine deposits (Thompson, 1951, 1955).  Researchers 

then began to document distinct phases of subaqueous deltaic development: (1) deposition of 

prodelta clays and silty clays from the middle of the 19th century to about 1952, (2) the initiation 

of coarser-grained deposition about 1952 (mostly silts), and (3) introduction of bedload sands in 

the early 1970s (Cratsley, 1975; Shlemon, 1975).  

Development of this subaqueous delta served as a subaerial land-building primer to the next 

extreme high-water event.  This event occurred in 1973 with two subsequent high-water years 

which produced a three-year period of greatly increased sediment flux.  The average annual 

discharge down the AR measured at Simmesport was 5,781 m3/s between 1935 and 2001.  

During the high flood years of 1973-1975 annual mean discharges reached 9,945 m3/s with peak 

discharge in 1973 of about 20,000 m3/s.  Accordingly, average sediment discharge was 

approximately 75.2 Mt/y with a peak of 143.2 Mt/y (USACE, 2002).  This resulted in sudden 

appearance and rapid growth of sand-rich lobes directly linked to the transfer of stored channel 

sands to the bay (Roberts et. al., 2003). 

Further research has shown that a silt-rich prodelta has been forming on the Atchafalaya shelf 

opposite of Atchafalaya Bay for the last century.  In some areas this prodelta has been 

accumulating at rates greater than 10 cm/yr and prograding seaward as a result of sediment 
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bypassing the subaerial deltas and contributing to foundational sediment facies (Allison and 

Neill, 2002).  A significant portion of the prodelta composition is sand, possibly as result of 

bedload transport through the dredged navigation channel.  Additionally, significant 

redistribution and advection of fine-grained sediments is occurring to the west, further 

distributing prodelta deposits which can eventually be trapped in down-drift settings such as the 

Chenier Plain shelf or intertidal zone (Bentley et al., 2003; Ramatchandirane, 2013; Bentley et 

al., 2016).  And while these two deltas do experience sediment bypassing, there is more potential 

the bypassed fluxes to contribute to prodelta building blocks on the shallow Atchafalaya Shelf 

(Allison and Neil, 2002) or to be trapped in coastal ponds in down-drift settings such as the 

chenier plain (Ramatchandirane, 2013). Additionally, the sediment-laden river plumes dispersing 

into the shelf from the AWL are fine-grained in nature and form a fluid mud layer due to water 

level set-down during cold front passages, which effectively dampens the wave energy and 

reduces erosion of deltaic deposits and associated wetland growth (Wells, 1983; Sheremet and 

Stone, 2003; Siadatmousavi et al., 2012; Safak et al., 2017). These combined riverine, coastal, 

and anthropogenic processes have also resulted in an interbedded wedge deposit of very shallow 

slope (0.03 – 0.05°), making it less susceptible to mass movements or slides than its shelf-edge 

PBD counterpart (Coleman and Garrison, 1977; Allison and Neill, 2002, Guidroz, 2009; 

Maloney et al., 2018). 

Groundwork for Land-building in the AWL lobe was laid by basin infilling processes and 

jump-started by the 1973 flood.  The prodelta front has since steadily progressed in development 

and recently experienced another major flooding event in 2011 comparable in magnitude to the 

1927 and 1973 floods.  The peak flow rate reached in the AR was approximately 23,000 m3/s, 

slightly higher than that of the 1973 flood event (Kolker et. al. 2014).  Kolker et. al. (2014) led a 
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field study in which sediment cores were collected and analyzed for the naturally occurring 

radionuclide 7Be.  7Be has a short half-life (53 days) and is an excellent indicator of event scale 

sediment dynamics (Sommerfield et al., 1999; Allison et al., 2000; Bentley et al. 2003; Andrus, 

2007; Kolker et al. 2012;).  The total depth of 7Be penetration in sediment cores taken from the 

Atchafalaya shelf ranged from 2 to 11cm. When converted and annualized, depositional rates 

ranged from 6 to 17 cm/yr. Similar cores were collected in the WLD and indicate that depth of 

deposition ranged from 0 to 5 cm during the flood, with the lowest values found near the head of 

the delta and the highest values near the delta front.  Similar measurements from a 1999 study on 

the Atchafalaya shelf during a ~10,200 m3/s flood showed deposition of 1 to 3 cm (Allison et al. 

2000).  These results suggest that while the Mississippi-Atchafalaya River system is supply 

limited, the 2011 flood shifted the AWL depocenter to the shelf and produced an order of 

magnitude greater deposit layer (Kolker et al. 2014).   This is an important result as much of this 

event layer will be preserved and will likely contribute the progradation of the delta front in the 

absence of a hurricane.  While some resuspension is expected as cold fronts pass over the region, 

the layer is much thicker than the depth at which sediments will be resuspended on the 

Atchafalaya Shelf (about 1 cm; Allison et al., 2000).   

The aforementioned study also drew important contrasts between the AWL and PBD systems 

and their sustainability.  Results of salinity and turbidity measurements during 2011 revealed that 

the Atchafalaya Shelf was more river-dominated than the Mississippi Shelf as low salinity waters 

were observed over a much greater area.  Along the Mississippi Shelf, low salinity waters were 

confined to jet-like features consistent with previous studies (Wright and Coleman, 1974; 

Wright, 1977; Falcini et al., 2012).  Maximum turbidity on the Atchafalaya Shelf was also 

significantly higher and stratified differently with fluid mud-like conditions at the bottom of the 
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water column.  Hence, the AR likely had greater influence on the distribution of water, salt, and 

sediment on its continental shelf than the Mississippi River (Kolker et al., 2014).  This can be 

attributed to a number of factors such as the shallow and open nature of the Atchafalaya Shelf, as 

well as its axis of discharge which is normal to the shelf, which encourages onshore winds to 

constrain currents close to the coast (Walker and Hammack, 2000; Kolker et al., 2014); the 

design of the MR&T system which diverts flood waters to the Atchafalaya and away from the 

Mississippi to protect infrastructure and population centers; the constricted configuration of the 

LMR which forces river water into the GOM through a confined levee system and then through a 

series of small passages, diversion, and distributaries; and the close proximity of the PBD to the 

open ocean which promotes both the advection and diffusion of river waters across the 

continental shelf and associated pelagic regions (McKee et al., 2004; Walker et al., 2005). 

1.4 Sediment Diversion Review and Considerations 

Since the early 1800s, the engineers, private landowners and Federal agencies have debated 

the efficacy of levees vs. controlled diversions as the best management strategy for engineering 

the MR to maintain navigation and flood control (Barry, 1997; Reuss, 2004).  These debates 

culminated in the MR&T program which has been successful at protecting against devastating 

floods and bolstering commerce, but at the same time the levees built under the plan have cut off 

vital sediment and freshwater supplies vital to coastal wetlands in the MRDP.  Engineered 

diversions such as the ORCS, Morganza Spillway, Bonnet Carré Spillway and the WLO have 

been incorporated into this flood control plan to provide outlets which relieve pressure from the 

levee system mostly during flood stages.  While not their primary purpose, these diversions have 

delivered sediments which have contributed to significant land building and wetland creation. 

Today, current ecosystem restoration plans aim to maximize wetland building through diversions 
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to mimic natural deltaic land-building processes by restoring the delivery of freshwater, sediment 

and nutrients (Roberts et al., 2003; Snedden et al., 2007; Kim et al., 2009; CPRA, 2012, 2017).  

These proposed diversions are anthropogenic countermeasures to coastal land loss and 

ecosystem deterioration largely caused by other anthropogenic activities.  Construction of 

subdeltas like those discussed in Section 1.2 are similar in scale to proposed river-sediment 

diversions, thereby serving as a geologic analog (Peyronnin et al., 2017; CPRA, 2017).  While 

some diversions like West Bay are uncontrolled, most use engineered structures that can be 

operated to optimize a variety of physical and ecological factors such as discharge, sediment 

intake, velocity, stage as well as impacts to fisheries in the receiving basin and navigation in the 

river (Allison and Meselhe, 2010; De Mutsert et al., 2012; Peyronnin et al., 2017).  Table 1.1 

lists MR diversions which have been constructed in addition to those which are currently being 

planned for.  The locations of these diversions are also shown in Figure 1.6. 

Even though it has been established that the LMR has entered a transgressive phase of retreat 

and yielding to energetic oceanic processes in open bay areas at its outermost GOM boundary, 

these diversions have had some success. Sand deposition in the Bonnet Carré Spillway near Lake 

Pontchartrain has accreted between 2 and 3 cm/yr as a result of periodic openings to reduce flood 

stages in the river (Day et al., 2012; Nittrouer et al., 2012; Allison et al., 2013).  The purpose of 

the Caernarvon freshwater diversion is to control salinity in Breton Sound but has incidentally 

created a sizeable subdelta in Big Mar (Lopez et al., 2014).  Similarly, the Davis Pond diversion 

has created a significant subdelta deposit and vegetated wetlands (Day et al., 2016; Keogh et al., 

2019).  Since 1995 the Bohemia Spillway has experienced no net land loss with slight gains from 

navigation and oil gas canal filling as a result of pulsed MR flows (LPBF, 2019).  The West Bay 

Diversion is the only diversion designed and constructed to date with the sole purpose of 
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building and sustaining wetlands by naturally mimicking crevasse splay processes in an 

uncontrolled manner.  Since its opening in 2003, diversion flows have formed a distributary 

channel for efficient sediment delivery and sediment accumulation has outpaced relative sea 

level rise (RSLR) with depositional rates between 1 and 3 cm/yr between 2003 and 2009 

(Andrus and Bentley, 2007; Kolker, 2012).  Just after the flood of 2011, estimates of subaerial 

deltaic deposits were over 4 km2 and total aggrading deltaic regions including subaqueous 

deposits were approximately 23 km2 covering nearly 60% of the West Bay receiving area 

(Andrus et. al., 2012).  It has also been shown through numerical modeling the that Sediment 

Retention Enhancement Devices (SREDS) constructed as part of the project have contributed 

retention of these deposits by reducing wave resuspension (Andrus et al., 2012; Allison et al., 

2017). 

With a greater academic focus on understanding deltaic systems in recent years, the scientific 

community has developed various broad predictive relationships and forecasting models which 

project delta plain growth associated with sediment diversions (Parker et al., 1998, 2006, 2008; 

Kostic and Parker, 2003; Syvitski and Saito, 2007; Paola et al., 2011; Dean et al., 2012).  Many 

numerical modeling efforts (Storms, Stive et al., 2007; Geleynse, Storms et al., 2010; Edmonds 

and Slingerland, 2007; Edmonds and Slingerland, 2010; Geldynse, Storms et al., 2011; Hillen, 

2009; Caldwell and Edmonds, 2014) evaluate idealized delta-building scenarios at relevant 

scales of interest to examine the relationships between delta processes and dominant forcing 

functions with the resulting morphology, stratigraphy, and distributary network formation. 

Others have developed numerical models for specific riverine and estuarine systems, particularly 

in the MRDP, to evaluate many hydrodynamic and biophysical variables associated with riverine 

sediment diversions and their deltaic responses (Kim et al., 2009; Hanegan, 2011; Edmonds, 
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2012; Meselhe et. al., 2012; Gaweesh and Meselhe, 2016; Meselhe et. al., 2016; CPRA, 2017).  

These models are informed by relevant research on factors which influence diversion 

performance such as riverine sediment supply and bed geomorphology (Galler and Allison, 

2008; Nittrouer et al., 2011; Allison et al., 2012; Nittrouer and Viparelli, 2014; Smith and 

Bentley, 2014; Bentley et al., 2016; Kemp et al., 2016; Magliolo, 2017; Bentley and Magliolo, 

2018; Wang and Xu, 2018a, 2018b), river stage, discharge, and backwater effects (Nittrouer et 

al., 2011; Edmonds, 2012; Lamb et al., 2012; Kemp et al., 2014) and physical characteristics of 

potential bay receiving areas such as subsidence, sediment erodibility and retention, land loss 

rates, and morphodynamics, among others (~90 papers identified by Xu et al., 2019). 
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Table 1.1 Summary of Constructed and Proposed Mississippi River Diversions 

 
 
 
 
 
 
 

Diversion
River Mile 

(Above Head 
of Passes)

River KM 
(Above Head 

of Passes)

Description of Control 
Structure

Direction 
of 

Diversion
Purpose Maximum Design 

Discharge (cfs)*
Maximum Design 
Discharge (cms)*

Date 
Completed

1. Old River Control Structure Complex

    Low-Sill 315 506 Controlled Spillway West

Maintain 
Distribution of 

Flow and 
Sediment

500,000 14,159 1962

    Overbank 315 506 Controlled Spillway West Flood Control 150,000 4,248 1962

    Auxiliary 312 502 Controlled Spillway West

Maintain 
Distribution of 

Flow and 
Sediment

350,000 9,911 1986

    Hydropower 317 509 Controlled Spillway West Power 
Generation 170,000 4,814 1990

2. Morganza 285 459 Controlled Spillway West Flood Control 600,000 16,990 1963

3. Bonnet Carré 133 214 Controlled Spillway East Flood Control 250,000 7,079 1932

4. Davis Pond 122 196 Controlled Box Culverts West Freshwater 
Diversion 10,050 285 2003

5. Caernarvon 85 137 Controlled Box Culverts East Freshwater 
Diversion 8,000 227 1991

6. Mid Barataria 61 98 Controlled Spillway West Sediment 
Diversion 75,000 2,124 In Planning

7. Mid Breton 69 110 Controlled Spillway East Freshwater 
Diversion 35,000 991 In Planning

8. Bohemia Spillway 45 72 Uncontrolled Spillway East Flood Control 350,000 9,911 1926

9. West Bay 5 7 Uncontrolled Channel West Sediment 
Diversion 50,000 1,416 2003

*While flow rates listed are maximum design capacity, actual flow rates are generally lower and are dictated by operational plans of each structure.  Factors such as seasonal 
variations in river flow, high river flood alleviation, receiving basin interests such as property, agriculture, and fisheries all factor in to operational decision-making.  The 
originally designed dredge section for West Bay was for 20,000 cfs/566 cms at a 50% river stage with plans to increase the section to 50,000 cfs/1,416 cms after monitoring.  
The uncontrolled nature of this opening has evolved to this point and beyond naturally (Andrus, 2007).
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1.5 Dissertation Structure 

Authorized by the MRC in the early 1950’s, two landmark studies of the Atchafalaya Basin 

and the problem of the MR diversion were undertaken to investigate engineering and geological 

aspects of whether the enlargement of OR and AR would ultimately capture the MR’s discharge. 

These efforts predicted that the future of the diversion at the Mississippi-Atchafalaya junction 

would reach a critical stage of capture of 40% by the 1970’s and beyond this point would be 

rapid and uncontrollable. Because the core work to warrant the construction of the ORCS was 

undertaken nearly 70 years ago, Chapter 2 revisits the basis of the resulting predictions, discusses 

significant developments that have occurred in the MR and AR to date, and evaluates how both 

branches could evolve moving forward.  Since the 1950s many useful datasets and tools have 

been compiled and developed which were used to conduct hydraulic and sediment transport 

modelling simulations.  Chapter 2 uses the Delft3D software suite to retest the capture 

hypothesis by accounting for complex hydrodynamic interactions from the MR-AR bifurcation 

Figure 1.6. Locations of Existing and Planned Mississippi River 
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to the Gulf of Mexico with the intent of investigating long-term avulsion dynamics and their 

responses to an oscillating flow regime which mimics annual hydrograph variations.  

Recognizing that coastal planners, scientists and engineers consider engineered river 

diversion as a viable restoration tool in the next century, operations of current and future 

diversions and land-building potential in the MR and AR branches could depend heavily on flow 

and sediment management strategies at the MR-AR bifurcation. Chapter 3 uses both 1D and 2D 

numerical modeling techniques to evaluate the long-term effects of current water and sediment 

regulation mandates and test alternative regulation strategies with respect to delta-building goals.  

Riverine hydraulic and sediment transport modelling was performed using the Delft 3D tested in 

Chapter 2 coupled with a spreadsheet which used a 1D spatially averaged equation developed by 

Dean et. al. (2012) to calculate delta growth. A 150-year model duration was used to account for 

flow and system adjustments, implementation of current restoration plans, and to sufficiently 

analyze delta response trends into the future.  The study tests twelve MR/AR flow scenarios (1 

No Change scenario, 8 increased AR flow scenarios, and 3 increased MR flow scenarios) where 

flow adjustments are made gradually over time in 5% increments.  

Environmental benefits predicted by models in Chapter 2 are reported in terms of deltaic land 

area.  The cost effectiveness of producing these benefits is evaluated in Chapter 3. Cost analyses 

focus on river management costs as economic indicators that are directly related to river 

discharge, stage, and sedimentation rates. Alterations in flow and sediment at the MR-AR 

bifurcation cause long-term changes in stage heights which require levee enlargements to 

maintain flood protection and changes in depositional rates which alter dredging requirement 

needed to maintain navigational channels.  Modeled changes in these parameters are used to 

calculated levee enlargement and dredging quantities and historic prices were gathered to project 
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river management cost into the future for each of the twelve MR/AR flow scenarios. These costs 

are then compared against land-building projections to determine the most cost-effective MR/AR 

operational scenario.  Conclusions discuss additional river maintenance categories that could 

impact river management schemes, effect land-building efficiencies, and provide more 

comprehensive costs implications. 
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CHAPTER 2: THE CAPTURE TIMESCALE OF AN UNCONTROLLED MISSISSIPPI – 
ATCHAFALAYA BIFURCATION WITH FUTURE LOWER RIVER STRATEGY 

IMPLICATIONS 

2.1 Introduction and Purpose 

Since the 1930s in coastal Louisiana many factors, both natural and manmade, have 

contributed to the loss of approximately 4,870 km2 of land. Analyses predict that this number 

could double in the next 50 years with no action.  With such an expansive continental footprint 

and influence over the history and future of the Louisiana coastline, the Mississippi River (MR) 

system is the greatest potential source of solutions to the land loss problem because of the 

sediment it carries (CPRA, 2012, 2017).  Formation and maintenance of the MR deltaic plain is 

the direct result of water, sediment, and nutrient delivery from its drainage basin which is many 

orders of magnitude larger (Giosan and Freeman, 2014).  The present sea-level high stand has 

given rise to delta-building processes of the MR that are cyclic in nature and involve a wide 

array of depositional environments.  Through alternating regressive (fluvial/depositional) and 

transgressive (marine/erosional) phases, the MR has occupied at least six major courses in the 

deltaic plain during the Holocene geologic period as depicted in Figure 1 (Roberts, 1997; Blum 

and Roberts, 2012).  Throughout this period the river has delivered sediment to the coast to build 

land at its mouth, annually extending the length of the river channel until a major flood or other 

disturbance causes the river to avulse, or change course, seeking a shorter, more efficient path to 

the Gulf of Mexico (GOM). Historically these processes have maintained approximately 40% of 

the total MR deltaic plain through active delta lobes at any one time, leaving the remaining 

coastline in retreat (Kolb and van Lopik, 1958; Roberts, 1997; Bentley et al., 2014). Currently, it 

is estimated that the river is maintaining less than 10-15% of the coast due to drastically 

decreased sediment loads resulting from upriver dam construction, increased sediment storage 

within the river levee system, and sediment and nutrient bypassing into the GOM (Barras et al., 
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al., 2011; Andrus 2020,b).  However, this assessment did not account for impacts to river 

maintenance costs or socio-economic factors which greatly effect communities across the 

MRDP, the gulf coast, and beyond. 

The analysis presented herein shows that when two of the largest impact categories of 

dredging and levee enlargement costs are accounted for, gradually increasing flows into the AR 

makes sense below a certain threshold.  System-wide costs of maintaining flood protection and 

navigation go down with increasing AR flow percentage from 30% to 60%.  Beyond this point, 

costs per benefit area begin to incrementally increase again as flow percentage into the AR 

Figure 4.12. Cost Benefit Analysis in terms of River Maintenance costs vs. Delta Land Built 
for A.) MR Branch B.) AR Branch and C.) MR and AR Branches Combined. 
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increases, flow accommodation begins to decrease, and stages begin to rise in the AR at a rate 

that outpaces the additional deltaic areas being built.   

The most cost-effective scenario analyzed is Scenario 7 – 40/60 MR/AR Flow Split with a 

cost-benefit ratio of $22.7M/Km2, a total river maintenance cost of $11.2B and a benefit are of 

1,755 Km2 at year 150.  Figure 4.13 illustrates the land-building progression curves in Scenario 7 

of the WLD diversion which represents the AR and the MBA and MBR diversions which 

represent the MR.  While the MR reaches its land-building peak in the first 60 years, the AR 

continues an accelerating trajectory through year 150 and beyond.  Scenario 7 is almost twice as 

cost-effective as maintaining the status quo of a 70/30 MR/AR flow split in Scenario 1 and 

builds ~ 629 Km2 more land and saves ~ $10.9B. 

Figure 4.13. Scenario 7 – 40/60 MR/AR Flow Split Land-building Curves. 
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Some concerns that would remain would be municipal and industrial freshwater supply in the 

MR, higher AR velocities that could impact navigation and scour protection to municipal and 

industrial infrastructure, and elevated average water levels in the AR basin, Morgan City, and 

backwater areas below AR basin flood protection levees.  In past years of extreme drought, the 

USACE has constructed and underwater sill in the MR below New Orleans to prevent denser salt 

water from migrating further upstream and contaminating water supplies.  Additionally, for 

rising stage concerns in the AR basin, the model does not take into account significant water 

storage capacity between the extents of the main AR channel and the AR basin levees, meaning 

actual stages would be lower than those projected by the model in this river branch.  Even so, the 

$10.9B in cost savings could be used to mitigate for rising stages by additional fortification of 

levees, sea walls, and backwater flood protection.  For example, a structural protection project 

was added across Bayou Chene near Amelia, LA in the CMP (CPRA, 2017) at an estimated cost 

of $80M to protect against backwater flooding during high river flows.  While this is a 

substantial cost, it represents less than 1% of the total cost savings of over the no flow split 

change scenario.  Similarly, communities such as Butte la Rose, LA which reside inside of the 

AR basin levee system and have a higher flood risk, would likely be eligible for non-structural 

mitigation programs or relocation programs.  Comparatively, in a precedent setting National 

Disaster Resilience Competition in January of 2016, the U.S. Department of Housing and Urban 

Development awarded the state of Louisiana $48.3M in Community Development Block Grant 

for the Resettlement of Isle de Jean Charles, LA (IDJCR, 2020).  Lastly, the maximum discharge 

reached in the AR near WLO and Morgan City was 22,709 m3/s during the 2011 flood event 

which even eclipsed the peak of ~20,000 m3/s in 1973 (Roberts, et al., 2003; Kolker et al., 2014).  

The maximum flow reached over the 150-study duration near this location in the model for 
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Scenario 7 – 40/60 MR/AR Flow Split is 16,360 m3/s.  Even during the only two major flood 

events which resulted in the opening of the Morgana Spillway which drastically increased the 

normally mandated 30% AR flow restriction, no insurmountable, catastrophic impacts were 

realized in the AR basin.   

While the results of the cost-benefit projections favor altering the MR/AR flow split to 

increase AR flows, some study limitations must be underscored.  Given the limited budgetary 

resources available, a previously developed Delft 3D model (from Edmonds, 2012) was 

retrofitted for this study.  While the model was sufficiently calibrated and tested, it uses river 

elevation data from the early 2000’s which was averaged along river course centerlines to reduce 

computational complexity.  The model also does not incorporate any flood plains or minor 

distributary outlets present in the LMR or the AR Basin.  Additionally, the average hydrograph 

used at the upstream Delft 3D model boundary could be improved upon by incorporating more 

variable flows which mimic actual river flow extremes where lower flows could induce more 

shoaling and higher flow peaks could simulate more sediment flushing and higher stream power 

(Rodi, 2017).  Also, a more intricate 3D network of deltaic channels and deposits as opposed to 

the simpler 1D Dean model outputs would offer much more spatial detail to the analysis. 

Without these exclusions and simplifications, hydraulic model interactions and computational 

requirements would be much more resource intensive, but could reveal more detailed results of 

different magnitudes and additional contributing factors to consider.   

The estimation of river maintenance costs are based on reconnaissance level analysis of 

dredging vs. annual river flow relationships and desktop measurement of levee elevations and 

lengths using online resources.  Additionally, costs were determined by evaluating past 

construction contracts which do not factor in inflation or other changing physical, environmental, 



131 
 

or market driven factors such as rising energy costs.  Results are only presented in terms of two 

major maintenance categories and do not account for other municipal or industrial impacts or any 

sophisticated ecosystem service categories.  Nevertheless, estimated cost savings and added 

environmental benefits associated with modifying flow management regimes to take advantage 

of the AR’s future discharge accommodation and land-building potential is significant and 

warrants additional research in these areas of limitation.    

4.5. Conclusions 

(1)  Model results show that the AR river branch displays a clear land-building advantage over 

the MR due to its extreme gradient advantage over the MR and the lack of restrictions to 

deliver all of the AR’s sediment supply to its receiving area. 

 

(2)  Rising stage in the MR due to declining stream power and ability to adequately transport 

sediment loads threatens the current status of the MR&T flood protection system in the LMR 

and could result in significantly increased maintenance costs without consideration of major 

flow diversion.   

 

(3)  Using model results and reconnaissance-level cost estimating methods, shows that flow 

diversion of up to 60% of total MR river flow above the MR-AR bifurcation into the AR 

would result in cost-effective alternative management strategies for both flood alleviation 

and deltaic land-building in the MRDP over the next 150 years.  Potential cost savings of 

such alternatives could also be used to mitigate for negative impacts to communities in both 

the MR and AR branches. 
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(4)  If eventually justified by overcoming extensive socio-economic factors, altering the MR/AR 

flow split at the ORCS to a maximum of 40/60, rendering the AR path as the new dominant 

river branch, land-building potential of the MR and AR combined could effectively combat 

ESLR and reclaim up to 38% of the last century’s coastal land loss that has occurred in the 

MRDP in the next 150 years. 

 

(5)  Land-building trends associated with long-term management of the ORCS flow split in favor 

of the AR as the dominant river branch would continue to accelerate beyond 150 years, 

continuing a regressive land-building phase along a sustainable delta cycle curve towards a 

peak much further into the future. 

  

(6)  With the potential to as much as triple land-building rates through sediment diversions in the 

next 150 years and continue long-term ecosystem sustainability well into the future, further 

in-depth evaluations which analyze implementation and maintenance costs in addition to 

socio-economic impacts of altering the control of river flows through the MR-AR bifurcation 

are warranted. 
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CHAPTER 5: SUMMARY AND CONCLUSIONS 

For thousands of years as part of glacial processes, the MR has forged its alluvial valley 

through the heart of North America and shaped the south Louisiana coastal plain through its 

delta cycle.  Many researchers, universities, and agencies over the last century have collected 

valuable data, conducted comprehensive investigations, and made significant contributions to the 

knowledge base on MR evolution.  The MR supports our nation’s economy, the livelihood of 

Louisiana communities, and the sustainability of the gulf coast ecosystem.  As the world’s third 

largest river, the MR provides the country’s most important navigational corridor, hydroelectric 

power, drinking water, freshwater to fisheries, nutrients to wetlands, and land-building sediments 

to coastal landscapes.  Prior to human intervention to control its course, engineer its channels for 

navigation, and fortify its banks to prevent adjacent flooding, the MR flowed freely and naturally 

built wetlands at the gulf interface in the form of delta complexes over hundreds of years. Once 

these historic deltas became hydraulically inefficient and susceptible to marine processes, the 

MR would gradually shift courses through an upstream avulsion and repeat this geologic process 

in a new location.    

Today the MR is a highly engineered system which includes the ORCS constructed in 1962 

at the MR-AR bifurcation which is the location of the most recent and currently active MR 

avulsion.  The avulsion was initiated approximately 400 years ago and capture of the main stem 

of the MR by the AR began to accelerate in the early to mid-1900’s, jeopardizing federal 

investments, local communities, industrial infrastructure, and regional and national economic 

stability.  The construction of the ORCS prevented certain capture of the MR and suspended the 

flow split between the MR and AR at 70%/30% where it has been maintained ever since.  While 

this federal action brought economic stability and certainty for decades by providing mostly 

predictable short-term flow and stage conditions, coastal wetlands in the MRDP continue to 
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deteriorate at alarming rates and recent evidence of changing river dynamics could increase flood 

vulnerability.    

The intent of this dissertation was to gain a more comprehensive understanding of the role 

that the MR-AR bifurcation and the ORCS will likely play in long-term river management and 

coastal restoration strategies.  Using state of the art Delft 3D modeling software, Chapter 2 

revisited the AR engineering study conducted in 1951 and its companion geologic investigation 

conducted in 1952 by the MRC in which avulsion capture rates were evaluated and ultimately 

used to authorize the ORCS construction and operation. The capture analysis modeled in Chapter 

2 produced convincing results that compare well with past avulsion investigations and provided a 

foundational approach to land-building analyses conducted in Chapter 3 for twelve alternative 

flow split scenarios.  Chapter 3 coupled Delft 3D outputs from lower AR and MR locations with 

a 1D spreadsheet model using Dean et. al., 2012 delta building equations over a 150-year time 

frame.  Chapter 4 also utilized Delft 3D stage and flow outputs across the entire domains of both 

the MR and AR branches to evaluate river maintenance costs in the two major categories of 

levee enlargements to protect floods which would be caused by rising river stages and 

navigational dredging expenses which are largely influenced by flow and sedimentation rates.   

 In Chapter 2, Delft 3D riverine modeling was conducted over a model domain developed by 

Edmonds (2012) that expanded from Vicksburg, MS above the MR-AR bifurcation down to the 

GOM interface below Venice, LA for the MR and below Morgan City, LA for the AR.  At the 

MR-AR bifurcation, Edmonds removed the ORCS the model by splicing together bathymetry 

data and developing detailed gridwork that connected the two river branches together.  In his 

2012 study, Edmonds tested the capture hypothesis by running steady-state upstream flows over 

short decadal-scale durations.  To further this work an unsteady average annual upstream 
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APPENDIX A: MODELED STAGE AND LEVEE PLOTS 
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SCENARIO 2 – 65/35 MR/AR FLOW SPLIT 
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SCENARIO 3 – 60/40 MR/AR FLOW SPLIT 
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SCENARIO 4 – 55/45 MR/AR FLOW SPLIT 
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SCENARIO 5 – 50/50 MR/AR FLOW SPLIT 
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SCENARIO 6 – 45/55 MR/AR FLOW SPLIT 

 

 



145 
 

SCENARIO 7 – 40/60 MR/AR FLOW SPLIT 
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SCENARIO 8 – 35/65 MR/AR FLOW SPLIT 
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SCENARIO 9 – 30/70 MR/AR FLOW SPLIT 
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SCENARIO 10 – 75/25 MR/AR FLOW SPLIT 
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SCENARIO 11 – 80/20 MR/AR FLOW SPLIT 
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SCENARIO 12 – 85/15 MR/AR FLOW SPLIT 
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APPENDIX B: RIVER LEVEE CONSTRUCTION COSTS 
EXAMPLE USACE BID TABULATIONS 
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W
estbank Mississippi River Levee New Orleans to Venice, Nov-09, 2018

St. Jude to City Price Plaquemines Parish, Louisiana
CY/LF Design

Linear Feet of Levee
11,528.33

            
39.90

Line Item 
No.

Description
Estimated Quantity

Unit of M
easure

Unit Price
Total 

Unit Price
Total 

Unit Price
Total 

Unit Price
Total 

Unit Price
Total 

2
Traffic Control and Coordination

1.00
                                   

Job
52,000.00

$              
52,000.00

$                   
40,000.00

$              
40,000.00

$              
50,000.00

$              
50,000.00

$                   
59,900.00

$              
59,900.00

$                   
50,475.00

$              
50,475.00

$                   
3a

Silt Fence First 25,000 LF
25,000.00

                        
LF

4.00
$                         

100,000.00
$                

3.00
$                         

75,000.00
$              

5.50
$                         

137,500.00
$                

1.54
$                         

38,500.00
$                   

3.51
$                         

87,750.00
$                   

3b
Silt Fence Over 25,000 LF

7,000.00
                           

LF
1.50

$                         
10,500.00

$                   
3.00

$                         
21,000.00

$              
5.50

$                         
38,500.00

$                   
1.50

$                         
10,500.00

$                   
2.88

$                         
20,125.00

$                   
4

Ground Improvemnets
1.00

                                   
Job

11,641,727.00
$      

11,641,727.00
$          

10,000,000.00
$      

10,000,000.00
$      

9,650,000.00
$        

9,650,000.00
$             

12,906,450.00
$      

12,906,450.00
$          

11,049,544.25
$      

11,049,544.25
$          

6
Seperator Geotextile

18,052.00
                        

SY
2.00

$                         
36,104.00

$                   
2.50

$                         
45,130.00

$              
3.00

$                         
54,156.00

$                   
4.60

$                         
83,039.20

$                   
3.03

$                         
54,607.30

$                   
7

Clearing and Grubbing
1.00

                                   
Job

680,000.00
$            

680,000.00
$                

800,000.00
$            

800,000.00
$            

650,000.00
$            

650,000.00
$                

171,000.00
$            

171,000.00
$                

575,250.00
$            

575,250.00
$                

8
Excavation NEW

 Drainage Ditch
2,200.00

                           
CY

11.00
$                       

24,200.00
$                   

6.00
$                         

13,200.00
$              

19.00
$                       

41,800.00
$                   

6.70
$                         

14,740.00
$                   

10.68
$                       

23,485.00
$                   

9
Degrading Existing Levees

1,900.00
                           

CY
6.50

$                         
12,350.00

$                   
6.00

$                         
11,400.00

$              
23.00

$                       
43,700.00

$                   
11.45

$                       
21,755.00

$                   
11.74

$                       
22,301.25

$                   
10

Embankment, Compacted Fill
460,000.00

                      
CY

23.00
$                       

10,580,000.00
$          

29.00
$                       

13,340,000.00
$      

34.00
$                       

15,640,000.00
$          

56.25
$                       

25,875,000.00
$          

35.56
$                       

16,358,750.00
$          

12
Granular Base Course

900.00
                              

SY
23.00

$                       
20,700.00

$                   
33.00

$                       
29,700.00

$              
33.00

$                       
29,700.00

$                   
14.60

$                       
13,140.00

$                   
25.90

$                       
23,310.00

$                   
13

Asphaltic Pavement
900.00

                              
SY

70.00
$                       

63,000.00
$                   

60.00
$                       

54,000.00
$              

44.00
$                       

39,600.00
$                   

50.15
$                       

45,135.00
$                   

56.04
$                       

50,433.75
$                   

15
Surfacing

3,300.00
                           

CY
70.00

$                       
231,000.00

$                
90.00

$                       
297,000.00

$            
116.00

$                    
382,800.00

$                
93.55

$                       
308,715.00

$                
92.39

$                       
304,878.75

$                
16

Seeding and M
ulching

72.00
                                 

AC
3,000.00

$                 
216,000.00

$                
3,600.00

$                 
259,200.00

$            
4,000.00

$                 
288,000.00

$                
3,075.00

$                 
221,400.00

$                
3,418.75

$                 
246,150.00

$                
17a

Fertilizer - First 21,600 LBS
21,600.00

                        
LBS

2.04
$                         

44,064.00
$                   

1.25
$                         

27,000.00
$              

1.00
$                         

21,600.00
$                   

1.70
$                         

36,720.00
$                   

1.50
$                         

32,346.00
$                   

17b
Fertilizer - Over 21,600 LBS

3,300.00
                           

LBS
1.88

$                         
6,204.00

$                     
1.25

$                         
4,125.00

$                 
1.00

$                         
3,300.00

$                     
1.70

$                         
5,610.00

$                     
1.46

$                         
4,809.75

$                     
18

Lime Soil Amendment
72.00

                                 
TON

210.00
$                    

15,120.00
$                   

225.00
$                    

16,200.00
$              

150.00
$                    

10,800.00
$                   

1,140.00
$                 

82,080.00
$                   

431.25
$                    

31,050.00
$                   

19
Sulfur Soil Amendment

36.00
                                 

TON
750.00

$                    
27,000.00

$                   
300.00

$                    
10,800.00

$              
900.00

$                    
32,400.00

$                   
855.00

$                    
30,780.00

$                   
701.25

$                    
25,245.00

$                   
23,759,969.00

$          
25,043,755.00

$      
27,113,856.00

$          
39,924,464.20

$          
28,960,511.05

$          
Total Bid Price 

31,260,319.00
$          

31,975,255.00
$      

34,931,606.00
$          

47,712,324.20
$          

36,469,876.05
$          

M
obilization and Demobilization AS BID

2,900,000.00
$             

2,075,000.00
$        

2,100,000.00
$             

2,960,000.00
$             

2,508,750.00
$             

M
obilization and Demobilization Percentage of Total

9.28%
6.49%

6.01%
6.20%

7.00%
Contract Balance Dollars (Job Specific Items)

4,600,350.00
$             

4,856,500.00
$        

5,717,750.00
$             

4,827,860.00
$             

5,000,615.00
$             

Total Construction Cost per Linear Foot of Levee
2,312.56

$                     
2,352.36

$                 
2,534.09

$                     
3,719.92

$                     
2,729.73

$                     
Non-Embankment Construction Cost per Linear Foot of Levee

1,793.87
$                     

1,616.47
$                 

1,673.41
$                     

1,894.23
$                     

1,744.50
$                     

W
estbank Mississippi River Levee, New Orleans to Venice, Nov-10, 2019

Happy Jack to Nairn Plaquemine Parish, Louisiana
CY/LF Design

Linear Feet of Levee
16,684.00

            
20.17

Line Item 
No.

Description
Estimated Quantity

Unit of M
easure

Unit Price
Total 

Unit Price
Total 

Unit Price
Total 

Unit Price
Total 

Unit Price
Total 

Unit Price
Total 

2
Traffic Control and Coordination

1.00
                                   

Job
60,000.00

$              
60,000.00

$                   
37,000.00

$              
37,000.00

$              
52,000.00

$              
52,000.00

$                   
100,000.00

$            
100,000.00

$                
50,000.00

$              
50,000.00

$                   
59,800.00

$              
59,800.00

$                                     
5

Clearing and Grubbing
1.00

                                   
Job

1,700,000.00
$        

1,700,000.00
$             

1,675,000.00
$        

1,675,000.00
$        

470,000.00
$            

470,000.00
$                

1,571,623.00
$        

1,571,623.00
$             

1,900,000.00
$        

1,900,000.00
$             

1,463,324.60
$        

1,463,324.60
$                               

6
Ground Improvement

1.00
                                   

Job
11,900,000.00

$      
11,900,000.00

$          
10,764,000.00

$      
10,764,000.00

$      
10,575,000.00

$      
10,575,000.00

$          
11,788,129.00

$      
11,788,129.00

$          
13,850,000.00

$      
13,850,000.00

$          
11,775,425.80

$     
11,775,425.80

$                             
7

Embankment Compacted Fill
336,480.00

                      
CY

32.00
$                       

10,767,360.00
$          

30.70
$                       

10,329,936.00
$      

26.90
$                       

9,051,312.00
$             

34.40
$                       

11,574,912.00
$          

34.00
$                       

11,440,320.00
$          

31.60
$                      

10,632,768.00
$                             

8AA
Silt Fence first 16,860 LF

16,860.00
                        

LF
3.50

$                         
59,010.00

$                   
2.50

$                         
42,150.00

$              
2.14

$                         
36,080.40

$                   
2.50

$                         
42,150.00

$                   
3.00

$                         
50,580.00

$                   
2.73

$                         
45,994.08

$                                     
8AB

Silt Fence Over 16680 LF
3,380.00

                           
LF

3.00
$                         

10,140.00
$                   

2.20
$                         

7,436.00
$                 

2.07
$                         

6,996.60
$                     

1.50
$                         

5,070.00
$                     

3.00
$                         

10,140.00
$                   

2.35
$                         

7,956.52
$                                        

9
Surfacing

3,810.00
                           

CY
80.00

$                       
304,800.00

$                
130.00

$                    
495,300.00

$            
65.62

$                       
250,012.20

$                
80.00

$                       
304,800.00

$                
80.00

$                       
304,800.00

$                
87.12

$                      
331,942.44

$                                   
10

Seperator Geotextile
3,810.00

                           
SY

2.30
$                         

8,763.00
$                     

2.00
$                         

7,620.00
$                 

2.18
$                         

8,305.80
$                     

5.00
$                         

19,050.00
$                   

2.50
$                         

9,525.00
$                     

2.80
$                         

10,652.76
$                                     

11
Seeding and M

ulching
80.00

                                 
AC

4,100.00
$                 

328,000.00
$                

4,200.00
$                 

336,000.00
$            

3,625.00
$                 

290,000.00
$                

6,800.00
$                 

544,000.00
$                

4,000.00
$                 

320,000.00
$                

4,545.00
$                

363,600.00
$                                   

12
Lime Soil Amendment

80.00
                                 

TON
225.00

$                    
18,000.00

$                   
110.00

$                    
8,800.00

$                 
212.50

$                    
17,000.00

$                   
100.00

$                    
8,000.00

$                     
100.00

$                    
8,000.00

$                     
149.50

$                    
11,960.00

$                                     
13

Sulfur Soil Amendment
40.00

                                 
TON

500.00
$                    

20,000.00
$                   

810.00
$                    

32,400.00
$              

675.00
$                    

27,000.00
$                   

750.00
$                    

30,000.00
$                   

100.00
$                    

4,000.00
$                     

567.00
$                    

22,680.00
$                                     

14AA
Fertilizer for 24,000 LBS

24,000.00
                        

LBS
2.20

$                         
52,800.00

$                   
1.00

$                         
24,000.00

$              
1.11

$                         
26,640.00

$                   
0.75

$                         
18,000.00

$                   
3.00

$                         
72,000.00

$                   
1.61

$                         
38,688.00

$                                     
14AB

Fertilizer Over 24,000 LBS
3,600.00

                           
LBS

2.20
$                         

7,920.00
$                     

1.00
$                         

3,600.00
$                 

1.17
$                         

4,212.00
$                     

0.50
$                         

1,800.00
$                     

3.00
$                         

10,800.00
$                   

1.57
$                         

5,666.40
$                                        

15
Asphaltic Pavement

100.00
                              

SY
160.00

$                    
16,000.00

$                   
100.00

$                    
10,000.00

$              
150.00

$                    
15,000.00

$                   
500.00

$                    
50,000.00

$                   
280.00

$                    
28,000.00

$                   
238.00

$                    
23,800.00

$                                     
16

Granular Base Course
100.00

                              
SY

24.00
$                       

2,400.00
$                     

25.00
$                       

2,500.00
$                 

60.00
$                       

6,000.00
$                     

40.00
$                       

4,000.00
$                     

35.00
$                       

3,500.00
$                     

36.80
$                      

3,680.00
$                                        

18
Degrading Existing Levees

48,230.00
                        

CY
7.00

$                         
337,610.00

$                
14.00

$                       
675,220.00

$            
4.00

$                         
192,920.00

$                
11.40

$                       
549,822.00

$                
23.00

$                       
1,109,290.00

$             
11.88

$                      
572,972.40

$                                   
19

Excavation NEW
 Drainage Ditch

280.00
                              

CY
9.00

$                         
2,520.00

$                     
22.00

$                       
6,160.00

$                 
10.71

$                       
2,998.80

$                     
30.00

$                       
8,400.00

$                     
14.00

$                       
3,920.00

$                     
17.14

$                      
4,799.76

$                                        
25,595,323.00

$          
24,457,122.00

$      
21,031,477.80

$          
26,619,756.00

$          
29,174,875.00

$          
25,375,710.76

$                             
Total Bid Price 

48,654,095.00
$          

50,640,998.00
$      

52,480,999.00
$          

53,569,471.00
$          

53,001,905.00
$          

51,669,493.60
$                             

M
obilization and Demobilization AS BID

2,415,000.00
$             

3,750,000.00
$        

3,938,000.00
$             

2,822,564.00
$             

2,100,000.00
$             

3,005,112.80
$                               

M
obilization and Demobilization Percentage of Total

4.96%
7.41%

7.50%
5.27%

3.96%
5.82%

River Channel Butress Rip Rap Cost
20,181,120.00

$          
21,820,836.00

$      
27,181,446.00

$          
22,861,425.00

$          
21,127,110.00

$          
22,634,387.40

$                             
Rip Rap Percent Cost of Total

41.48%
43.09%

51.79%
42.68%

39.86%
43.78%

Contract Balance Dollars (Job Specific Items)
20,643,772.00

$          
22,433,876.00

$      
27,511,521.20

$          
24,127,151.00

$          
21,727,030.00

$          
23,288,670.04

$                             
Construction Cost per Linear Foot of Levee

1,678.87
$                     

1,690.67
$                 

1,496.61
$                     

1,764.70
$                     

1,874.54
$                     

1,701.08
$                                        

Non-Embankment Construction Cost per Linear Foot of Levee
2,270.84

$                     
2,416.15

$                 
2,603.07

$                     
2,517.06

$                     
2,491.10

$                     
2,459.65

$                                        

Circle Construction

Average

Average

Low Bidder - B&K Construction 
Phylway Construction

Cycle Construction
Randy Kinder Excavating

Low Bidder - Phylway Construction
Durr Heavy Construction

Pontchatrain Partners
B&K Construction
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