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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.




Februarz 8, 2022

TABLE OF CONTENTS

EXECUTIVE SUMMARY ....oiiiiiiieiiiiieiiee e immee sttt e e e e ssttaee e s smmme e s e s nnstsaeeeeessnnnsssesnnneeeeeeennd i
1.0 INTRODUCTION .. .coiiiiiiiiiiiiiiee e ieeesiie et e e e e et e e e e s smmne e s snsbeeeeeaeaasnnsbeeeeananreeeeann 1-1
2.0 STUDY OBJIECTIVES.....cot oottt ettt eeene e e e et e e e e e e eameas 2-1
3.0 MODELING PROGRAM SELECTION AND DESCRIPTION........ccccovvvviiiieieiiicee 31
4.0  METHODOLOGY ...oiiiiiiiieeiiiiiiiiie e smee sttt e e e e e st ee s smamsa e e s snseaeeeaeeaansbssannseeeesd -1
5.0 DATA COLLECTION TO SUPPORT MODELING.......cccccceeviiiiiiiir e 51
5.1  TopOgraphiC DALAL..........uuuuiiiiiiiiiiiieeeiiiiie et 51

5.2  Hydraulic MONItoring Data..............uuuuiiiiiiiiieeeiiiiiiiiieeeeeee e 5-6

6.0 MODEL GEOMETRY DEVELOPMENT........ccuttiiiiiiiiiiiiiceeeie e 6-1
7.0 MODEL CALIBRATION AND VALIDATION ...ooviiiiiiiiiiiieeeeseseeeineee e e sivveeee s 7-1
7.1 Model Calibration.........cccooiviiiiieeiiiiceeeiiie e eeeeeeeeeeeeeee e L L
7.2 ModelValidation...........cooeiiiiiiiiieiiieeee e = O
8.0 APPROACH FOR SIMULATING NUTRIENTS.......ottiiiieiiiiiiiiis e ssiiieee e 8-1
8.1  Overview of APProach..........coooiiiiiiiiiie 8-1

8.2  NULNENT LOSS RALES ....cceeiiiiiiiiiiiii e ettt e e e e e e e e e e e e e anene e e e e e e eeeeeeeeeeeeneeeed 8-3

8.3  Background CONCENTIAtIONS........uuueiiiiiiiiiiii ettt e e 8-5

9.0 MODEL APPLICATION TO EVALUATE ALTERNATIVES.......cccccceeiiviiiiiiee e 9-1
9.1 Proposed Model SCENArIQS.............uuuuuiiiiiiiceeeeeee e erre e 9-1

9.2 Sea Level Rise, Subsidence and Accretian..............ccccuvvimmmneniieiiiiinnnnne. 9-1

9.3  Model Geometry With ProjeC.........cuuiiiiiiiiiiiiiieeiieeeee e 9-4

9.3.1 Addition of the proposed diversion project............cccceeeeeeeiicecrennnnnns 9-4

9.3.2 Addition of the WSLP projedeatures..............ccovvviiiiiiieeee e, 9-4

9.3.3 Addition of subsidence and accretiQn..................eeeevieeeiiiiiinneeeene. 9-5

9.4  Model Boundary ConditioNS..........coooviiiiiiiiiieeen e eeeee e 9-7

9.4.1 Hydraulicsi Water Levels and FIOWS.............cccccciiiiiiiieeencccci 9-7

9.4.2 Water Qualityi Nutrient and Salinity Concentration........................ 9-9

9.5 Model Coefficients and SettingS........ccoeveiiiiiiiiiiice e 9-14




Februarz 8, 2022

TABLE OF CONTENTS (CONTINUED)

10.0 MODEL RESULTS ... oottt tire ettt eens b e e e e e e e e e e e e e e s semee s 10-1
10.1 Predicted Water Surface Elevation and VelQCity..............ccoeeeeveeeeeccenennn. 101
10.2 Predicted Percent Mississippi River Water in the Swamp...................... 103
10.3 Predicted ©tal Nitrogen and Total Phosphorous Transpatrt..................... 104
10.4 Salinity FIUShING RESUILS.........uuueiiiiiie e eeee e 105
10.5 Comparison with Previous Modeling Studies............c.oovvviviieemeeeiieeeeennnns 10-5
10.6 Comparison with Nutrient Concentrations in Lake Pontchartrain............ 10-6

11.0 SUMMARY AND CONCLUSIONS.......oo et eeeme e 11-1

12.0 REFERENCES. ..ottt e e enensse e e 12-1

LIST OF APPENDICES

APPENDIXA: Model Calitration Results

APPENDIXB: Model ValidationResults

APPENDIXC: Model Alternative ScenarioResults

APPENDIXD: Information from Published Literature Used to Develop Loss Rates

APPENDIX E: Guidance o Sea Level Rise, Subsidence and Accretion

APPENDIX F: Adjustment of Velocity Measured at Gag® $ Dutch Bayou

APPENDIX G: Preliminary Polder Drainage Evaluation

Vi



Februarz 8, 2022

Table 8.1

Table 9.1
Table 9.2
Table 9.3
Table 9.4
Table 9.5
Table 9.6
Table 9.7
Table 9.8
Table 10.1
Table 10.2

Figure 1.1
Figure 5.1

Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5

Figure 5.6
Figure 6.1
Figure 6.2
Figure 8.1
Figure 9.1
Figure 9.2
Figure 9.3

LIST OF TABLES
Summary statistics for TN and TP data in Maurepas swamp and.in..............
LAKE MAUMEPAS. ....ceeeeiiieieieeeee et e e bbb enees 8-6
N == LR O I=To =T o F= T o L TR 9-3
Year 50 scenariesioderate SLR.........ooeviiiiiiiiiiiiiieee e 9-3
WSLP drainage structures includedMiaurepas Delft3D model.................. 9-5
Input values for flows and stages at model boundaries.....................cce.. 9-10
Monthly statistics for TN and TP in the Mississippi River....................... 9:-11
Input values for nutrient concentrations at model boundaries................. 9-12
Input values for salinity at model boundaries..............cccvvvvvieeviveeiinnnn, 9-13
Input values for initial conditins for water quality..............coooeeciiieeenenne 9-13
Water level rise due to diversion inflows.............cccccvviiimemnnincccciiiiiiie, 102
Distribution of diversion flow through major streams.................cccccceeee. 10-3

LIST OF FIGURES

Maurepas swamp hydraulic modeling study atea................ceeeveeeeeeeeeenn... 1-2
Locations of existing (2004) and new (2018) channel...........ccccooeviiiieecivnnnnnns
CrosSSection field SUMNVEYS........uuii e, 5-2
Comparison of old (2004) and new (2018) channel..............cccccvvimmeriiiiinees
crosssections at NL9 and N18..........coooviiiiiiiiiiiiiieee e 5-3
Comparison of old (2004) and newd(@B) channel............cooooeiiiiienen s
crosssections at NL6 and NL3.........oooeiriiiiiiiiiiiceee e 5-4
Comparison of old (2004) and new (2018) channel..............cccccvvimmeriiiiineens
crosssections at NBand N25.........ccoiiiiiiiiiiiiiieeee e 55
Comparison of old (2004) and new (2018) channel..............ccccciimmeniiiiinnnns
crosssections at NB and N25.........ccoiiiiiiiiiiiiiieeeie e 5-6
Locations of hydraulic monitoring gages. .......ccooueveeaiiiiiiiccceeeeeeeeeeeeeee 5-7
Maurepas swamp Delft3D model grid resolution................ceeeevieeeeeeeeennnn. 6-2
Maurepas swamp Delft3D model bathymetry.............ccccoviiiieeiiiiiiiee. 6-3
Locations of LDEQ and Rob Lane watgrality monitoring stations............. 8-7
Delft3D model geometries used for the production runs.............ccc.eeeveeene. 9-6
Locations where boundary conditions were specified in the madel......... 9-8
Contours of TN and TP from the diffusion coefficient.............cccccoviiiieeennnnnns
Sensitivity SIMUIALIONS............oouviii e 9-15

vii



Februarz 8, 2022
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



Februarz 8, 2022
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.

5-6



February 8, 2022

Lake Maurepas

&)
$-10 Blind River

S-4 Dutch Bayou at Lake

5%
S-9 Dutch Bayou

57
[an) S-3 Reserve Relief at Lake

$-16 Blind River at1-10 $-23 North Swamp

@ S-11 Mississippi Bayou at I-10

\
S-7 Hope Canal atl-10 @
S-24 Reserve Rejief at Airline Hwy

\
S-25 Central Swamp

,1‘\7 7"
»ﬁ' '

- > e
.
A .

Figure5.6. Locations of hydraulic monitoring gages.



Februarz 8, 2022
6.0 MODEL GEOMETRY DEVELOPMENT

The model geometry is a mathematical representation of the study area topography. The
model domain size was selected such thatrtbdelboundary conditions are specified &awvay
from the area of interest. The domain is represented by-ditmensional computational grid
composed of 1.3 million points. Timeodelgrid is most refined (cell size 1) at Hope Canal,
Mississippi Bayou, Relief Canal, Dutch Bayou, and the interior channels connecting them, where
detailed hydrodynamic and nutrient dynamics are expected, and becomes coarser (cell size
200m) towards thelomainboundary at Lake Maurepdasell sizes of the model grid for the
interior swampsange froml2 to 50m of depending upon location amdportance fonutrient
dispersal. Figuré.1shows the model grid for existing conditions.

The bathymetry of therpnary channels was assigned using previously collected channel
crosssections. The bathymetry of the swamp areas was assigned using the LIDAR data.
Figure6.2shows the model bathymetry. It should be notedttiemodel gricbathymetry does
not capture mmerous rivulets and small open water areas that are widespread in the swamp
rather, it represents the overall relief in the terrain. Thadimitation ofthe LIDAR data that
were used for the bathymetry.

To apply the model fathe alternatives analysis, the geometry was modified to include
the proposed West Shore Lake Pontchartrain (WSLP) proje¢hadd/ersion channel as

described in Section 8.
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7.0 MODEL CALIBRATION AND VALIDATION

Model calibration is an iterative process where model coefficients are systematically
varied or Atunedo through a series of simulat
data. The range of values uselden varying model coefficients should be limited to that which
reasonably reflects the physical conditions and processes during the simulation periods. If
unreasonable values are required to calibrate a model, it should serve as a warning that there is a
process or featurdat isnotadequatelyepresented in the model.

Model validation involves simulating one or more independent sets of conditions, using
model coefficients determined in the calibration process, to assess how well the calibrated model
canreproduce observed data for those independent conditions. The hydrologic conditions
represented by the calibration and validation periods should be similar. For example, a model
calibrated for average conditions should not be validated with hurricangicosdThe primary
purpose othemodel calibration and validatiagxercisds to provide greater confidence in the
model when it is used to predict the system respongejectscenarios.

For the present study, independent observedvadatta availabldor two periods. The first
period was from December 26, 20@&ough Januarg, 2004 and represents normal hydrologic
conditions. The second period was from October 4, 20@dugh October 18, 2004nd
represents tropical storm conditions (Tropical Storm Matthew). The two periods represent two
distinct hydrologic conditions. Therefoliaestead of using them as a calibration and a validation
data setboth data sets faralibration. The water movement in a forested swangerhigh
water levelconditions during a tropical storoan be quite differerftom the water movement
undernormal ©nditions due to the additional frictional drag presented by the tree tairtkigh

water levels

7.1 Model Calibration
The model parameters involved in calibration are typically coefficients related to the

simulation of physical processes in the model (e.g., friction coefficients in flow simulation).
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However, model calibration may also involve variation of other parantéegreave uncertainty
associated with thensuch asnodel geometry or boundary conditions (driving forces).

The modefor this studywas calibrated and validated for water surface elevation and
velocity through a series of Delft3D FLOW simulations. Thiébcation wasaccomplished
mainly through improvement in geometry of the channels and tuning the roughness coefficient to
improvethe matchof the model prediction® observed values

The calibration simulations were performedusing measuretidal waer surface
elevations at the Pass Manchac boundary. For the normal and tropical storm conditions, Pass
Manchac is the most important boundary condition that drives the water movement in the study
area. The inflows at the other major boundaries such ad Rlier, Amite River, Hope Canal,
and Reserve Relief Canal were not measured during the data collection period. However, they
have mucHhessinfluence on the swamp water levels under the conditisedfor calibration
and validation Therefore, these irdivs were noincludedas boundary conditions during
calibration. These inflows affect local water levels where they enter the studylaeea.
calibrationcharts comparing predictéd observedvater surface elevations and veloaityder
the normal conditinsareshown inAppendix A.The tidal elevations at Pass Manchac are
includedin the figures for reference as they are the most important boundary conditions driving
water movement in the system. After aofseries
0.035s/(m"?) was applied for thentiremodeldomain.In general, the figuresdicate a good
model performancd-or the normal conditions modeling period, the statistical meastires
correlation coefficient (B and rootmeansquare error (RMSEhown on the figures indicate a
good model performance. The model performance is better at the gages in the middle of the
swamp At the gages nearl0 and south, theeasuredvater surface elevations are more
affected ly local runofffrom areas outside the model domain. Rainfall contribution was not
modeled in this simulation as it was rosignificantdriving force for hydraulics in tharea of
interest (nid-swamp regioh In the primary area of interésthe midswanp region where
nutrient assimilation is expectédhe model performance is excellent.

The calibratiorchartsfor the tropical storm hydrologic conditioase alseshown in

AppendixA. The final selected values o&ndroughness
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0.2s/(m) for Lake Maurepas, the channels, and the swamp, respectively. The swamp region
wasassigned a high roughndssaccount foadditional vegetation draigom flooded vegetatian

The open water bodyf thelakewasassigned a low roughnessélchannels are assigned a

typical roughness value used for natural stredihe.statistical measures of correlation

coefficient and roetmeansquare error provided for each gage indicate the model predictions are
a satisfactory reproduction of measuredditons.In general, the rising limb and peak of the
storm hydrograph is matched well by the model. During the falling limb of the hydrograph, the
model underpredicts the water levels indicating fgstedictedoutgoing flow than observed.

7.2  Model Validation

The modelasvalidated usingvater surface elevation measurements from the
Coastwide Reference Monitoring System (CRM&ilable for the year 2020 datanly water
surface elevationsereavailable at the CRMS gages in the study &weéhis time period
CRMS gage siteare locatedcross the Louisiana coasta range of ecological conditions
includingswamp habitats and fresh, intermediate, brackistl,salt marshes. TIBRMS allows
for comparisons of changing conditiongathwithin and outside of restoration and protection
projects.CRMS gages arpredominantly located imarsh thats onlytidally inundated. In the
study area, only two gages, ®I8-0092 and CRM$%522werefoundthatremain wet over a
longer duration without drying ouMeasurements from these two gages wees for

validation.Charts showing theesults of model validation anecluded asAppendixB.
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8.0 APPROACH FOR SIMULATING NUTRIENTS

8.1 Overview of Approach

Thenutrients simulatedveretotal nitrogen (TN) and totgdhosphorus (TP) rather than
individual species of nutrients (e.g., ammonia nitrogen, nitigtegen, etc.)Although nutrients
in organic and particulate forms aret immediately available for uptake by algae or vegetation,
they can be transformed later into inorganic, dissolved forms that have the potential to cause
eutrophication. Therefore, predictions for TN and TP are considered appropriate for addressing
the nodeling objectives.

TNand TParesi mul ated using a fAblack boxo approa
of nutrients from the water column as the water moves through the swamp. With this approach,
the modeloesnot simulate individual processes (nmalezation, nitrification, denitrification,
sorption of phosphorus, uptake by algae and plants, etc.), but the rates of nutrient loss from the
water columrare based on published measurements that account for the combined overall effect
of all processes.Ti s A bl ac k ishengusedanptgad af @roohe detailed approach of
simulating individual processes due to a lack ofsjgecific data for calibrating numerous
coefficients for the processes. The importance of calibrationmatglcations ofcomplex
modesi s noted in the following statement: W@AHigh
may not be useful to simulate TP dynamics in treatment wetlands if comprehensive data sets are
not availabl e to const awtz2012)eGtherstudiea habewnadeléd ( P a u
losses of nutrients from water moving through wetlands without detailed simulations of
individual processes (Day et al. 2004; Kadlec et al. 2011; CH2M Hill 2012; CH2M Hill 2013;
Kadlec 2016; Merriman et al. 2017).

TN and TParebeng simulated with generic uselefined constituents in the model. The
nutrient state variablesme designated to represent actual concentrations minus background
concentrations (i.e., a concentration of zero in the model represents @rcanttentration equal
to background). With this configuration, the model sim@atnditions that represent actual
concentrations asymptotically approaching background concentrations without dropping below

background concentrations. The assumption tttatahconcentrations cannot drop below
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background concentrations has beancessfullyused in various other studies that estimate
losses of nutrients from water moving through wetlands (Kadlec et al. 2011; CH2M Hill 2012;
CH2M Hill 2013; Kadlec 2016; Meiman et al. 2017).

The DELWAQmodulehas been set up to simulatsses of TN and TP from the water
column with first order decay rates. For the generic-deéned constituents, tHeELWAQ
model does not provide any kinetics that are more complex tisawoiftler decay. First order
decay is not a perfect representation of nutrient loss kinetics in wetlands (Kadlec 2000), but it
forms the basis of equations that have been used in recent studies to calculate nutrient loss in
wetlandsreceiving diverted rivewater and in wetlands receiving municipal wastew&dee of
these equations-iinsertbasofimetdakedat aockknown as
and Wallace 2009):

(Couri C*) _ kT
(CniC*) [“qu

where:Cout = Concentration at outlet of wetland (mg/L)
Cin = Concentration at inlet of wetland (mg/L)
C* = Background concentration (mg/L)
k = First order areal rate constant (m/yr)
g = Hydraulic loading rate per unit area (m/yr)
P = Apparent number of tankssgeries (dimensionless)

The parameter AP0 i n t h aydraujcinefficiercies obflowo ve ac
through the wetland (i.e., it represents flow through multiple-meted tanks in series as
opposed to uniform plug flow), and 8)w e a tghoe r iwvhi ch i s a term t hat
different loss rates for different fractions of the component (e.g., loss rates for nitrate and

ammonia are individually different than an overall loss rate for TN).
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For small areas with short resideicé mes, t he value of APO in t
approaches 1.0 and the results become similar to a first order decay equation (with a background

concentration incorporated):

(Couri C*)
(CnT C*)

=exp €k/h x t)

where:h = depth of water (m)
t = residence time (yr)

For example, for k = 0.0&/day (18.25n/yr) and h = 0.5n, the results from the two
equations above differ by only 0.5% for a residence timedafyl

The DELWAQ model allows the user to vary the first order decay rates spatrally
temporally but not bothFor this project, the decay rates are being varied spatially based on
predicted depthd’he model cells that represent shallow water moving through the shearap
beenassigned higher decay rates and model cells that represent deeper, channeltzadgeflow
been assigned lower decay rates. Nutrient loss (from the water column) is expected to be greater
in shallow vegetated areas due to vegetative uptake, gedttiohburial of particulates, and
transformations by biological organisms that are either on the bottom or attached to vegetation

and/or debris.

8.2  Nutrient Loss Rates
TablesD.1 andD.2 in AppendixD summarize information from published literature that
wasconsideredn selection of nutrient loss rates for ghi@jectDelft3D model. These tables
include values for first order decay rates that were calculated based on hydraulic residence time
and percent reduction of TN or TP (except where noted). Thesetakdel s o i ncl ude AKko¢c
the PkC* model that were either reported by the authamreoecalculated as the first order decay
rate multipliedby thereporteddepth of water.
These studies represent a range of situations with different source watewéteeor
treated municipal wastewater), different types of wetlands (forested swamp, estuarine marsh, and

constructed wetlands), and different climates (southern Louisiana as well as several other states).
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The studies based on municipal wastewater asepted for comparison but were not directly
used for estimating nutrient loss rates for this project.

The | owest values of first order decay r at
the longest residence times (7312 days for Mandeville, Thibadix, Luling, and Breaux
Bridge). These first order decay rates and Ak
useful for developing inputs to tipeojectDelft3D model because the residence times for those
systems are much longer than the resideinoe for individual cells in the Delft3D model. Also,
the TN and TP concentrations entering those four wetlands are much higher than the
concentrations in the Mississippi River water that will be diverted into the Maurepas swamp.

In addition to the studiesith field data summarized in TablBsl andD.2, a modeling
study was conducted by CH2M Hill (2013) in which nutrient retention was simulated in various
wetlands (including Maurepas swamp) with existing or proposed diversions of water from the
MississippiRi ver . The CH2M Hill study wused the PkC*

27.8 m/yr for nitrate in vegetated habitat,
8.2 ml/yr for nitrate in shallow lake habitat,
14.2 m/yr for ammonium,

17.3 m/yr for organic nitrogen, and

10.0 m/yr for TP.

= =2 =4 A4

The pultished literature that was reviewed for this project demonstrates variability in first
order decay rates and fAko values not only amo
seasons. Much of the loss of nutrients from the water column is due to bablogicesses
whose rates vary based on temperature. Therefore, nutrient loss rates are expected to be generally

higher during summer and lower during winter.

8-4



Februarz 8, 2022

Because it is anticipated that the diversion will be operated mostly wattmeer months,
nutrient loss rates were selected accordirigised on the CH2M Hill (2013) study, as well as
the information in TableB.1andD. 2, t he f ol |l owing fAko values we
Delft3D model:

TN:  30ml/yr in swamp, 10n/yrin Lake Maurepasand
TP:  15ml/yr.

Ascriptflewasued t o divide these fAko values by tt
in the model (after previously running the model for hydraulics) to obtain the first order decay

rate that the Delft3Dnodel needs for each cell in the model.

8.3 Background Concentrations

For this project, the background concentrations are based on existing concentrations in
the Maurepas swamp and in Lake Maurepas. Talll@rovides summaries of TN and TP data
measured inhe Maurepas swamp (Hope Canal, Mississippi Bayou, and Dutch Bayou) and in
Lake Maurepas. Tabk1 includes data collected by Rob Lane during 200@3 and routine
monitoring data collected by the Louisiana Department of Environmental Quality (LDEQ).
Locaions of the sampling sites are shown on Figuie
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Table 8.1 Summary statistics for TN and TP data in Maurepas swamp and in Lake Maurepas.
TN data TP data
Period of record for| No.of | Median Range No. of | Median Range
Sampling location 4 nutrient data values (mg/L) (mg/L) values (mg/L) (mg/L)
Sites within the Maurepas swamp simulation area:
Site 1 (Hope Canal) 4/04/02 — 5/13/03 11 0.79 0.51-1.32 11 0.75 0.04-1.21
Site 2 (Hope Canal) 4/04/02 — 5/13/03 11 0.78 0.61 —1.52 11 0.15 0.07 - 0.66
Site 3 (Hope Canal) 4/04/02 — 5/13/03 11 0.82 0.57-1.75 11 0.13 0.05-1.00
Site 4 (Dutch Bayou) 4/04/02 — 5/13/03 11 0.65 0.49 — 1.58 11 0.11 0.05-0.20
Site 5 (Mississippi Bayou) 4/04/02 — 5/13/03 11 0.76 0.45-3.89 11 0.11 0.04-0.85
Site 0155 (Mississippi Bayou) 5/20/86 — 4/14/98 45 1.00 0.56 —3.01 45 0.20 0.06 —0.51
Site 4870 (Dutch Bayou) 10/03/17 — 4/03/18 7 0.94 0.37-4.15 7 0.15 0.09-0.19
Sites in Lake Maurepas:
Site 16 (Lake Maurepas — SW) 4/04/02 — 5/13/03 12 0.64 0.44-242 12 0.11 0.01 -0.20
Site 17 (Lake Maurepas — S) 4/04/02 — 5/13/03 12 0.59 0.39-0.99 12 0.12 0.08-0.17
Site 18 (Lake Maurepas — E) 4/04/02 — 5/13/03 11 0.58 0.43-0.91 11 0.10 0.03-0.16
Site 19 (Lake Maurepas — NE) 4/04/02 — 5/13/03 12 0.53 0.40-0.90 12 0.11 0.06 —0.35
Site 1105 (Lake Maurepas — N) 1/09/01 —9/25/07 24 0.67 0.30-1.82 24 0.09 0.05-0.19
Site 4471 (Lake Maurepas — SW) 10/01/13 — 4/03/18 19 0.85 0.35-1.39 19 0.15 0.05-0.29
Sites representing inflow entering the simulation area:
Site 11 (Blind River) 4/04/02 — 5/13/03 12 0.60 0.46—0.82 12 0.10 0.05 - 0.69
Site 0036 (Pass Manchac) 3/06/78 —9/08/16 290 0.90 0.09-5.54 291 0.10 <0.05-0.51
Site 0228 (Amite River) 1/16/01 —4/10/18 54 0.86 0.34-2.83 56 0.12 0.05-0.38
Site 0243 (Blind River) 1/16/01 —4/03/18 62 0.82 0.24-142 64 0.15 0.05-0.44
Site 0268 (Amite R. Diversion Canal) 1/16/01 —4/03/18 55 0.86 0.39-1.74 58 0.13 0.05-0.30
Site 1102 (Blind River near mouth) 1/16/01 —4/03/18 62 0.80 0.20-4.40 64 0.15 0.05-0.29
Site 1106 (Tickfaw River) 1/09/01 —9/03/15 48 0.98 0.21 —2.57 56 0.13 0.05-0.39

Notes:

A. Site numbers between 1 and 19 are Rob Lane’s monitoring sites. Site numbers between 0036 and 4870 are LDEQ monitoring sites.
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Figure8.1. Locations of LDEQ and Rob Lane water quality monitoring stations.
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In general, the nutrient concentrations in the swamp were slightly higher than in Lake
Maurepas. Median TN values in the swamp were mostly between 0.65 amdgl94vhile
median TN values in Lake Maurepas were between 0.53 andn@/®5 For TP, median values
were mostly between 0.11 and Orh§/L in the swamp, while median values in Lake Maurepas
were mostly between 0.09 and Orhgy/L. Although measured background cenirations of
nutrients vary by location, the background concentrations used in the model need to be spatially
constant in order to preserve the calculated mass of nutrients being transported in the model. The

following values were selected for use as lgaoknd concentrations for the DELWAQ model:

1 Background TN = 0.60 mg/L, and
1 Background TP = 0.10 mg/L.

These two proposed background concentrations are more representative of Lake
Maurepas than the Maurepas swamp, but it is better to select values ttheda¥s end of the
range because the model is able to simulate concentrations above these values, but it cannot
simulate concentrations below these values (i.e., the model is not allowed to simulate negative

concentrations).
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9.0 MODEL APPLICATION TO EVALUATE ALTERNATIVES

9.1 Proposed Model Scenarios

The calibrated and validated model wasedto simulate a set of diversion scenarios
under current (Year 0) and future (Year 50) conditiéingure conditionaccounted foexpected
future Sea Level Rise (SLR), subsidence and accretion in the studyrgress. for theYear 0
and Year 50 scenarios asemmarizedn Tables 9.1 and9.2, respectively. All scenarios assume
presence of the proposed WSleWee and drinage structures. The Futeéthout-Project
(FWOP) scenarios establish the base condifimnsomparison witlihe FutureWith-Project
(FWP), i.e., with the diversion inflow, conditions.

FWP rundor storm or high rainfall events are not needed as trerslonis not expected
to be operatednder such condition§&iventhat intense rainfall events ardgrequent anaf
shortduration (12 day),they are expected to contribute significantly less to-k@mngn changes
in the conditions of the swamp than thieersion projecbver a multiyear time scalas in this
study.

A 20-day normal conditions perioglassimulated for each proposed scenafi@onstant
diversion flowwasprescribedverthe entire 2alay periodThe moderesultsshow thathe
parameters of intereapproactsteady stataithin this period. No diversion shutdown period is
simulated. A shutdown period can be added to any of these scendhefuiure, if needed
without having to rerun the 2@ay operation periad

9.2 Sealevel Rise, Subsidence and Accretion

Inputsfor the future (Year 50) conditiorzse based oRustatic Sea Level Rise,
subsidence and accretioriormationprovided by CPRAwhich ispresentedn Appendix E. The
future conditions model is based on estimated canditforyear 2075assumind0 years of
projectoperation afteb years of engineering, design and constructi®m)sidence and
accretion were incorporatedtime future conditionsnodelby adjusting the swamp floor
elevation in the model geometry (Seat®3.3). The SLR effects werienplementedn thefuture
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conditionsmodel runs by increasing the boundary water surface elevapectied at Pass

Manchacas described iGection 9.4.
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Table9.1. Year Oscenarios (All with WSLP)

Diversion Tidal
Diversion| Channel and | Boundary
Run ID Flow project features | Conditions | Rainfall | Nutrients Comments
Year 0 FWOP without diversioni With WSLP
(No div. canal) . . . .
10 N/A Existing Hope Normal None None W'thc:Ut dlversmin h?/dralullqs
Canal Simulate water level, velocity
(No div. canal) N, TP Without diversiori water
10a N/A Existing Hope Normal None Sallinit ' | quality
Canal Y |Simulate TN, TP, Salinity
Year 0 FWP with diversioni With WSLP
11 250 cfs |95% Design Normal None None W'th diversion hydraulics .
Simulate water level, velocity
1lla 250 cfs |95% Design Normal None Salinity |With diversion Salinity
12 1,000 cfs|95% Design Normal None None W'th diversions hydraulics .
Simulate water level, velocity
12a 1,000 cfs|95% Design Normal None Salinity | With diversion Salinity
13 2,000 cfs|95% Design Normal None None W'th diversion hydraulics .
Simulate water level, velocity
. TN, TP, |With diversion water quality
0
13a 2,000 cfs| 95% Design Normal None Salinity | Simulate TN, TP, Salinity
Table9.2. Year 50scenarios moderate SLR (All with WSLRP)
Diversion Tidal
Diversio Channel and Boundary
RunID | nFlow | project features | Conditions| Rainfall | Nutrients Comments
Year 50 FWOPwithout diversioni With WSLP i Moderate SLR
(No div. canal) : . . .
50 N/A Existing Hope Normal None None W'thOUt diversion- hydraulllcs
Simulate water levelelocity
Canal
(No div. canal) , . .
o TN, TP, |Without diversiori water
50a N/A Eﬁ;grg Hope Normal None Salinity |quality Simulate TN, TP, Salinit
Year 50 FWPwith diversioni With WSLP T Moderate SLR
53 2,000 |95% Design Normal | None | None |Withdiversion hydraulics
Simulate water level, velocity
. TN, TP, |With diversior water quality
0,
53 2,000 95% Design Normal None Salinity |Simulate TN, TP, Salinity

9-3



Februarz 8, 2022

9.3 Model Geometry with Project

To simulate the diversion alternative scenarios, the existing conditions model geometry
used in calibratior validation needed to be modified to inclidatures othe proposed
diversion project, WSLP project features, &niire subsidence and accretiorhe model
geometries used in the production runs are shown in Figure 9.1 and the modifications to the

existing conditions geometry are described below.

9.3.1 Addition of the proposed diversion project
The model geometry was modified to represent the diversion channel and outfall
management features proposed in the 95% design report (URS 2014). The following model

geometry modifications were performed:

1 Added the proposediversion channel from the Mississippi River to its end
approximately 100@ north of its crossing with-L0 highway. The channel has a
variable crossection. The longest segment between the Highway 61- Bdidhas
a 60ft wide bottom and 1V:5H side slepThe invert is7 ft and-8 ft, NAVD88
at Highway 61 and-10, respectively.

1 Removedculvert crossings underll0 between LA 641 and Mississippi Bayou to
prohibit backflow from the diversion into the swamp betwe#&f bnd
Highway61.

1 Added gaps in theaiflroad embankment along the west bank of Hope Canal.

The Mississippi River, the details of diversion compkaxdthe sediment settling basin
were not represented in the model as they were not necessary to simulate the hydraulics in the
swamp which is he purpose of this modeling effort.

9.3.2 Addition of the WSLP project features

The WSLPproject wagepresented by addition of its proposed lewed¢he model, his
leveepreventedany diversion water discharged north -dfQ from flowing south into the
protected aredf the many proposed drainage structures under the WSLP levee, only those that
are within the study ardanodel domain needed be added to allowwo-way flow. Discharges

from theproposedNVSLP drainage pumgpwerenot added to the modbecuse they represent
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intermittent rainfall runoff inflows that are not evaluated in this stlidple 9.3 describeshe
WSLP structureadded to the model.

Table9.3 WSLP drainagstructures included in the Maurepas Delft3D model

Invert
Station Name | Number of gate drainage structures| (ft, NAVD88) Location
Mississippi Bayou |4 each 4 ft x 14 ft gates -8 30.101215;90.575144
Reserve Relief 4 each 16t x 16ft gates with or16ft |-10 30.106680;90.546472
Canal wide navigation gate
Perriloux 2 each 4 ft x 14 ft gates -8 30.113405;90.502920
Ridgefield 2 each 1 ft x 14 ft gates -8 30.113194;90.489849

9.3.3 Addition of subsidence and accretion
Based on thguidance provided by CPRA (Appendix E), 8tady area bathymetry was

adjusted to represestibsidence and accretion as folfow

FWOPconditions Year 50withoutthe diversion project
Subsidence in 55 years-Z1 mm/yr x 55 yr =0.391 m or1.282 ft
Accretion in 55 years = +5.0 mm/yr56yr = +0.275 m or +0.902 ft
Net in 55 years =0.38 ft subsidence

Assurred onlyswamp floorat or above 0 ft, NAVD88, iaffected byaccretionsobed
elevationsat or above 0 ftNAVD88 were lowered by 0.38.fFor allbed elevations,

below Oft, NAVD88 (e.g.,streams, lakes), only subsiderfne accretiohwas applied
and the bed elevations vediowered by 1.282 ft

FWP conditions Year 50with the diversion project
Subsidence in 55 years-Z1 mm/yr x 55 yr =0.391 m or-1.282 ft
Accretion in 55 years = +10.0 mm/y5%6 yr = +0.55 m or +1.804 ft
Net in 55 years = +0.522 ft accretion

Assumed oly the swamp floor at or above elevation O ft, NAVD8afiected by
accretion so becelevatiors at or above 0 ftNAVD88 were raised by 0.522 for all
bed elevationdyelow Oft, NAVDS8S8 (e.g.,streams, lakes), only subsider{ne accretioh
was appkd and the bed elevations were lowered by 1.282 ft
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Year O and Year 50 Model Bathymetry
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9.4 Model Boundary Conditions

Theboundary conditions are specified by the user at the edges of the model boundary.
These are the hydraulic (water levels, flows) and water quality (nutsairtity concentrations)
conditions that drive and influence the study area. The locations of these boundaries are shown
on Figure9.2.

9.4.1 Hydraulics 1 Water Levels and Flows

Pass Manchac is simulated agdal water leveboundary(water can flow in oput of the
simulated area based on head differences); all of the other boundaries are simulated as flow
boundariesFor each flow boundary (except the diversion), the flow was set to a constant value
to represent median (i.e., typical) flow conditions (Eable9.4). The diversion of Mississippi
River water into Hope Canal was set to a constant value of 250, 1,000 ocf3,@@pending on
the simulated scenario.

The stage boundary at Pass Manchac was specified with hourly values to represent
typical tidalfluctuations about the historical median water level. For the future (Year 50)
conditions a mean watsurface elevation rise of 2.1 ft (0.64008 m) was applied based on the
guidance in Appendik.

ThePass Manchatidal water levels the most importantdundary condition that drives
the water movement in thdaurepas Swam@ he high Amite River flood conditions can affect

water levels in the study area, but such condition is not evaluated in the present analysis.
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Figure9.2. Locations where boundary conditions were specified in the model
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9.4.2 Water Quality i Nutrient and Salinity Concentration

Concentrations of TN, TP, and salinity must be specified in the model for each boundary
where water can flow into the simulated arBld.and TP data for the Mississippi River are
summarized in Tabl®.5 for US Geologicaburvey (USGS) monitoring stations at Baton Rouge
and Belle Chasse. Although these two stations are locatedé&Supstream and G8iles
downstream, respectively, of the proposed diversion location near Garyville, the TN and TP
concentrations are simil@etween the two stations, which suggests that these data are
representative of concentrations at Garyville.

Concentrations of TN, TP, and salinity that are being used in the model at each boundary
location are summarized in Table$ and9.7. Initial conditions for TN, TP and salinity are
specified in Tabl®.8.
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Table9.4. Input values for flows and stages at model boundaries.

Model input
Location of boundary value Comment
Hope Canal
(diversion from Mississipp 25206(1)600]9 o' Assumed operational flow rate
River) ’ cis
Sum of median flows for Oct. 1989Sep. 2017 for
Tickfaw River at Holden (158fs) and Natalbany River
: . at Baptist (2&fs) multiplied times ratio of published
Tickfaw River 4l2cts drainage area at the mouth (727;hiSGS 1971) to
combined drainage area at the two gages (24# m9.5
mi?).
Amite River 173 of Median flow for Amite River at Port Vincent (USGS
(old channel) cts 07380120) for entire period of record (A&87i Sep
2015) is 1,09@fs. Assumed flow split is 16% into old
channel and 84% into Diversion Canal based on
Amite River Diversion 917 cfs 5/09/2007 flow measurements published by Amite R
Canal Basin Drainage and Water Conservation District (20(
Blind River 40 cfs Approximate median flow per unit area of @f6/m#
(based on USGS gages on Amite, Tickfaw, and
Mississipoi Bavou 5 ofs Natalbany rivers) multiplied times estimated drainage
bpi Bay areas (outside the model grid) of about@Ome for
_ Blind River and < 10ni? for Mississippi Bayou and
Reserve Relief Canal 5 cfs Reserve Relief Canal
Synthetic stage hydrograph based on tidal cycle of
Pass Manchac 0.71i 1.21ft 24.7h(|)ursi t);plcaflﬁtldaﬂuctuatlon of %Sf]tc and rgedla:)n
(Year O conditions) NAVDS8 Water_ evel of 0.96t over entire period of recor (Feb.
20027 Aug. 2018) at Corps station 85420 (Pass
Manchac near Ponchatoula)
Pass Manchac 2817 3.31ft |Year O water levels raised by 2.1Appendix E)
(Year 50 conditions) NAVDS88
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Table 9.5 Monthly statistics for TN and TP in the Mississippi River.

February 8, 2022

TN Data TP Data
Number Median Range Number Median Range
Month of values (mg/L) (mg/L) of values (mg/L) (mg/L)
USGS 07374000 Mississippi River at Baton Rouge (5/18/04 — 2/13/17):
January 14 1.88 1.49-2.77 13 0.23 0.13-0.34
February 13 2.11 1.63—-3.00 12 0.27 0.15-0.33
March 21 2.07 1.56 —3.48 20 0.24 0.15-0.51
April 26 2:15 1.41-3.23 26 0.22 0.14-0.33
May 23 2.15 1.43-3.75 23 0.21 0.14-0.37
June 25 2.54 1.62 —3.38 26 0.25 0.14 - 0.68
July 10 2.63 1.86 —3.68 10 0.24 0.10—0.32
August 14 1.67 1.10—2.38 14 0.23 0.13-0.35
September 3 1.30 1.21-1.57 3 0.22 0.18-0.25
October 11 1.39 0.94—2.52 10 0.19 0.16—0.33
November 6 1.69 1.15-2.69 6 0.24 0.14-0.29
December 11 1.79 1.30-2.41 10 0.22 0.12-0.36
All Months 177 2.06 0.94-3.75 173 0.22 0.10—0.68
USGS 07374525 Mississippi River at Belle Chase (5/11/06 — 5/08/18):
January 12 1.95 1.50-2.79 11 0.28 0.17-0.39
February 11 1.97 1.69—2.80 10 0.25 0.17-0.51
March 23 2.02 1.51-3.34 21 0.29 0.17-0.62
April 24 2.15 1.50-3.80 22 0.25 0.18-0.39
May 26 1.99 1.33-3.78 25 0.24 0.16 —0.39
June 24 2.48 1.61-3.51 24 0.24 0.14-0.35
July 9 2.59 1.99 -3.86 9 0.27 0.14-043
August 12 1.83 1.00—2.37 12 0.26 0.11-0.40
September 2 1.18 1.15-1.21 2 0.17 0.17-0.17
October 10 1.37 0.81-2.54 9 0.22 0.09-0.38
November 4 1.48 1.03-2.57 4 0.20 0.16—0.29
December 10 1.74 1.19-2.65 9 0.23 0.14-0.37
All Months 167 2.00 0.81 -3.86 158 0.25 0.09 —0.62
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Table9.6. Input values for nutrient concentrations at model boundaries.

Actual Model input
Location of boundary concentrations | concentrations* Comment
Averages for JanuaryilAugust
31 using USGS data for
Hope Canal (diversion frol 2.21mg/L TN 1.61mg/L TN |Mississippi River at BatoRouge
Mississippi River) 0.5 mg/L TP 0.15mg/L TP  |(07374000) and Mississippi Riv
at Belle Chase (07374525)
during20047 2018.
Median values for LDEQ station
Tickfaw River %912 mg//t -.rl_g %:52 mg//t -I.I-_ﬁ 1106 (Tickfaw River near Lake
' ' Maurepas) fof2001i 2015
Median values for LDEQ station
Amite River 0.86 mg/L TN 0.26 mg/L TN 0228 (Amite River at mile 6.5, a
(old channel) 0.12 mg/L TP 0.02 mg/L TP | Clio) for
20011 2018
Median values for LDEQ station
Amite River Diversion 0.86 mg/L TN 0.26 mg/L TN |0268 (Amite River Diversion
Canal 0.13mg/L TP 0.03 mg/L TP | Canal north of Gramercy) for
20011 2018
Median values for LDEQ station
Blind River (1)33 mg//t -.rl_g %713 mg//t -I.I-_ﬁ 0117 (Blind River near Gramerg
' ' for 1978i 1998
Mississippi Bayou % 71? mg//IL w % (1)? mg//IL 11—.'; ?:Aﬁgls?ngsg?gz;%?ﬁIrgr%S
4+ mg v mg Rob L an &2083 datd 0
Median values foBtations 1 and
Reserve Relief Canal 0.79 mg/L TN 0.19 mg/L TN |2 (Hope Canal) and station 5
0.13 mg/L TP 0.03mg/LTP |( Mi s s. Bayou)
20021 2003 data
Median values for LDEQ station
Pass Manchac %91% rr?]g//t -.II—_g O'g ?nrglgL”:I'IIN 0036 (Pass Manchac at Mancha

for 1978i 2016

* Model input concentrations are actual concentrations minus background concentrations.
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Table9.7. Input values for salinity at model boundaries.

Model input
Location of boundary values Comment
Hope Canal Median value fot.DEQ stations 0047 (Mississippi Riv
(diversion from Mississipp 0.20 ppt at Luling) and 0048 (Mississippi River near Luling) fo
River) 19781 1989
. , Median values for LDEQ station 1106 (Tickfaw River
Tickfaw River 0.11 ppt near Lake Maurepas) for 20022015
Amite River 0.05 ppt Median value for LDEQ station 0228 (Amite River at
(old channel) ' mile 6.5, at Clio) for 2001 2018
Amite River Diversion M_ediar_1 value for LDEQ station 0268 (Amite River
Canal 0.05 ppt Diversion Canal north of Gramercy) for
20017 2018
. . Median value for LDEQ station 0117 (Blind River neg
Blind River 030 PPt | Gramercy) for 1978 1998
o Median value for station 5 (Mississippi Bayou) from F
Mississippi Bayou 0.25 ppt Laneds 20p3dat
Median values for stations 1 and 2 (id¢oCanal) and
Reserve Relief Canal 0.30 ppt station 5 ( Miss. Bayou)
2002i 2003 data
Assumed to be the same as the initial concentration
Table 2.6 below). Because the source of the initial
salinity in Lake Maurepas and the Maurepas swamp
Pass Manchac 5.0ppt exchange with Lake Pontchartrain (via Pass Mancha

then the salinity in Pass Manchac should be similar t
initial value for Lake Maurepas and the Maurepas
swamp.

Table9.8. Input values fomitial conditions for water quality

Model input
Constituent value Comment
Total nitrogen (TN) 0 mg/L Zero in the model represents background concentrat]
for TN and TP Nutrient concentrations throughout the
modeled areare assumed to be at background levels
Total phosphorus (TP) Omg/L  |the beginning of each simulation.
Assumed value for conditions following a tropical sto
Salinity 5.0 ppt surge or possibly an extreme droughypothetical

scenario.

9-13



February 8, 2022

9.5 Model Coefficients and Settings

For alternative scenarios simulations, roughness was specifiedMisingn i rnv@uess
of 0.02, 0.035 and 0&(m"®) for Lake Maurepas, the channels, and the swaaspectively.

For the nutrient simulationshe diffusion coefficient was set to be #snThe suggested
range of this parameter in the Delft3D manual is (/5o 1.0 n¥/s. Additional two simulations
of oneweek duration were performed by setting aibnto 0.1 nf/s and 0.5 rfis. Figure9.3
shows the TN and TP contours at the end of the simulation. The shift in the contours is
insignificant indicating that the selected value is reasonable.

A computational time step of 2 seconds was usesdifoulations. The model output was

saved at hourly intervals at key locations and at daily intervals at all nodes of the model grid.
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Figure9.3. Contours of TN and TP from the diffusion coefficient sensitivity simulations
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10.0 MODEL RESULTS

To evaluate project alternatives, model scenatésxribed in Table3.1and9.2were
performed. The model output consists of predicted water surface elevations, velocity and
concentrations across the model domain at each node. To limit the output file size, the water
surface, velocity and concentraticare saved at key locations at an hourly interval. At the
remaining nodes they are saved at a daily interval. Several channel transects were specified at
key locations where the model saved discharge values at daily intédvatedel results are
discussgd in the following sections and are shown in maps and time series charts in Afgpendix
Note that, even though the model results are available for 20 days, the time series charts show
results of 15 days, excluding the first 5 days where minor instabiéikiist as the model starts

computations from the specified initial conditions.

10.1 Predicted Water Surface Elevation and Velocity

FiguresC1 throughC4 show hevariation ofwater surface elevation and velocity
(time-series charts) at selected locationsrthe simulation periodlhese locationare selected
to coincide withsome of theggagesshown in Figurés.6. The maximum water surface elevation
in the swamps predicted to babout 3 ft, NAVD88and it occursvherethe diversiorenters the
swamp (.e., in Hope Canal immediately north afterstatel0). The velocities peak up @4 ft/s
at this locationHowever, n theadjoiningswamp the higtestvelocities are aroun@d.1 to 0.2ft/s
just outside the Hope Canal and lesser in the swamp away from theldraohedl the continuous
diversion inflow of 2000 cfs, the water surface elevation in the swamp reac$teady state in
abouttwo weeks setting a constamtater surfacgradient acrss the swamp from high at Hope
Canal to low near Lake Maurepas. Note that the oscillatidime water surface elevatioissdue
to theinfluence oftidesspecified at Pass Manchdtis seen that the diversion water spreads
throughout the most of the sgm within a week. A steady water surface elevation and gradient
is established in the systamabouttwo weeks.

The highest water level increases due to the diversion flows occur in Hope Canal where

the diversion enters the swamp north-@Dl These areepresented by profiles at location Gage
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S-7 (FigureCl). The location £3 (FigureC3) is a good indicator of average water levels over
the swamp. To assess the effaftthe diversion flow near the proposed WSLP drainage
structure, results can be examd in Reserve Relief Canal near WSLP shown in FiGdre

Table 10.1 summarizes rise in water surface elevations at these key locations.

Table 10.1Water level rise due to diversion inflows

Water Level Rise
Above Normal Water Surface Elevation of 1.0 ft for Year 0 and 3.0 ft
for Year 50
Diversion Inflow Swamp
(cfs) Hope Canal at 10 overall Reserve Relief Canahear WSLP

250 (Year 0) 0.3 0.1 00
1,000 (Year 0) 1.3 0.7 0.2
2,000 (Year 0) 1.9 0.9 0.3
2,000 (Year 50) 0.6 0.2 0.1

The contours of water surface elevation at the end of thia@imulation are shown in
FigureC5. For the Year 0 conditions, the scenario of 250 cfs diversion shows that the majority of
the introduced MR water tends to stay within Hope Canal and Dutch Bayibtlows toLake
Maurepas. The spread of the diversion wattr the swampncreases ahediversionflow rate
increases to 1,000 cfs and then to 2,000 cfs. For the Year 50 conditions, due to the extensive
inundation from the normal tidal levelhe excess inundatiodue to thediversionis relatively
small.

The generatlistribution of diversion flow through the main streams in the swamp is
shown in Figure€7 (Year 0 condition) an@8 (Year 50 conditions)lhe flow distribution is
summarized in Table 10.2.
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Table 10.2Distribution of diversion flow through major streams

Diversion flow exiting

Diversionflow exiting

Diversion flow exiting

Diversion through Dutch Bayou through the Blind River through Reserve Canal
Inflow (cfs) (cfs) (cfs) (cfs)
250 (Year 0) 210 (84%) 0 (0%) 29 (12%)

1000 (Year 0)

462 (46%)

176 (18%)

251 (25%)

2000 (Year 0)

648 (32%)

570 (29%)

513 (26%)

2000(Year 50)

119 (6%)

816 (41%)

150(8%)

For Year 50 conditions, due to the significant swamp inundation resulting from the SLR,
the diversion flow has more opportunity to overtop the stream banks. Thecefigré%of the
diversion flow ischannelized through Dutch Bay{2,000 cfs diversion)

Model results show thalhe diversion water spreadiegstis intercepted by the Reserve
Relief Canahinderingdistribuion to the wetlandgastof this canal in spite dheartificial
gappingimplemented in the modeThissuggets thatlimited gapping on theastbankof the
Reserve Relief Canal may not distribute commensuy@etitiesof diversion water to theast
side.No gapping on the west bank of this canal esaluated

10.2 Predicted Percent Mississippi River Water in the Swamp

One of the Delft3D madel parameterallows accounting ahe percentage of water in
eachmodel gridcell that originated from the Mississippi River diversidine purpose of
simulating thisvariable (@rcent Mississippi Rivewater was to sbw where the Mississippi
River watertravelsonceint r oduced i nto the swangp.fdhet bband
variable were set to 100 for the inflow from the Mississippi River (via Hope Camélzero for
all other boundaries. The initial concenitva was set to zero for the entire model grid.

FigureC9 shows the predicted values of percent Mississippi River water at the end of
20 days For the 2,000 cfs diversion inflow, the model predicts that most of the swamp water is
displaced by the river watt in 20 days under the Year O conditions. For the future, Year 50,

conditions slightly less but still extensivieeshening igrojected
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10.3 Predicted Total Nitrogen and Total Phosphorous Transport

TheTN and TPresults are shown in Figiw€10andC11for Year 0 and Year 50
conditions respectively

As expected, the highest predicted concentrations of TN are in Hope Caital and
immediately surrounding areas north of IntersifieAs the Mississippi River water spreads into
the swamp and even along chalsn(e.g., Hope Canal to Tent Bayou to Dutch Bayou), the TN
concentrations decrease due to lo$s®a the water columthat are simulated with the first
order decay rates.

Based on the spatial patterns of predicted TN concentrations in Lake Mauraepasaits
that Dutch Bayou and Reserve Relief Canal are contributing similar loadings of TN to Lake
MaurepasThepredicted TN concentrations in the southwest corner of Lake Maurepas
(excluding the small areas right at the mouth of Dutch Bayou and the ofdruéserve Relief
Canal) were between 0.8 and l@/L at the end of da®0. This represents a small increase over
the assumed background concentration ofhfigd_.

TheTN in the Mississippi River water consists of approximately 71% nitrate, 2%
ammoniumand 27% organic nitrogen (based on long term averages of USGS data at Baton
Rouge and Belle Chasse). Among these three forms of nitrogen, nitrate is the form that is
expected to undergo the greatest losses from the water column because it can be removed fr
the water column through denitrification (which is one of the most significant removal
mechanisms in wetlands) or uptake by algae or plants. By the time the Mississippi River water
reaches Lake Maurepas, the remaining TN is expected to consist mastjaoic nitrogen,
which is not availabléor algd uptakeunless it idirst converted back to inorganic nitrogen
through the process of mineralization, which is a relatively slow process.

As with TN, the highest predicted concentrations of TP are in @apal and the
immediately surrounding areas north of IntersigieDutch Bayou and Reserve Relief Canal
appear to be contributing similar loadings of TP to Lake Maurepas.
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10.4 Salinity Flushing Results

The purpose of this simulatiamasto demonstrate thigeshening effect of the diversion
ona swamp that has experienceldigh salinity event due to a tropical storfigures C12 and
C13 show contours of salinity aftdi0 and 2@ays of diversion inflowThe initial salinitywas
set to 5 ppt throughout the entire model domaatditionally, the constant salinity value of 5 ppt
specified at Pagddlanchac (Lake Maurepas) boundary may not be realistic. However, this does
not affect results inwr primary areaf interest which is the swamp north of Interstel@e
Therefore, theevaluation ofesultswasfocusedon this region.

The resultshow that salinity is rapidly flushed out of the swamph®diversion flow.

As expected, the flushing procaesslower in the areas where little diversion flow reaches

10.5 Comparison with Previous Modeling Studies
The TN predictions discussed in Sectidh3can be compared with two previous
modeling studies for the Maurepas swa@pmparisos must be done with céion because
each study used different modeling approaches based on project objectives and available data
Day et al. (2004used output from awo-dimensional hydraulicnodel tocalculate nitrate
transport and loss the Maurepas swamp. The model sinedavaterbeing diverted from the
Mississippi River into Hope Canal and thaoving through the swamp towards the Blind River,
Reserve Relief Canal, or Lake Maurepas. $lvamp was divided into cells and thguation

used to estimate nitrate loss in eael was:

Percentemoval=-14.13* LN (X) + 25
where X = nitrate loading entering that cell (laiay)

The predicted losses of nitrate for water reaching Lake Maurepas were 87% and 81% for
diversion flow rates of 1,50€fs and 2,50@fs, respectively (Table 4.4h Day et al[2004). It
should be noted that this modeling study did not utilize a background concentration for nitrate
because existing concentrations of nitrate in the Maurepas swamp are low.

CH2M Hill (2013)conducted modelintp estimate total nutrient removal for multiple

planned and existing diversions along the Mississippi River. Based on objectives of this project
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and the large area that it encompassed, this modeling was developed at spatial and temporal

resolutions that we muchcoarsethan the EELWAQ modeling presented in this report. The

CH2M Hill modelingused the pKC* model (described in Sect&h) with background

concentrations of zero for nitrate and ammoniumpn@géL for organic nitrogen, and 0.042y/L

for totd phosphorus. The modptedicteda 57% loss of TN and 46% loss of TP in the Maurepas

swamp for fiaverage oper §0i3pnso (Table 14 of
In order to compare theELWAQ results with these two studies, percentage losses of

TN and TP were calculadl. ForYear Osimulations percentage losses were calculated for TN

and TP based on concentratiomd/ississippi River watethatwas introduced into the swamp

and simulated¢oncentrationsn Lake Maurepast the mouth of Dutch Bayaat the end of day

20. These calculationgsuledin percentage losses 4% for TN and 35% for TP. These

percentage losses are similar to the results from CH2M Hill (2013). The percentage loss for TN

is lower than the nitrate losses calculated by Day et al. (2004), aterdsses are expected to

be greater than TN losses because nitrate can be removed from the water column through

denitrification and uptake by algae or plants, whereas organic nit(thgeeather primary

component offN in Mississippi River watgrcan beremoved from the water column only by

settling of the particulate fraction.

10.6 Comparison with Nutrient Concentrations in Lake Pontchartrain

Thepredictions of TN in the southern end of Lake Maurepas can be compared with TN
concentrations that were observed in Lake Pontchartrain after the BonneS@ianay was
opened in 2008 and in 201/hen the Bonnet Cari$pillway is opened, large volume$ o
Mississippi River water are diverted into Lake Pontchartrain during a shorfTimsewater
reaches Lake Pontchartrain quickiith minimal nutrient lossIn both 2008 and 2011, increased
algae concentrations were observed in the lake (including cyeteolathat were presumably
caused by the nutrient loading from the diverted Mississippi River Jvater

In 2008, the spillway was opedfor about a monthwith a total volume of diverted
water that exceeded the volume of Lake Pontchartrain (Bargu étldl) Zhe average

concentration of nitrate nitrogen that was measured within the plume during the spillway
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opening was 1.81g/L (Bargu et al. 2011Yhe modelingor Lake Maurepasloes not specify
what portions of the TN are nitrate, ammonium, and orgaitiegen but the TN in the water
that reaches Lake Maurepas is expected to be mostly organic nitrogen (see&&ctibthe
predicted TN in the southern end of Lake Maurepas is assumed to include almgiLOd
organic nitrogen (most of the backgral concentration of TN is expected to consist of organic
nitrogen), then the predicted TN values of 0.8 toMdlL in the southern end of Lake Maurepas
would correspond to nitrate concentrations of about 0.3 tm@/b. These are much lower than
the aveage nitrate concentrationeasured within the plume Lake Pontchartraiduring the
spillway opening (1.3ng/L).

In 2011, the spillwayvas operdfrom May 9 to June 20, with a total volume of diverted
water that was approximately 330% of the combinedmel of Lake Pontchartraand the
downstream estuary (Smi#914) The average concentration of nitrate nitrogen that was
measured along a transect extending from the Bonnet Carré Spillway to the approximate center
of the lake was 0.6g/L (individual vales ranged from below the reporting limit up to
1.4mg/L; Smith 2014. It is apparent that sonailution or other nutrient loss mechanisms
affected some of these values because the nitrate concentrations measured by the USGS in the
Mississippi River duringhe spillway opening ranged from 1.1 to ing/L (3 samples at Baton
and 6 samples at Belle Chasse). Nitrate concentrations in Lake Pontchartrain near the spillway
were probably more similar the Mississippi River values than the average concentrations
reported by Smith (2014) for an entire transect. As discussed above, the TN values predicted for
the southern end of Lake Maurepas correspond to estimated nitrate concentrations of about 0.3 to
0.5mg/L, whicharelower than stimatednitrate concentrations Lake Pontchartrain near the

spillway.
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11.0 SUMMARY AND CONCLUSIONS

A two-dimensional Delft3D hydrodynamic and water quality model was developed
calibratedand validatedor the study area. The model was applied to simulate water surface
elevations, velocitytotal nitrogenandtotal phosphorousnder20-day continuousliversion
flows of 250, 1,000 and 2,000 cBelow are the findings based on the model results.

1 Thehighestwater levelswill occurin Hope Canal as it exitsl0 bridge

o] Year0: Diversion flow of 250, 1000 and 2000 cfs raises water level by
0.3, 1.3 and 1.9 ft, respectively
o] Y ear50: Diversion flow of 2000 cfs raises water level by 0.6 ft.
1 Theaveragewater levels in the swamp
o] YearQ: Diversion flow of 250, 1000 and 2000 cfs raises water level by
0.1, 0.7 and 0.9 ft, respectively
o] Year50: Diversion flow of 2000 cfs raises water level by 0.2 ft.
1 Water levelsear the WSLRIrainage structures
o] Y earQ: Diversion flow of 2000 cfs raises water 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 magnitudar. theYear O

conditions, Aout 84%, 46% and 32% of diversionlow 250, 1006 and 2000
cfs flows through Dutch Bayou to Lake Maurepas. Of the remaining discharge

o] 12% flows towards the Reserve Canal and insignificant towards the Blind
River (250 cfs diversion)

o] 25% flows towards the Reserve Canal and 18% towardlitne: River
(1,000cfs diversion)

o] 26% flows towards the Reserve Canal and 29% towards the Blind River
(2,000cfs diversion)

o] For the Year50 conditions due to significant inundation, only 68bthe

diversion flow ischannelized through Dutch Bay¢@2,000 cfs diversion)
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i 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 Risr.

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 cfs diversion rate (Year 0):

A 32% flows through Dutch Bayou to Lake Maurepas
A 26% flows towards the ReseriRelief Canal
A 29%flows towards the Blind River

o] 2,000 cfs diversion raté/ear50):

A Due to significant inundatiorthe diversion flow has more
opportunity to overtop the stream banks. Therefong; 6%o0f the
diversion flow ischannelized through Dutch Bay¢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 Maunep@stch Bayou and
Reserve Relief CanaBy the time the Mississippi River water reaches Lake Maurepas, it has lost
about 54% of its TN and 35% of its TP. Predicted concentrations of T 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 these projection simulations, the proposed diversion of Mississippi River water
into the Maurepas swamp is expected to probeleeficialfreshening and nutrients to a large

area of swamp without causing large increases in nutrient concentiatloxee Maurepas.
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Model Calibration Results
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Figure A1. Locations of gages used for calibration (yellow symbols) and validation (red
symbols).
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Figure A2. Observed and predicted water surface elevations at gages

S4, S9 and S3 under normal conditions.
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Figure A3. Observed and predicted water surface elevations at gages

S-23, S7 and $11 under normal conditions.
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Figure A4. Observed and predicted watenface elevations at gages
S-25, S5 and S24 under normal conditions.
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Figure A5. Observed and predicted water surface elevations at gages

S-10, S16 and velocity at-® under normal conditions.
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Figure A7. Observed and predicted water surface elevations at gages
S-23, S7 and $11 under tropical storm conditions.
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Figure A8. Observed and predicted water surface elevations at gages

S-25, S5 and $24 under tropical storm conditions.
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Delft3D Model Results — Location S-7 (Outfall at I-10)
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Figure C2. Predicted water surface elevation (upper panel) and velocity (lower pandggosfer the model simulation
period at location 9 (Dutch Bayou).



