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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 totadgitarous under 20ay continuous
diversion flows of 250, 1,000 and 2,000 cfs. The scenarios were applied for currer@)Year
conditionsas well future (Year 50) conditions taking into account projected sea level rise,
accretion andandsubsidence.

The malel geometry was based on a combination of channel-seat®n field surveys
(collected in 2004 and confirmed in 2018 at key locations) and 2012 LIDAR surveys. The model
employsastructured grid with cell size varying from about 401 (n) in streams to over 600 ft
(200m) nearthe boundary at Lake Maurep&=ll sizes forhe interior swampgange from40 ft
to 160 ft. Themodel represents the project area usitgo-dimensional computational grid
composed of 1.&illion points.

The model wasalibrated for water surface elevation and velocity using data collected in
2004to represenmormal conditions and Tropical Storm Matthew (2004) dat@present
tropical storm conditions. The model was validated using 2020 normal conditions scetvanio at
Coastwide Reference Monitoring systeGRMS) gagesThefinal calibration for thenormal
condition used Ma nsifnfgrdoaghressor thd eatiee projéct ade&d 3 5
thetropical storm hydrologic conditionthefinal selectedvaie s of Manni ngds n
0.035 and 0.2/(m"?) for Lake Maurepas, the channels, and the swamp, respeciibely.
validation usedhe same&oughness athe calibration. For model application to evaluate
diversion scenarios, roughness values similéinéostorm conditions were usexs they are
appropriate for thelevated water levelsf the scenariosThe model was not calibrated for
nutrientsbecause existing nutrient concentrations (i.e., without the diversion) are assumed to
represent backgrounaecentrationsCurrent conditions in the study area do not provide a
spatial or temporal gradient of nutrient concentrations that would allow calibration of nutrient
parametersinstead, nutrientput parameter$or the modelvere selected froranextensve

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

1 Thehighestwater levelswill occurin Hope Canal as it exitsl0 bridge

o] Y earO: Diversion flow of 250, 1000 and 2000 ctises water level by
0.3, 1.3 and 1.9 ft, respectively

o] Year50: Diversion flow of 2000 cfs raises water level by 0.6 ft.
1 Theaveragewater levels in the swangre affected as follows:
o] Y earO: Diversion flow of 250, 1000 and 2000 cfs raises water level by
0.1, 0.7 and 0.9 ft, respectively
o] Y ear50: Diversion flow of 2000 cfs raises water level by 0.2 ft.
1 Water levelsear theVest Shore Lake PontchartraW$LP) drainage structures
o] Y earQ: Diversion flow of 2000 cfs raises watewel by less than 0.3 ft.
o] Y ear50: Diversion flow of 2000 cfs raises water level by 0.1 ft.
1 Distribution of the diversion flow changes with its magnitude
o] 250 cfs diversion rate (Year 0):
A 84% flows through Dutch Bayou to Lake Maurepas
A 12% flows towards the ReserRelief Canal
A insignificantflow towards the Blind River
o] 1,000 cfs diversion rate (Year 0):

A 46% flows through Dutch Bayou to Lake Maurepas
A 25% flows towards the ReserRelief Canal
A 18%flows towards the Blind River

o] 2,000 cfddiversion rate (Year 0):
A 32% flows through Dutch Bayou to Lake Maurepas
A 26% flows towards the ReserRelief Canal
A 29%flows towards the Blind River

o] 2,000 cfs diversion raté/ear50):

A Due to significant inundatiorihe diversion flow has more
opportunity to overtop the stream banks. Therefang; 6%of the
diversion flow ischannelized through Dutch Bay¢2,000 cfs
diversion)

i The shallow and relatively slow flow through the swamp allows for nutrients to
be remoed 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(¥e@P0
conditions) Predicted concérations 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\&jll

Based orthe modebrojection 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 swampvithout causing large increases in nutrient emiations 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 diversioratatignment. The modeling and analysis
pertaining to polder drainage evaluation is added as an Appendix G to this report.

The model results shagthatthe construction of the diversion canal isolates region to
its west reducing drainage potential of tegion. The impact is greater on the area east of
LA-641 than the west area. The presence of elevated water levels netth oédluces capacity
of the highway culverts to drain the polders. Under the existing conditions, the difference in
water leveldue to the 2and the 25yr rainfall is apparent for about 4 days. Under the
with-project conditions, the difference in water levels due to tlam@ the 25/r 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).ateral Release Valves (LRVs) along the banks of the proposed
diversion canalvas ewuated The analysis showed thatet combined flow through 32 LRVs is
about 4 times that through the 8 LRVs at the p&ak.culvertsflow partially under the water
levelspredicted 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 eastivants 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 westipgldestal,

introduction of LRVs improves drainage aretluces inudation of the polders.
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1.0 INTRODUCTION

The proposed River Reintroduction into Maurepas SwampQ@0) project (the
Project) located near Garyvilleplisianawill divert flow from the Mississippi Rive(MR) to
the Maurepas Swamp wetlands (Figir®. In 2014, URS provided 95% level design of the
proposed PED029 project to the Coastal Protection and Restoration Authority (CPRA) of
Louisiana (URS 2014). Thegect consists of a gated intake structure at the river capable of
diverting 2000 cfsof river water, a large sand settling basin, and a long, batiiketsion
conveyance channélpproximately halfway along theonveyance channgust 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
extenddrom the Mississippi River to its end approximatel9QDft north ofits crossing with
Interstate Highway-10. Thediversionchannel has a variable cressction along its way. The
longest segment between Highway 61 ai@ has a 6& wide bottom and 1V:5H side slope.
Thechanneinvert is-7 ft and-8 ft, NAVD88 at Higlway 61 and-10, respectivelyThe
proposed project also includes closing the existudgert crossings unde+l0 between LA 641
and Mississippi Bayguo prohibit backflow from the diversion into the swamp betwe&@ and
Highway 61. The design alsogposesaddinggaps in the railroad embankment along the west
bank of Hope Canal. For detaitee reader is referred to the 93%vel DesignReport (URS
2014).

To support the hydraulic design of the proposed diversidri@avaluate its effect on
swamp hydrology, URS developed a tdimmensional (2D) ADvanced CIRCulation (ADCIRC)
Model. URS also developed a edenensional (1D) Storm Water Management Model (SWMM)
of the GaryvilleReserve drainage system to evaluate effettheprojectedwater levels in the

swampdue to the projectn theinterior drainage.

1-1
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Figure 1.1 Maurepas swamp hydraulic modeling strép.
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The hydrodynamic modeling performbyg URSfor the 95% level design did not include
modeling the transport of nutrients introduced from the Mississippi River diversion water
throughout the swamp. Theipose of the modeling efforts outlined in this document is to
develop a water quality model (twebmensional Delft3D) for thproposed projedb simulate
fate and transport of nutrients carried by the diverted water. FTN Associates (FTN) completed
this modeling study as a stdontractor to AECOM Technical Services and then as a sub

contractor to Volkert, Inc.

1-3
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2.0 STUDY OBJECTIVES

The objective of the modeling studwere as follows:

1. Developa numerical model capable of simulatingter 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 abe parameterfor the250, 1,000 and 2,000 cfs
diversion inflow throughout the Maurepas swamp

2-1
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3.0 MODELING PROGRAM SELECTION AND DESCRIPTION

The study area is an extensive foeestvetlandsurrounding Lake Maurepas in the upper
reaches bthe Pontchartrain estuary. The area is influenced by diticed enteringrom
PasdMlanchac connecting Lake Maurepad.ake Pontchartrain. The study area includes several
natural and mamade channels that carry flowtorand out of the swamp whileddributing it in
the swamp wherever low banks are present. For the purpose of the study, it is appropriate to
assumehatthe dominant velocitiemm the system arim the longitudinal and transverse direction
(two dimensions). Due to the relatively shalleiater depths, the velocities and accelerations in
the vertical direction (the third dimension) are negligible and the flow can be assubeed
vertically welkmixed. This assumption allows us to apply a-tlumensional (2D) model instead
of a threedimersional (3D) model. A 3D model for the study aveauld be extremely
computationally intensive resulting in prohibitiyéong simulation timesand would add littléo
the accuracy of the results. On the other hand, ansivglified onedimensional (1D) radel
would not be adequater the study purpose. Therefoegtwo-dimensional deptaveraged (2D)
model is appropriate for this study.

Various public domain and commercial/proprietary computer software are available for
2D, vertically averaged hydrodynamtransport modeling. These models solve the
hydrodynamic and constituent transport equations using either a structured or an unstructured
computational mesh.

The structuredyrid modelsuserectangular or square elementsese modelare simpler
in paralel programming implementatidrecausehey employ finitedifference schemes to solve
governing equations and different portions of the grid can be distributed to multiple processors
for optimal balancingf the computational loadhdditionally, finite difference schemes do not
suffer from mas conservation problems often inherent in the finite element schemes of
unstructured grids. However, the accuracy in the complexeftpe-water geometry in
structuredgrid modelsmay not be as good asunstructureerid models. The unstructured
models(finite element or finite voluméased), on the other hand, allow elements of various

shapes (line, triangle, or quadrilateral), whishkes it possible to feélements more closely to

3-1
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the topographic features. Further, the unstructured mesh allowsoradgitlement size in a
single mesh enabling creation of a denser mesh where more details are necessary. However,
implementation of finiteelement models not as straightforward as finiifference models.
This is mainly due to approximation of theldie within each element with a simple linear,
guadratic 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:

RMA-2 model (unstructied 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 meshdl
Delft3D from Deltares (structured mesh)

Although the first two options can better represghatstudyareaconsisting obroken
swamp, lake, channels and bayous, the Delft3D optiorselastedor this study because it has
been widely applied in south Louisiana asdisedfor the Louisiana Cadal 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 wedteety of water
quality parameters including secondary processes. DELWskQnodel 18 independent
principal substances with over 20 different-suibstances. It has been applied in studies
involving eutrophicationgdissolvedoxygen depletion, contaminated sediment, and temperature
impacts of point source# particularly usefufeature of DELWAQ is its ability t@applyuser

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

3-2
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4.0 METHODOLOGY

FTN developed and applied Delft3D model version 4.02.03 (Det2048) topredict
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 advectiod dispersion of nutrients.

The Delft3D FLOW module utilizes a robust numerical firdt#erence scheme where
model results are computéat a horizontal staggered grid. The water leveldetrminedn the
center of a continuity cell and the velocitynggonents areomputedperpendicular 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)
werethen used to drive thteansport ohutriens introduced by the MR irdlv. Nutrientswere
simulated asotal nitrogenandtotal phosphorusather than individual species of nutrients (e.qg.,

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

The following topographic survey data and hydraulic naymg 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 retpidedelop model
geometryfor Lake Maurepasnajorstreams and the swarapea

Lake Maurepas bathymetry was obtained feurveys performed by SGSin 2002
Channel crossection data were available at 29 locations on streams in the swamp netth of |
(URS 2005). To evaluate whether the cregstions have changed significantly over the years,
new topographic surveys were collected in April 2018abf the 29 locations with
crosssections (MPH 2018). The original 29 ahénewsix survey locations arénewn in
Figure5.1 Figuresb.2through5.4compare the old and the new cresgtions. The comparison
shows that the previousurveyedcrosssections have not changed significantlyarms of
crosssectional 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.IDAdR elevationsin the
main swamp north of Interstai® were much higher than thogenerally found in this region
Therefore upon the recommendation of the Technical Advisory Grdbp marsh floor
elevation was capped at 1.0 ft, NAVDS88. 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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O Existing (2004) channel cross-sections

® New (2018) channel cross-sections

Figure5.1 Locations of existing (2004) and new (2018) channel eseston field surveys.
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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 tigesurveyedorimary channels were found to
have no major changde the crosssectional areahe previously collecteldydraulicmonitoring
data (URS 2006) were judged to be appropriate for use in this studitydisilicmonitoring
gage locations are shown in Fig&é. Water surface elevations were collected at all locations

Velocity was collectednly at location $9.
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Figure5.6. Locations of hydraulic monitoring gages.
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