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PREFACE

This report was developed by The Water Institute (the Institute) for the Coastal Protection and
Restoration Authority under Task Order 72 Louisiana Sediment Management Plan (LASMP), Subtask 2:
Numerical Modeling to Estimate Sediment Infilling Rate of Lowermost Mississippi River Borrow Pits on
Lateral Bars and Impact on Downstream Dredging. The report builds on previous work performed by the
Institute and recommendations made under Task Order 17 (Yuill, Allison, & Meselhe, 2013; Yuill,
Gaweesh, Allison, & Meselhe, 2015).

The report summarizes the analyses conducted on pre-dredging surveys, post-dredging surveys, and
repeat bathymetry surveys collected by dredging companies and engineering firms working with CPRA
on existing restoration projects.

This study quantifies infilling rates for borrow pits in the Lowermost Mississippi River and provides

insight into relative importance of processes and parameters that control infilling rates. From these results,

relationships have been developed—such as how infill rates vary with the flood hydrograph—that can be
used to estimate availability (recharge rate) of this renewable sand resource over the long term to inform
the Louisiana Coastal Master Plan and Barrier Island System Management Program and ultimately the
design of the projects contained within those programs.



EXECUTIVE SUMMARY

The work presented in this report uses numerical models and field observations to investigate the
governing processes that control borrow pit infilling in the Mississippi River to promote sustainable sand
extraction. The analysis focuses on borrow pit infilling rates, and on the local and regional effects induced
by the presence of borrow pits. This study aims to help planners, project managers, engineers, and
scientists make informed decisions about restoration projects using renewable river sand/sediment by
providing insights into the rate at which sand can be sustainably extracted from river bars. The study
utilized and leveraged existing borrow pit bathymetry surveys and sediment observations to improve the
scientific understanding of borrow area morphologic response and dynamics, calibrate and validate
numerical models, and compare survey results with model predictions.

Two areas of the Mississippi River investigated were, the Alliance Anchorage Bar (River Mile 65) and
the Venice Anchorage Bar (River Mile 8). Two existing borrow pits were analyzed by using both surveys
and numerical models: the Alliance Anchorage Borrow Pit (AABP) and the Venice Anchorage Borrow
Pit (VABP). Two sets of simulations were performed using the two models to test various environmental
scenarios: different river hydrographs (including raising and falling limbs), different upstream sediment
supplies, different bar stratigraphy (i.e., bed composition and properties) and different borrow pit
volumes.

Repeated surveys were a crucial element in this research and provided important information on borrow
pit infilling and the timing and spatial variability of that infilling. This improved the understanding of
inter-annual dynamics and controls on sediment infilling, enhanced model morphodynamic validation,
and broadened model applications. The observed infilling rates for three portions of the VABP exhibit
non-uniform spatial infilling trends. All three areas experienced the highest infilling rates during the
rising limb of the hydrographs, during which all three sites showed an average vertical accretion rate of ~
0.15-0.17 m/week, corresponding to volumetric infilling of 93,000 to 225,000 m*/month. During lower
flows (~15,000 m?/s) all three areas experienced reduced infilling rates (from 8,000-12,000 m*/month),
and for flows lower than 15,000 m¥s, infilling was negligible.

For observed infilling rates, modeling results show that the hydrograph shape, and in particular the rate at
which the river discharge increases during the rising limb, strongly influences infilling trends. Three
trends and corresponding infilling rates were identified for VABP:

¢ No infilling rates for river discharge below 10,000 m%/s (i.e., 353,000 cfs)

e 0-100,000 m®/week for river discharge between 10,000 and 20,000 m?/s (i.e., 353,000
706,000 cfs)

e 100,000 to 300,000 m3/week for river discharge above 20,000 m®/s (i.e., 706,000 cfs)
Similarly, three trends and corresponding infilling rates were identified for AABP
¢ No infilling rates for river discharge below 15,000 m%/s (i.e., 530,000 cfs)

e (0-100,000 m3week for river discharge between 15,000 and 22,000 m%/s (i.e., 530,000 — 777,000
cfs)



e 100,000-300,000 m*/week for river discharge above 22,000 m%/s (i.e., 777,000 cfs)

The simulations showed an average annual infilling of approximately 50% (+ 3%) for AABP and 28 % (+
10%) for VABP, depending on the hydrograph shape. The borrow pit depth also strongly influenced
infilling rates: shallower pits infill slower and can reduce infill rates by approximately 36% for AABP and
up to 48% for VABP.

The strong correlation between infilling rates and the hydrograph shape suggests a secondary control on
infilling rates, proportional to residual flow and corresponding streamwise slope in the river, indicating
that the location of the pit along the river (i.e., river mile and sand bar where the pit is located) controls
sediment trapping efficiency.

Modeling results highlighted that borrow pits promote annual bed aggradation in channels next to the pits,
but at rates that are one order of magnitude lower than deposition within the pit. Bed elevation in the main
river channel remains well below the authorized navigation depth; therefore, deposition in the channel
does not represent a threat for navigation. Numerical model simulations also show that borrow pits do not
affect sedimentation and erosion patterns at bars upstream of the pits, but they do reduce aggradation at
the sand bars where they are located as well as sand bars downstream.

The presence of the VABP reduced maintenance dredging between Venice and the Head of Passes by 3-9
%, depending on the hydrograph, and showed no influence on maintenance dredging below Head of
Passes.

The simulations performed to test the effect of different sediment class distributions did not show a
significant impact on borrow pit infilling rates; however, sediment class distributions did influence sand
bar aggradation and degradation dynamics. When bed composition coarsens, and there is more available
coarse sediment in suspension from upriver sources, upriver sand bars will aggrade and in turn, starve the
sand bars downriver. The coarser riverbed supplies less sediment, and thus cannot make up the difference
of the volume lost to upriver sand bar aggradation during these conditions. A sensitivity analysis to test
the role of upstream sediment supply on local and regional bar dynamics indicated negligible influence on
sand bar dynamics for bars located at both the Alliance Reach and the Venice Reach. When coarser
sediment is more available as suspended load—as well as when the riverbed composition coarsens—at
the Alliance Reach, the Alliance Anchorage Bar and the Belair Revetment Bar sequester more sand (5—
35%), thus starving the downstream sand bars of sediment and reducing aggradation (15-38%). When
finer sediment is more available as suspended load, both the Venice Anchorage Bar and the Pilottown
Anchorage Bar exhibit increased aggradation of approximately 9 and 12%, respectively.

The information presented in this report provides valuable insights for planners to inform the borrow pit
dredging activity timeline. The work highlighted the importance of repeated bathymetry surveys during
and after borrow pit construction to help quantity long-term pit evolution and pit infilling, as well as
documenting additional local processes that influence pit wall evolution and pit morphology. Future
additional modeling analysis would help estimate infilling rates along the Mississippi River. Infilling rate
estimates for other sand bars along the river, and potentially from multiple dredging sites, would be
beneficial to develop an empirical correlation to forecast infilling rates as a function of stream power and



could represent a powerful tool for engineers and planners to estimate first order infilling rates and time
which will be key to plan dredging activities.

Numerical Modeling to Estimate Sediment Infilling Rate of Lowermost Mississippi River Borrow Pits and Impacts on Downstream Dredging
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1.0 INTRODUCTION

Much of the world’s population lives close to coastlines, and this proximity is of increasing concern due
to the threat posed by sea-level rise (SLR). Barrier islands and backbarrier marshes, which comprise 10%
of coastal landscapes globally, are particularly susceptible to erosion during rising sea levels and require
nourishment or restoration using sand resources (Ranasinghe, Duong, Uhlenbrook, Roelvink, & Stive,
2013). The ongoing transgression of the Mississippi River Delta Plain (MRDP) and the limited sand
availability throughout the MRDP makes coastal Louisiana particularly vulnerable and in urgent need of
new, and preferably renewable, sand resources (CB&lI, 2015; Flocks, Miner, Twichell, Lavoie, &
Kindinger, 2009; Miner, Kulp, FitzGerald, Flocks, & Weathers, 2009). To implement the state’s 2023
Coastal Master Plan, Louisiana needs approximately 700—800 million cubic meters to build marsh creation and
land bridge restoration projects (CPRA, 2023;).whereas 5 to 11 billion cubic meters of sediment is needed to
offset future land losses (Blum & Roberts, 2009; Khalil et al., 2018). Suitable and renewable sediment
resources for marsh construction and high-quality sand for barrier island restoration are relatively scarce
in the MRDP. Transporting sediment from outside of the system (e.g., from offshore and riverine sources)
is optimal, and contributes to a net increase in sediment availability within the coastal system.

While this transport of sediment can present an attractive option, it is not always cost effective to use sand
from outside the system for coastal nourishment and restoration projects. To inform long-term restoration
planning and management of valuable sediment resources, the Louisiana Sediment Management Plan
(LASMP) was developed, and a component of that plan (Borrow Area Monitoring and Management
[BAMMY]) seeks to develop better understanding of the dynamics of sand mining of lateral bars in the
Mississippi River. It was previously hypothesized that mining sand bars in the Lower Mississippi River is
an opportunity to explore renewable sand in the river that can be more routinely used for coastal
restoration projects (Finkl, Khalil, Andrews, Keehn, & Benedet, 2006; Yuill et al., 2013). As such, this
study aims to increase understanding of sediment infill rates for in-river borrow areas through empirical
analysis and multi-dimensional numerical modeling. The project addresses two key questions: (1) what is
the recharge or infilling rate of in-river borrow pits, and how does that affect local sediment transport
regimes, and (2) do in-river borrow pits affect downstream sediment transport and can they potentially
reduce navigation maintenance dredging requirements downstream?

This study builds on previous research conducted by The Water Institute (the Institute) under Task Order
17 from the Coastal Protection and Restoration Authority (CPRA; Yuill et al., 2013, 2015), which
included a synthesis of field observations and analysis of three Lower Mississippi River borrow areas,
namely the Bayou Dupont, Hermitage, and MR-E Scofield Island project borrow areas. Previous efforts
(Yuill et al., 2013) provided recommendations on monitoring and numerical modeling strategies for
future borrow areas to promote sustainable sand extraction. This and other recent research, including
research conducted in support of the Mississippi River Hydrodynamics and Delta Management Study
(MRHDMS) and the Lowermost Mississippi River Management Program (LMRMP; Allison et al., 2012;
Allison & Pratt, 2017; Harmar et al., 2005; Moffatt & Nichol, 2012; Moffatt and Nichol, 2011; Mossa,
1996; Nittrouer et al., 2011a; Ramirez & Allison, 2013a; Wang, 2019; Yuill et al., 2013, 2015), have
improved the understanding of sand fluxes at several locations in the Lower Mississippi River channel.
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However, gaps remain in quantifying infilling rates for in-river borrow pits, and in understanding the
governing processes that control those infilling rates.

Sand dynamics are essential to understanding the geomorphology of the Lower Mississippi River because
sand comprises the majority of the channel bed sediment, as well as a significant portion of the river’s
annual sediment load (M. A. Allison et al., 2012). Knowledge about how sand transport rates increase and
how they fluctuate seasonally with flow discharge has increased over the last decade (M. Allison, Di
Leonardo, Eckland, Ramatchandirane, & Weathers, 2018a, 2018b). However, uncertainty in estimating
rates and patterns of scour and shoaling regionally (~10s of river miles) and over time at annual to
decadal intervals continues to hinder operational-use predictions of riverbed morphology. The high
uncertainty in riverbed predictions poses significant challenges to river managers as shoaling presents a
costly problem for navigation and commerce, and scour may undermine river training and flood control
structures with potentially global economic consequences.

Furthermore, uncertainty in how sand bars evolve throughout an annual hydrograph hampers the ability to
accurately predict sand infilling rates in borrow pits located on sand bars, as regional-to-local sediment
transport processes and attendant geomorphic feedbacks are poorly understood (Moffatt & Nichol, 2012;
Yuill et al., 2013). For example, Yuill et al. (2015) found that the rising limb of the 2011 river flood
eroded approximately 4 feet of sediment from a riverine borrow near Alliance, Louisiana (Figure 1),
while sedimentation during the falling limb of the hydrograph equaled approximately the same magnitude
(i.e., + 4 feet). A modeling study by Moffatt and Nichol (2011), using a simulation matrix of several
steady state conditions and look up tables showed that infilling rates depend on the river hydrograph.
Experiments conducted by Moffatt and Nichol in the Alliance Anchorage Borrow Pit (AABP) show that
following dredging of a pit that is 6.57 MCY, infilling will reach 67% of the dredged volume within the
first year and can vary from 46% to 86%. Additional experiments by Moffat and Nichol showed that
infilling of borrow pits dredged to -90 ft NAVD88 can fill by 50% within 0.61 years and to 75% within
1.37 years, and when dredged to -70 ft NAVD88, they can fill by 50% in 0.65 years, and to 75% by 1.56
years (Moffatt and Nichol, 2011).

From a process standpoint, there is limited understanding of the timescales in which sand moves within
and through reaches, how sand is trapped and/or released in large bars, and how disruptions to the
sediment transport regime, such as those posed by riverine sand mining to support restoration projects,
may influence navigation channel maintenance dredging requirements downstream.

This study uses both numerical models and field observations. The modeling approach is partially
informed by a modeling strategy previously outlined by Yuill et al. (2013). Yuill et al. (2013) highlighted
the importance of allocating sufficient resources to gather adequate field observations to (1) improve
scientific understanding of the physical processes governing the infilling of borrow sites and (2)
adequately calibrate and validate numerical models that could be used to provide quantitative information
of borrow site infilling rates. Existing modeling work (Moffatt and Nichol, 2011; Yuill et al., 2013)
identified that borrow pit infilling rates vary between sites along the length of the Mississippi River.
Moreover, they showed that the initial cut volume, most notably pit depth, poses a first order control on
the infilling rate. However, the modeling approach utilized by Moffatt & Nichol (2011) included the use
of steady state models and look up tables, rather than evaluating sediment transport and resulting infilling
for the full hydrograph, and lacked the adequate field observations to fully calibrate and validate their
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model. The work presented in this report extended previous work (Moffatt and Nichol, 2011; Yuill et al.,
2013), confirmed their results, overcame some limitations, and provided a more comprehensive
understanding of drivers of borrow pit infilling to help inform and promote sustainable sand extraction.

The study also leveraged new bathymetry and sediment observations for model calibration and validation,
and new, robust, and frequent borrow pit surveys to (1) better understand borrow area morphologic
response and (2) compare survey results with model predictions. The objective of this study is to help
planners, project managers, and engineers and scientists at CPRA make informed decisions about
restoration projects using river sand by providing insights on the rate at which this sand can be
sustainably extracted from river bars.

Key research questions that were investigated in this study include:

What are the underlying infilling governing processes?
What are the infilling rates of LMR borrow pits?

How do pits affect local and regional sediment transport?

A w bhoe

What are the impacts to downstream dredging?
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2.0 METHODS AND DATA ANALYSIS

To accomplish the research objectives, both field observations and numerical models were used in this
study. This section provides an overview of the field datasets, analysis, observation methods, and
numerical models and the methodologies employed to investigate the borrow areas. This section is a
summary of those methods. More details on methods and analysis, model development, improvements,
and calibration are available in Appendix A, Appendix B, and Appendix C of this report.

2.1 FIELD OBSERVATIONS

The project team, after conducting a literature review during the synthesis period of the project, engaged
with CPRA project managers and engineering firms who were, at the time of writing, working on existing
restoration projects during the early phase of this study. Through this engagement, the project team was
able to identify opportunities to obtain useable field data. These data included pre-dredging surveys, post-
dredging surveys, and—where available—repeat bathymetry surveys for use in the infilling analysis and
for sediment transport and morphology model calibration. The Mississippi River bathymetric surveys
conducted by the National Oceanic and Atmospheric Administration (NOAA) in 2018 were used as initial
bathymetry for all models in this study (Dasler, 2019a). Digital Elevation Models (DEMs) were converted
to spatial point clouds, which were then interpolated onto the model computational domains at their
respective resolution using the triangulation method. Historic bathymetry previously compiled by Yuill et
al. (2013) was used to reference historic infilling rates and borrow pit bed level changes at the AABP for
comparative analysis, and were supplemented with 2018 and 2020 surveys. Analysis for the Venice
Anchorage Borrow Pit (VABP), shown in Figure A-1, used pre-dredged NOAA 2018 multibeam surveys
(Dasler, 2019a). Monthly single beam surveys conducted by Weeks Marine were used to determine
infilling rates. The VABP was incrementally surveyed coincident with dredging operations. The first of
these surveys was conducted on October 25, 2021, and the most recent survey used in the analysis was
taken on January 23, 2023. The first infilling rates were calculated based on the December 20, 2021
survey, which represented the end of dredging in the southernmost part of the borrow area (Area 1,
described in Appendix A). Rasters with a resolution of 5 m were created for each of the survey periods.
The infilling analysis for each area was performed with surveys conducted after dredging was complete in
that specific area of the borrow pit and before dredging started in another location of the borrow pit. This
was identified using the dredge cut sequence, also obtained from Weeks Marine. The monthly surveys
were used to generate infilling volumes along with statistics for each of the cut-fill analysis. More details
on the methods, analysis, and results can be found in Appendix A.

2.2 NUMERICAL MODELING

Three different numerical models were used in this study; two 3-dimensional Delft3D-4 models (Deltares,
2014) and a FLOW-3D computational fluid dynamic (CFD) model (Flow Science, Inc., 2023). A fourth
Delft3D-4 model (Reins, 2018) was used to inform some of the sensitivity tests and experiments, and to
generate boundary conditions for sediment routing.

Delft3D-4 is a physics-based model that simulates shallow water (hydrostatic) hydrodynamics and
sediment transport on a structured curvilinear grid. Hydrodynamics are simulated by solving the depth-
integrated, Reynolds-averaged Navier-Stokes equations for incompressible and free surface flow
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(Deltares, 2014; Lesser, Roelvink, van Kester, & Stelling, 2004). Delft3D-4 is widely applied to simulate
hydrodynamics, sediment transport, and morphology in rivers and coastal areas around the world
(Caldwell & Edmonds, 2014; Hajek & Wolinsky, 2012; Leonardi, Canestrelli, Sun, & Fagherazzi, 2013;
Lesser et al., 2004; Marciano, Wang, Hibma, de Vriend, & Defina, 2005; Nardin, Mariotti, Edmonds,
Guercio, & Fagherazzi, 2013; Van Der Wegen, Jaffe, & Roelvink, 2011; Yuill et al., 2015).

FLOW-3D is a three-dimensional commercial CFD model in which fluid motion is described with non-
linear transient, second-order differential Navier-Stokes equations. The numerical algorithm used in
FLOW-3D is based on both finite difference and finite volume methods applied to a structured
computational grid for computational efficiency, allowing for higher order solvers and robust
conservation properties, and for simulation of complex geometries such as in-river bottom bathymetry
including sand bars and irregular bank boundaries, as well as the need to include the geometry of the
borrow pit (Flow Science, Inc., 2023). FLOW-3D uses the FAVOR™ algorithm to define complex
geometries (Hirt & Nichols, 1981; Hirt & Sicilian, 1985), the Volume of Fluid (TrueVOF™ ;
Barkhudarov, 2023) method to capture free-surface variations (Hirt & Nichols, 1981), and offers several
options to represent turbulence closure including the Renormalization Group analysis (RNG) approach
(Yakhot & Orszag, 1986; Yakhot & Smith, 1992) .

The first Delft3D-4 model used in this study, named the “Alliance Model” covers the Mississippi River
channel from River Mile (RM) 55 to RM 75 (Figure 1). This model is a variant of the model developed
for previous studies (Yuill et al., 2015). It was adopted and updated for use in this study. Updates
performed by the project team included adjustments to the computational domain and model grid,
refinement and de-refinement to optimize computational efficiency, updates to the bathymetry and
boundary conditions, model re-calibration using recent suspended sediment observations as well as recent
and historic bedform flux and morphology observations (M. Allison et al., 2018b, 2018a). The resolution
of the model varied from approximately 12x20 m in the vicinity of the borrow pit to approximately
12x100 m upstream and downstream, and used 10 vertical layers throughout the water column in sigma
coordinates. The sediment transport model used both cohesive and non-cohesive sediment classes;
cohesive silt, and three sand classes with a median grain diameter of 92, 183, and 367 microns, and initial
stratigraphy informed by surface grab samples and borings (M. Allison et al., 2018b, 2018a). More details
on the model updates are provided in Appendix B.

The second Delft3D-4 model is named the “Lowermost Mississippi River (LMR) Model” (Figure 1). The
model domain includes the Mississippi River downstream of the Bohemia Spillway near Bayou Lamoque
and includes the Mississippi River main distributaries. This model was adopted from previous studies
(Reins, 2018), and received various updates including (1) adjustments to the computational domain to
better encompass all Mississippi River distributaries, (2) better integration and inclusion of east bank
outflows including Neptune Pass and Fort St. Philip, (3) re-calibrated flow distribution with historic
synoptic flows, (4) re-calibration of the sediment flux with more recent observations, and (5) morphology
calibration using field observations and infilling analysis from monthly surveys. The resolution of this
model is 25 m in transverse direction and 50 m in streamwise direction between Neptune Pass and Head
of Passes and used 10 vertical layers throughout the water column in sigma coordinates. The sediment
transport model used both cohesive and non-cohesive sediment classes; cohesive mud, cohesive silt, and
three sand classes with a median grain diameter of 92, 183, and 367 microns, and initial stratigraphy
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informed by surface grab samples and borings obtained from the engineer on record for the Upper
Barataria Marsh Creation Project (Baird and Associates; Allison et al., 2018a, 2018b). More details on the
model updates are provided in Appendix C.

Figure 1. Study area map of the Lower Mississippi River, location, and spatial extent of the numerical models used in
this work.

The Alliance Model (see Figure 2) covers a segment of the river within the “Transfer Reach”, a stretch of
~190 km that does not require dredging to maintain authorized navigation depths (Espostio, Courtois,
Swartz, & Miner, 2021). There are multiple sand bars along this river segment, some of which have been
the site of dedicated dredging for use in coastal restoration projects (Moffat and Nichol, 2012; Moffatt &
Nichol, 2012; Poff, Bass, Sweeney, Bahlinger, & Chatellier, 2011; T. Baker Smith, Inc., 2011; Thomson
et al., 2019). This study focused on the AABP partly because of historical observations of infilling rates
(Yuill et al., 2013) and partly because of the ongoing Upper Barataria Marsh Creation Project (NMFS,
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2023). The AABP was manually implemented into the model around RM 65 using the dredge cut
footprint proposed and shared with the Institute by Moffatt and Nichol, the engineer of record for the
project. The pit has a surface area of 580,000 m?, a bottom elevation of -27.4 m NAVD88 for a total
volume of 5.3 million m® (Figure 2). The model used recent bathymetry and was calibrated with newer
suspended and bedform flux measurements (M. Allison et al., 2018b, 2018a). For testing purposes, one
additional simulation was also performed using the same pit geometry but reducing the pit bottom
elevation to -22.9 m NAVDS8 (i.e., approximately half of the depth of the original pit) resulting in a total
volume of 3.4 million m?, a reduction of 36% compared to the original volume.

Figure 2. Model domain and bathymetry of the Delft3D-4 Alliance Model. The studied hypothetical borrow area had a
surface area of 580,000 m? and volume of 5.3 million m3. Gray dashed lines show polygons identifying the river sand
bars used for volumetric calculations.

The LMR Model covers the lowermost part of the river (Figure 3), from the end of the Bohemia Spillway
near Bayou Lamoque to the Gulf of Mexico with the addition of all major distributaries including
Southwest Pass, an area that requires frequent maintenance dredging. The model domain was selected to
span this reach for the following reasons. First, because the reach below Venice is frequently dredged,
and this serves as an analog for study of the impacts of borrow infilling to downstream maintenance
dredging, and second, because of the ongoing dredging as part of the Barataria Basin Ridge and Marsh
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Creation Project — Spanish Pass Increment (BA-0203), and the availability of frequent (i.e., monthly)
surveys for comparison between model results and infilling rates derived from surveys. The borrow pit
area was located near Lower Venice Anchorage and was implemented in the LMR Model as shown in
Figure 3. This borrow pit is referred to as VABP in this study and is located around RM 8. It has a surface
area of 620,000 m? and a bottom elevation of -18.5 m NAVDS88, resulting in a volume of 4.5 million m?,
For testing purposes, one simulation was also performed using the same pit geometry but with the pit
bottom reduced to an elevation of -14.8 m NAVD88 (i.e., approximately half of the depth of the original
pit) for a total volume of 2.3 million m3.

Figure 3. Model domain and bathymetry of the Delft3D-4 LMR Model. The studied hypothetical borrow area had a
surface area of 620,000 m? and volume of 4.5 million m3. Gray dashed lines show polygons identifying the river sand
bars used for volumetric calculations. Black dashed line shows the Mississippi River Ship Channel where a navigable
depth of 45 feet is maintained.

The two Delft3D-4 models were used to perform a matrix of simulations testing a wide variety of
environmental scenarios to investigate the influence of different factors on borrow pit infilling. This
includes evaluating the role of transient conditions by performing simulations for an entire year, capturing
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the rise and fall of the river flow and stage, and evaluating the various controls on hydrograph seasonality.
The role of upstream sediment supply on local sediment transport and on pit infilling was also
investigated, together with the role of bar stratigraphy in influencing infilling rates. The latter was
assessed by changing the bed composition and corresponding bed properties. The effect of different pit
geometry and locations was also analyzed. Finally, the relative changes in infilling rates due to the
presence of anthropogenic factors, such as implementation of sediment diversions, and the impacts of
borrow pits on downstream maintenance dredging were quantified.

Four different hydrographs were investigated with the Alliance Model:

e 2010: An intermediate flow year with several peaks that do not exceed one million cfs.

e 2011: An intermediate flow year with one big single flood peak in spring

e 2016 (i.e., October 2015 to September 2016): An intermediate flow year with two early peaks.
o 2019 (i.e., September 2018 to August 2019): A high flow year with one prolonged peak

Additional information on how these four hydrographs were selected is provided in Appendix D. Two
other hydrographs, 2015 and 2021, were used for the LMR Model. These two hydrographs were selected
because of the availability of observational data for model validation (see Appendix C), and because they
represent a low flow year (i.e., 2021) and an intermediate flow year (2015). Additionally, the area around
Neptune Pass (Figure 1) experienced considerable changes over the past decade, where 10 years ago the
outlet was small and carried much lower flow compared to present conditions in which the outlet carries a
significant flow connecting the Mississippi River with Quarantine Bay (Alex S. Kolker, Weathers,
Swann, Cloutier, & Renfro, 2022). For instance, in 2015 the outflow through the Ostrica reach which
includes Neptune Pass was approximately 900 m?s (32,000 cfs; The Water Institute, 2015), and during a
survey in 2022, the outflow was 3,681 m?/s (130,000 cfs) for a similar discharge in the river (Alex S.
Kolker et al., 2022). Similarly, measured outflows along the Fort St. Philip crevasses obtained by the U.S.
Army Corps of Engineers, New Orleans District show that before 2015 outflows were of the order of
850-1,132 m%/s (30,000-40,000 cfs) along this reach, reached 1,330 — 2,265 m®/s (47,000-80,000 cfs) in
2016, and exceeded 2,830 m®/s (100,000 cfs) since, reaching 3,737 m¥s (132,000 cfs) in 2018 and 4,105
m3/s (145,000 cfs) in 2019 (USACE, 2022b). As such, hydrographs 2015 and 2021 represent,
respectively, the pre- and post-Neptune Pass change conditions. Details on hydrograph selections and
their shape are presented in Appendix D.

Additional simulations evaluating the role of upstream sediment supply included testing higher and lower
concentrations of sediment, of the order of 20%, while maintaining the same sediment rating curve.
Testing also included the effect of bed sediment supply, accomplished by changing the bed composition
both in terms of sediment grain size distribution and sorting. The influence of other anthropogenic
impacts such as sediment diversions were evaluated by quantifying infilling rates with the presence of the
Mid Barataria and the Mid Breton sediment diversions (MBSD and Breton SD, respectively), and the
influence of borrow pit depth on infilling rates were evaluated by additional simulations with different
initial bottom elevation (and therefore volume excavated) of the borrow pits. It should be noted that the
influence of borrow pits on diversion efficiency was not evaluated in this study.
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Full matrixes summarizing all the simulations that were performed are available in Appendix B and
Appendix C.
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3.0 RESULTS

3.1 INFILLING RATES

3.1.1 Field Observation Analysis

Infilling rates and volumes calculated from the monthly time-series single-beam surveys provided an
opportunity to relate observed pit sediment dynamics to the Mississippi River hydrograph and also
provided data for model calibration. The VABP was divided into three sub-areas (Figure 4) utilizing the
dredge cut sequence to establish when each of the sub-areas was fully dredged to specifications. Figure 4
shows the infilling measured for the first and last time periods in each area, and Appendix A provides
maps that show infilling through all time periods.

Infilling throughout the borrow pit and for each of the sub-areas was nonuniform and did not exhibit a
spatial trend. In Area 1, the downstream parts of the pit experience more infilling, but in Area 2 the
upstream part exhibits more infilling (Figure 4). Despite Area 3 being the most recently dredged and
experiencing the least infilling during the analysis periods, it appears to be infilling more evenly
compared to Area 1 and Area 2, at least initially (Figure 4). The total sediment captured by the borrow pit
increased in all the areas over time as expected, however, the sediment infilling rate decreased over time
(Table A-1; Figure 4). Bedforms also exist in the borrow pits. Movement of these bedforms contributed to
some of the negative infilling values (seen in the darker blue colors in Figure 4) because migration of
dune and ripple crests and troughs caused the bed elevation to change, but bedform migration does not
necessarily mean there is a change in volume (this can be seen particularly well in Area 3). Despite
bedform movement resulting in parts of the bed appearing lower locally, the infilling volume within the
borrow pit did not change solely because of bedform migration, because the sums of all raster cells are
taken over the whole area of analysis, capturing net change within the pit regardless of bedform
migration. Note that because the bathymetry data was collected using single beam sonar, bedform-scale
dynamics are not fully captured.

The Area 1 mean bed level change from infilling was more than 0.15 m/week (vertical aggregation)
during the first two months following completion of dredging, which coincided with the rising limb of the
Mississippi River hydrograph (Figure 5). Bed aggradation rate within the borrow pit declined to
approximately 0.05 m/week by February of 2022 and when flow in the river dropped below ~20,000 m3/s
(i.e., 700,000 cfs) in April the infilling stopped. Similarly, between March and April of 2022, Area 2
experienced similar bed level response post dredging of more than 0.15 m/week, when the flow in the
river was rising again and reached ~28,000 m%/s (i.e., 980,000 cfs), and fell to approximately 0.1 m/week
from April through June of 2022, during which time the flow varied from ~22,500 to ~15,500 m%/s (i.e.,
800,000 cfs to 550,000 cfs). Bed level change when flows in the river declined further to less than
~14,000 m¥s (i.e., 500,000 cfs) were much less than 0.05 m/week. In Area 3, dredging was completed
after Areas 1 and 2, and hence during lower and declining flows in the river (declining from ~22,000 to
~15,500 m¥s [i.e., 780,000 to 550,000 cfs]) and bed elevation change was of the order of 0.03 m/week
and remained through December, 2022 (Figure 5).

Area 1 is approximately 313,225 m?, and dredging was completed on December 20, 2021. Initial infilling
rates within a month of dredging were approximately 225,000 m*/month, declining rapidly to



approximately 74,000 m3month in February 2022, and declining further to 40,000 m®month through
March 24, 2022. By May 23, 2022, the decline in flow in the river reduced infilling rates to nearly zero,
fluctuating from 18,000 to 60,000 m*/month through December 27, 2022, before increasing to

230,000 m¥month for the month of January 2023. Area 2 is approximately 173,775 m?, and dredging was
complete by February 23,2022. Initial infilling rates within the first month were approximately

125,000 m*/month, declining rapidly to approximately 75,000 m3/month through May 23, 2022, and
fluctuated between 1,000 to 10,000 m®/month through December 27, 2022, before increasing to

110,000 m3/month for the month of January 2023. Area 3 is approximately 145,325 m?, and dredging was
completed by May 23, 2022. Infilling rates for this area were low initially because the flow in the river
was low upon completion of the dredging. The infilling rates remained low fluctuating from 2,000 to
20,000 m3/month through the end of the year (December 27, 2022), and in the month of January 2023,
infilling rates increased to approximately 95,000 m*/month (Table A-1; Figure 5).



Figure 4. Summary of vertical aggradation showing infilling amounts (in meters), with the first infilling period for each
sub-area of the VABP on the left and the last infilling period on the right. A map of these three areas is shown on the

right and in Figure A-6.
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Figure 5. Measured infilling rates of the VABP during and after completion of dredging for the Spanish Pass Ridge
Creation Project, which took place in December 2021 (Area 1, 313,000 m?), February 2022 (Area 2, 174,000 m?), and

April-May 2022 (Area 3, 145,000 m?) (upper panel). The Mississippi River Discharge at Belle Chasse plot indicates
periods which had rising and falling limbs (lower panel). Rising and falling limbs were calculated using a two-week
window. Relatively high infilling rates were found for Area 1 directly after dredging finished in December 2021, which
coincides with a rising limb in the Mississippi River hydrograph. Similar infilling rates were found for Area 2 directly
after dredging finished in February 2022, which also coincides with a rising limb. Area 1 is located downstream of
Area 2 and infilled at a much lower rate after dredging of Area 2. Infilling rates were relatively low for all sub-areas
between June and December but strongly increased again in January 2023.The lines indicating infilling rates for
Areas 2 and 3 overlaped during this timeframe. This figure only contains vertical infilling rates (instead of volumes)
because the borrow pit footprint expanded over time due to ongoing dredging.
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3.1.2 Numerical Modeling Results

Simulated infilling patterns indicate that annual bed level change in both the AABP and VABP borrow
pits locally exceeded 8 m (Figure 6). Greater infilling rates are predicted for the AABP (Figure 6A and C)
in comparison with the VABP (Figure 6B and D). The AABP initially shows the largest magnitude bed
level changes at the upstream end of the borrow pit (Figure 6C, day 99) however this pattern is reversed
from day 199 onward as evidenced by relatively larger deposition near the downstream end of the pit and
erosion of previously deposited material at the upstream end of the pit. By contrast, infilling patterns in
the VABP did not show the same reversal, and instead consistently experiences the largest bed level
changes at the upstream side of the pit during the first-year post-dredging.

Simulated bed level changes are not only limited to deposition within the borrow pit but also entail
erosion at the upstream and downstream channel-pit transitions. For instance, model results show that for
the AABP, the observed headcutting (~4 m vertical erosion) at the upstream part of the pit appeared to be
an extension of an erosional zone on the upstream portion of the Alliance Bar (~2 m vertical erosion)
trending toward the pit (Figure 6A and C) which also showed erosion of the east pit wall that separates
the borrow pit from the channel thalweg. Erosion of the downstream terminus of the borrow pit (~2 m)
and downstream bar migration are likely responsible for the deposition (~2—4 m) seen at the downstream
end of the Alliance Bar, approximately one kilometer from the downstream pit terminus (Figure 6A and
C). Similarly, for the VABP, erosion of the bar upstream appeared widespread but low in magnitude

(~1 m) which promoted deposition that infills the upstream part of the pit to near pre-dredge bed elevation
(Figure 6B and D). Deposition and bed level change along the pit diminished downstream, until the
downstream pit terminus, where the model predicted erosion of the pit wall. Erosion was greatest at the
end of the pit but diminished within 1 km of the pit in the downstream direction (Figure 6B and D).



Figure 6. Modeled annual bed level change difference between scenarios with and without borrow pit for (A) the
AABP (RM 65) with the 2011 hydrograph and (B) the VABP (RM 8) with the 2015 hydrograph. Borrow pit footprints

are indicated by the green polygons. Streamwise bed level profile X-X' (see panel A for location) along the AABR for
pre-dredged scenario (C), when the pit was dredged and for several subsequent timestep using 2011 hydrograph;
streamwise bed level profile Y-Y’ (see panel B for location) along the VABR for pre-dredged scenario (D), when the
pit was dredged and for several subsequent timestep using 2015 hydrograph.

The model-simulated infilling rates for both borrow pits are on the order of 1-3 million m? per year
(Table 1 and Table 2). The infilled volumes correspond to approximately 22% to 54% of the original
borrow pit volumes depending on the hydrograph and translate to average bed level changes within the
pits that vary between 1.6 and 4.7 m. Higher infilling rates were found for the AABP despite similar
surface areas between AABP (580,000 m?) and VABP (620,000 m?). The AABP shows similar infilling
volumes for all four hydrographs examined, whereas the VABP experiences nearly twice as much
infilling for hydrograph 2015 compared with 2021. Approximately 65% of the infilled sediment in the
VABP consists of fine sand (median diameter 92 microns), while about 15% is very fine (median
diameter 183 microns) and/or medium sand (median diameter 367 microns),, and approximately 20% of
the infilled material is silt. The AABP is primarily filled with fine sand (~55%, median diameter 183
microns) and medium sand (~30%, median diameter 367 microns), and the remaining 15% of infilled
material is very fine sand (median diameter 92 microns), or silt. These estimates are general and represent
averages, as the exact composition of the infilled material depends on the hydrograph and varies spatially
throughout the borrow pit.
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Model simulations testing the influence of the initial pit depth on infilling rates for AABP and VABP,
while maintaining the same pit footprints, indicate a similar reduction in infilling volume. For the AABP
infilling volume decreased from 2.65 to 1.69 million m® (-36%) for the 2011 hydrograph, whereas the
VABP infilling decreased from 1.98 to 1.03 million m? (-48%) for the 2015 hydrograph. Relative infilling
rates of the two shallower pits remained similar to the original pits: 49% for the AABP and 44% for the
VABP (Table 1; Table 2).

Table 1. Infilling volumes, infilling rates, and average bed level change for the AABP over a 7-month period of various
hydrographs that includes the flood peaks. Cumulative water volumes are shown as a reference in the rightmost

column. The results are presented for a 7-month period because one of the annual simulations performed started
presenting unstable behaviour after that. All simulation reched the maximum infilling volumes after 7 months.

Hydrograph Infilling Volume Infilling Rate (% Average Bed Level
(million m3) of Borrow Pit Change in Pit (m)
VVolume)
2010 2.53 48% 4.36 368,339
2011 2.65 50% 4.56 361,770
2016 2.64 50% 4.54 373,078
2019 2.73 51% 4.71 431,781
2011 with 36% 1.69 49% 2.92 361,770

smaller pit volume

Table 2. Infilling volumes, infilling rates, and average bed level change for the VABP over a 12-month period for the
2015 and 2021 hydrographs. Cumulative water volumes are shown as a reference in the rightmost column.

Hydrograph Infilling Volume Infilling Rate (% Average Bed Level
(million m®) of Borrow Pit Change in Pit (m)
Volume)
2015 1.98 43% 3.16 533,087
2021 1.00 22% 1.61 459,827

2015 with 50%

. 1.03 44% 1.65 533,087
smaller pit volume

Borrow pit infilling rates correlate strongly with discharge and sand transport rates in the Mississippi
River (Figure 7 and Figure 8). Models indicate higher infilling rates during periods of relatively high sand
transport, which overlap with periods of high river discharge (i.e., above 20,000 m%/s or 706,000 cfs). As
expected, the decline of sand transport to negligible magnitudes for discharges lower than 15,000 m®/s
(530,000 cfs) corresponds to negligible borrow pit infilling during these periods. The largest sand
transport rates, in contrast, are found during high discharges (i.e., above 30,000 m?%s or 1.06 million cfs).
Most of the infilling for a given hydrograph typically occurs during a relatively brief period of time (2—4
weeks), when the river is rising. Model results show that the rate of rise in river discharge (Figure 7B) is
proportional to the increase in suspended and bedload sand transport (Figure 7C), with a corresponding
increase in the cumulative borrow pit infilling predicted (Figure 7A). This can be observed for the AABP
during the first and second months following the start of the hydrograph 2010 and during the fourth
month since the start of hydrograph 2016 (Figure 7A), and for the VABP by the months of March and
April for hydrograph 2021 (Figure 8A).
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Figure 7. AABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),

Mississippi River discharge at Belle Chasse (B), and total sand transport at RM 67 (i.e., just upstream of the pit) (C)
modeled for the Alliance Model with four different hydrographs.
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Figure 8. VABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),
Mississippi River discharge at Empire (B), and total sand transport at Empire (C) modeled for the Lowermost
Mississippi River with two different hydrographs.

The operation of upstream sediment diversions has a noticeable influence on borrow pit infilling volumes
(Table 3). Model results indicate that annual borrow pit infilling volumes reduce by 19% when the MBSD
is operated in accordance with current plans (Messina, Bregman, Jung, Yuill, & Roberts, 2019; USACE,
2022a), and infilling volumes are reduced by as much as 30% when both the MBSD and Breton SD are
operating simultaneously (Messina et al., 2021). These reductions in borrow pit infilling volumes are the
result of a reduction of the residual flow in the river at the VABP, following upstream flow extraction by
the sediment diversion projects, because both diversions operate during periods with high river
discharges, such as March and April 2021 (see Figure C-17 in Appendix C) when most infilling takes
place. Reducing the residual river flow downstream during those periods attenuates the hydrograph peak
and reduces borrow pit infilling. Furthermore, the combination of diversion operations and resulting flow
extraction, and the increased outflows in the LMR Model due to present day crevassing along the east
bank (as evident by contrasting the 2015 to the 2021 hydrograph, Table 3), further underscore the
influence of the hydrograph on borrow pit infilling rates.
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Adjustments in upstream sediment supply, tested by increasing and reducing the upstream sediment
concentration by 20%, showed no changes in infilling rates for both AABP (Figure B-13A) and VABP
(Figure C-15A). Experiments with modified sediment characteristics (i.e., larger grain diameters for the
very fine and fine sand fractions, see details in Table C-2) performed with the Alliance Model showed
that while the total sand transport decreased by up to 25% (Figure B-14C), it resulted in a 5% increase in
the infilling rates at AABP (Figure B-14A). Sensitivity tests performed to evaluate the influence of bed
composition on sediment entrainment and infilling rates showed slightly different results for the two
borrow pits. At the AABP, when the fine sand composition in the bed decreases (i.e., from 43% to 25% in
the top layer, and from 71% to 50% in the bottom layer following increasing of the corresponding
medium sand percentages; see details in Table B-3), total sand transport rates are reduced by 10% when
discharge exceeds 20,000 m®/s (Figure B-12B and C). Cumulative infilling is most noticeably influenced
when flows are above 30,000 m?/s, resulting in an increase in sediment infilling volumes of 8% (or
230,000 m®) by the end of the year for hydrograph 2011 (Figure B-12A). At the VABP, when the fine
sand bed composition increases, total sand transport remains unchanged regardless of flow (Figure C-14B
and C) and the cumulative infilling shows a small increase (+ 2-3%; Figure C-14A).

For additional details the reader is directed to Sections B.7 and C.7 in Appendix B and Appendix C,
respectively.

Table 3. Infilling volumes, infilling rates, and average bed level change for the VABP over a 12-month period for
scenarios with and without MBSD and Breton SD for the 2015 and 2021 hydrographs.

Hydrograph and Scenario Infilling Volume Infilling Average

(million md) Rate (% of Bed Level

[difference relative ~ Borrow Pit Change

to no-diversion Volume) in Pit (m)

scenario]
2021 1.00 22% 1.61 459,827
2021 with MBSD 0.81 [-19%)] 18% 1.30 430,217 [-6%)]
2021 with MBSD and Breton SD 0.71 [-30%)] 16% 1.13 412,761 [-10%]
2015 1.98 43% 3.14 533,087
2015 with MBSD 1.64 [-17%] 36% 2.63 496,156 [-7%]
2015 with MBSD and Breton SD 1.44 [-27%] 32% 2.30 473,642 [-11%]

The correlation between borrow pit infilling (i.e., presented as bed level change over time) and the
Mississippi River discharge volumes and trends (Figure 9) resulting from model results confirm that little
to no infilling occurs when river discharges remain below 10,000 m®/s for VABP and 15,000 m3/s for
AABP which corresponds to the average flow when sand is entrained from the river bed into suspension
(Ramirez & Allison, 2013b; Yuill et al., 2015). Results from both borrow pits show that infilling rates
increase linearly with discharge when flow exceeds 10,000-15,000 m?/s and reach an inflection point
around 20,000 m¥s for AABP and 22,000 m®/s for VABP where discharges continue to increase linearly,
but at a higher rate. Infilling rates are typically highest during the rising limb of the river hydrograph
(Figure 9A and C), with infilling volumes reaching 500,000 m®/week for AABP and 100,000 m?®week for
VABP. Infilling rates during the falling limb of the hydrograph (Figure 9B and D) are typically lower and
the higher degree of scatter demonstrates a weaker correlation between infilling and discharge particularly
for the AABP.



Figure 9. Modeled infilling rates (as weekly bed level change) of the AABP as a function of weekly averaged water
discharge in the Mississippi River during rising limb (A) and falling limb (B). Modeled infilling rates (as weekly bed
level change) of the VABP as a function of weekly averaged water discharge in the Mississippi River during rising
limb (C) and falling limb (D). A two-week window was used to determine if it was a raising or a falling limb. The color
of the data points indicates the slope of weekly discharge in the Mississippi River (i.e., difference with the discharge
the previous week).

A comparison between model results and measured infilling rates and their correlation with the
Mississippi River discharge (Figure 10) suggest that the Alliance Model tends to overestimate infilling
rates in the AABP (Figure 10A) while model results are in closer agreement with measurements for the
VABP (Figure 10B). The measured weekly infilling rates for the AABP (Figure 9A) are based on
bathymetric surveys that were obtained relatively infrequently (i.e., 2—6 months; (Yuill et al., 2013, 2015)
whereas daily model data were available for the Alliance Model and were averaged on a weekly basis.
The low frequency of these surveys for AABP hinders the analysis of the short-term infilling variations
that might be related to flood peaks and corresponding sand entrainment.

More frequent bathymetric surveys (i.e., monthly or every two months) were available for the VABP
between December 2021 and January 2023, a period with larger fluctuations in river discharge. Surveys
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focused on three sub-areas of the pit (Figure 10B). Measured infilling rates are slightly larger for
discharges below 10,000 m®/s (353,000 cfs) but in close agreement with model results for discharges
above 15,000 m®/s (530,000 cfs). Some of the outliers in measured infilling rates are possibly a result of
the ongoing dredging activity while the bathymetric surveys were obtained. The infilling rates averaged
across the entire area that was dredged at a given point in time (Figure 10B) show less scatter and a close
agreement with model results.
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Figure 10. Comparison between modeled and measured infilling rates in (A) the AABP and (B) the VABP. Panel A
shows in gray modeled infilling rates for the AABP (580,000 m?) using results from all tested hydrographs (i.e., 2010,
201, 2016 and 2019) and, in black, measured infilling rates of the borrow area (280,000 m?) that was dredged in 2010
for the Bayou Dupont marsh creation project (also see section B.8 in Appendix B) (Yuill et al., 2015). Both modeled
and measured borrow areas are situated at the same channel bar near the Alliance Anchorage, however, measured
infilling rates are on the lower end of modeled infilling rates. Panel B shows modeled infilling rates for the VABP
(620,000 m?) and measured infilling rates of the borrow areas 1, 2 and 3 (combined area of 632,000 m? ) dredged
between December 2021 and May 2022 for the Spanish Pass Ridge Creation Project (see Appendix A). Infilling rates
measured for each sub-area are represented by colored markers, infilling rates averaged for the entire dredged area
(which expands over time) are represented by the black markers. A two-week window was used to determine if it was
a rising or a falling limb. The high infilling (~0.15-0.17 m/week) observed for VABP, can be explained by the early
onset of the 2022 and the 2023 flood. During the early onset of the flood infilling rates in the field appear to be three
times higher. Models did not resolve this process well, as they did not predict that abrupt a transition during the flood
onset, but show very good agreement for the rest of the year. This high infilling is short-lived, and after approximately
two weeks, as in the next monthly surveys, rates in the field were similar to those predicted by the model.
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3.2 SIMULATED LOCAL AND REGIONAL SEDIMENT TRANSPORT
TRENDS

Numerical models offer a unique framework to study and analyze the local and regional effects of borrow
pits. Proximal and distal changes induced by the borrow pit (Figure 11; Figure 12) showed little influence
in suspended sand concentrations or bed levels greater than 1 km upstream of the pit footprints. The most
significant reductions of suspended sand concentrations were found within the borrow pits (Figure 11),
where the highest rate of bed aggradation also occurs (Figure 12) and in the channel located adjacent to
the pits, which also experienced bed aggradation. These reductions locally exceeded 10 mg/L which is
equivalent to a 30% reduction of the absolute sediment concentrations (Figure 11). Similar results were
found by Brown and Bell in their analysis of a conceptual Spanish Pass Restoration borrow pit (Figure 14
and 15 in Brown & Bell, 2019).

The upstream and downstream channel-pit transitions experienced increased sediment concentrations and
some degree of bed level degradation, most noticeably in the first kilometer downstream of the pit (Figure
11; Figure 12). Further downstream of the borrow pits, a more extensive but smaller-magnitude reduction
of suspended sand concentrations was observed, which diminished in magnitude with distance from the
pit. Suspended sand concentrations were reduced by up to 5 mg/L which equates to up to 10% of the
absolute sand concentrations. This reduction was mostly diminished at the downstream end of the
Alliance Model (~12 km downstream of the AABP) and was fully diminished near Head of Passes in the
LMR Model (~12 km downstream of the VABP). Bed level degradation is of the order of decimeters in
the first kilometers downstream of both borrow pits, and also diminished in magnitude with distance from
the borrow pits.

Figure 11. Difference in depth-averaged suspended sand concentrations (mg/L) between with-pit and without-pit
scenarios for (A) the AABP (RM 65) during the rising limb of the 2011 hydrograph (March 15) and (B) the VABP (RM
8) during the rising limb of the 2015 hydrograph (March 15). Absolute suspended sand concentrations at both borrow

pits ranged between 20 to 40 mg/L during this time. Borrow pit footprints are indicated by the green polygons.



Figure 12. Annual bed level change difference (meters) between scenarios with and without borrow pit for (A) the
AABP (RM 65) with the 2011 hydrograph and (B) the VABP (RM 8) with the 2015 hydrograph. Borrow pit footprints

are indicated by the green polygons.

A guantitative assessment of volumetric evolution of sand bars and dredging volumes comparing
simulations with and without pit scenarios confirmed the influence of borrow pits to downstream
geomorphology (Figure 13, Figure 14, Figure 15, and Figure 16). Specific polygons (outlined with gray
dashed lines in Figure 2 and Figure 3), were used to calculate volumetric changes over time for selected
river bars upstream and downstream of the pits. No noticeable impacts are found for sand bars upstream
of the AABP (i.e., Wills Point Anchorage Bar presented in Figure 13) and VABP (i.e., Boothville
Anchorage Bar presented in Figure 15 and Figure 16). The sand bars that contain the borrow pits, i.e., the
Alliance Anchorage Bar for the AABP (Figure 13 and Figure 14) and the Venice Anchorage Bar for the
VABP (Figure 15 and Figure 16), captured noticeably larger sediment volumes in the with-pit scenarios
due to infilling of the borrow pits.

Borrow pits have the opposite effect on downstream sand bars where reduced aggradation or increased
degradation can be observed. However, for the AABP (Figure 13 and Figure 14), the combined reduction
of channel bar volume downstream of the pit (Belair, Lower Alliance, and Harlem revetment bars) was
approximately 870,000 m2, which is equal to 48% of the 1.79 million m? of volume gained at the Alliance
Anchorage Bar that contains the AABP. The reduction of volume in the Pilottown Anchorage bar
downstream of the VABP was approximately 710,000 m? for the 2015 hydrograph, a reduction of 26%
compared to the without-pit scenario. This reduction is equal to 60% of the 1,200,000 m? of volume
gained at the Venice Anchorage Bar where the VABP is located (Figure 15 and Figure 16).

Experiments with finer bed composition performed with the LMR Model showed less aggradation (~3%)
of the Boothville Anchorage Bar, which is located upstream, more aggradation of the Venice Anchorage
Bar (~9%) and the Pilottown Anchorage Bar (~12%). Experiments with changes in upstream sediment



supply via changes in sediment concentration did not show significant deviations in bar dynamics. Model
results varied for the Alliance reach. Experiments with a reduced upstream sediment concentration
(~20%) showed less aggradation of the Wills Point Bar (~2%) and the Alliance Anchorage Bar (~2%).
However, the three smaller sand bars located downstream of Alliance Anchorage Bar (i.e., Belair
Revetment Bar, Lower Alliance and Harlem Revetment Bar), showed a combination of aggradation and
degradation patterns (volumetric change from +2% and -7%). Moreover, experiments with coarser bed
composition and coarser sediment composition supplied upstream, showed less aggradation at the Will
Point Bar (~8-9%), more aggradation of the Alliance Anchorage Bar (~5-11%), more aggradation of the
Belair Revetment Bar (~33-35%) and finally, less aggradation on the two sand bars downriver (~15-
38%). It is noted that the three sand bars located downstream of the Alliance Anchorage are
approximately half to one-quarter the size of the Alliance Anchorage bar itself.
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Figure 13. Volume changes at sand bars between Wills Point (RM 66) and Myrtle Grove (RM 58) for scenarios
without and with the Alliance Anchorage Borrow Pit (AABP, RM 65) after the first 7 months of hydrograph 2011. See

Figure 2 for locations of polygons used to define bars for these calculations.

Numerical Modeling to Estimate Sediment Infilling Rate of Lowermost Mississippi River Borrow Pits and Impacts on Downstream Dredging 25



2.0 ~

€ 151 ®2011: Difference between with/without AABP

o

E 1.0 -

8 05 -

c

e

£ %01 T ] e

5 ]

o -0.5 -

§ Wills Point Alliance Belair Revetment Lower Alliance Harlem

o Anchorage Bar Anchorage Bar, Bar Revetment Bar Revetment Bar

> (RM 66-68, east including pit (RM 62-64, east (RM 60-62, west (RM 57-59, east
bank) (RM 66-63, west bank) bank) bank)

bank)

«—upstream  downstream—

Figure 14. Volume differences between with-pit and without-pit scenarios showing the modeled impact of the Alliance
Anchorage Borrow Pit (AABP, RM 65) on proximal sand bars after the first 7 months of the 2011 hydrograph. Positive

volume change indicates an increase of aggradation (or decrease of degradation) due to the presence of a borrow
pit.

o 407 m 2015 without VABP
£ 301 % 2015 with VABP
c
2 20 - 2021 Wi
= without VABP
o gl Bl Be -
m 2021 with VABP
S 0.0 -
s N :
6 -1.0 .
GE) -2.0
= 30 -
> Boothville Venice Pilottown Navigation Navigation
Anchorage Bar  Anchorage Bar  Anchorage Bar Dredging in Dredging in
(RM 13-19, west  (RM 5-11, east (RM 0-7, west MRSC between MRSC at
bank) bank) bank) Head of Passes Southwest Pass
and Venice (RM 20 BHP-0)
(RM 0-10)

«—upstream downstream—

Figure 15. Volume changes at sand bars and dredged volumes from the MRSC between Venice (RM 13) and
Southwest Pass (RM 20 Below Head of Passes [BHP]) for scenarios without and with the Venice Anchorage Borrow
Pit (VABP, RM 8) for hydrographs 2015 and 2021. See Figure 3 for locations of polygons used to define bars for

these calculations.
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Figure 16. Volume differences between with-pit and without-pit scenarios showing the modeled impact of the Venice
Anchorage Borrow Pit (VABP, RM 8) on proximal sand bars and navigation dredging in the MRSC. Results are

shown for the 2015 and 2021 hydrographs. See Figure 3 for locations of polygons used to define bars for these
calculations. Positive volume change indicates an increase of aggradation (or decrease of degradation) due to the
presence of a borrow pit, or an increase in navigation dredging.

3.3 IMPACT ON NAVIGATION DREDGING

Downstream impacts of the VABP are not only limited to channel bar volumes but also influence
navigation dredging in the Mississippi River Ship Channel (MRSC) between Venice and Head of Passes
(Table 4). Model results suggest that the presence of the VABP reduces dredging volumes in the MRSC
between Venice and Head of Passes by 9% and 3% for the 2015 and 2021 hydrographs, respectively.
There are no noticeable changes in dredging volumes in the MRSC downstream of Head of Passes, which
is in line with results of suspended sand concentration (Figure 11) which demonstrate that borrow pit
impacts are mostly diminished in the vicinity of Head of Passes.

Table 4. Navigation dredging volumes for scenarios with and without the Venice Anchorage Borrow Pit (VABP).
Cumulative water volumes are shown as a reference in the rightmost column.

Hydrograph Volume dredged in MRSC Volume dredged in MRSC at

between Venice and Head of ~ Southwest Pass (million m®)

Passes (million m®) [difference relative to

[difference relative to without-pit scenario]

without-pit scenario]
2015 without VABP -1.46 -2.48 533,087
2015 with VABP -1.33 [-9%)] -2.49 [0%] 533,087
2021 without VABP -0.35 -1.06 459,827
2021 with VABP -0.34 [-3%)] -1.06 [0%] 459,827

Flow and sediment load reductions in the Mississippi River associated with upstream sediment diversions
can influence navigation dredging requirements. The presence of MBSD resulted in a 29% reduction of
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dredged volumes in the MRSC between Venice and Head of Passes and in a 18% reduction along
Southwest Pass. The presence of both MBSD and Breton SD resulted in a 44% reduction of dredged
volumes in the MRSC between Venice and Head of Passes and in a 26% reduction along Southwest Pass
(Figure C-18).



4.0 DISCUSSION

4.1 THE LOWER MISSISSIPPI RIVER AS A RENEWABLE SAND
RESOURCE

Analysis of the infilling rates predicted by the model show higher infilling rates for the AABP than the
VABP. The predicted vertical aggradation for the AABP is two to three times higher than the aggradation
predicted at VABP. Simulations showed that the highest vertical aggradation (infilling) occurs during the
rising limb of a hydrograph, and specifically the early rise of the hydrograph, where most of the change in
discharge and stage takes place. The simulations showed that the most influential parameter controlling
infilling is the shape of the hydrograph, and specifically how fast the discharge is changing, or the stage is
rising. This response dominates infilling rates compared to all other parameters examined in this study
(e.g., changes in upstream suspended sediment concentration, bed stratigraphy, and sediment distribution
within the bed).

Results from ensemble simulations show an average annual infilling of approximately 50% (+ 3%) for
AABP and of 28% (+ 10%) for VABP, depending on the hydrograph shape. Results showed that
shallower pits infill slower and can reduce infill rates by approximately 36% for AABP and up to 48% for
VABP. These results suggest that borrow pits near the Alliance Reach will infill within 5-6 years to
nearly 98 to 99% of the initial cut/volume. For borrow pits near the Venice reach, infilling for the same 5
— 6-year period is lower, 70% to 94%, depending on the hydrograph. Infilling rates in the Venice Reach
show a higher variance than the results in the Alliance Reach, suggesting that despite having less
constrained infilling rates along the Alliance Reach, the model show more convergence, compared to the
Venice Reach where infill rates are more constrained from the field, but models show divergence and
variance, suggesting similar confidence in the predictions. The borrow pits at either location, especially
along the Alliance Reach, can infill to 100 % sooner than 5-6 years if conditions in the river differ from
the conditions simulated in this study since there is a strong dependency on the inter-annual shape of the
hydrograph. Moreover, when borrow pits become nearly full, infilling rates toward the end of the infilling
cycle can be higher in the field than those predicted by models. For example, dynamics and associated
migration of large bedforms during floods likely contribute significantly to infilling, a process that
numerical models do not fully resolve. Lastly, hydrographs that exhibit multiple peaks throughout the
year have more inter-annual variation and more likely to contribute to increased infilling. Previous studies
show slightly higher infilling rates (Moffatt & Nichol (2011), and reported 90% infilling within 1.24 to
2.68 years for deeper pit cuts (about -90 ft NAVD88), and 90% infilling within 1.64 to 3.65 years for
shallower pit cut (about -70 ft NAVD88). It should be noted that the infilling rates reported by Moffatt &
Nichol (2011) were calculated using steady state models and look up tables and did not account for
hydrographs shapes, rising limbs, and falling limbs. These differences in the methodology could explain
the differences in infilling rates reported, as corroborated by the observations of infilling at the Venice
Anchorage, which show a large variation in interannual infilling strongly influenced by the hydrograph
(Figure 5, Figure 10).

In addition to a strong correlation of infilling rates to the shape and duration of the hydrograph, field
observations (Yuill et al., 2013 and this study), and model results suggest a secondary control on infilling
rates induced by residual flow, which in turn controls the streamwise slope in the river, signifying that



location along the river matters on sediment trapping efficiency. On the one hand, along the Alliance
reach, future flow extractions will be managed (e.g., sediment diversions), and to a greater extent, their
impacts on infilling are predictable. On the other hand, in the lower river, flow loss through over-banking
and crevassing, can more significantly influence stream power, river transport capacity and thus infilling
rates. Therefore, in the lowermost river where over-banking and crevassing prevail, accurate predictions
of infilling are less dependent on hydrograph shape, and more dependent on residual flow and loss of
stream power.

4.2 MAIN PARAMETERS AND DYNAMICS CONTROLLING INFILLING

Model results for the AABP showed very similar infilling volumes (~50%) within the first 7 months of all
four analyzed hydrographs (i.e., 2010, 2011, 2016, 2019) suggesting that conditions in all four years were
equally efficient in borrow pit infilling within the considered period. Despite the cumulative Mississippi
River discharge being 16% lower during the first seven months of 2011 than during the first seven months
of 2019, model results show infilling volumes that are only 1% (Table 1). However, when looking at the
infilled volume over time (Figure 7) it appears that the hydrograph shape, which correlates with the total
sand transport flux, plays an important role in borrow pit infilling. More specifically, the rate at which
discharge increases (i.e., how steep the rising limb is) strongly influences infilling rates (Figure 9).

Different trends are found for the VABP where model results suggest a stronger dependency of infilling
on the river hydrograph. A reduction of cumulative discharge of 14% between 2015 and 2021 results in
almost half the infilling rates. This can be attributed to a double flood peak in the 2015 hydrograph (i.e.,
March, July) compared to a single flood peak (i.e., March) for the 2021 hydrograph (Figure 8).

Correlations between bed level change in the borrow pits and the Mississippi River discharge (Figure 9)
for the AABP and VABP show similar trends, but different absolute infilling rates. In both cases, three
trends can be observed:

e The first trend for below 15,000 m?/s for AABP and 10,000 m?/s for VABP, where no infilling
can be observed.

e The second trend between 15,000 and 22,000 m?/s for AABP and between 10,000 m?/s and
20,000 m¥s for VABP, with a linear relationship between infilling and discharge

e The third trend above 20,000-22,000 m3/s with a steeper linear relationship between infilling and
discharge

The absence of infilling in the first trend is in line with other studies (Yuill et al., 2015) and corresponds
to the average flow below which sand is not in suspension (Ramirez & Allison, 2013b; Yuill et al., 2015).
Borrow pit infilling follows a linear relationship in the second trend with a weekly infilling of ~3,000 m3
for every 1,000 m%/s increase of river discharge in the AABP, and a weekly infilling of ~2,700 m? for
every 1,000 m®/s increase of river discharge in VABP. In the third trend, infilling rate continues to be
linear, but is approximately seven times higher for AABP with an increase in weekly infilling of ~22,000
m? for every 1,000 m?/s increase in river discharge, and is almost twice for VABP with an increase in
weekly infilling of ~5,500 m?® for every 1,000 m%/s increase in river discharge. Correlation between bed
level change and the Mississippi River discharge during the falling limb (Figure 9), exhibit more scatter
compared to the rising limb, and a clear trend isn’t obvious. This response suggests that the governing



dynamics during the falling limb are not unique, and they might depend on the shape of the hydrograph,
how peaky the hydrograph is, or how long those peaks persist.

When comparing modeled infilling rates with observations (Figure 10), both models show a close
agreement with observations, particularly for the VABP. However, it appears that the Alliance Model
tends to overestimate the infilling in the AABP. Nevertheless, due to the scarcity and low frequency of
available survey data, it is not possible to determine this with certainty.

Both models demonstrate reasonable skill when comparing modeled and measured sediment
concentrations and transport rates. Specifically, there is a close agreement with observational values when
comparing bed load transport (Figure B-11) and total sediment flux (Figure B-6, Figure B-10, upper
panels of Figure C-12, and Figure C-13). However, larger differences are found when comparing sand
concentrations and fluxes (Figure B-5, Figure B-8, lower panels of Figure C-12, and Figure C-13). The
Alliance Model tends to underestimate sand concentrations when compared to the available data (Section
B.5.3). However, there are no available measurements for sediment concentrations during the rising limb
or absolute peak discharges (>30,000 m®/s [1,060,000 cfs], Figure B-5 to Figure B-10). On the other hand,
the LMR Model, which utilizes the same model settings and calibration factors, overestimates sand
concentrations when compared to USACE measurements (Sharp et al., 2013) during peak discharges
(lower panels of Figure C-12 and Figure C-13). This is most noticeable for discharges locally exceeding
15,000 m3/s (530,000 cfs), which correspond to a discharge at Belle Chasse of approximately 25,000 m3/s
(900,000 cfs). The LMR Model tends to simulate a somewhat exponential increase in sediment
concentrations as river discharge increases, whereas the measured data shows a weaker, more linear
increase. This observation may suggest the shortcomings of current (generalized) transport formulations
(e.g., the Van Rijn sediment transport formulae) in fully capturing suspended sand transport dynamics in
the Mississippi River across the entire range of discharges. However, it is important to note the limited
availability of measurement data. The available field data is limited to a small number of deployments
over relatively short periods of time, ranging from months to years. For example, data collected in 2010
and 2011 by (Ramirez & Allison, 2013b) shows that sand concentrations are higher during the first flood
peak (e.g. March 2011) in comparison to subsequent peaks (e.g. May 2011). For the LMR Model, no
sediment transport data were available for the years that were used for model calibration (i.e., 2015 and
2020), and the only available data (i.e., 2009, 2010, and 2011) were used to calibrate sediment transport
fluxes (see Section C.5.3).

Measured concentrations and transport rates show a high variability and are influenced by the dynamic
flow regime of the river, which can rapidly change due to variability in turbulence or tidal effect..
(Ramirez & Allison, 2013b). The infilling rates, derived from bed level change observed over longer time
periods, are less vulnerable to the spatiotemporal variability of river conditions compared to instantaneous
measurements of suspended sand transport. Moreover, sand transport rate is not the only factor that
influences infilling. Various other factors, such as local bathymetry and flow patterns also play a
significant role in the infilling process. For these reasons, even if the LMR Model appears to over predict
sand in suspension, the infilling rates are fairly well calibrated as shown in Figure 10B. Moreover, more
field data were available to calibrate infilling rates, and only few suspended sediment observations were
available, Since the main objective of this work was to evaluate borrow pit morphology evolution and
infilling rate, it was decided to prioritize infilling rate calibration instead of over-calibrating the model to



match a few suspended sand transport observations that were specific to a specific year and river
discharge. Given these considerations, the model's skill was deemed acceptable for the purpose of this
study, primarily due to the good agreement found when comparing infilling rates.

The effect of hydrograph shape and peak slopes on borrow pit infilling is also supported by the results of
the simulations performed including the presence of sediment diversions. Results show that a 6-11%
reduction of water volume in the Mississippi River translates into a 17-30% reduction (i.e., three times
larger) of infilled borrow pit volumes (Table 3), noting that sediment diversions are expected to start
operating when the Mississippi River discharge exceeds 12,742 m%/s (i.e., 450,000 cfs), and their
discharge will gradually increase until reaching maximum capacity when the river reaches 28,316 m®/s
(i.e., 1,000,000 cfs). This suggests that diversions will extract water and sediment from the Mississippi
River during the hydrograph peaks, including the rising limb phases when suspended sediment
concentrations are higher, influencing the suspended sediment concentrations in the residual flow
reaching the borrow pits and, therefore, influencing borrow pit infilling rates.

Model results also show that borrow pit geometry, and more specifically borrow pit depth, affects the pit
efficiency in capturing sediment: the deeper the pit, the faster it infills. The channel cross-sectional area in
the vicinity of the pit increases when the borrow pit is deeper, causing water velocity to decrease and,
therefore, sediment to deposit more readily.

Change in sediment concentration upstream did not affect borrow pit infilling rates found for the 1-year
simulations performed in this study. When imposing higher or lower sediment concentrations, both
Alliance and LMR models tend to find a dynamic equilibrium in sediment concentrations by depositing or
eroding bed sediments just downstream of the upstream boundary. These adjustments take place within
the first one or two sand bars and generally occur upstream of the area of interest in which the borrow pits
are located. While longer term simulations may produce results that would eventually influence the area
proximal to the borrow pit, the existing results suggest that the role of the hydrograph, its steepness, and
the stream power play a chief role at influencing infilling rates and dominate over the role of the upstream
change in the suspended sediment concentration. Similarly, changes in the bed composition, and those
changes made to test the supply of sediment from the bed produced small changes in borrow pit infilling,
of the order of 5-10% annual change for the AABP and the VABP. More detailed results are presented in
Appendix B and Appendix C.

The type of sediment captured by the borrow pits varies dependent on location. Both the AABP and the
VABP sequester predominantly fine sand. However, in addition to fine sand, the AABP tends to capture
also medium sand, while the VABP tends to capture more very fine sand and silt. These are general
estimates and vary throughout the hydrograph and the degree of infilling.

4.3 LOCAL IMPACTS OF BORROW PITS ON SEDIMENT TRANSPORT
AND MORPHOLOGY

The most significant morphological impacts of borrow pits occur within the sand bar where the borrow pit
is located. Flow velocities decrease along the borrow pit because the pit locally enlarges the river cross
section, resulting in sediment deposition and bar aggradation (both inside and outside of the pit). This
process primarily contributes to infilling of the borrow pits with rates up to 5 m per year, with



simultaneous deposition within the channel thalweg adjacent to the borrow pit, albeit lower and up to 1 m
per year. Despite deposition and resulting local aggradation of the MRSC located next to the VABP, the
channel remains well below authorized dredging depths (~5 m), a result that is corroborated by previous
studies (Brown & Bell, 2019). The sand bars where the borrow pits are located, when the pits are present,
sequester more sand, with 46% to 82% of this change by volume happening within the pits. Model
projected volumetric changes shows that the sediment intercepted by the pit does not only originate from
material transported downstream by the Mississippi River, but 23% (for AABP) to 40% (for VABP) is
supplied from erosion of the proximal portion of the bar along the channel-pit transition, suggesting that
the pits do influence bar dynamics of the bar they occupy. The differences between AABP and VABP
show that infilling dynamics and the capacity of the pit to capture sediment transported in the river also
depend on the borrow pit location in a streamwise sense (i.e., infill rate decreases downstream for this
study area because of reduced stream power associated with flow loss to crevasses and passes along the
Mississippi River between AABP and VABP).

The origin of sediment deposited within the borrow pits is partly sourced from suspended and bedload
sediment flux transported by the Mississippi River, and partly sourced from local sand bar erosion near
the bar-pit transitions from slope failure and headcutting. Volumetric analysis (Figure 13; Figure 14;
Figure 15; Figure 16; Table 1;Table 2), suggests that approximately 68% of the AABP sediment infilling
originates from sources upstream of the Alliance Anchorage Bar and about 32% is due to bar dynamics
(e.g. bar inflation and migration) of the Alliance Anchorage Bar itself. For the VABP, 60-70% of the
sediment infilling is sourced from areas upstream of the Venice Anchorage Bar, and about 30-40% is due
to bar dynamics of the Venice Anchorage Bar. Furthermore, the AABP appears to be capturing sediment
at twice the rate of VABP (see Figure 9), suggesting that the location of the borrow pit—both along the
Mississippi River in a streamwise sense as well as the pit location on the bar itself—plays an essential
role in pit sediment trapping efficiency, regardless of the strong dependency on hydrograph shape and
flood duration.

4.4 REGIONAL IMPACTS OF BORROW PITS ON SEDIMENT
TRANSPORT AND MORPHOLOGY

Borrow pits have little to no impacts on sand bars located upstream of the borrow pits (Figure 13, Figure
14, Figure 15 and Figure 16), however, borrow pits do influence the sand bar where the pits are located as
well as sand bars located downstream. Locally, the sand bars where the borrow pits are located experience
less bar inflation (except for the pit itself), and the sand bars located downstream experience reduced
aggradation. For both AABP and VABP, the reduction in downstream aggradation (i.e., lower volume of
sediment deposition) is less than half of the sediment volume sequestered by the borrow pit, suggesting
that the remaining sediment volume captured by the pit was sediment moving downriver that was
intercepted (52% for AABP and 30% for VABP). As a result, the reduction of sediment flux downstream
of the VABP causes less shoaling (up to 26% less aggradation) at the Pilottown Anchorage Bar (an area
sufficient draft clearance is critical as the lowermost anchorage along the MRSC) for the selected
hydrographs examined.

The presence of sediment diversions reduces aggradation at the Venice Anchorage sand bar (a reduction
of 9% if MBSD is in operation and 14% if both diversions are in operation), and at the Pilottown
Anchorage Bar downstream (i.e., a reduction of 15% if MBSD is in operation and 24% if both diversions



are in operation, see Figure C-18). The reduction predicted by the models is proportional to the number of
diversions in operation, or more specifically the percentage flow each of the diversions extracts from the
river. A similar reduction in aggradation occurs upstream of the VABP at the Boothville Anchorage Bar,
where when both diversions are operating the reduction is approximately 24%, and the reduction in
aggradation is larger when only the MBSD is in operation (-31%; Figure C-18).

Sensitivity analysis, testing the role of upstream sediment supply on local and regional bar dynamics
indicated negligible influence on sand bar dynamics for bars located at either the Alliance reach or the
Venice reach. When coarser sediment is more available as suspended load, as well as when the riverbed
composition coarsens, at the Alliance reach, the Alliance Anchorage Bar and the Belair Revetment Bar
sequester more sand (5-35%), thus starving the downstream sand bars of sediment reducing aggradation
of the order of 15 to 38%. When finer sediment is more available as suspended load, both the Venice
Anchorage Bar and the Pilottown Anchorage Bar exhibit increased inflation of approximately 9 and 12%
respectively.

4.5 IMPACT OF BORROW PITS ON DOWNSTREAM SEDIMENTATION
AND MAINTENANCE DREDGING FOR NAVIGATION

The presence of the VABP does not influence the maintenance dredging volumes in Southwest Pass
downstream of Head of Passes. However, depending on the hydrograph, model results show a reduction
in annual maintenance dredging volumes between Venice and Head of Passes of approximately 3 to 9%
(Table 4 and Figure 15 and Figure 16). The simulation with the 2015 hydrograph shows a 3 % reduction
in maintenance dredging and the 2021 hydrograph simulation predicts a reduction of approximately 9%.
The 3-fold increase between the two simulations is likely due to the lower discharge and a reduction in
transport capacity associated with the 2015 hydrograph compared to the 2021 hydrograph, due to
outflows associated with enlargement of Neptune Pass in 2021, which withdraws significant flow and
sediment from the river.

The corresponding reduction in shoaling (18 to 26% less aggradation) that was predicted at Pilottown
Anchorage Bar will be critical in the context of maritime safety in the vicinity of SWP.

Overall, the sediment volume captured by the VABP is significantly higher than the reduction in dredging
volumes, suggesting that: (1) the presence of the VABP reduces the need for downstream maintenance
dredging (~3-9%), and (2) the VABP is efficient in capturing sediment that would otherwise deposit on
the Pilotttown Anchorage bar or continue further downstream and deposit in other distributaries (e.g.,
West Bay, Cubit’s gap, South Pass, Pass A Loutre).



5.0 CONCLUSION

5.1 THE IMPORTANCE OF SURVEYS

The analysis presented in this report could not have been performed without frequent repeat borrow pit
monitoring surveys. The results demonstrate how sequential single and multi-beam surveys collected at
borrow pits during dredging provide valuable insights on borrow pit infilling and the timing and spatial
variability of infilling.

Observed infilling rates for three portions of the VABP exhibit non-uniform spatial infilling trends. All
three areas experienced the highest infilling rates during the rising limb of the hydrographs, during which
all three areas showed an average vertical accretion rate of ~ 0.15-0.17 m/week, corresponding to
volumetric infilling of 93,000 to 225,000 m*/month. During lower flows (~15,000 m%/s) all three areas
experienced reduced infilling rates (from 8,000-12,000 m®month), and for flows lower than 15,000 m%/s,
infilling was negligible.

These surveys improved the understanding of inter-annual dynamics and controls on sediment infilling,
enhanced model validation related to infilling predictions, and broadened model applications to
investigate infilling rates for a wide variety of factors such as different hydrographs, different sediment
concentrations, and the presence of sediment diversions. Continuation of repeat surveys during and post
construction of projects would be beneficial for future analysis and can help to better quantify post
construction long-term pit evolution, pit infilling, and help document additional local processes on
evolution of pit walls and other related local processes affecting pit morphology. While monthly surveys
are ideal and have proven incredibly useful for this project, when not available, quarterly or semi-annual
surveys can still be useful if planned around the river hydrograph.

5.2 INFILLING RATES AND VARIABILITY ALONG THE RIVER

Like observations, modeling results show that the hydrograph shape, which is proportional to the total
sand transport, plays a significant role in borrow pit infilling. Specifically, the rate at which discharge
increases (i.e., how steep the hydrograph rising limb is) strongly influences infilling rate. Three trends and
corresponding infilling rates were identified (Table 5 and Table 6)

Table 5. Three infilling rate trends for AABP

Mississippi River Discharge AABP infilling rates
[m¥/s] [cfs] [m3/week]

<15,000 530,000 No infilling

15,000 - 22,000 | 777,000 0 - 100,000

>22,000 >777,000 100,000 - 300,000




Table 6. Three infilling rate trends for VABP

Mississippi River Discharge VABP infilling rates
[m3/s] [cfs] [m3/week]

<10,000 353,000 No infilling

10,000 - 20,000 | 353,000 - 706,000 | O - 100,000

>20,000 >706,000 100,000 - 300,000

No clear trends were found during the falling limb, suggesting that the dynamics during the falling limb
are more complex and that more analysis is needed to identify and constrain the environmental factors
that control infilling during those conditions, since discharge doesn’t play a chief role during the falling
limb as much as it does for the rising limb.

Ensemble simulations show an average annual infilling of approximately 50% (+ 3%) for AABP and of
28 % (+ 10%) for VABP, depending on the hydrograph shape, and that shallower pits infill slower and
can reduce infill rates by approximately 36% for AABP and up to 48% for VABP. These results suggest
that borrow pits near the Alliance reach will infill within 5-6 years to nearly 98-99% of the initial cut
volume, while near the Venice reach, infilling for the same period of 5-6 years will be lower from 70% to
94%, depending on the hydrograph. The modeling results show more convergence at Alliance which
increases confidence regardless of having fewer field observations to ground truth predictions, and more
variance in the modeling predictions along the Venice Reach, but with more constrained field
observations. Thus, the overall confidence in the predictions is similar between the two sites.

The simulated influence of sediment diversions operating upstream showed that diversions reduce
infilling rates proportional to the flow extracted by the diversion. For each percentile reduction of
discharge there is a three-fold reduction in volumetric infilling rate.

The borrow pit depth strongly influences infilling rates; deeper borrow pits infill faster than their
shallower counterparts. In the lower river near Venice, a pit that is half as deep than the original pit at the
same location infills 50% slower than the deeper pit, and at Alliance, a pit that is half as deep infills
approximately 38% slower compared to their deeper counterparts.

In addition to a strong correlation of infilling rates to the shape and duration of the hydrograph, model
results suggest a secondary control on infilling rates, proportional to residual flow and corresponding
streamwise slope in the river, indicating that location of the pit along the river (i.e., RM and sand bar
where the pit is located) controls sediment trapping efficiency. This is particularly important in the lower
river, where flow loss through crevassing can influence stream power, river transport capacity and thus,
infilling rates. Hence, in the lower river, accurate predictions of infilling are less dependent on
hydrograph shape, and more dependent on residual flow and loss of stream power.

The information above highlights important insights for planners to inform the timeline for dredging
activities, as well as consider the environmental and physical variables used to estimate infilling rates.



5.3 LOCAL AND REGIONAL IMPACTS ON SEDIMENT TRANSPORT
AND MORPHOLOGY

Borrow pits promote annual bed aggradation in channels next to the pits, but generally at rates that are an
order of magnitude lower than deposition within the pit. Regardless, the deposition in the channel does
not affect navigation because bed elevation there remains well below the authorized navigation depth.

Borrow pits do not affect sedimentation and erosion trends on upstream sand bars, however, the sand bars
that the borrow pits are located on as well as the sand bars located downstream experience reduced
aggradation.

The presence of the VABP reduced maintenance dredging by 3-9 %, depending on the hydrograph,
between Venice and Head of Passes, and showed no influence in maintenance dredging below Head of
Passes. The reduction in maintenance dredging volume was 15-100 times smaller than sediment volume
captured by VABP, suggesting it captures sediment that would otherwise deposit on the Pilottown
Anchorage Bar or further downstream in other distributaries (e.g., West Bay, Cubit’s gap, South Pass,
Pass A Loutre).

Experiments performed to test the effect of coarser or finer sediments in suspension did not significantly
affect borrow pit infilling rates, but influence sand bar aggradation and degradation dynamics. For
instance, when bed composition coarsens and there is more available coarse sediment in suspension from
upriver sources, upriver sand bars aggrade, and starve sand bars downriver. The coarser riverbed supplies
less sediment, and thus cannot make up the difference of the sediment deficit created by sediment volume
captured by upriver sand bar aggradation during these conditions.

The sensitivity analysis performed to test the role of upstream sediment supply on local and regional bar
dynamics indicated negligible influence on sand bar dynamics for bars located at either the Alliance reach
or the Venice reach. When coarser sediment is more available as suspended load, as well as when the
riverbed composition coarsens, at the Alliance reach, the Alliance Anchorage Bar and the Belair
Revetment Bar sequester more sand (5-35%), thus starving the downstream sand bars of sediment
reducing aggradation (15 to 38%). When finer sediment is more available as suspended load, both the
Venice Anchorage Bar and the Pilottown Anchorage Bar exhibit increased aggradation of approximately
9 and 12% respectively.

5.4 RECOMMENDATIONS FOR FUTURE WORK

The work presented here addressed several of the research questions identified by Yuill et at., (2013), and
successfully provided more accurate information on the infilling rates for borrow sites, on recovery time
of borrow pits, and on the impact on dredging. Moreover, the larger geographic extent of the models used
in this study, as compared to that used by Moffatt and Nichol, (2011), allowed for the investigation of
spatially distributed impacts as well.

There are additional questions which were not addressed in this work but would be beneficial to
investigate in the future. These include questions related to estimates of cumulative impacts of multiple
dredging sites and long term (e.g., multiyear—decadal) impacts. Having infilling rate estimates from other
sand bars along the river, and potentially from multiple dredging sites, would be beneficial to develop an



empirical function to forecast infilling rates as a function of stream power. The work presented in this
report shows how the borrow pit location along the river controls sediment trapping efficiency. However,
having only two locations (i.e., Alliance Anchorage bar and Venice Anchorage bar) where model
predictions were verified with observations, it is challenging to develop a meaningful relationship
between location of the borrow pit along the river and infilling rates. Additional studies could provide the
framework to develop such a correlation and allow engineers and planners to have an easy-to-use tool to
estimate first order infilling rates and time which will be key to plan dredging activities. One of the
models (the Alliance Model) overestimated transport rates when the Mississippi River discharge locally
exceeds 15,000 m*/s. Additional observations and more specific modeling analysis is recommended to
investigate if the current transport formulations (e.g., the Van Rijn sediment transport formulae) tend to
overestimate suspended sand transport in the Mississippi River during periods of high discharges. These
modeling experiments, tuned to local conditions, can focus in areas where sediment transport
observations exist presently, to determine model sensitivity to those formulas, at different locations and at
different flows.

Additional observations and analysis of suspended and bedform sediment flux can also be beneficial if
focused on acquiring sand transport rates over the duration of a spring flood peak to elucidate on the
internal dynamics and correlation between sand transport rate and borrow pit infilling. Sediment tracer
studies can be leveraged or also be considered and would present research opportunities to understand the
origin of infilling sediments and better correlate high-energy conditions with high infilling rates.

Finally, the types of sediment (i.e., sand or fines) that contributed to borrow pit infilling was not
specifically investigated in this study. However, future projects can consider collecting sediment samples
over time as a function of infilling or consider collecting cores post infilling to determine the type of
sediment captured by the borrow pits to better constrain model skill and predict sediment quality available
for restoration. This could also provide important insights to help design pits that are most efficient in
trapping sand.
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APPENDICES

Numerical Modeling to Estimate Sediment Infilling Rate of Lowermost Mississippi River Borrow Pits and Impacts on Downstream Dredging
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APPENDIX A. FIELD OBSERVATIONS

Sediment infilling rates and volumes of Mississippi River borrow areas are essential for understanding
sediment availability for coastal restoration projects such as marsh creation, ridge restoration, and barrier
island nourishment. The Mississippi River is assumed to be Louisiana's largest renewable sediment
source. Thus, understanding infilling rates using field observations is critical to elucidate the controls on
infilling and provide additional datasets to calibrate deterministic models. This study leveraged field
observations from the Spanish Pass Ridge and Marsh Restoration Project (BA-0191) and the more recent
construction of the Barataria Basin Ridge and Marsh Creation Project — Spanish Pass Increment (BA-
0203). The BA-0203 commonly referred to as the Spanish Pass Project (SPP) and is the first increment
under construction. The project will build 1538 acres of marsh and 132 acres of a ridge, creating a total of
1670 acres of habitat extending approximately 7.5 miles to the west of Venice, LA. The material to build
this increment originates from the dredging of sand bars in the Mississippi River just east of Venice and
extending downriver by approximately 2.5 miles. The dredging company that submitted the winning bid
and was selected for the project is Weeks Marine. The total project cost is $86.6 million. The notice to
proceed with the project was issued in February 2021, and sediment pumping began in September 2021.
It was initially expected to be completed by December 2022, although dredging continues through
February of 2023 while this report is being prepared.

Monthly river surveys conducted by Weeks Marine, the dredging company working on the project, were
used to determine the volume of sediment infilling the borrow area over time. The borrow area for the
Spanish Pass Project in the Mississippi River south of Venice, Louisiana is shown in Figure A-1.
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Figure A-1. Study area at the VABP borrow area with inset showing the position of the study area with respect to the
Mississippi River Delta Bird's Foot. The survey extent shown is the maximum extent of the surveyed area during the

study.

A.1 METHODS

Survey data of the borrow pit during dredging were interpolated to create surfaces used for the infilling
analysis.

A.1.1 Available Data

High-density single beam surveys were conducted at approximately monthly intervals beginning at the
end of October 2021. Surveys were conducted in UTM 15N and referenced to NAVD88. Both feet and
meters were provided; units of meters were used for the analysis. The surveys used for the analysis were
conducted at the end of October 2021, November 2021, December 2021, January 2022, February 2022,
March 2022, May 2022, June 2022, August 2022, December 2022, and January 2023. Surveying
problems experienced during the end of July survey resulted in a replacement survey at the beginning of
August; this survey was also used for the analysis. The April survey had irrecoverable errors and was not
used for the analysis. The extent of the area covered by the surveys increases as the dredged area
increases (Figure A-2). The extents shown delineate the areas of high-density survey data; some survey
points exist outside these bounds. In the high-density areas, streamwise survey lines were collected at
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approximately 20 m intervals; tie lines were collected in the cross-stream direction approximately every
170 m.

Figure A-2. Survey extents for the VABP borrow area. Survey extents for December and January cover very similar
areas; only December is shown for simplicity. Surveys for August, February, March, and May also cover very similar
areas; only August is shown for simplicity.

A.1.2 Raster Creation

The tie lines in the survey data often extended well past the high density streamwise survey lines to
ensure complete overlap; only the areas containing the high density streamwise lines were used to create
bathymetryic surfaces (Figure A-3). Using areas without sufficient survey point density would result in
undesirable artefacts in the interpolation. The survey points were first used to create a Triangular Irregular
Network (TIN; Figure A-3) using the ESRI Create TIN tool in the 3D Analyst toolbox. Delaunay
triangulation was used. Linear interpolation was applied to the TIN to create a 5 m raster using the ESRI
TIN to Raster tool from the 3D Analyst toolbox (Figure A-3). A slope raster was also created, using the
ESRI Slope tool in the Spatial Analyst toolbox, to check for errors or inconsistencies in the interpolation
(not shown). TINs and raster surfaces were created for each survey. When surveys were completed over
multiple consective days, points for all the survey days were combined to create a single survey for each
month (with the exception of August, which has beginning and end of month surveys).
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Figure A-3. A: Example survey points that were used to create the TIN and raster surfaces. The survey extent that
was used to select the points used to create the surfaces is also shown. B: An example of the TIN created from the
December 2021 survey points. C: An example raster surface created from the December 2021 TIN surface.
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A.1.3 Infilling Calculations

During active dredging, an area often has material removed (cut) at multiple stages. For these infilling
calculations, infill amounts were only calculated once dredging was fully complete across an area. To
determine when dredging was finished in an area, the cut sequence obtained from Weeks Marine was
used. The cut sequence shows the position of the dredge throughout active dredging (Figure A-4). At the
Spanish Pass borrow area, dredging started in the southeast part of the bar and moved to the northwest
(Figure A-5). Based on the cut sequences the borrow area was split into three analysis areas for the infill
calculations (Figure A-6). Area 1 covers the area that was dredged in October through December. Area 2
covers the area that was dredged from December through February. Area 3 covers the area that was
dredged from February to May.

Infilling amounts were calculated by subtracting the bathymetric surface at the end of dredging from each
bathymetric surface for the subsequent months. For example, the surface for December was subtracted
from the surface for January to obtain the amount of infilling between the end of December to the end of
January. All survey elevations are negative meters, referenced to NAVDSS. If the result of the subtraction
is positive, this indicates that the later survey is shallower, and the difference is the result of infilling
(Figure A-7). Negative differences indicate small areas of erosion or sediment redistribution within the
dredged area.

Sediment amounts were calculated for each of the three areas starting with the first survey after the end of
dredging through the last available survey. There are nine analysis periods for Area 1, seven analysis
periods for Area 3, and five analysis periods for Area 3.
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Figure A-4. An example of the cut sequences from October through December 2021. The cut sequences were used
to determine where dredging had occurred through time. This information was used to choose the extent of the
analysis areas for the infilling analysis.
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Figure A-5. Approximate centers of the areas dredged from the borrow areas. The movement of the dredge from the
southeast part to the northwest part of the borrow area can be seen through time.
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Figure A-6. An example of the masks used to delineate the three analysis areas shown with the August 26 survey for
reference. These areas were delineated using the cut sequence. Each analysis area is represented by a constant
value raster. Area 1 (furthest downstream, gray) covers the area that was dredged in October through December.
Area 2 (middle, red) covers the area that was dredged from December through February. Area 3 (furthest upstream,

light blue) covers the area that was dredged from February to May.
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Figure A-7. Example of an infilling raster calculated by subtracting December 2021 elevations from January 2022
elevations. The elevation difference in the borrow area shows the amount of infilling (positive values) between the

end of dredging and the January survey. Small areas of negative change around the edges of the dredged areas are
potentially the result of sediment slumping.

A.1.4 Statistics

Statistics were calculated for each analysis area using the ESRI Zonal Statistics tool. The zone was
defined by the single value raster that defines each analysis area; zone rasters were snapped to the infill
rasters for the calculation. All statistics are performed only on non-null values within the zone (Table
A-1). The total area of each analysis area is determined by the number of cells, with a non-null value, that
are part of the zone. The sum of the raster cell values represents the infill amount, in meters, that each
raster represents. The sum is then multiplied by the cell area (25 m?) to obtain the total infill volume.
Volumes per day are also provided by dividing the total volume by the number of days between the first
survey after dredging and the survey at the end of the analysis period.

A.2 RESULTS AND DISCUSSION
Sediment infilling amounts (in meters per raster cell) are shown over time for each analysis area (Figure

A-8, Figure A-9, Figure A-10, Figure A-11, Table A-1). Infilling is uneven across the borrow pits; no
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particular section is infilled first in every area. In Area 1, the downstream parts of the pit experience more
infilling, but in Area 2 the upstream end sees more infilling. Although Area 3 is the most recently dredged
and experiences the least infilling during the analysis periods, it appears to be infilling more evenly
compared to Area 1 and Area 2, at least initially. The total sediment captured by the borrow pit increases
in all the areas over time; however, the sediment infilling rate decreases over time (Table A-1).

Bedforms also exist in the borrow pits. Movement of these bedforms contributes to some of the negative
infilling values because migration of dune and ripple crests and troughs cause the bed elevation to change
without a change in volume. This can be seen especially well in Area 3 (Figure A-12). Although bedform
movement results in parts of the bed appearing to lower, the infilling volume within the borrow pit is
expected to remain the same because sums are taken over the whole area. It is possible that sediment
volume is transferred between analysis areas at the edges (such as movement of a bedform from Area 3 to
Area 2), however, this volume is expected to be small and would still be captured in the Area 2 analysis.
There is a small ridge or seam between Area 1 and Area 2 separating pits that were dredged separately;
bedforms are not expected to travel past this ridge. There is a similar but much smaller ridge between
Area 2 and Area 3, which may prevent bedforms from transferring between the two areas. It should also
be noted that the northeast half of Area 1 is significantly deeper than the southwest half (-18 m versus -15
m). These are essentially two separate borrow pits even though it is one analysis area. There is likely not
downstream bedform transfer between them. Area 1 experiences much higher infill volumes at the
downstream edges of the pits; this may be explained by bedform migration that this then ‘trapped’ at the
downstream edge of the borrow pit.

Small areas of bed lowering around the edges of the borrow pits are likely the result of sediment
slumping.
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Figure A-8. Raster infill amounts in meters per cell for Area 1 through time. This figure does not include the last three
surveys. The last three surveys are included in Figure A-9. The dates are December 2021 through August 2022.
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Figure A-9. Raster infill amounts in meters per cell for Area 1 through time, including the final survey at the end of
January 2023. The dates are December 2021 through January 2023.

Numerical Modeling to Estimate Sediment Infilling Rate of Lowermost Mississippi River Borrow Pits and Impacts on Downstream Dredging
A-13



Figure A-10. Raster infill amounts in meters per cell in Area 2 from February to December 2022. The January 2023
survey is included in Figure A-10.
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Figure A-11. Raster infill amounts in meters per cell in Area 2 through January 2023.
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Figure A-12. Raster infill amounts in meters per cell for Area 3 through time.
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Table A-1. Infilling statistics for each analysis area. Date start represents the start of the current analysis period, which is a survey date. Date end represents the
date of the next survey used to calculate the infill volume. Area represents the total analysis area used for that analysis period; the August 9 and January 27
surveys have slightly smaller footprints that do not fully cover the analysis area. Infill volume is calculated using the elevation change in each raster cell multiplied
by the cell area (25 m?). One month is standardized to 30 days in the m3/month column. The final analysis period for each analysis area is shown in bold

Date start Date end g:;;ber of Area (m?) EE:;;I volume Eggllgzg)Rate 22:;/':]2?153%
1 12/20/2021 1/24/2022 35 313,225 264,299 7,551 226,542
1 1/24/2022 2/23/2022 30 313,225 74,138 2,471 74,138
1 2/23/2022 3/24/2022 29 313,225 37,715 1,301 39,016
1 3/24/2022 5/23/2022 60 313,225 1,788 -30 -900
1 5/23/2022 6/23/2022 31 313,225 63,771 2,057 61,714
1 6/23/2022 8/9/2022 47 312,675 41,102 875 26,236
1 8/9/2022 8/26/2022 17 313,225 -909 -53 -1,604
1 8/26/2022 12/27/2022 123 313,150 76,102 619 18,561
1 12/27/2022 1/27/2023 31 310,250 239,146 7,714 231,431
2 2/23/2022 3/24/2022 29 173,775 121,090 4,176 125,266
2 3/24/2022 5/23/2022 60 173,775 151,113 2,519 75,556
2 5/23/2022 6/23/2022 31 173,775 1,037 33 1,004
2 6/23/2022 8/9/2022 47 173,525 19,119 407 12,204
2 8/9/2022 8/26/2022 17 173,775 -520 -31 -918
2 8/26/2022 12/27/2022 123 173,675 43,983 358 10,728
2 12/27/2022 1/27/2023 31 172,475 115,546 3,727 111,819
3 5/23/2022 6/23/2022 31 145,325 20,654 666 19,988
3 6/23/2022 8/9/2022 47 144,925 26,165 557 16,701
3 8/9/2022 8/26/2022 17 145,325 1,515 89 2,674
3 8/26/2022 12/27/2022 123 145,275 38,887 316 9,485
3 12/27/2022 1/27/2023 31 135,975 96,643 3,118 93,526
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APPENDIX B. ALLIANCE MODEL

The Alliance Model is a further development of an existing Delft3D-4 model developed and described in
Yuill et al. (2015). This Appendix provides a detailed description of the model characteristics,
improvements, model calibration process, and results from simulation experiments, including sensitivity
analysis.

B.1 MODEL IMPROVEMENTS

The original model (Yuill et al., 2015) was improved using new available datasets for initial conditions,
model calibration, and newer observations and information to inform model sensitivity analysis. These
improvements include:

e Adjustment of horizontal and vertical grid resolutions (this includes refinement and de-refinement
balancing resolution where needed and relaxing resolution where reasonable to balance accuracy
and computational efficiency).

e Implementation of a spatially varying eddy viscosity informed by experiments conducted with a
Regional 3-D Model for the Lower Mississippi River (Reins, 2018).

o Adjusted median grain diameters of the sand fractions and added a silt fraction in the sediment
transport model.

e Updated and redefined spatially varying layered bed stratigraphy based on recent field
observations (M. Allison et al., 2018b, 2018a)

e Prepared boundary conditions and simulation setups to examine additional river hydrographs (i.e.,
2010, 2011, 2016 and 2019).

e Implementation, re-analysis, and validation of an updated morphological scale factor of 10 to
allow for morphological simulations of a full river hydrograph to allow examination of full
transient conditions.

¢ Implementation of new monitoring points and cross sections for comparison with measurement
data.

o Implantation of polygons to allow for post-processing of regional to local geomorphic change for
channel, bar, and borrow pit volumetric analysis and aggradation and degradation patterns.

B.2 MODEL DOMAIN AND GRID

The three-dimensional model represents the Mississippi River between the upstream boundary near Belle
Chasse (RM 75) and the downstream boundary located at RM 55 (Figure B-1). The borrow pit is situated
in the middle of the domain between RM 64 and 65. The model has a structured curvilinear grid with
457x87 elements. Cell sizes measure between 12 m (laterally) by 20 m (longitudinally) around the
borrow pit area. Grid resolution across the rest of the model domains remains similar in lateral direction
but is gradually de-refined in longitudinal direction. Most of the grid cells outside of the area of interest
therefore gradually increase to around 100 m in streamwise direction. The vertical grid consists of 10
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non-equidistant sigma-layers with thinner layers near the bed and thicker layers near the water surface.
The layers thicknesses are as follows, expressed as percentage of the water column from top to bottom:
29.2,22.8,16.8,11.8,7.8,4.8,2.8,1.8,1.2,and 1.0 %.

Figure B-1. Model domain of the Alliance Model (in blue) with the USACE river mile markers in white, and the USACE
river gauges in red that were used to define the downstream stage boundary condition.

B.3 BATHYMETRY

The model bathymetry is derived from a raster that was collected for the National Oceanic and
Atmospheric Administration (NOAA)’s National Ocean Service (NOS) Hydrographic Survey (Dasler,
2019b). The raster (Survey ID H13194) is based on multibeam echo sounder data collected between
October 2018 and April 2019. After conversion to a 5-meter raster, the data was interpolated onto the
model grid through triangular interpolation. Following model calibration, the AABP was implemented to
facilitate experiments and the matrix of simulations presented in Section B.6. The footprint and depth of
the borrow pit were informed by pre-dredging surveys conducted by Weeks Marine and the preliminary
cut footprint proposed and shared with the Institute by Moffatt and Nichol, who is the engineer of record
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for the project. The shared drawings were used to emplace the pit dimensions and used side slopes to
determine the shape of the borrow pit and using that information the initially point cloud for the model
bathymetry was updated, and the borrow pit shape interpolated onto the model bathymetry.

B.4 HYDRODYNAMICS

B.4.1 Boundary Conditions

The upstream model boundary was set at the United States Geological Survey (USGS) station at Belle
Chasse (station number 07374525, Figure B-1) which provides a long-term historical record of
Mississippi River discharges and stages. Daily averaged discharge volumes were used as an upstream
boundary condition. The downstream model boundary is located at RM 55 where no stage data is
available. The nearest stations with stage data are the U.S. Army Corps of Engineers (USACE) gauges at
Alliance (013190, at RM 62.5) and West Pointe a la Hache (01400, at RM 48.7) (Figure B-1). These two
stages were converted to water levels referenced to NAVD88. Linear interpolation was applied between
the water level timeseries at Alliance and West Point a la Hache to obtain the water level timeseries at
RM 55, which was used as the downstream boundary condition.

B.4.2 Calibration

The model used a uniform Chézy roughness of 65 m*?/s which reproduces the most realistic
hydrodynamic patterns similar to results reported by Yuill et al. (2015). Despite the fact that the Alliance
gauge stage was used to partially inform the downstream boundary conditions, model stage predictions
within the model domain near Alliance were compared to that gauge, to ensure reasonable model skill,
with results showing a close agreement in Figure B-2. Additional calibration included comparing the
model with hydrodynamic observations using vessel based synoptic acoustic doppler current profile
(ADCP) data, to ensure predicted velocities agreed with observations. Velocity calibration results (Figure
B-3) show that the model reasonably agrees with observations of depth integrated velocity in the
transverse direction. The model predicts observed velocity near the west bank (left) very well, slightly
underestimates velocity magnitude approximately 50-300 m from the west bank, and slightly
overestimates velocity in the main channel and reproduces velocity on the east bank very well (Figure
B-3).
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Mississippi River at Alliance, RM 62.5 (USACE 01390)
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Figure B-2. Comparison of water levels between model and observations at the USACE Mississippi River station at
Alliance for year 2018. It should be noted that the Alliance gauge stage was used to partially inform the downstream
boundary condition of the model.

Figure B-3. Comparison of water velocity between model and observations at two transects near Poverty Point for
year 2018 (April 24 on the left and April 25 on the right). Observed data from (M. Allison et al., 2018a).The black line
shows bed elevation (in m NAVD88) in the model for the same cross sections.

B.5 SEDIMENT TRANSPORT AND MORPHOLOGY

B.5.1 Boundary Conditions

The Van Rijn sediment transport formulae (Van Rijn, 1993) were used to predict a base value for the sand
fraction of sediment flux, including suspended sediment and bedload transport, throughout the model
domain. Four sediment fractions were included in the model: silt (50 micron) and three classes of sand,
consisting of very fine sand (92 micron), fine sand (183 micron), and medium sand (367 micron), based
on a previous regional model of the Lower Mississippi River (Reins, 2018). These classes were the same
as in Reins, (2018), which follows methodology that was developed and employed previously by
McCorquodale et al. (2017). These classes were further confirmed by using bore logs, grab samples and
other available geotechnical information conducted by Eustis Engineering Company, Fugro Consultant
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Inc., and Ocean Survey Inc. at Bayou Dupont and Wills Point, Alliance Anchorage, and Alliance South
(Eustis Engennering Company, Inc., 2006; Fugro Consultant, Inc., 2012; Ocean Survey, Inc., 2011)

The suspended sediment concentration in the Mississippi River imposed at the upstream open boundary
was based on observed daily water discharge and though the use of sediment rating curves previously
developed by the Institute. In particular:

e A traditional rating curve developed for the Baton Rouge location was used for sand (Bregman et
al., 2020; Messina et al., 2021). This curve is a function of water discharge only, it is based on
observations spanning 2008-2012, and has the following form:

Suspended Sand Load (metric tons/day) =a x [1 — exp(—b X Q)] + ¢ X [1 — exp(—d X Q)]
°© a=-2145x10°
° ph=2855x10°
°© ¢=3.261x10°
°© d=1.242x107%
where Qy is the water discharge (cubic meters per second [m?/s]).
The sand concentrations at the upstream boundary were assumed to consist of 20% very fine

sand, 60% fine sand, and 20% medium sand. Sensitivity simulations were performed with
different distributions (see Appendix B.6 Model Simulation Matrix).
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Figure B-4. Sand rating curve used in the model: sand concentration as a function the river discharge.
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e A hysteresis rating curve developed for the Belle Chasse location was used for fine sediment.
Belle Chasse was selected because this location (USGS gauging station at river kilometer 117.5)
has sufficient turbidity data available to develop the hysteresis sediment rating curve for total load
(Liang, Meselhe, Messina, & Ortals, 2016). This curve estimates total fine sediment, 75% of it is
estimated to be silt based on grain size data available from USGS and this was implemented in
the model.

B.5.2 Bed Stratigraphy

The morphology model employs the mobile bed capability of Delft3D-4 by adopting a bed stratigraphy
built up of multiple layers that consist of a mixture of different sand fractions (Table B-1). The thickness
of the mobile bed was set to 0 in sections deeper than -27.5 m NAVD88 to avoid the presence of erodible
bed sediment in section where the riverbed reached the non-erodible substrate, such as in the river’s
thalweg (Nittrouer, Mohrig, Allison, & Peyret, 2011; Viparelli, Nittrouer, & Parker, 2015). The mobile
bed thickness varies between 0 m at a bed elevation of -27.5 m NAVD88 to a maximum of 5 m at or
above bed elevations of 15 m NAVD88. Sand bars within the area of interest have bed elevations that fall
within this range (Figure 2). The bed composition in the model, which is based on previously collected
field data (M. Allison et al., 2018a, 2018b), varies between the five different layers and contains more
medium sand in the surface layer and mostly fine sand in the deepest layer, to replicate a graded bed with
a coarsening upward sequence (Table B-1). Sensitivity simulations were performed with different bed
compositions (see Appendix B.6 Model Simulation Matrix).

Table B-1. Composition (expressed as mass fraction) of sediment layers that form the bed stratigraphy in the
morphological model.

Layer number Very fine sand (%) Fine sand (%) Medium sand (%)
1 (surface) 7% 43% 50%

2 7% 58% 35%

3 7% 73% 20%

4 12% 78% 10%

5 (deepest) 22% 71% 7%

B.5.3 Calibration

The model was calibrated by adjusting multiplication factors for suspended sediment reference
concentrations to obtain agreement between measured and modeled suspended sediment transport (i.e.,
sand, silt, and total) at two locations within several kilometers from the borrow pit, at RM 68 and 62
(Figure B-5 through Figure B-10). During the sediment model calibration, suspended sediment data
collected by the Institute was used (M. Allison et al., 2018a, 2018b). The final calibration step included
ensuring a stable morphology for simulations that lasted for one year, to ensure that the model did not
produce morphology runaway behavior. During that process, incremental adjustments were made to the
longitudinal and transverse bed gradient factors for bed load transport, to match the overall bar shape and
order of bed level change observed in the river from historic and repeat bathymetry (Yuill et al., 2015)
and more recent comparisons of bathymetry change such as the 2018 NOAA bathymetry (Dasler, 2019a).
An overview of key calibration factors is given in Table B-2.
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During the calibration process, additional sensitivity experiments were performed with the model to test
variations in parameters such as median grain size, composition and thickness of the bed sediment layer,
diffusivity, and viscosity. This interactive process helped develop the final model setup with the default
initial conditions finalized for use in the project simulations.

The model reproduced observations of suspended total sediment flux and sand flux in 2018, collected at
RM 62 and RM 68, from well to reasonably well. The model reproduced sand transport at RM 68 very
well at intermediate flows, and reasonably well at higher flows (Figure B-5), while total transport and silt
transport were reproduced by the model very well across all flow regimes (Figure B-6 and Figure B-7). At
RM 62, the model reproduced sand transport, silt transport, and finally total transport very well compared
to observations for both high and low flow in the river (Figure B-8 to Figure B-10).

Bedform transport rates predicted by this model aligned well with transport rates calculated in previous
studies (Figure B-11).

Table B-2. Key model calibration factors for sediment transport and morphology.

Parameter Value

Multiplication factor for suspended sediment reference concentration 0.5
Multiplication factor for bed-load transport vector magnitude 1
Streamwise bed gradient factor for bed load transport 3
Transverse bed gradient factor for bed load transport 10

Figure B-5. Observed discharge (blue line), modelled sand transport flux (light blue line) and observed sand fluxes
(black circles) at RM 68.
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Figure B-6. Observed discharge (blue line), modelled total sediment transport flux (light blue line) and observed total
sediment fluxes (black circles) at RM 68.

Figure B-7. Observed discharge (blue line), modelled silt transport flux (light blue line) and observed silt fluxes (black
circles) at RM 68.
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Figure B-8. Observed discharge (blue line), modelled sand transport flux (light blue line) and observed sand fluxes
(black circles) at RM 62.

Figure B-9. Observed discharge (blue line), modelled silt transport flux (light blue line) and observed silt fluxes (black
circles) at RM 62.
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Figure B-10. Observed discharge (blue line), modelled total sediment transport flux (light blue line) and observed total
sediment fluxes (black circles) at RM 62.

Figure B-11. Bedform transport rates predicted by the Alliance Model in blue circles. Data from previous Mississippi
River bedload transport studies at Poverty Point (purple circles), Will's Point (green circles), Bonnet Carré 2018
(orange diamonds), Bonnet Carré 2013—-2014, Bohemia 2013—-2014 (red squares), Myrtle Grove and other sites
further downriver in 2008-2011 (white triangles). Regression published for 2003—2006 in the lower river by (Nittrouer
et al., 2008) is included. Figure adapted from (M. Allison et al., 2018a).
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B.6 MODEL SIMULATION MATRIX

Baseline simulations with the Alliance Model comprise with-pit and without-pit scenarios for each of the
selected river hydrographs (i.e., 2010, 2011, 2016, and 2019). In addition to the baseline simulation for
the AABP model which included sediment transport settings and boundary conditions presented in this
appendix (i.e. the 2011 hydrograph and the presence of a 5.3 million m® borrow pit), additional
simulations were performed to test the following: (1) absence of borrow pit, (2) borrow pit with smaller
volume, (3) evaluating different hydrographs, (4) assessing the presence of sediment diversion upstream,
(5) changes in upstream sediment supply via changes in the upstream sediment concentration, (6) changes
in sediment grain size distribution, and (7) changes in sediment grading distribution. Table B-3 presents
the matrix of all simulations that were performed and provides detailed information about the changes
made to specific parameters or model inputs.
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Table B-3. Matrix of all simulations performed with the Alliance Model. VF=very fine, F=fine and M=medium sand. The box highlighted in light blue for each
simulation represent the model input that was varied from the baseline simulation.

Presence of

Simulation Name Hydrograph Medlan sediment Ups-tream Bed §ed|ment sediment Variation
diameter (D50) sediment supply grading . .
diversions
coarser:
7%/25%1/68%
2011 with AABP, VF sand 92 um 20% VF. 60% F VF/FIM in top N
coarser bed 2011 F sand 183 um and 20% M sand layer, None Bed composition
composition M sand 367 um 22%/50%/28%
VF/F/M in bottom
layer
default:
7%143%/50%
VF sand 92 um .
. 20% VF, 60% F VF/FIM in top
2010 with AABP 2010 :As:::dlsé%?unr]n and 20% M sand layer, 229/71%/7% None Hydrograph
H VF/F/M in bottom
layer
default:
7%143%/50%
VF sand 92 um .
. 20% VF, 60% F VF/F/M in top .
2011 with AABP 2011 E/ls‘::::d132’32;1n:]1 and 20% M sand layer, 22%/71%/7% None Baseline
H VF/FIM in bottom
layer
default:
7%/43%/50%
VF sand 92 pm 0 0 .
2016 with AABP 2016 (Oct 2015-Sep F sand 183 pm 20% VF, 60% F VF/F/M in top None o

2016)

M sand 367 um

and 20% M sand

layer, 22%/71%/7%
VF/F/M in bottom
layer
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Simulation Name

Hydrograph

Median sediment
diameter (D50)

VF sand 92 um

Upstream
sediment supply

Bed sediment
grading

default:
7%/43%/50%

Presence of
sediment
diversions

Variation

M sand 367 um

VF/F/M in bottom
layer

. 2019 (Sep 2018- 20% VF, 60% F VF/F/M in top
2019 with AABP Aug 2019) I;AS::: d1§ :7unr1n and 20% M sand layer, 22%/71%/7% None Hydrograph
H VF/F/M in bottom
layer
default:
0, 0,
. 20% VF, 60% F 7%/43%/50%
2011 with AABP, VF sand 92 um and 20% M sand . .
VF/F/M in top Sediment
20% reduced 2011 F sand 183 um None .
. . layer, 22%/71%/7% concentration
sediment supply M sand 367 pm Concentration .
VF/F/M in bottom
reduced by 20%
layer
default:
. 7%/43%/50%
Izaorlir"z:: dAfa?:’ 2011 \F/I:asna;gslcfotlnm 25% \/F,50% F | VF/F/M in top None Sediment Grain
dia?neters g e 3 40“ . and 25% Msand | layer, 2296/71%/7% Size
H VF/FIM in bottom
layer
default:
7%/43%/50%
. VF sand 92 pm . .
2011 with AABP 20% VF, 60% F VF/F/M in top . . Anthropogenic
and MBSD 2011 F sand 183 um and 20% M sand layer, 22%/71%/7% Mid Barataria 75k factors

Numerical Modeling to Estimate Sediment Infilling Rate of Lowermost Mississippi River Borrow Pits and Impacts on Downstream Dredging
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Simulation Name

2011 with AABP

Hydrograph

Median sediment
diameter (D50)

VF sand 92 um

Upstream
sediment supply

20% VF, 60% F

Bed sediment
grading

default:
7%/43%/50%
VF/F/IM in top

Presence of
sediment
diversions

Mid Barataria 75k +

Variation

Anthropogenic

by 36%

M sand 367 um

VF/F/M in bottom
layer

g/lDB SDand Breton | 2011 IT/IS::: dl:?:?u;?n and 20% M sand layer, 22%/71%/7% Mid Breton 50k factors
VF/F/M in bottom
layer
default:
7%/43%/50%
2011 without 2011 \F/:a;a(;“i::;‘r: 20% VF,60% F | VF/FIM in top None o borrow pi
AABP M sand 367 um and 20% M sand layer, 22%/71%/7%
VF/F/M in bottom
layer
default:
2011 with AABP, VF sand 92 um 7%/43%/50% _
re?duced pit volume [ 2011 F sasnii (i:B 5m 20% VF, 80% F VF/FIM in top None PitVolume
and 20% M sand layer, 22%/71%/7% Reduction
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B.7 MODEL RESULTS

Sensitivity tests evaluating the influence of bed stratigraphy on sediment supply and consequences in
infilling rates showed that when the bed composition coarsens from 43% fine sand and 50% medium sand
(183 and 367 microns, respectively) to 25% fine sand and 68% medium sand in the upper layer (while
maintaining 7% very fine sand of 91 microns), total sand transport rates are reduced (Figure B-12C)
increasingly with discharge (Figure B-12) and is ~10% lower when discharge exceeds 20,000 m®/s
(Figure B-12C) for the scenario with a coarser bed composition. Cumulative infilling is most noticeably
influenced when flows are above 30,000 cfs, resulting in a reduction in sediment infilling volumes of 8%
(or 250,000 m®) by the end of the year for hydrograph 2011 (Figure B-12A).

Adjustments in upstream sediment supply, tested by reducing the upstream sediment concentration by
20% showed no changes in infilling rates (Figure B-13A). Tests with changed sediment characteristics
(i.e., larger grain diameters for the very fine and fine sand fractions) showed that total sand transport
decreased appreciably (up to 25%, Figure B-14C) but resulted in a much smaller magnitude change in the
infilling rates of the order of 5% (Figure B-14A). Experiments with a reduced pit volume while
maintaining the same borrow pit footprint showed little deviation from results with a deeper borrow pit
(Figure B-15 A, B, C). Finally, upstream extractions of water and sediment due to the implementation of
sediment diversions, showed noticeable change in the results (Figure B-16 A, B, C). The operation of the
sediment diversions, removes water and sediment when flow is high in the main stem of the river, thus
work to attenuate the hydrograph peak (Figure B-16B). Proportionally, the decline is residual flow
resulting from the removal of water due to the diversions diminishes stream power, and thus total sand
transport (Figure B-16C). As a result, cumulative infilling rates vary proportional to the flow extraction
magnitude, and deviation from the reference case can be as much as 300,000 m? of sediment, and by the
end of the simulation period total infilling can be more than 10% lower in the scenario where both
diversions are operated (Figure B-16A).

Flow seasonality also contributes to the aggradation and degradation of sand bars in the Mississippi River
(Nittrouer, Allison, & Campanella, 2008). Model results show that the Wills Point Bar upstream of
Alliance Bar exhibits high variance of aggradation trends proportional to the river hydrograph (Figure
B-17) with the lower aggradation during 2010 (~1,300,000 m®) and the highest in 2019 (~4,100,000 mq),
whereas the Alliance Bar exhibits far less variance. Downstream of the Alliance Bar, the Belair
Revetment experiences low aggradation, while the Lower Alliance Revetment shows degradation of the
same order as Belair (~0.1-300,000 m®), and lastly Harlem Revetment bar shows aggradation ranging
from 200,000-900,000 m? (Figure B-17). Changes in the upstream sediment supply, bed composition and
size, and distribution of sand between sediment classes has a lesser influence of bar storage, aggradation,
and degradation trends compared to the river hydrograph (Figure B-18).
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Figure B-12. AABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),
Mississippi River discharge at Belle Chasse (B), and total sand transport at RM 67 (i.e., just upstream of the pit) (C)
modeled for the Alliance Model with the default and a coarser bed composition scenario (Table B-3). The default
scenario has 7% very fine sand, 43% fine sand and 50% medium sand in the upper layer. The variation on bed
composition has a coarser upper layer consisting of 7% very fine sand 25% fine sand and 68% medium sand. Bed
sediments in lower layers become gradually finer for both scenarios.
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Figure B-13. AABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),
Mississippi River discharge at Belle Chasse (B), and total sand transport at RM 67 (i.e., just upstream of the pit) (C)
modeled for the Alliance Model with default and 20% reduced upstream sediment supply scenarios (Table B-3).
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Figure B-14. AABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),
Mississippi River discharge at Belle Chasse (B), and total sand transport at RM 67 (i.e., just upstream of the pit) (C)
modeled for the Alliance Model with the default and larger sediment grain diameters (Table B-3). The default
scenarios has very fine, fine, and medium sand represented with fractions of 92, 183, and 367 microns, with an
upstream supply split 20%/60%20% between the fractions, respectively. The scenario with adjusted sediment
characteristics has very fine, fine, and medium sand represented with fractions of 150, 230, and 340 microns, with an
upstream supply split 25%/50%25% between the fractions, respectively.
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Figure B-15. AABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),
Mississippi River discharge at Belle Chasse (B), and total sand transport at RM 67 (i.e., just upstream of the pit) (C)
modeled for the Alliance Model with the default and 36% reduced borrow pit volumes (Table B-3).
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Figure B-16. AABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),
Mississippi River discharge at Belle Chasse (B), and total sand transport at RM 67 (i.e., just upstream of the pit) (C)
modeled for the Alliance Model with and without presence of sediment diversions (Table B-3).
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Figure B-17. Volume Changes at sand bars between Wills Point (RM 66) and Myrtle Grove (RM 58) for the first 7
months of different hydrographs with the AABP (RM 65). See Figure 2 for locations of polygons used to define bars

for these calculations.
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Figure B-18. Volume Changes at sand bars between Wills Point (RM 66) and Myrtle Grove (RM 58) for various
sensitivity tests simulated for the first 7 months of hydrograph 2011 with the AABP , RM 65. See Figure 2 for

locations of polygons used to define bars for these calculations.
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B.8 PREVIOUS FIELD OBSERVATIONS

Figure B-19 shows the inter-survey infilling rates found for the borrow area dredged in 2010 from the
Alliance Anchorage Bar as calculated by Yuill et al., (2015). The shown infilling rates are spatial
averaged for the entire borrow pit. Bar-wide erosion led to net erosion in the borrow pit in the period
between January 2011 and April 2011, while infilling occurred during the remainder of the spring 2011

flood peak (Yuill et al., 2015).

Figure B-19. Measured infilling rates of the Alliance Anchorage Borrow Area (280,000 m?, 1,46 million m®) after
completion of dredging for the Bayou Dupont marsh creation project in March 2010 (Yuill et al., 2015) (upper panel).

Mississippi River Discharge at Belle Chasse indicating periods with rising and falling limbs. Rising and falling limbs
were calculated using a two-week window (lower panel).
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APPENDIX C. LOWERMOST MISSISSIPPI RIVER
MODEL

The LMR Model is a 3D hydro-morphodynamic Delft3D-4 model that represents the Mississippi River
downstream of Empire, Louisiana, and includes the main Mississippi River delta distributaries. The
model is an improvement of a previous regional model (Reins, 2018). This Appendix provides a detailed
description of the model characteristics, improvements, the calibration process, and key results.

C.1 MODEL IMPROVEMENTS

The model domain was significantly modified from the original model (Reins, 2018) by expanding the
model grid towards Breton Sound Basin around Neptune Pass and Fort St. Philip and by including all
major distributaries. For this reason, most of the model input files (e.g., topography and bathymetry,
boundary condition files) were recreated from the most recent available data and the model was re-
calibrated.

C.2 MODEL DOMAIN AND GRID
The model domain covers the Mississippi River downstream of Empire, Louisiana (RM 33), and its
distributaries. The borrow pit is located between RM 7 and 9. Additionally, the following crevasses,
outflows, and distributaries are represented by the model domain (also shown in Figure C-1):

o Neptune Pass near Ostrica, Louisiana

e Multiple crevasses in the Fort St. Philip area

o Baptiste Collette

e Grand Pass and Tiger Pass

e West Bay Sediment Diversion

e Main Pass and Cubit’s Gap (including Octave Pass)

e Pass a Loutre (including Dennis Pass and Southeast Pass)

e South Pass

e Southwest Pass

The structured curvilinear grid consists of 190 cells in lateral direction and 990 cells in streamwise
direction. The main stem of the Mississippi River is composed of 38 grid cells across the width of the
channel, resulting in an average cell width (i.e., size in lateral direction) of 25 m. Between Neptune Pass
and Head of Passes, grid cells have a length (i.e., size on streamwise direction) of 50 meters, which
gradually increases outside of this reach while maintaining sufficient resolution to adequately resolve the
curvature and bathymetric variability of the river channel. Downstream of Head of Passes, the main stem
within the model domain bifurcates into Southwest Pass (14 grid cells wide), South Pass (7 grid cells
wide), and Pass a Loutre (13 grid cells wide). The vertical grid consists of 10 non-equidistant sigma-
layers with thinner layers near the bed and thicker layers near the water surface. The layers thicknesses
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are as follows, expressed as percentage of the water column from top to bottom: 25.25, 20.5, 16.25, 12.5,
9.25, 6.5, 4.25, 2.7, 1.8, and 1.0%.

C.3 BATHYMETRY

The model bathymetry is primarily derived from multiple rasters that were collected for NOAA’s NOS
Hydrographic Survey (Dasler, 2019b). The rasters (survey IDs H13195, H13196, H13212) are based on
multibeam echo sounder data collected between October 2018 and April 2019. A combined 5-meter raster
was created from the individual rasters. However, the spatial coverage of these rasters is limited to the
Mississippi River channel and a section in Southwest Pass is missing. This missing section and areas
outside of the Mississippi River were derived from the 2022 USGS CoNED Topobathymetric Model with
a 1-meter resolution that was developed for CPRA (OCM Partners, 2022). The data was interpolated onto
the model grid through triangular interpolation.

After model calibration, the VABP was implemented to perform the matrix of simulations presented in
Appendix C.6. The footprint and depth of the borrow pit were derived according to the dredging design
drawings shared by the engineering team (Baird and Associates) and the dredging footprint received by
Weeks Marine.

C.4 HYDRODYNAMICS

C.4.1 Boundary Conditions

A discharge boundary condition is applied to the upstream model boundary which is located near Bayou
Lamoque (RM 33). The USGS station at Belle Chasse (station number 07374525) is the closest location
with continuous discharge records of the Mississippi River (located at RM 76). To approximate the river
discharge at the model upstream boundary, a reduction was applied to the discharge volumes to account
for losses through Mardi Gras Pass (RM 43) and leakage through smaller cuts and channels along the
Bohemia Spillway and other sections of the Mississippi River’s east bank where no federal levees are
present only natural levees, based on loss rates obtained by (Georgiou & Trosclair, 2013). The total loss
of discharge between Belle Chasse and Empire varied between 2.5% for discharges up to 17,000 m3/s
(600,000 cfs) up to 7-8% for discharges above 28,000 m*/s (1 million cfs).

Separate water level boundary conditions are specified for each of the Mississippi River’s major
distributaries as listed in Table C-1 and depicted in Figure C-1. The hourly water level timeseries were
obtained from the nearest Coastwide Reference Monitoring System (CRMS) station. Not all CRMS
stations had continuous data available for the period of interest, in which case the closest neighboring
stations was used as a replacement for missing data. In several instances, the nearest CRMS station was
located significantly (i.e., 5 km or more) upstream or downstream from the model’s boundary condition
location, which often led to an overestimation or underestimation of conveyed discharge. In some other
cases, such as CMRS0163, the station was located outside of the primary channel of the distributary,
leading to an underestimation of the stage and consequently an overestimation of the distributary
discharge. Adjustments to the water level timeseries were therefore made during the calibration process to
obtain a more accurate discharge distribution across the distributaries. The magnitude of these
adjustments was typically 10-20 cm which equates to a water surface slope in the order or 2-:10° (i.e., 2
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cm per kilometer), which is of the same order of magnitude as slopes found in previous studies (Esposito,
Georgiou, & Kolker, 2013) (Esposito, Georgiou, & Straub, 2020).

Figure C-1. Model domain of the LMR Model (in green) with the CRMS stations (yellow) and NOAA station (blue) that
were used to define downstream model boundary conditions, and USACE stations (red) used for water level
calibration.
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Table C-1. Boundary condition data used for distributaries in the Lowermost Mississippi River that are resolved within
the Delft3D-4 model.

. Station used for water level boundary Water level
Distributary name . .
condition adjustment
Ostrica area (incl. Neptune Pass) CRMS0118 NA
Fort St. Philip area CRMS0139 NA
Baptiste Collette CRMS2614 NA
Grand Pass CRMS0163 +0.10 m
Tiger Pass CRMS0163 +0.10 m
West Bay Sediment Diversion CRMS2608 NA
Main Pass CRMS4626 NA
Octave Pass CMRS4448 -0.10 m
Pass a Loutre CRMS0156 -0.20m
Southeast Pass CRMS0156 -0.20m
Dennis Pass CRMS0154 -0.08 m
South Pass CMRS0159 -0.10 m
Southwest Pass NOAA 8760922 Pilots Station East NA

C.4.2 Calibration

The hydrodynamics model was calibrated for the years 2015, 2021, and the first half of 2022. Model
results were compared to measurements of water levels along the Lowermost Mississippi River, and the
distribution of discharge across the main distributaries. A spatially uniform Manning’s roughness
coefficient of 0.0165 yielded the closest agreement between modeled and measured water levels and
discharges. A comparison between modeled and measured water levels is displayed in Figure C-2 for year
2015 and in Figure C-3 for January 2021 through June 2022.

An overview of the discharge calibration results is given by Figure C-4 for year 2015 and Figure C-5 for
January 2021 through June 2022. The model calibration results were improved by adjusting downstream
water levels as described in Appendix C.4.1 and by manually editing the bathymetry in some grid cells to
ensure channel continuity and proper conveyance, which could have been lost when interpolating the
original raster onto the model grid. These figures indicate a close agreement between diverted discharges
in the model and measurements, for both high and low Mississippi River discharges. Additionally,
adjustments were made to the bathymetry in Neptune Pass and to the Fort St. Philip crevasses to represent
the changes in conveyance between 2015 and 2021. Discharges were calibrated to match measurement
data of each period, as shown in Figure C-6 for Neptune Pass (referred to as Ostrica Reach) and Figure
C-7 for Fort St. Philip for both the 2015 and 2021-2022 simulations
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Figure C-2. Comparison of daily averaged water levels between model and observations at the USACE stations
shown in Figure C-1 for year 2015.
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Figure C-3. Comparison of daily averaged water levels between model and observations at the USACE stations
shown in Figure C-1 for between January 2021 and June 2022.
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Figure C-4. Comparison of modeled and measured discharges diverted through distributaries in the Lowermost
Mississippi River, displayed as function of the Mississippi River discharge at Belle Chasse. Modeled data is from the
simulation that represents year 2015. Locations of the distributaries are indicated in Figure C-1. Data for the Fort St.
Philip area is based on Olga Revetment discharge data provided by Dave Ramirez (USACE). Measured data in the
Ostrica reach is derived from a survey between 18-29 January 2016 (Weathers, Allison, Ramatchandirane, & Yuill,
2016). Other discharges are obtained from synoptic ADCP surveys collected by the USACE New Orleans District.
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Figure C-5. Comparison of modeled and measured discharges diverted through distributaries in the Lowermost
Mississippi River, displayed as function of the Mississippi River discharge at Belle Chasse. Modeled data is from the

simulation that represents the period between January 2021 and June 2022. Locations of the distributaries are
indicated in in Figure C-1. Data for the Fort St. Philip area is based on Olga Revetment discharge data provided by
Dave Ramirez (USACE). Measured data in the Ostrica reach is derived from a survey on May 24, 2022 (Alexander S.
Kolker & Weathers, 2022). Other discharges are obtained from synoptic ADCP surveys collected by the USACE New
Orleans District.
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Figure C-6. Comparison of modeled and measured discharges diverted through Neptune Pass and other crevasses
in the Ostrica area, displayed as function of the Mississippi River discharge at Belle Chasse. Modeled data is from

the simulations that represent the year 2015 and the period between January 2021 and June 2022. Measured data is
derived from a survey between 18-29 January 2016 (Weathers et al., 2016) and another survey on May 24, 2022
(Alexander S. Kolker & Weathers, 2022).
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Figure C-7. Comparison of modeled and measured discharges diverted through the crevasses in the area near Fort
St. Philip, displayed as function of the Mississippi River discharge at Belle Chasse. Modeled data is from the
simulations that represent the year 2015 and the period between January 2021 and June 2022. Measured data is
based on Olga Revetment discharge data provided by Dave Ramirez (USACE) and a survey on May 24, 2022
(Alexander S. Kolker & Weathers, 2022).
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C.5 SEDIMENT TRANSPORT AND MORPHOLOGY

C.5.1 Boundary Conditions

The Van Rijn 2004 sediment transport formulae were used in the model to predict a base value for the
sand fraction of sediment flux, including suspended sediment and bedload transport. Four sediment
fractions were included in the model: silt (50 micron) and three classes of sand, consisting of very fine
sand (92 micron), fine sand (183 micron), and medium sand (367 micron). These sediment classes were
the same as in (Reins, 2018), which follows methodology that was developed and employed previously
by McCorquodale et al. (2017). These sediment classes were further confirmed by using bore logs, grab
samples and other available geotechnical information conducted by GeoEngineers Inc. in the Venice
Anchorage area.

The upstream boundary of the river is located at RM 33, just upstream of Empire (Figure C-1), where no
sediment concentration data is available. In order to approximate the sediment concentrations at RM 33,
results from a regional 3D model of the Lower Mississippi River developed at the University of New
Orleans (Reins, 2018), which covers the Mississippi River between Belle Chasse and Head of Passes,
were used. The relationship between sand concentrations at the upstream boundary condition of the LMR
Model (RM 33) and the discharge at Belle Chasse was determined for all three sand classes (Figure C-8 to
Figure C-10). These relationships were applied to Belle Chasse discharge measurements taken at the
USGS station 07374525 and used to calculate the model upstream boundary conditions. The relationship
between silt concentrations at the upstream boundary condition of the LMR Model (RM 33) and at Belle
Chasse was determined for silt (Figure C-11). This relationships was applied to silt load at Belle Chasse
calculated with the hysteresis rating curve presented in Appendix B.5.1(Liang et al., 2016).
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Figure C-8. Comparison between very fine sand concentrations at RM 33 (upstream location of the LMR Model) and
discharge at Belle Chasse.
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discharge at Belle Chasse.
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Figure C-11. Comparison between silt concentrations at RM 33 (upstream location of the LMR Model) and at Belle
Chasse. The line of equality is displayed in orange.

C.5.2 Bed Stratigraphy

The morphology model employs the mobile bed capability of Delft3D-4 with a single mixed initial
sediment layer that consists of 10% very fine sand, 80% fine sand, and 10% medium sand, which is based
on sediment borings collected by GeoEngineers Inc. in the Venice Anchorage area in September 2019.
Sensitivity simulations were performed with a finer bed composition of 20% very fine sand, 75% fine
sand, and 5% medium sand (see Appendix C.6 Model Simulation Matrix). The thickness of the sediment
layer is spatially varying and increases proportionally with bed elevation, ranging from a thickness of 0 m
at bed elevations of -25 m NAVDS88 to a thickness of 5 m at bed elevations of -20 m NAVD88 or higher.
No erodible sediment is available in the initial sediment layer in areas with bed elevations below -25 m
NAVD88. These areas represent the substrate that is exposed in deeper sections of the river, including the
thalweg along the Tropical Bend and Buras revetments near Empire, and the Fort Jackson and Olga
revetments near Fort St. Philip (Figure C-1). This designation is based on the river bathymetry and the
sediment borings conducted by GeoEngineers Inc. in the Venice Anchorage area.

C.5.3 Calibration

The morphology model was calibrated in a similar fashion as described for the Alliance Model (Section
B.5.3) and the same calibration factors were applied as shown in Table B-2. The model was calibrated by
adjusting multiplication factors for suspended sediment reference concentrations to obtain agreement
between measured and modeled sediment transport (sand, silt, and total) at six locations within several
kilometers from the borrow pit. No sediment transport data were available for the years that were used for
model calibration (i.e., 2015 and 2020), but some data were available for 2009, 2010, and 2011 at
different river miles along the river. These datasets were collected by USACE (Sharp et al., 2013). To
leverage these datasets, the model relationship between sediment transport fluxes and discharge was
compared with the same relationships for the observations (Figure C-12 and Figure C-13).
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The sensitivity of the model was tested for variations in parameters such as grain sizes, composition and
thickness of the bed sediment layer, diffusivity, and viscosity. Some variations such as the adjustments in
bed sediment grading or upstream sediment load were also assessed in the final simulation matrix
described in Appendix C.6, due to lacking or inconclusive field data of sediment transport and

morphology.
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Figure C-12. Top panel: total sediment transport as a function of discharge at RM4, bottom panel: sand transport as a
function of discharge at RM 4. Model results are in blue (for 2015 simulations) and light blue (for 2021 simulations),

black circles are observations.
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Figure C-13. Top panel: total sediment transport as a function of discharge at RM5, bottom panel: sand transport as a
function of discharge at RM 5. Model results are in blue (for 2015 simulations) and light blue (for 2021 simulations),

black circles are observations.

C.6 MODEL SIMULATION MATRIX

The results presented in the main report are the outcome of a wide matrix of simulations that were
performed with the LMR Model. The baseline simulation included the sediment transport setting and
boundary conditions presented in this appendix, 2021 hydrograph and the presence of a 4,500,000 m*
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borrow pit. Other simulations were performed considering: absence of borrow pit, borrow pit with smaller
volume, different hydrographs, presence of sediment diversion, changes in upstream sediment
concentration, changes in bed composition. Table C-2 presents the matrix of all simulations that were
performed and highlight the parameter or model input that was investigated.
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Table C-2. Matrix of all simulations performed with the LMR Model. VF=very fine, F=fine and M=medium sand. The box highlighted in light blue for each simulation
represent the model input that was varied from the baseline simulation.

Upstream Presence of

Simulation name

Hydrograph

sediment
supply

Bed sediment
grading

sediment
diversion

Variation

. Bed composition: .
2015 without VABP 2015 10/30/10 None Pit
2021 without VABP 2021 Bed composition: | \ ;e Pit
10/80/10
. Bed composition:
2015 with VABP 2015 10/30/10 None BASELINE
; Bed composition:
2021 with VABP 2021 10/80/10 None BASELINE
. . 20% sand supply | Bed composition: . .
0,
2021 with VABP and 20% reduced sediment supply | 2021 reduction 10/30/10 None Sediment concentration
- v - 5 =
2021 with VABP and 20% increased sediment 2021 ?0 % sand supply | Bed composition: None Sediment concentration
supply increase 10/80/10
Bed composition
2021 with VABP, finer bed composition 2021 changed to 25/70/5 None Bed composition
(VF/FIM)
2021 with VABP and MBSD 2021 Bed composition: MBSD Anthropogenic factors
10/80/10
. Bed composition: MBSD + .
2021 with VABP and MBSD and Breton SD 2021 10/30/10 Breton AS Anthropogenic factors
2015 with VABP and MBSD 2015 Bed composition: MBSD Anthropogenic factors
10/80/10
. Bed composition: MBSD + .
2015 with VABP and MBSD and Breton SD 2015 10/30/10 Breton AS Anthropogenic factors
. . Bed composition: .
2015 with VABP Reduced pit volume 2015 10/80/10 None Pit volume
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C.7 MODEL RESULTS

Figure C-14 to Figure C-17 present the trend of infilled volume over time for all cases tested with the
LMR Model. Figure C-18 to Figure C-20 show the volume changes at sand bars between Wills Point
(RM 66) and Myrtle Grove (RM 58) for cases tested with the LMR Model.

Sensitivity tests evaluating the influence of bed composition on sediment entrainment and resulting
changes in infilling rates showed that when the bed composition coarsens, total sand transport remains
unchanged (Figure C-14C) regardless of flow (Figure C-14B) however, cumulative infilling shows a
small increase in the volume within the pit of the order of 2-3% (Figure C-14A).

Change (increase and reduction) in upstream sediment supply, tested by modifying the upstream sediment
concentration by £20% showed no changes in infilling rates (Figure C-15A, although small deviations in
the total sand transport were observed (Figure C-15C). Testing the influence of the borrow pit depth on
infilling showed that while total sand transport is similar between compared to a simulation with a deeper
pit, as expected (Figure C-16C), borrow pit infilling volumes were lower, proportional to the borrow pit
depth (Figure C-16A), whereby simulations with a shallower borrow pit infilled at a slower rate and to
half the volume by the of the year compared to their deeper borrow pit counterpart (Figure C-16A).

Finally, upstream extractions of water and sediment due to the implementation of sediment diversions,
showed noticeable change in the total sand transport results (Figure C-17C) mostly proportional to the
river hydrograph (Figure C-17B), with smaller deviations due to the presence of upstream sediment
diversions (Figure C-17A). Proportionally, the decline is residual flow resulting from the removal of
water due to the diversions diminishes stream power, and thus total sand transport (Figure C-17C). As a
result, cumulative infilling rates vary proportional to the flow extraction magnitude, and deviation from
the reference case can vary from 500,000 m? of sediment when MBSD is operating and up to 750,000 m?,
when both diversions are in operation, and by the end of the simulation period total percent infilling can
be 5-12% lower (Figure C-17A).
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Figure C-14. VABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),
Mississippi River discharge at Empire (B), and total sand transport at Empire (C) modeled for the LMR Model with the
default and a finer bed composition scenario (Table C-2). The default scenario has a bed composition consisting of
10% very fine sand, 80% fine sand and 10% medium sand. The variation has a finer bed composition with 25% very
fine sand, 70% fine sand and 5% medium sand. Bed composition does not vary with depth in both scenarios.
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Mississippi River discharge at Empire (B), and total sand transport at Empire (C) modeled for the LMR Model with
default, 20% increased, and 20% decreased sediment supply scenarios (Table C-2).

Numerical Modeling to Estimate Sediment Infilling Rate of Lowermost Mississippi River Borrow Pits and Impacts on Downstream Dredging

C-58

% of borrow pit infilled volume



(A) Borrow pit infilling

/
40
(o]
~ 15 | g
o @ 430 =
E g
= £ °
S 'r J20 2
e = " E
o = =
g Eos L 2015 with VABP 10 &
E 2015 with VABP (reduced pit volume) 2
0 i i L L L L I I I I I o 8
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 5
Time =
(B) Mississippi River discharge at Empire
30 —
Q
[}
20 |
[}
> E
<
S 2
2 g 10
o =1
I}
s
0 1 1 1 1 1 1 1 1 1 1 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
(C) Suspended and Bedload Sand Transport at Empire
03 |
% . 02 |
c 2
g [}
= E
2 = o1 |
<
(0]
8
]
= 0 ! | | | | | | !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure C-16. VABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),
Mississippi River discharge at Empire (B), and total sand transport at Empire (C) modeled for the LMR Model with the
default and 50% reduced borrow pit volumes (Table C-2).
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Figure C-17. VABP infilled volume of sediment and infilled percentage volume relative to the original pit volume (A),
Mississippi River discharge at Empire (B), and total sand transport at Empire (C) modeled for the LMR Model with
two different hydrographs (2015 and 2021) with and without presence of sediment diversions (Table C-2).

Model results for the 2015 hydrograph show that the Boothville Anchorage Bar exhibits small variance in
aggradation trends proportional to the upstream extractions due to diversion (Figure C-18). The Venice
Anchorage bar shows higher aggradation compared to the Boothville Bar, with aggradation declining
proportional to the magnitude of flow extraction, and of the order of 400,000 m3. Pilottown anchorage
shows similar declining trends with lower volumes of aggradation however, the difference between with
and without diversions is the same as the Venice Anchorage and approximately 500,000 m? (Figure C-18
and Figure C-19).

Downstream impacts of the VABP are not only limited to channel bar volumes but also affect navigation
dredging in the MRSC between Venice and Head of Passes (Table 4). Model results suggest that the
presence of the VABP reduces dredging volumes in the MRSC between Venice and Head of Passes by
9% and 3% for the 2015 and 2021 hydrographs, respectively. There are no noticeable changes in dredging
volumes in the MRSC downstream of Head of Passes, which is in line with previously shown suspended
sediment concentration maps (Figure 11) which show that borrow pit impacts are fully diminished at
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Head of Passes. The presence of anthropogenic factors, such as sediment diversions, plays a role on
navigation dredging activities. The presence of MBSD results in a 29% reduction of dredged volumes in
the MRSD between Head of Passes and Venice and in a 18% reduction in Southwest Pass. The presence
of both MBSD and Breton SD results in a 44% reduction of dredged volumes in the MRSC between Head
of Passes and Venice and in a 26% reduction in Southwest Pass (Figure C-18).
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Figure C-18. Volume Changes at sand bars and dredged volumes from the Mississippi River Ship Channel (MRSC)
between Venice (RM 13) and Southwest Pass (RM 20 BHP) for scenarios with the Venice Anchorage Borrow Pit
(VABP, RM 8), and without and with the Mid-Barataria Sediment Diversion (MBSD) and Breton Sediment Diversion
(Breton SD), for hydrographs 2021.

o
o

-0.1
-0.2
-0.3
-0.4 -

051 w2015 Difference between with/without MBSD
-0.6 -
0.7 m 2015: Difference between with/without MBSD and Breton SD
Boothville Venice Pilottown Navigation Navigation
Anchorage Bar Anchorage Bar  Anchorage Bar Dredging in Dredging in
(RM 13-19, west (RM 5-11, east (RM 0-7, west MRSC between MRSC at
bank) bank) bank) Head of Passes Southwest Pass
and Venice (RM 20 BHP-0)
(RM 0-10)

Volume Difference (million m3)

«—upstream downstream—

Figure C-19. Volume differences between scenarios with and without diversions showing the modeled impact of the
MBSD individually and the MBSD and Breton SD combined on sand bars near the VABP and navigation dredging in
the Mississippi River Ship Channel (MRSC). Negative volume difference indicates a decrease of aggradation (or
increase of degradation) due to the presence of a borrow pit, or a decrease in navigation dredging.
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Figure C-20. Volume Changes at sand bars and dredged volumes from the Mississippi River Ship Channel (MRSC)
between Venice (RM 13) and Southwest Pass (RM 20 BHP) for various sensitivity tests simulated for hydrograph
2021 with the Venice Anchorage Borrow Pit (VABP, RM 8).
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APPENDIX D. MISSISSIPPI RIVER HYDROGRAPHS

Mississippi River hydrographs measured at the USGS Belle Chasse station were evaluated to select the
hydrographs for the analysis presented in this report. The most recent decade from 2010 to 2021 was
analyzed. For each year, the total annual discharge was calculated, as well as the discharge above specific
thresholds: 11,000 m3s, 23,000 m3s, 25,000 mqs, 28,000 m3s, 31,000 m3s (i.e., 400,000 cfs, 800,000 cfs,
900,000 cfs, 1,000,000 cfs and 1,100,000 cfs). Results are presented in Table D-1. The shape of the
hydrographs, and specifically the number and duration of peaks, was also considered in the selection. The
following years were selected for analysis in the Alliance Model:

e 2010 intermediate flow year with several peaks that do not exceed 28,000 m®s (i.e., one million
cfs).

o 2011 intermediate flow year with one single flood peak in spring

o 2016 intermediate flow year with two early peaks

e 2019 high flow year

Figure D-1 to Figure D-6 present the hydrographs for these four hydrographs and for the additional two
hydrographs used for the LMR Model.
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Table D-1. Summary table with total annual discharge and annual discharge above a specific threshold. Discharge data at USGS Belle Chasse gauge were used.
The background-colored bars highlights the relative range of discharge: the longer the bar, the highest the discharge.

Total Annual Discharge (10%-m>) above specific threshold

Total Annual Discharge
Year (10%m®) Thresholdof 11k m*/s (400k  Threshold of 23k m®/s Threshold of 25k m®/s Threshold of 28k m*/s (1.0 Threshold of 31k m*/s (1.1

cfs) (800k cfs) (900k cfs) million cfs) million cfs)
| L] I |

2011 | 396 [ | 240 T [ 110 L 53
2012 ([ 323 I | 199 I 18 0 0 0
2013 | 386 L] 79 [ 43 0

2014 (I 43 347 [ 16 0 0

2015 (N 557 | | 467 | | | 283 | L 14 ] 99 0
2016 (I 513 | | 469 | | . 199 B ] 156 [ H 105 L] 61
2017 [ 448] | 347 E] 101 ] 84 I 52 | 3
2015 (55 | | 510 | 262 187 [ H 105 L] 49
2019 [ 755 | 729 | BB | | 555 | [ 430 | | 247
2000 [ 639 | 566 | | 424 | 406 | 338 | T
2021 476 | 381 El 117 E %5 Ll 51 0
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Figure D-1. Daily average discharge at Belle Chasse in 2010. Threshold of interest are also highlighted in the plot.

Figure D-2. Daily average discharge at Belle Chasse in 2011. Threshold of interest are also highlighted in the plot.
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Figure D-3. Daily average discharge at Belle Chasse in 2015. Threshold of interest are also highlighted in the plot.

Figure D-4. Daily average discharge at Belle Chasse in 2016. Threshold of interest are also highlighted in the plot.
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Figure D-5. Daily average discharge at Belle Chasse in 2019. Threshold of interest are also highlighted in the plot.

Figure D-6. Daily average discharge at Belle Chasse in 2021. Threshold of interest are also highlighted in the plot.
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APPENDIX E. COMPUTATIONAL FLUID DYNAMICS
SIMULATIONS
As a complement to the Delft3D-4 modeling study discussed in this report, a computational fluid dynamic

(CFD) model, based on the CFD software FLOW-3D, was developed to evaluate the detailed flow
structure and turbulence around a borrow pit.

E.1 SITE DESCRIPTION

High-resolution (i.e., 5 m) bathymetry survey data used for the Deflt3D model was also utilized to create
the FLOW-3D model, as shown in Figure E-1 (Dasler, 2019b). A section of the river reach (about 4000
m) immediately downstream of Alliance, was identified as a potential borrow pit location (Figure 1), and
thus was selected as the study region for this CFD analysis. As shown in Figure E-2, the upper panel
shows the river bathymetry without dredging (existing condition) and the lower panel shows the
bathymetry with a standard borrow pit near the right bank (looking downstream) of the river (with-pit
condition). Note that the bathymetry data was rotated so that the main channel is aligned with the y-axis
as requested for better modeling in FLOW-3D. The flow direction is from left to right. The borrowing
region is about 2000 m long and 300 m wide. The pit bottom elevation is about -27.43 m (-90 ft)
NAVDB88 and the main channel elevation near the pit is about -18 m NAVD88 following information on
the design cut, shared by the engineer on record for the project (Moffatt & Nichol, 2012).
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Figure E-1. Model domain and bathymetry of the FOLW-3D CFD model.
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Figure E-2. Processed bathymetry for the FLOW-3D model: the upper panel represents the existing condition, and
the lower panel represents the with-pit condition.

E.2 NUMERICAL MODEL

The commercial CFD software FLOW-3D was used to model flow and sediment transport with and
without the borrow pit in this analysis. FLOW-3D is a three-dimensional model where fluid motion is
described with non-linear transient, second-order differential Navier Stokes equations. The numerical
algorithm used in FLOW-3D is based on both finite difference and finite volume methods applied to a
structured computational grid. The river hydrodynamics is solved with the incompressible Reynolds-
averaged Navier—Stokes (RANS) equations together with the Renormalized group (RNG) k-epsilon
model (Yakhot & Orszag, 1986; Yakhot & Smith, 1992) for turbulence closure. The one-fluid volume of
fluid (VOF) method was used to track the air/water interface, and the first order-accurate spatiotemporal
discretization schemes were used in all modeled cases. The selected methods and approaches outlined
above have been widely used to study similar open channel flow and sediment transport in the literature
(ALDEN Research Laboratory, Inc, 2020).

The river channel shown in Figure E-2 was meshed with hexahedral elements for a 10 m in horizontal and
1.5 m resolution in the vertical direction. Near the borrow pit region, the mesh resolution was refined to
2.5 m horizontally and 0.75 m vertically to resolve the detailed flow field near the region of interest. A
mesh sensitivity analysis was performed, and it was found that the model results are not sensitive to the
mesh resolution.
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A constant flow rate of 33,980 m*/s (1,200,000 cfs) was selected to represent the high-flow condition and
imposed at the upstream inflow boundary. The turbulent variables at the upstream inflow were assumed to
be low. A sensitivity analysis was performed and confirmed that the model results are not sensitive to the
inflow turbulent values. The water surface elevation at the downstream end of the model domain was set
to be 2.82 m NAVDS88. It was determined using the rating curve developed from observed discharge at
the Belle Chasse (USGS 07374525 Mississippi River at Belle Chasse, LA) and observed stage at Alliance
(USACE 01390 Mississippi River at Alliance). The roughness height of the riverbed was calibrated based
on the predicted local surface slope from the Delft3D-4 study discussed in Appendix B. These simulation
conditions were referred to as the ‘Baseline condition’ to evaluate the flow field with and without the
borrow pit.

To evaluate the sediment transport with and without the borrow pit, the Sediment Transport module in
FLOW-3D was activated which uses the Drift-flux model to predict sediment deposition. Since the focus
of this analysis is mostly on the sand, three sand classes: 9.2e®° m, 1.83e* m, and 3.67¢e* m, were selected,
to represent the fine, medium, and coarse sand, respectively. The sand concentration at the upstream
inflow was assumed to be 0.086 km/m? based on the rating curve used for the Delft3D-4 Alliance model
(Section B.5.1), and composites of 20%, 60%, and 20% of the three sand classes, from fine to coarse.

Lastly, the impacts of inflow direction on the hydrodynamics and turbulent variables were evaluated by
adjusting the inflow directions 15° and 30° toward the right bank.

E.3 MODEL RESULTS AND DISCUSSION

Cutting planes are created in both the streamwise and transverse directions to extract data for comparison.
As shown in Figure E-3, cross-sections a and b are in the streamwise direction, along the main channel
and cutting through the borrow pit, respectively. Cross-sections ¢, d, and e are in the transverse direction
and located at the first half, second half, and downstream of the borrow pit.

Figure E-4through Figure E-7 show the velocity magnitudes at the pre-defined cutting planes. The upper
panels for these figures show model results for the existing condition and the lower panels show model
results for the with-pit condition. As illustrated in Figure E-4, the overall velocity is reduced at the borrow
pit due to the increase in flow area. Velocity contours and vectors showing the flow direction on cutting
planes a and b are shown in Figure E-5. Note that the velocity vectors show flow directions parallel to the
cutting planes. As illustrated, the velocity reduction can be found in both the main channel (cross-section
a) as well as along the borrow pit (cross-section b). No flow separation is found at the leading edge, due
to the relatively low velocity in the river. An upward velocity is found at the tailing edge of the borrow pit
and creates a small high-velocity region immediately downstream of the borrow pit. Sediment
resuspension is reduced with a lower velocity at the borrow pit while the deeper bed elevation allows
more time for sediment settling. Note that the up-lifting velocity at the tailing end of the borrow pit could
increase sediment vertical mixing locally.

The velocity contours and vectors at the transverse cutting planes ¢, d, and e are shown in Figure E-6.
Figure E-7 shows the same transverse cross-sections with only velocity magnitude in the transverse
direction. It can be found that velocity in the transverse direction is relatively low when compared to the
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streamwise direction. No significant secondary recirculation is found due to the relatively straight channel
in the model domain.

Figure E-3. Data extraction cross-sections: cross-sections a and b are in the streamwise direction; cross-sections c,
d, and e are in the transverse direction. The upper panel represents the existing condition, and the lower panel

represents the with-pit condition.
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Figure E-4. Velocity magnitude contours at the selected cross-sections: the upper panel represents the existing
condition, and the lower panel represents the with-pit condition.
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Figure E-5. Side view of velocity magnitude contours and velocity vectors at the selected streamwise cross-sections a
and b: the upper panel represents the existing condition, and the lower panel represents the with-pit condition.
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Figure E-6. Front view of velocity magnitude contours and projected velocity vectors at the selected transverse cross-
sections c, d, and e : the upper panel represents the existing condition, and the lower panel represents the with-pit

condition.
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Figure E-7. Front view of transverse velocity magnitude contours and projected velocity vectors at the selected
transverse cross-sections c, d, and e : the upper panel represents the existing condition, and the lower panel

represents the with-pit condition.

The eddy viscosity (turbulent viscosity) is a variable in the CFD model to represent the mixing effects of
the un-resolved eddies in the fluid. It enhances the turbulent mixing of suspended sediment in a water
column. Figure E-8 through Figure E-11 show the eddy viscosity at the pre-defined cutting planes for the
existing condition and the with-pit condition. It can be found that high eddy viscosities are predicted
along the sides of the borrow pit, as shown in Figure E-11 at cross-sections ¢ and d. A highly turbulent
region is also created near the tailing end of the borrow pit as seen in Figure E-10 cross-section b. These
are regions where sediments can be disturbed and mixed vertically. In contrast, a slight reduction in eddy
viscosity is predicted downstream of the borrow pit.
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Figure E-8. Eddy viscosity contours at the selected cross-sections: the upper panel represents the existing condition,
and the lower panel represents the with-pit condition.
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Figure E-9. Eddy viscosity iso-surface at 100 m?/s showing sediment deposition regions. The upper panel represents
the existing condition, and the lower panel represents the with-pit condition.
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Figure E-10. Side view of eddy viscosity contours and velocity vectors at the selected streamwise cross-sections a
and b: the upper panel represents the existing condition, and the lower panel represents the with-pit condition.
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Figure E-11. Front view of eddy viscosity contours and projected velocity vectors at the selected transverse cross-
sections c, d, and e : the upper panel represents the existing condition, and the lower panel represents the with-pit

condition.

The suspended sediment concentrations on the pre-defined cross-sections are shown in Figure E-12
through Figure E-15. Because the sediments are assumed well-mixed at the model inflow, the analysis
mostly focuses on modeling sediment settling along the river reach under different conditions. As can be
seen in these figures, high sediment concentrations near the riverbed represent deposition. Under the
existing condition, more sediment are depositing near the right bank due to the elevated sand bar, as
shown in Figure E-13 upper panel. When compared between the existing condition and the with-pit
condition, it is evident that more sediments are deposited on the riverbed for the existing conditions. This
is attributed to the combined effects of dredged pit and relatively high turbulence discussed above.
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Figure E-12. Suspended sediment concentration contours at the selected cross-sections : the upper panel represents
the existing condition, and the lower panel represents the with-pit condition.
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Figure E-13. Suspended sediment concentration iso-surface at 1 kg/m® showing sediment deposition regions. The
upper panel represents the existing condition, and the lower panel represents the with-pit condition.
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Figure E-14. Side view of suspended sediment concentration contours and velocity vectors at the selected
streamwise cross-sections a and b: the upper panel represents the existing condition, and the lower panel represents

the with-pit condition.
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Figure E-15. Front view of suspended sediment concentration contours and projected velocity vectors at the selected
transverse cross-sections ¢, d, and e: the upper panel represents the existing condition, and the lower panel

represents the with-pit condition.
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