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EXECUTIVE SUMMARY 

 

A two-dimensional Delft3D hydrodynamic and water quality model was developed, 

calibrated and validated for the Maurepas swamp study area. The model was applied to simulate 

water surface elevations, velocity, total nitrogen, and total phosphorous under 20-day continuous 

diversion flows of 250, 1,000 and 2,000 cfs. The scenarios were applied for current (Year 0) 

conditions as well future (Year 50) conditions taking into account projected sea level rise, 

accretion and land subsidence. 

The model geometry was based on a combination of channel cross-section field surveys 

(collected in 2004 and confirmed in 2018 at key locations) and 2012 LIDAR surveys. The model 

employs a structured grid with cell size varying from about 40 ft (12 m) in streams to over 600 ft 

(200 m) near the boundary at Lake Maurepas. Cell sizes for the interior swamps range from 40 ft 

to 160 ft. The model represents the project area using a two-dimensional computational grid 

composed of 1.3 million points. 

The model was calibrated for water surface elevation and velocity using data collected in 

2004 to represent normal conditions and Tropical Storm Matthew (2004) data to represent 

tropical storm conditions. The model was validated using 2020 normal conditions scenario at two 

Coastwide Reference Monitoring system (CRMS) gages. The final calibration for the normal 

condition used Manningôs n value of 0.035 s/(m1/3) for roughness for the entire project area. For 

the tropical storm hydrologic conditions, the final selected values of Manningôs n were 0.02, 

0.035 and 0.2 s/(m1/3) for Lake Maurepas, the channels, and the swamp, respectively. The 

validation used the same roughness as the calibration. For model application to evaluate 

diversion scenarios, roughness values similar to the storm conditions were used, as they are 

appropriate for the elevated water levels of the scenarios. The model was not calibrated for 

nutrients because existing nutrient concentrations (i.e., without the diversion) are assumed to 

represent background concentrations. Current conditions in the study area do not provide a 

spatial or temporal gradient of nutrient concentrations that would allow calibration of nutrient 

parameters. Instead, nutrient input parameters for the model were selected from an extensive 

literature survey and consultation with the CPRA Technical Advisory Group. 
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The following are the findings of this study: 

 

¶ The highest water levels will occur in Hope Canal as it exits I-10 bridge:  

o Year 0: Diversion flow of 250, 1000 and 2000 cfs raises water level by 

0.3, 1.3 and 1.9 ft, respectively, 

o Year 50: Diversion flow of 2000 cfs raises water level by 0.6 ft. 

¶ The average water levels in the swamp are affected as follows: 

o Year 0: Diversion flow of 250, 1000 and 2000 cfs raises water level by 

0.1, 0.7 and 0.9 ft, respectively, 

o Year 50: Diversion flow of 2000 cfs raises water level by 0.2 ft. 

¶ Water levels near the West Shore Lake Pontchartrain (WSLP) drainage structures: 

o Year 0: Diversion flow of 2000 cfs raises water level by less than 0.3 ft. 

o Year 50: Diversion flow of 2000 cfs raises water level by 0.1 ft. 

¶ Distribution of the diversion flow changes with its magnitude: 

o 250 cfs diversion rate (Year 0):   

Å 84% flows through Dutch Bayou to Lake Maurepas. 

Å 12% flows towards the Reserve Relief Canal.   

Å insignificant flow towards the Blind River.  

o 1,000 cfs diversion rate (Year 0): 

Å 46% flows through Dutch Bayou to Lake Maurepas.  

Å 25% flows towards the Reserve Relief Canal.   

Å 18% flows towards the Blind River.  

o 2,000 cfs diversion rate (Year 0): 

Å 32% flows through Dutch Bayou to Lake Maurepas.  

Å 26% flows towards the Reserve Relief Canal.  

Å 29% flows towards the Blind River.  

o 2,000 cfs diversion rate (Year 50): 

Å Due to significant inundation, the diversion flow has more 

opportunity to overtop the stream banks. Therefore, only 6% of the 

diversion flow is channelized through Dutch Bayou (2,000 cfs 

diversion).  

¶ The shallow and relatively slow flow through the swamp allows for nutrients to 

be removed from the water column before the water reaches Lake Maurepas via 
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Dutch Bayou and Reserve Relief Canal. By the time the Mississippi River water 

reaches Lake Maurepas, it has lost about 54% of its TN and 35% of its TP (Year 0 

conditions). Predicted concentrations of TN in the southern end of Lake Maurepas 

correspond to nitrate concentrations that are much lower than observed 

concentrations in Lake Pontchartrain that led to increased algae concentrations in 

2008 and 2011 after opening the Bonnet Carré Spillway. 

 

Based on the model projection simulations, the proposed diversion of Mississippi River 

water into the Maurepas swamp is expected to provide beneficial freshening and nutrients to a 

large area of swamp, without causing large increases in nutrient concentrations in Lake 

Maurepas. 

A version of this report documenting the modeling efforts above was submitted to CPRA 

on January 26, 2021. Subsequently, CPRA requested preliminary evaluation of drainage of the 

polders created by the intercepting diversion canal alignment. The modeling and analysis 

pertaining to polder drainage evaluation is added as an Appendix G to this report.  

The model results showed that the construction of the diversion canal isolates region to 

its west reducing drainage potential of the region. The impact is greater on the area east of 

LA-641 than the west area. The presence of elevated water levels north of I-10, reduces capacity 

of the highway culverts to drain the polders. Under the existing conditions, the difference in 

water levels due to the 2- and the 25-yr rainfall is apparent for about 4 days. Under the 

with-project conditions, the difference in water levels due to the 2- and the 25-yr rainfall is 

apparent for over 15 days. 

To improve drainage of these polders, especially the west polder, the effect of installing 

additional (32, 8 and 20) Lateral Release Valves (LRVs) along the banks of the proposed 

diversion canal was evaluated. The analysis showed that the combined flow through 32 LRVs is 

about 4 times that through the 8 LRVs at the peak. The culverts flow partially under the water 

levels predicted for the corresponding scenarios. Generally, a lot of flow from the rainfall 

drainage comes into Hope Canal via LRVs on the west bank. Most of it exits north through Hope 

Canal and only some exits through the LRVs on the east bank. The east bank culverts are of no 

significant benefit to drain water out to east. The model scenarios with 32 LRVs (16 west + 16 
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east) and 20 LRVs (16 west + 4 east) have similar drainage benefit to the west polder. In general, 

introduction of LRVs improves drainage and reduces inundation of the polders. 
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1.0 INTRODUCTION 

 

The proposed River Reintroduction into Maurepas Swamp (PO-0029) project (the 

Project) located near Garyville, Louisiana, will divert flow from the Mississippi River (MR) to 

the Maurepas Swamp wetlands (Figure 1.1). In 2014, URS provided 95% level design of the 

proposed PO-0029 project to the Coastal Protection and Restoration Authority (CPRA) of 

Louisiana (URS 2014). The project consists of a gated intake structure at the river capable of 

diverting 2,000 cfs of river water, a large sand settling basin, and a long, banked diversion 

conveyance channel. Approximately halfway along the conveyance channel, just north of US 

Highway 61, the channel follows the existing Hope Canal alignment to distribute the diverted 

water into the wetlands on the north side of Interstate 10. The proposed diversion channel 

extends from the Mississippi River to its end approximately 1,000 ft north of its crossing with 

Interstate Highway I-10. The diversion channel has a variable cross-section along its way. The 

longest segment between Highway 61 and I-10 has a 60 ft wide bottom and 1V:5H side slope. 

The channel invert is -7 ft and -8 ft, NAVD88 at Highway 61 and I-10, respectively. The 

proposed project also includes closing the existing culvert crossings under I-10 between LA 641 

and Mississippi Bayou, to prohibit backflow from the diversion into the swamp between I-10 and 

Highway 61. The design also proposes adding gaps in the railroad embankment along the west 

bank of Hope Canal. For details, the reader is referred to the 95% Level Design Report (URS 

2014). 

To support the hydraulic design of the proposed diversion and to evaluate its effect on 

swamp hydrology, URS developed a two-dimensional (2D) ADvanced CIRCulation (ADCIRC) 

Model. URS also developed a one-dimensional (1D) Storm Water Management Model (SWMM) 

of the Garyville-Reserve drainage system to evaluate effects of the projected water levels in the 

swamp due to the project, on the interior drainage.
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Figure 1.1 Maurepas swamp hydraulic modeling study area. 
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The hydrodynamic modeling performed by URS for the 95% level design did not include 

modeling the transport of nutrients introduced from the Mississippi River diversion water 

throughout the swamp. The purpose of the modeling efforts outlined in this document is to 

develop a water quality model (two-dimensional Delft3D) for the proposed project to simulate 

fate and transport of nutrients carried by the diverted water. FTN Associates (FTN) completed 

this modeling study as a sub-contractor to AECOM Technical Services and then as a sub-

contractor to Volkert, Inc. 
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2.0 STUDY OBJECTIVES 

 

The objectives of the modeling study were as follows: 

 

1. Develop a numerical model capable of simulating water surface elevations, 

velocities, discharge, salinity, total nitrogen (TN) and total phosphorous (TP) 

throughout the receiving swamp when the diversion flow is introduced in the 

system. 

2. Apply model to predict above parameters for the 250, 1,000 and 2,000 cfs 

diversion inflow throughout the Maurepas swamp. 
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3.0 MODELING PROGRAM SELECTION AND DESCRIPTION 

 

The study area is an extensive forested wetland surrounding Lake Maurepas in the upper 

reaches of the Pontchartrain estuary. The area is influenced by diurnal tides entering from 

Pass Manchac connecting Lake Maurepas to Lake Pontchartrain. The study area includes several 

natural and man-made channels that carry flow into and out of the swamp while distributing it in 

the swamp wherever low banks are present. For the purpose of the study, it is appropriate to 

assume that the dominant velocities in the system are in the longitudinal and transverse direction 

(two dimensions). Due to the relatively shallow water depths, the velocities and accelerations in 

the vertical direction (the third dimension) are negligible and the flow can be assumed to be 

vertically well-mixed. This assumption allows us to apply a two-dimensional (2D) model instead 

of a three-dimensional (3D) model. A 3D model for the study area would be extremely 

computationally intensive resulting in prohibitively long simulation times and would add little to 

the accuracy of the results. On the other hand, an over-simplified one-dimensional (1D) model 

would not be adequate for the study purpose. Therefore, a two-dimensional depth-averaged (2D) 

model is appropriate for this study. 

Various public domain and commercial/proprietary computer software are available for 

2D, vertically averaged hydrodynamic transport modeling. These models solve the 

hydrodynamic and constituent transport equations using either a structured or an unstructured 

computational mesh. 

The structured-grid models use rectangular or square elements. These models are simpler 

in parallel programming implementation because they employ finite-difference schemes to solve 

governing equations and different portions of the grid can be distributed to multiple processors 

for optimal balancing of the computational load. Additionally, finite difference schemes do not 

suffer from mass conservation problems often inherent in the finite element schemes of 

unstructured grids. However, the accuracy in the complex edge-of-the-water geometry in 

structured-grid models may not be as good as in unstructured-grid models. The unstructured 

models (finite element or finite volume-based), on the other hand, allow elements of various 

shapes (line, triangle, or quadrilateral), which makes it possible to fit elements more closely to 
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the topographic features. Further, the unstructured mesh allows variation of element size in a 

single mesh enabling creation of a denser mesh where more details are necessary. However, 

implementation of finite-element models is not as straightforward as finite-difference models. 

This is mainly due to approximation of the fields within each element with a simple linear, 

quadratic or polynomial function with finite number of degrees of freedom.  

The following are some of the modeling programs commonly used to model 2D, 

vertically averaged hydrodynamics:  

 

1. RMA-2 model (unstructured mesh) by Resource Modelling Associates, Inc;  

2. ADCIRC from the University of North Carolina at Chapel Hill (unstructured 

mesh);  

3. MIKE-21 from the Danish Hydraulic Institute (unstructured mesh); and 

4. Delft3D from Deltares (structured mesh). 

 

Although the first two options can better represent the study area consisting of broken 

swamp, lake, channels and bayous, the Delft3D option was selected for this study because it has 

been widely applied in south Louisiana and is used for the Louisiana Coastal Master Plan. 

Delft3D is highly scalable on High Performance Computing (HPC) infrastructures. Equally 

important is the fact that Delft3D with its DELWAQ module can model a wide variety of water 

quality parameters including secondary processes. DELWAQ can model 18 independent 

principal substances with over 20 different sub-substances. It has been applied in studies 

involving eutrophication, dissolved oxygen depletion, contaminated sediment, and temperature 

impacts of point sources. A particularly useful feature of DELWAQ is its ability to apply user-

defined spatially variable, depth dependent decay rate constants for the constituents of interest. 
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4.0 METHODOLOGY 

 

FTN developed and applied Delft3D model version 4.02.03 (Deltares, 2018) to predict 

the tidal circulation and the transport of suspended nutrients. Delft3D FLOW module simulates 

water levels and velocity driven by boundary conditions of tides and currents. The output from 

DELFT3D FLOW is used in DELWAQ to simulate the advection and dispersion of nutrients.  

The Delft3D FLOW module utilizes a robust numerical finite-difference scheme where 

model results are computed for a horizontal staggered grid. The water level are determined in the 

center of a continuity cell and the velocity components are computed perpendicular to the grid 

cell faces. Delft3D can be operated in a 2D (vertically averaged) or a 3D mode. In the present 

application, Delft3D is used in 2D mode. 

To begin with, a hydrodynamic model of the study area was developed and calibrated. 

The simulated hydrodynamics (water surface elevations and velocities throughout the study area) 

were then used to drive the transport of nutrients introduced by the MR inflow. Nutrients were 

simulated as total nitrogen and total phosphorus rather than individual species of nutrients (e.g., 

ammonia nitrogen, nitrate nitrogen, etc.).
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5.0 DATA COLLECTION TO SUPPORT MODELING 

 

The following topographic survey data and hydraulic monitoring data were used in this 

modeling study. 

 

5.1 Topographic Data 

The topographic field data are used to develop the model geometry which is a digital 

representation of the terrain. Specifically, topographic data were required to develop model 

geometry for Lake Maurepas, major streams and the swamp area. 

Lake Maurepas bathymetry was obtained from surveys performed by USGS in 2002. 

Channel cross-section data were available at 29 locations on streams in the swamp north of I-10 

(URS, 2005). To evaluate whether the cross-sections have changed significantly over the years, 

new topographic surveys were collected in April 2018 at six of the 29 locations with 

cross-sections (MPH 2018). The original 29 and the new six survey locations are shown in 

Figure 5.1. Figures 5.2 through 5.4 compare the old and the new cross-sections. The comparison 

shows that the previously surveyed cross-sections have not changed significantly in terms of 

cross-sectional area and can be used for this study.  

It would have been prohibitively expensive to collect topographic field survey data in the 

forested swamp. Therefore, the LIDAR data from 2012 were used. The LIDAR elevations in the 

main swamp north of Interstate 10 were much higher than those generally found in this region. 

Therefore, upon the recommendation of the Technical Advisory Group1, the marsh floor 

elevation was capped at 1.0 ft, NAVD88. The revised topographic contours are show in Figure 

5.5.

 
1 Prof. Gary Shaffer, Southeastern Louisiana University; Prof. Richard Keim and Prof. Jim Chambers, Louisiana 

State University; and Dr. Ken Krauss, USGS. 
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Figure 5.1. Locations of existing (2004) and new (2018) channel cross-section field surveys.
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Figure 5.2. Comparison of old (2004) and new (2018) channel cross-sections at N-19 and N-18. 
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Figure 5.3. Comparison of old (2004) and new (2018) channel cross-sections at N-16 and N-13. 
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Figure 5.4. Comparison of old (2004) and new (2018) channel cross-sections at N-8 and N-25. 
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Figure 5.5. Delft3D model bathymetry using topographic contours from 2012 LIDAR data. 

Swamp floor elevation capped at 1.0 ft in the region shown by the inset. 

 

5.2 Hydraulic Monitoring Data 

Hydraulic monitoring data needed for modeling typically consists of time series of water 

surface elevations, velocity or discharge. These data are used to specify boundary conditions and 

for calibration/validation of the model. Since the re-surveyed primary channels were found to 

have no major change in the cross-sectional area, the previously collected hydraulic monitoring 

data (URS 2006) were judged to be appropriate for use in this study. The hydraulic monitoring 

gage locations are shown in Figure 5.6. Water surface elevations were collected at all locations. 

Velocity was collected only at location S-9.
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Figure 5.6. Locations of hydraulic monitoring gages.
















































































