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1.0 INTRODUCTION 

 
1.1 General 

The Mid-Barataria Sediment Diversion (MBSD) Project (the Project) is a cornerstone 

project of the Louisiana Coastal Master Plan (CMP, 2017) developed by the Louisiana Coastal 

Protection and Restoration Authority (CPRA). The project proposes to divert sediment-laden 

Mississippi River (MR) water through a controlled opening on the right descending bank or the 

west bank of the river. The location was decided to be at River Mile (RM) 60.7 Above Head of 

Passes (AHP) in the previous planning studies by the CPRA and The Water Institute of the Gulf 

(WI). A similar project, called the Mid-Breton Sediment Diversion (MBrSD) is also planned 

upstream of MBSD at RM 68 on the east bank of the river. 

The report documents the numerical hydraulic modeling performed to support the 

currently advanced 90% Phase Engineering and Design (E&D) of the MBSD project. Before 

arriving at the current design, several design alternatives were evaluated and screened in the 

15% and 30% and 60% Phase E&D which have been documented in previous reports. The 

current 90% report retains the analysis done for the final design as of 60% and also includes 

additional modeling reflecting changes from 60% to 90% design. Two additional chapters, 

Chapter 10 and 11 have also been added since 60% phase and documents basin side diversion 

effects and operational modeling of the diversion respectively. 

Chapters 2 through 11 and Appendix B1 describe the work performed by FTN 

Associates, Ltd (FTN) as the lead numerical modeling member of the AECOM Design Team for 

the Project. Additional hydraulic analyses and numerical modeling performed by AECOM is 

included as appendices B2, B3, and B4.  

 
1.2 Numerical Modeling Goals 

The overall goal of the numerical modeling is to develop the design of an Intake 

Structure that can divert a maximum flow of 75,000 cfs flow when the Mississippi River reaches 

1,000,0000 cfs at USGS Gage 07374525 on the MR at Belle Chasse, Louisiana with as high 

Sediment Water Ratio (SWR) and Cumulative Sediment Water Ratio (CSWR) as achievable. 
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A complex three-dimensional (3D) flow field with the entrained river sediment is 

expected in the near-field region of the structure. The purpose of the numerical modeling was to 

assist the Design Team (DT) in selecting an invert for the structure and the type of structure from 

a choice of constructible designs (e.g., an Open Cut, U-Frame, U Frame with interior walls, 

Submerged Culvert) based on the sediment capture efficiency and energy loss. The numerical 

modeling also estimates river-side and basin-side effects of diversion operations. 

 

1.3 MBSD System Components and Key Hydraulic Processes 

For the purposes of hydraulic modeling the proposed MBSD project is viewed as a 

system made up of five major components. They are, the Mississippi River, the three structural 

components, namely, the headworks, the conveyance channel, the outfall transition feature, and 

the receiving basin. Each of the three structural components support one or more functions and 

together they help accomplish the project goals. The river component provides the 

sediment-laden water and in the process responds to the presence of the diversion influencing 

water levels, velocity and sediment aggradation/ degradation. On the other end, the receiving 

basin component receives the water and sediment resulting in land building, distributary channel 

developments, water level, velocity and salinity changes. Note that the comprehensive evaluation 

of salinity changes in the receiving basin is beyond the scope of this engineering work and only a  

a few limited scenarios, that concern the base flow period diversion operations and those that 

may not have been covered elsewhere before, is presented later in Chapter 11. For a detailed 

analysis of salinity effects in the basin the reader is referred to the environmental impacts study 

conducted by CPRA separately. 

The design of each component is driven by specific hydraulic processes that will be 

modeled. The system components, functions and hydraulic processes are shown in Figure 1.1. 

The general hydraulic characteristics of each component are described briefly in the following 

sub-sections.
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Figure 1.1. The components, functions and hydraulic processes of the Mid-Barataria 

Sediment Diversion Project. 
 

1.3.1 Mississippi River 

The Mississippi River carries sediment-laden flows south to the Gulf of Mexico (GoM). 

At the project location, the depth of the river is approximately 120 feet and a sand bar (knows as 

the Alliance sand bar) exists from a depth of about 50 feet to about 110 ft at the Right Descending 

Bank (RDB). The river bed towards the Left Descending Bank (LDB) and at the thalweg is a 

mixed bedrock alluvial relict substratum composed of highly resistant bed of oxidized clay from 

Pliestoscene fluvio-glacial deposits that forms a firm bed over which sand dunes can pass 

(Nittrouer et al., 2011). There are USACE-constructed revetments on both banks of the river 
mostly within 50 ft depth. The top width of the river is approximately 2,000 feet. At this location, 

the river flow can range from 150,000 cfs to 1,250,000 cfs during typical annual flood events. The 

transported sediment consists of clay, silt and sand particles. The dominant hydraulic processes in 

the vicinity of the diversion are primary longitudinal velocities and weak transverse secondary 

currents due to the upstream river bend. Most of the annual sediment load moves through this 

river section as suspended load over the sand bar accompanied by bed load transport moving as 

dunes along the deeper portions of the sandbar. The presence of the diversion is likely to have 

both near-field and far-field morphological effects in the river with both erosion and deposition 





 
June 3, 2022 

 

 

 
1-3 

the gated structure and the conveyance channel which has a bottom width of about 250 feet and 

1:7 channel side slopes. The important hydraulic considerations for the transition section are the 

reduction of contraction/expansion losses and reducing the potential for sediment deposition. 

 
1.3.3 Conveyance Channel 

The discharge and sediment from the gated structure enters the Conveyance Channel 

(CC) which transports it into the Barataria Basin. This channel has a trapezoidal cross-section 

with 100-ft wide side berms, a bottom width of about 250 feet and side slopes of about 1:7 

(V:H). The length of the channel from the diversion gates to the outfall at the basin-side is 

approximately 2 miles. The channel invert is at -25 ft, NAVD88. The maximum design flow 

capacity is 75,000 cfs. About halfway along its length, the Highway 23 bridge crosses the 

proposed channel. 

The key hydraulic processes modeled are the transport of sediment, potential deposition 

of sediment along the channel and uphill through the Outfall Transition Feature to the basin-side, 

which has a prevailing mud bottom grade elevation at about -4 ft, NAVD88. The energy loss by 

friction in the channel is the most important factor in maintaining 75,000 cfs design capacity. 

The diversion is likely to be fully open between the months when the Mississippi River 

(MR) flow is predominantly above 450,000 cfs, with partial closure only when MR flow around 

1,000,000 cfs and above. The gates will be partially open when MR flow is less than 450,000 cfs 

and this period, typically Aug-Dec is termed as base flow period.  It is anticipated that a base 

flow or pulsed low flow will be required during river low flow periods (when the diversion is not 

operating for sediment delivery). This base or pulsed low flow is likely necessary to maintain 

water quality standards in the conveyance channel and the receiving basin. There is a possibility 

that sediment deposition will occur in the Conveyance channel during these base flow operations 

and occasional channel flushing may be required by opening the gates fully for a short period 

during the  
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1.3.4 Outfall Transition Feature 

The Outfall Transition Feature (OTF) is a gradually flaring portion of the conveyance 

channel as it transitions from a deeper, regular trapezoidal cross-section to a shallower, wider 

basin Outfall. The key hydraulic processes in this region are the decelerating velocity field, 

formation of scour beyond the rip-rapped edge of the OTF and sediment distribution in the basin. 

The purpose of this feature is to achieve a gradual invert change from the conveyance channel to 

the basin floor so that the design flow can be achieved with minimal energy losses. The design is 

primarily important in the initial years of full operation during which the land beyond the OTF 

will evolve.  

 

1.3.5 Barataria Basin 

The discharge and sediment are released directly into the middle portion of the Barataria 

Basin. The basin is about 1,600 square miles with depths ranging from about 2 to 10 feet. The 

important hydraulic considerations in the basin are sediment dispersal and, deposition and 

erosion in the vicinity of the OTF and the surrounding areas. Water levels near the communities 

in the basins and velocities and sediment deposition in the navigation waterways are also 

important considerations. 

 

1.4 Overall Modeling Approach 

As described in the previous section, the nature of the hydraulics varies from the MR to 

the basin. The three-dimensional nature of the flow is important at the intake side while 

two-dimensional treatment of flow is sufficient at the basin side. Analyzing this large system 

entirely with a three-dimensional model would have made meeting the project schedule 

impossible, would have been cost-prohibitive and was determined to be unnecessary. Instead, 

each of the system components was modeled separately using appropriate modeling programs, 

while maintaining consistency in the boundary conditions. Additionally, larger domain models 

were developed combining the individually finalized diversion components so that the 

performance of the entire diversion system can be evaluated. 
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�x Calculate the water level, velocity and energy loss through the headworks. 

�x Calculate the SWR for the intake structure. Use the energy head loss available 
from the FLOW-3D modeling and perform Delft3D sediment transport model 
 

�x Calculate flow losses and determine discharge capacity when gates are partially 
closed either during base flow to limit flow to 5,000 cfs or at high flow when 
diversion flow can exceed 75,000 cfs without gate operations.  

 
Delft3D Modeling 
 

�x Develop the MR only (without the diversion) Delft3D model geometry. Calibrate 
and validate the model using observed velocity and sediment profile data. 

�x Add diversion structures to the MR model and calibrate the energy losses through 
the structure under the same constant 1,000,000 cfs (High Flow) 600,000 cfs 
(Low Flow) scenarios (steady-state simulations) as FLOW-3D.  

�x Develop rating curves for flow through the structure using multi-year hydrograph 
simulations and calculate SWR and CSWR for the structure. 

�x Perform 50-year future modeling with structure morphology, vegetation growth 
and senescence associated vertical accretion and salinity modeling to evaluate 
basin-side and riverside effects. Sea level, subsidence and consolidation are also 
included in the modeling. 

 

1.5 Scope, Assumptions and Limitations 

The hydraulic modeling is focused on the Engineering & Design of the diversion system 

that will meet the project goals of providing 75,000 cfs flow. Several related modeling activities 

such as evaluation of secondary project features (e.g., diversion intake marine protection 

features) are not completed at this stage. 

 

1.6 Modeling Programs 

Considering the important hydraulic processes and the previous work by the WI CPRA, 

two multi-dimensional modeling programs were selected. The modeling programs are briefly 

described below. 
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1.6.1 FLOW-3D Modeling Program 

Several CFD models exist that can be used to model the MBSD diversion. In this 

application, it is imperative that the model has the ability to efficiently solve for the location of 

the free surface as well as the turbulent three-dimensional near field hydrodynamics produced 

due as a result of fluid structure interaction at the intake. The FLOW-3D three-dimensional (3D) 

CFD platform licensed from Flow Science, USA (FLOW-3D 2018) was selected as the 

appropriate modeling tool for the near-field hydrodynamic and the suspended sediment transport 

modeling. FLOW-3D was used previously by CPRA/WI to model the flow and suspended 

sediment through sediment diversions during the planning phase (Meselhe et al. 2012, 

ARCADIS & WI 2013). It was proven to be able to capture the complex 3D flow field in the 

vicinity of the diversion as well as quantifying the spatial distribution of the suspended sediment 

on the lateral bar near the diversion. FLOW-3D was also used in the study by HDR Engineering 

as described in the 30% design report (HDR 2014) for alternatives screening. FLOW-3D is 

currently the only available commercial CFD model capable of simulating suspended sediment 

in free surface flows over complicated river bathymetries, irregular banks and intake structure 

using structured grids (Allison et al. 2017). Since FLOW-3D solves the complete 3D 

Reynolds-Averaged Navier-Stokes equations with turbulence closure, it is inherently 

non-hydrostatic and gives more accurate vertical flow profiles than models that are based on the 

shallow water equations. However, the model is computationally intensive, with relatively long 

computational times for this application. Therefore, the FLOW-3D analysis was only applied to 

selected steady-state flow conditions. The model was used to determine the energy loss through 

the system and the SWR using a discrete particle (with mas) tracking model. One limitation of 

FLOW-3D is that it does not include a validated and efficient model for simulating bedload 

transport and the erosion and deposition of sediment near the diversion. Therefore, it is not 

applied for morphology modeling in this modeling effort. 
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Table 1.1. Mid-Barataria Sediment Diversion numerical models developed by the Design Team. 
 

Model Name Modeling Software Spatial extent Application 

FTNMS 

FLOW-3D 
Delft3D (2D) (Hydrodynamics 
Only) 
Delft3D (3D) 

MR only 
FLOW-3D between RM 58.1 and 62.7 
Delft3D between RM 56 and 66 

�‡ Calibrate and validate with the observed discharge, water levels and sediment concentrations in the MR 

FTNMSDI 

FLOW-3D 
Delft3D (2D) (Hydrodynamics 
Only) 
Delft3D (3D) 

MR  
+ Headworks  
+ Conveyance Channel segment 1500 ft 

�‡ Screen intake size and alternatives including optimizations using total energy loss and SWR 
�‡ Refine transition segment, estimate Zone of Influence 
�‡ Provide data for navigation simulations 
�‡ FLOW-3D Gate modeling for gate position analysis important for transition rip-rap design 
�‡ FLOW-3D used to calculate the discharge, WL, DAV and energy grade line for use in Delft3D calibration 
�‡ DELFT3D morphology model for intake sediment mound flushing analysis  

FTN2COMP 
Delft3D (2D) (Hydrodynamics 
Only) 
Delft3D (3D) 

MR  
+ Headworks  
+ Conveyance Channel segment 4150 ft 

�‡ Model diversion operation scenarios 
�‡ Calculate CSWR with the final selected intake, MR hydrograph runs 
�‡ Calculate flow and sediment load rating curve at the end of conveyance channel 
�‡ Investigate stability of sand bar with MR hydrograph runs 
�‡ Investigate river deposition/erosion within ~5 mi upstream/downstream of diversion 

FTN3COMP FLOW-3D  

MR  
+ Headworks  
+ Conveyance Channel (full) 
+ basin portion (~3 mi from end of conveyance channel) 

�‡ FLOW-3D used to calculate the discharge, WL, DAV and energy grade line for use in Delft3D FTNOMBA 
diversion structure calibration 

�‡ FLOW-3D modeling of OTF jet structure on non-erodible bed (no MR domain) 
�‡ Turbulent flow structure analysis within scour hole (eroded bed) formed at the end of OTF armored extent (no 

MR domain) 

FTNOMBA and 
FTNOMBARefined Delft3D (2D) 

MR 
+ Headworks  
+ Conveyance Channel (full) 
+ Barataria basin (whole) 

�‡ Capacity estimation of the three-component MBSD design under various possible MR discharge/water level and 
basin side water level combinations 

�‡ Develop boundary conditions for above models 
�‡ Basin-side water levels and velocities 
�‡ Outfall evolution modeling with and without river sediment (no MR domain) 
�‡ Wind induced water level and velocities during regular diversion operations (no MR domain) 
�‡ FTNOMBARefined has the same domain as FTNOMBA but 4x times (25 ft x 25 ft grid sizes in horizontal in 

Refined compared to 50 ft x 50 ft in FTNOMBA) higher grid refinement within 4.7 miles from the end of the 
conveyance channel in the outfall vicinity. Domain decompositions also improved in FTNOMBARefined to 
enhance load balancing among processors and to improve model run times 

�‡ Salinity modeling during diversion operations, particularly channel flushing modeling 

FTNGATE3Bay 
(Not shown in Figure 1) 

 

FLOW-3D 
Delft3D (3D) 

Intake U-Frame 
+ Conveyance Channel (full) 

�‡ FLOW-3D Modeling of high velocity under-gate jet during low openings at highest MR water levels 
�‡ FLOW-3D Modeling of intake transition design 
�‡ Delft3D modeling of channel berm deposition 
�‡ Delft3D modeling of channel deposition during base flow and channel flushing modeling 

FTNULMR Delft3D (2D) 

MR from Reserve, LA (RM 140) to W Pt A La 
Hache (RM 48.7) 
+MBSD headworks 
+MBrSD intake 
+MBSD Conveyance Channel segment (4150 ft) 

�‡ Joint or single diversion induced setdown in MR particularly at Bonnet Carre 
�‡ Joint or single diversion induced morphology change in MR 



Table 1.1. Mid-Barataria Sediment Diversion numerical models developed by the Design Team (continued). 
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Model Name Modeling Software Spatial extent Application 

FTNOMLV-CONSOL Delft3D (2D) 

MR from RM 66 to RM 56 (for hydrodynamics 
only) 
+MBSD headworks 
+MBrSD intake 
+MBSD Conveyance Channel segment (full ) 
+Barataria Basin (whole) 

�‡ Basin-side 50 year future modeling of morphology, vegetation accretion, sea level rise, subsidence and 
consolidation. 

�‡ Dredging estimates and discharge capacity change in the future as a result of sea level rise and land 
building. 

FTNOMBA-ULMR Delft3D (2D) 

MR from RM 66 to RM 56 
+MBSD headworks 
+MBrSD intake 
+MBSD Conveyance Channel segment (full) 
+Barataria Basin (whole) 

�‡ Diversion operations modeling of tidally influenced water levels and diversion discharge variation 
�‡ Base flow operations 
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Figure 1.2. Spatial extents of numerical models developed by the Design Team for the 
Mid-Barataria Sediment Diversion project. Inset view is isometric to show 
distinction in the overlapping model boundaries. 

 

 
 

 
Figure 1.3. The Basin-wide Delft3D model by the Water Institute.
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Figure 1.4. FTN Upper Lower-Mississippi-River (FTNULMR) model consisting of the MR 

between RM 140 to RM 48.7 and the two proposed diversions (MBSD and 
MBrSD) along with Davis Pond and Caernarvon. 
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2.0 MISSISSIPPI RIVER FLOW AND SEDIMENT DATA ANALYSIS 

 

2.1 Introduction 

This section describes the MR hydraulic and sediment monitoring data collected and used 

for numerical modeling. For a full description of the methods of collection, the locations and the 

events the reader is referred to the relevant MR field data collection reports from 2008-2011 

(Allison 2011), from 2018 (Allison et al. 2018) and 2019-2020 (TBS 2019, 2020). The data 

analyses that were directly used for modeling and whose descriptions are not in the 

aforementioned reports are only presented here. 

The 2020 data collection is described as an example. Similar analyses were performed for 

the 2018 and 2019 data sets. The locations of the 2020 Acoustic Doppler Current Profiler 

(ADCP) MR monitoring transects, bed grabs and isokinetic data collection are shown in Figure 

2.1 and 2.2. The Phoenix bend location was additionally selected for monitoring survey in 2020 

because the sediment transport modeling conducted in the 30% E&D phase indicated possible 

deposition along the Myrtle Grove sand bar and the ship channel that is in close proximity to this 

bend as a result of diversion operations. The collected data was used to inform and calibrate 

model results for river morphology modeling as presented in Chapter 9. 

 

 
 
Figure 2.1. Locations of 2020 MR ADCP, bed grab and isokinetic measurement transects 

upstream and on the Alliance sand bar.
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Figure 2.2. Locations of 2020 MR ADCP, bed grab and isokinetic measurement transects 

downstream near the Phoenix bend over the Myrtle Grove sand bar. 
 

 
 

Figure 2.3. Dates of the data collection events in 2020 (Reproduced from TBS 2020).
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2.2 ADCP Data Analysis 

 The ADCP data analysis was conducted using the USGS VMT toolbox and the WinRiver 

software to analyze the raw data collected from 2018-2020. The MR monitoring data collected 

from the earlier study period 2008-2011 was directly obtained from Allison (2011). Figure 2.3 

shows the data collection events in 2020 with the MR hydrograph at Belle Chasse. For the 

2018-2020 period, the following data were analyzed: 

 
1. Cross-sectional velocity distribution at the transects as shown for example in 

Figure 2.4 for 2020. The net discharge flux through each ADCP 2D vertical grid 
was obtained by multiplying the velocity at a grid point by the cross-sectional 
area of the grid.  

2. Cross-sectional sediment concentration derived from the isokinetic data calibrated 
ADCP backscatter. For more details see Allison et al. (2018) and TBS (2019 and 
2020).  

3. Total suspended sediment load (flux in tonnes/day) was computed by integrating 
the net sediment discharge flux at each cell over the entire 2D vertical transect. 
The sediment discharge at each cell was obtained by multiplying the discharge 
flux from step #1 above with the concentration from step #2 above.  

 
Sediment loads computed in step #3 were then used for calibrating/validating net sediment 

flux in the sediment transport models as presented in Chapter 3. 

 

2.3 Multibeam Data Analysis 

Multibeam data (24 hour spaced snapshots) from 2018-2020 were analyzed in Allison et 

al., (2018) and TBS (2019 2020) to develop bedload transport flux (tonnes/day) over the Alliance 

sand bar. The method of Nittrouer et al. (2008) was used to compute the bedload transport. The 

observed bedload was used to calibrate and validate the sediment transport models as shown in 

Chapter 3. Additional data for bedload transport rates from 2008-2011 period was obtained from 

Allison (2011) and compared with model results as well. 
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Figure 2.4. Example of ADCP data analysis of Event 1 in 2020 using USGS VMT Toolbox. 

Top panel shows the upstream-most Transect 1, mid-panel shows Transect 2 at 
the proposed MBSD location and the bottom panel shows Transect 3. All 
transects are shown looking upstream.
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Figure 2.6. Event 2 of 2020, vertical variation of d10, d50 and d90 of sand (d50 >63 micron). 
Top panel shows locations along Transect 1 and bottom panel along Transect 2 as 
in Figure 2.1. 

 

 

 
Figure 2.7. Event 23 of 2020, vertical variation of d10, d50 and d90 of sand  

(d50 >63 micron). Top panel shows locations along Transect 1 and bottom panel 
along Transect 2 as in Figure 2.1.
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2.5 Historical Evolution of the Alliance South Sandbar (1964-2018) 

 
To provide a context for understanding the results of the river morphology model 

(Chapter 9), long-term changes in the Alliance sandbar were examined using the historical 

observed records. The purpose of this analysis is to understand the general trend in the sand-bar 

evolution over the last 55 years (1964-2018). The USACE channel surveys data from 1964 

through 2013 were used along with the 2018 multibeam data collected by Allsouth Consulting, a 

member of the DT. During the 2018-2020 hydrograph, the maximum intra-annual variation of 

bed elevation was found to be about 10-20 ft. Most of the variation was between 2-8 ft within the 

most active part of the bar that spans between -60 to -110 ft, NAVD88. This range of variation 

agrees with the dune heights of 2-3 m observed by Ramirez et al. (2013) in this region during the 

2008-2011 MR surveys. 

Figure 2.8 shows the evolution of the sandbar over time from 1964 to 2018. This period 

is particularly relevant as it shows the local response of the Alliance bar as part of the regional 

LMR reach response to the combined effect of the opening of the Old River Control structure in 

the early 1960s resulting in a backwater effect and reduced bed material supply (Mossa 1996, 

Biedenharn et al. 2000, Wu and Mossa 2019). It shows that there has been a distinct downstream 

migration of the bar (seen from the -60 ft to -90 ft, NAVD88 contours) along the right 

descending bank from 1964 to 1992. From 2004 onward the top part of the bar (shallower 

than -60 ft) appears to be shrinking in size along with a deepening of the thalweg. The cross-river 

distance between the -60 ft and -90 ft contours has increased considerably between 2004 to 2018 

indicating flattening of the bar between the -60 to -90 ft, NAVD88 contours. The relative 

downstream movement of the bar and deepening of the thalweg agrees well with the general 

trend in this LMR reach between the BCS and Empire, LA which is currently degrading (Wang 

and Xu 2018). In light of these observations, the possibility of the sandbar reducing further in 

size due to the river dynamics alone (i.e., without the diversion) in the next 50 years cannot be 

entirely dismissed. 
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Figure 2.8. Historical evolution of the Alliance sandbar between 1964 to 2018. 

Cross-sectional evolution along the line transects is shown in Figure 4.2.
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Figure 2.9 shows the evolution of the sandbar cross-sections along transects 2, 4, 6, 8 and 

10. Transects 8 and 10 clearly show the downstream movement of the sandbar as explained 

before. The downstream portion of the sandbar south of transect 6 shows more variability than 

the upstream portion between transects 2 and 6. In general, transects 2 to 6 show an elevation 

variation of about 30-40 ft on the sandbar between -50 to -90 ft, NAVD88. The deepening of the 

thalweg is also consistent after 2004. In comparison, the cross-section zones shallower 

than -50 ft (protected by USACE revetments) do not show much variation (8-13 ft). A steep fall 

in elevation is visible for both transect 2 and transect 4 at the edge of the revetment zone in the 

recent 2012 and 2018 surveys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.9. Historical evolution of the Alliance sandbar cross-section, looking upstream, over 

time (1964-2018). Transects locations shown in Figure 2.1. 
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3.0 MODEL SETUP, CALIBRATION AND VALIDATION 

 

3.1 Introduction 

This chapter describes the setup, calibration and validation of the without-structure 

FLOW-3D (fully 3D) and Delft3D (2D and 3D) MR models (FTNMS) used in this study. The 

setup of the with-structure models (FTNMSDI/FTN2Comp and FTNOMBA) and the larger 

FTNULMR 2D Delft3D model are also described in this section. The summary of model 

domains and purpose is presented in Table 1.1 and Figure 1.2. 

 

3.2 FLOW-3D (FTNMSDI) Model  

A FLOW-3D fully three-dimensional (3D) model with the diversion structure 

(FTNMSDI) was developed to model the intake hydrodynamics whose results are described later 

in Section 4.0. The model without the diversion structure (FTNMS) needed to be first calibrated 

and validated against observed MR hydrodynamic and sediment data for without-structure 

conditions to assess performance of the model in predicting the flow-field approaching the 

diversion and the cross-sectional distribution of sand. The riverside flow-field and the 

cross-sectional sand distribution are the two most important governing factors of the primary 

design goals, which are to minimize head loss and maximize sand SWR to the extent possible 

under the site-specific conditions and constraints of a constructible and economic design. 

 

3.2.1 Model Setup  

The FTNMS/FTNMSDI model bathymetry of the MR extends from RM 58.1 

downstream to RM 62.7 upstream. The proposed MBSD diversion is located at RM 60.7. The 

DT combined the US Army Corps of Engineers (USACE) 2013 published (collected in 2012) 

multibeam survey data and the USACE 2017 collected and published revetment survey data into 

one three-dimensional geometry (XYZ) file (Figure 3.1). In addition, lidar data was used to set 

the levee heights. A high resolution stereolithography (.STL) file (Figures 3.3 and 3.4) with 

1.4 million triangulated faces was created to represent the MR bathymetry in FLOW-3D. The 

STL file had a surface grid resolution of 25 m in the north and south 3.5 mi zones (Figure 3.2) 
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Figure 3.1. Contour plot of the river bathymetry shown using point cloud (XYZ) data. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.2. Bathymetry resolution: 25 m (82 ft) for the northern and southern 3.5-mile 
sections and 3 m (9.8 ft) for the middle 3-mile segment (Elevations are in meters, 
NAVD88).



 

3-4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3. Snapshot of the middle block with 3-meter resolution face triangles in the 

stereolithography (.STL) file. 

 
 

Figure 3.4. Illustration of the final river-only (FLOW-3D FTNMS) bed surface geometry.
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velocity magnitude vertical profiles at three selected locations (marked with yellow squares on 

Figure 3.5) and sediment concentration vertical profiles in the three selected locations (shown in 

red dots on Figure 3.5). Note the observed data for the validation event were collected at slightly 

different locations in the river compared to the calibration locations. 

 

3.2.2 Results 

Figure 3.6 shows the depth-averaged velocity profile (April 2009 MR discharge about 

742,000 cfs) at the horizontal transect, looking upstream across the MR near the diversion site. 

The observed ADCP backscatter-based velocity data (Meselhe et al. 2012) is shown with the 

blue points while the red dashed line is the FLOW-3D simulation result. The X-axis shows the 

distance from the west bank (in meters) to the east bank. A comparison of observed data with 

simulation results shows good agreement between the two. Most of the measured velocities are 

within +/- 15% of the computed velocities. Note that ADCP backscatter based observed data 

tend to have large scatter. The west bank side model results show a slight overprediction which 

may be due to changes in bathymetry near the shallow bank between 2009 (the year of data 

samples) and 2013 (the year of model geometry topography) and also due to sheltering effect of 

upstream barges that may have been there during velocity monitoring. Currently, there is a barge 

parking area in the vicinity which is likely going to be removed in future and therefore not 

included in the model geometry.  

 

 
 

Figure 3.6. Depth-averaged velocity calibration at the proposed diversion site.
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Figure 3.7 shows the vertical velocity profiles at the three locations in Figure 3.5: near 

the right descending bank (RDB), at the thalweg and near the left descending bank (LDB). The 

red error bars show the spread in the observed data and black lines show simulation results. Both 

are in general good agreement indicating an acceptable calibration of the model. 

 

 
 

Figure 3.7. Vertical velocity calibration at the proposed diversion site. 
 
 

Figure 3.8 shows the observed and predicted sediment profiles at the three selected 

locations shown in Figure 3.5. The profile for the west bank at MGup2 matches well with 

observed data. Since this location is over the sand bar near the proposed diversion location, it is 

important for the model to reproduce the observed sediment concentration profile at this location 

very well. Some underprediction of sediment is seen at the thalweg which is possibly affected by 

near-bed sand-rich suspensions from bedforms, not modeled here, in that area.  
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Figure 3.8. Vertical sediment profile calibration at three locations. 
 

Figure 3.9 shows the validation of the depth-averaged velocity profile at the horizontal 

transect near the diversion site from the March 2011 event (MR Flow about 966,000 cfs). The 

X-axis shows the distance from west bank (in meters) to the east bank. The field monitoring data 

(Meselhe et al. 2012) is shown with blue scatter points. The red dashed line indicates the 

FLOW-3D modeling results and shows that most of the observed data falls within +/- 15% of the 

computed velocity. A comparison of the observed data with FLOW-3D simulation results shows 

good overall agreement between the two. A slight underprediction of velocities along the shallow 

portion of the west bank is possibly due to bathymetry differences or barge effects as discussed 

before. 
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Figure 3.9. Depth-averaged velocity validation at the diversion site. 
 

Figure 3.10 shows the vertical profiles of velocity magnitude at three selected locations: 

near the RDB, at the thalweg and near the LDB as shown in Figure 3.5. Red bars show the 

observed data spread and black lines show simulation results which are in general good 

agreement indicating a good validation. 
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Figure 3.10. Validation of vertical profiles of velocity magnitudes at three locations. 
 

Figure 3.11 shows observed and predicted sediment at three selected locations for the 

validation event. The profile for the west bank at MGUp2 matches well with the observed data. 

Since this location is over the sand bar near the proposed diversion location, it is important for 

the model to reproduce the observed sediment concentration profile. There is an underprediction 

of near-bed sediment over the thalweg similar to that noted in the calibration. There is a possible 

indirect implication of this underprediction on the subsequently reported sand SWR values from 

FLOW-3D even though the concentrations near the west bank (where the diversion intake will be 

placed) are matching well. Since the sediment load in the river is calculated as a cross-sectional 

sum and the average concentration in the river is used in the denominator of SWR (defined as 

ratio of cross-sectional uniform concentration in the intake to that in the river), it is possible that 

FLOW-3D sand SWR values may be somewhat overpredicted due to the fact that the predicted 

cross-sectional river sediment concentration may be lower than the observed in this case. 

Therefore, FLOW-3D predicted sand SWR values were strictly used for the comparison of 
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performance among different designs throughout the design process. The FLOW-3D SWR 

should not be taken as the indication of expected sand SWR. The Delft3D model presented in the 

later sections provides more realistic estimates of SWR. The Delft3D model simulates bedload 

transport resulting in improved estimates of cross-sectional variation in near-bed concentration. 

 

 
 

Figure 3.11. Validation of vertical profile of suspended sediment concentration at three locations. 
 

 

3.3 Delft3D (FTNMSDI) Model  

In addition to FLOW-3D, Delft3D 2D and 3D modeling was performed. The following 

section describes the setup, calibration and validation of the FTNMS Delft3D river model 

(without-structure) and setup of the FTNMSDI Delft3D model (with-structure).  
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Figure 3.12. Comparison of the WI OMBA model grid with the FTNMSDI diversion intake 

model grid. 
 

As in the case of the FLOW-3D model, the USACE 2013 multibeam river channel data 

and the USACE 2017 revetment survey data were used to create the model bathymetry 

(Figure 3.13) by interpolating the bathymetric data sets to the computational grid points. The 

horizontal (UTM Zone 15) and vertical reference coordinate systems (NAVD88) were kept the 

same as in the FLOW-3D model. 

To implement the Open Channel intake headworks structure in Delft3D, the scatter (xyz) 

points created from the Solidworks stereolithography (.STL) files used in FLOW-3D were 

interpolated in Delft3D. Unlike in FLOW-3D, Delft3D cannot represent the detailed 

three-dimensional structural geometry of the interior bay walls so these were represented by thin 

dams. 
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Figure 3.13. Grid resolution of the 2D Delft3D models. The highest resolution is 5 m in the 

river near the proposed intake structure and 3 m within the intake. 
 

Similar to FLOW-3D for both the FTNMS and FTNMSDI Delft3D models (Figure 3.13) 

the upstream MR boundary at RM 66 was set as a discharge boundary and the downstream 

boundary at RM 56 as water elevation specified by a stage-discharge (Q-H) relation. The Q-H 

relation was developed from observed daily gage data at the USACE Alliance (RM 62.5), the 

USACE W Pt A La Hache (RM 48.7) and the USGS Belle Chasse gages from 2008-2018 

(Figure 3.14). The downstream boundary location RM 56 is located in between the observed 

gages. Therefore, the Q-H at RM 56 was obtained by linear interpolation accounting for the 

relative distance between RM 56 and the other gage locations. A piecewise continuous function 

is used to develop the Q-H relation. For water levels below MR flow 650,000 cfs a parabolic 

function is used while above this flow a linear function is used. A two-function representation is 

adopted to capture a similar distinct trend in the observed data which is result of the change in 

shape of the effective flow cross-section in the river with increasing water level. Below 

650,000-750,000 cfs the MR flow south of Bohemia, LA (about RM 43.5) on the left descending 

bank is confined to the main river channel due to the presence of the MR levees, but above this 

flow the MR water tends to overtop and exit through the Bohemia Spillway which was 

FTNMS FTNMSDI 
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constructed by USACE in 1926 to alleviate flooding. This diverted flow reduces the water level 

rise with MR discharge at the MBSD location and results in a milder (linear instead of parabolic) 

rise in water level for higher discharges. Being able to represent the Q-H distribution accurately 

and hence the water level at various discharges in the river is an important part of the diversion 

modeling because the diversion discharge is driven by the head difference between the river and 

the basin. The diversion discharge is more sensitive to the MR water level at the diversion 

location than the discharge in the river. Note the adoption of Q-H relation eliminates the complex 

tidal and wind generated water level effects on diversion discharge. This aspect is discussed 

further in Chapter 9 under Three-Component-Modeling. It will be analyzed further under the task 

of Operations Modeling in the 90% E&D phase. For hydraulic modeling supporting design 

(discharge capacity and sediment transport modeling) a best fit or mean MR water level at each 

MR discharge is considered sufficient. This approach is expected to yield a corresponding mean 

diversion discharge. Note that for structural design grades and water levels historical maximum 

and minimum are considered by the DT. 

 

 
 
Figure 3.14. Bathymetric elevation (m, NAVD88) is shown with the boundary conditions. 

Horizontal datum is UTM 15N NAD83. 

FTNMS FTNMSDI 
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For the calibration (October 2008-October 2010 period) and the validation 

(October 2010-May 2011 period) runs, the boundary conditions for sediment were obtained 

using the HSRC and TRC curves at Belle Chasse from the observed historical hydrograph for the 

2008-2011 period and imposed at RM 66. All sediment modeling with the 10-mile FTNMS/ 

FTNMSDI/ FTN2Comp models are performed in three-dimensions, so the simulation of 

secondary currents and effects on morphology are explicitly included in the modeled results and 

no separate parametrization is necessary. In the next section however, where the results of the 

two-dimensional FTNULMR Delft3D model results are presented, parametrization of secondary 

currents on bedload is included and calibrated. Observed data collected between 2008-2011 by 

Allison, et al. (2011) were used for the calibration/validation of the FTNMS model. The 2012 

USACE bathymetry, which is the same bathymetry used for all production runs was chosen as 

the initial bathymetry. Even though the WI/CPRA conducted a bathymetry survey towards the 

end of 2008 after the MR flows had fallen below 400,000 cfs, this bathymetry was not used 

because it covered the Alliance sandbar only - unlike the 2012 USACE bathymetry that covered 

the entire model domain. Since the primary purpose of this model is to help in design of 

Figure 3.16. WI basin-wide model time series of discharge and sediment loads at RM 66 for 
present (left column) and future conditions (right column). Top panels show 
discharge on left axis and percentage of sand and fines on the right axis; 
Bottom panels show river loads in tones/day. (Data provided by WI/CPRA). 
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more extensive than those for the hydrodynamics. This calibration process involved a total of 

about 160 2D and 3D model runs. The main parameters investigated were the following: 

 
1. Three sediment transport formula for sand (non-cohesive transport): Van Rijn 

(1984a,b), Van Rijn (1993) and Van Rijn (2004): 

WI used the Van Rijn (1984a,b) formula for the 3D Delft3D MR model, the Van 
Rijn (1993) formula for the early MBSD planning phase modeling (Meselhe et 
al. 2014) and the Van Rijn (2004) formula for the later stage OMBA land building 
models (Esposito et al., 2017). FTN tested all three formulas and found Van Rijn 
(1993) to best reproduce the sediment transport concentrations in the river for the 
calibration and validation cases.  

2. Multiplication factor for suspended sediment reference concentration factor.  

It was found that the suspended sediment reference concentration multiplication 
factor had a dependence on the river discharge and the default value of 1.0 
yielded best results for the lower flow (approximately 720,000 cfs) April 2009 
observation while a value of 0.6 was appropriate for the high flow (approximately 
990,000 cfs) Mar 2011 observation. A mean value of 0.8 was used for this 
parameter for the continuous hydrograph runs. 

3. Multiplication factor for bed-load transport vector magnitude. 

The bed-load transport vector multiplication factor was also found to have a 
dependence on the river flow and a value of 1.7 was found appropriate for the 
lower flow (720,000 cfs) April 2009 observation while a value of 2.0 was found 
to be suitable for the high flow (approximately 990,000 cfs) Mar 2011 
observation. 

4. Spatial variability of the thickness of the sand deposit on the bed (stratigraphy) 
and proper definition of non-erodible zones such as revetments 

FTN received the stratigraphy definition file used in the WI OMBA model and 
adjusted for the sand bar extents based on the geotechnical boring data collected 
in 2013 as provided by Eustis Engineering Services (Eustis), the geotechnical 
team member of the Design Team. Elevations -40 ft, NAVD88 and shallower are 
protected by USACE revetments and are non-erodible. The sand bar was observed 
to start from about -50 ft, NAVD88 and cover the deeper elevations up to the near 
the thalweg at the diversion site. Figure 3.16 shows the stratigraphy definition as 
used in the model and the extent of the sand bar from the graphic provided by 
Eustis. It was found that accurate definition of the sand bar extent as well as the 
non-erodible revetment zones was an important criterion for matching the 
sediment concentration profiles for both calibration (low flow) and validation 
(high flow) observations, due to the contribution of the locally sourced sand to the 
suspended sediment in the water column in addition to the wash load. 
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Figure 3.17. Top panel. Definition of model stratigraphy. Sediment thickness represented as 
depth below the river bed (in feet). Note the revetments (blue areas near the river 
banks mostly at or above -40 ft NAVD88) are set as non-erodible. Bottom panel: 
Geotechnical info-graphic showing that the sand bar starts from -50 ft NAVD88 
and extends below to deeper inverts at the diversion site.



 
June 3, 2022 

 

 

 
3-30 

Figure 3.18 shows the comparison of modeled suspended (middle panel) and bed-load 

(bottom panel) for sand with observed data at RM 61.6. Overall, the model results match well 

with the observed data. The underestimation of the April 2009 data point is likely due to local 

hysteresis effect in the sand transport which cannot be captured in the TRC rating curve. As the 

bed storage of sediment evolves, the model seems to be able to recover the hysteresis effect, 

(March 2010 and 2011 were only two falling limb observations). Most of the variation between 

observed and modeled bed loads is due to the temporal effects. The model predicts the range of 

bed load well. Even though the variation in predicted and modeled bed load is greater than the 

suspended load, the bed load itself forms a small percentage (5-10 %) of the suspended sand load 

at MR flows greater than 900,000 cfs (Figures 3.19 and 3.20). In summary, the model is able to 

predict overall sediment transport of fines and sand over the 3-year hydrograph within the 

observed uncertainties and can be further used for the estimation of diverted loads under with 

structure scenarios. 

 

 



 

3-31 

 

 
 
Figure 3.18. Comparison of modeled and observed discharge (top panel) and total sediment 

load (sand and fines, bottom panel) at the MBSD location RM 61.6. 
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Figure 3.19. Comparison of modeled and observed fines (silt and clay) in the top panel, 

suspended sand loads in the middle panel, and bed load in the bottom panel at 
location RM 61.6.
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Figure 3.20. Modeled sand bed load as percentage of modeled sand suspended load. Observed 

data is shown in red squares. For MR Flow (>600,000 cfs) when most of the sand 
enters into suspension, the bed load varies between 5-60 % of the suspended load. 

 

The final calibrated and validated hydrodynamic model results for cross-sectional depth 

averaged velocities in the river (cross-section looking upstream) are shown in Figures 3.21 and 

3.22 compared with field data along the locations as shown before in Figure 3.5. The 2D model 

matches the depth-averaged velocities slightly better near the thalweg than the 3D model, while 

the 3D model gives better estimates of the lower velocities near the RDB. The differences in 3D 

modeled velocities from 2D (rigid bed) are possibly due to the differences in the predicted 

bathymetries in the model compared to the observed bathymetries. Another reason could be the 

possible effect of parked barges downstream of Alliance along the RDB and/or CHS terminal 

upstream on the near-bank (at or below -40 ft, NAVD88) RDB velocities. The barge parking 

location is expected to be removed post-construction, so the model without the barge effect is 

used for all production runs. Note that even though the 2D model is not used for sediment 

transport, it is used later for rigid bed hydrodynamic runs for determining water levels and 

diversion capacity (in FTNOMBA) so it was necessary to calibrate it for hydrodynamics at this 

stage. 









 

3-37 

 
 
 
 
Figure 3.25. Sediment calibration (April 2009): Suspended sediment concentration (SSC) 

profiles for sand (left) panels and fines (right panels) at West (near RDB), Mid 
(near thalweg) and East (near LDB) probes as shown on Figure 3.5. 
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Figure 3.26. Sediment validation (March 2011): Suspended sediment concentration (SSC) 

profiles for sand (left) panels and fines (right panels) at west (near RDB), mid 
(near thalweg) and east (near LDB) probes as shown on Figure 3.5. 
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The Delft3D model, despite being a hydrostatic model, is well-documented in its ability 

to model secondary flows at river bends (Kalkwijk and Booij 1986; Frolke 2016; Banda 

et al. 2017). Figure 3.27 shows that the 3D Delft3D model, similar to the FLOW-3D model, is 

able to produce the secondary currents at the Myrtle Grove bend, immediately downstream of the 

diversion. It is to be noted that the secondary currents are negligible upstream of the diversion 

location and are not expected to affect or play a significant role in the sediment capture 

performance of the MBSD diversion. The Myrtle Grove bend is of particular interest in its 

proximity to the diversion due to its prograding sand bar that encroaches into the ship channel. A 

potential for deposition as a result of the lack of stream power in the river, due to diversion 

operations, is analyzed through modeling later in Chapter 9. The comparison of the calibrated 

suspended sediment transport profiles locally at this bend are shown in Figure 3.28.  

 

 

 
 

Figure 3.27. Both the 3D Delft3D and the FLOW-3D model are able to represent the 
secondary currents at the Myrtle Grove (downstream of MBSD diversion 
location) bend. 
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Figure 3.28. Top panel shows locations were observed suspended sand concentration (SSC) 

data is available (Allison 2011) as well as the legend for the figures in panels 
below. Middle and bottom panels show the comparison of SSC at those locations 
within the 2008-2011 study period.
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Figure 3.29. Location of transects analyzed and compared with model results in Figure 3.30 

later. For a full analysis of the historical change of the Alliance Sand Bar 
bathymetry see Chapter 9: Modeling of Riverside Effects of Diversion 
Operations. 

 

 
 

Figure 3.30. Comparison of modeled and observed bathymetries. 
 

Figure 3.31 shows the snapshots of the modeled bathymetry at different times when 

similar flow conditions existed in MR. The results show the complex nature of bathymetry 

evolution which depends not only on the river flow but also on the history of the hydrograph.  








































































































































































































































































































































































































































































































































































































































































































































































































































