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Quantifying Sediment Retention and Mor phologic Evolution in the Fort St. Phillip Crevasse
Complex: Implicationsto Sediment Diversions

BACKGROUND: Sediment diversions deliver sedimemutrients, andfreshwater from rivers tc
surroundingestuariesas a strategy to build and sustain wetland areas. Numerical modeling couple
detailed field observations are valuable science-based tools to provide quantitative information a
morphodynamic behavior of the deltaic formation in response to diverting large quantities of wa
sedimen{Meselhe et al, 2016ruill et al, 2016; White et al, 2018 an 2019-b; Allison e al, 2017). The
models are founded on assumptions regarding composition diviirted sediment, and the geotechni
properties, especially erodibility and consolidation, of the outfall af¢ese assumptions, while based
best available data, contribute uncertainteggarding the response of the receiving basin to divertéstv
and sedimentSpecifically, limitations on the available data regarding the heterogeneous nature
erodibility, consolidation rates translate to broad estimates of key model parameters and ultimate
range of outcomes. These uncertainties affect the ability of managers and decision makers at !
assess the performance of the proposed sediment diversions and the optimum operation stra
corstruction. Gathering high-quality field observations is the most effective approach to rechdsd
uncertaintiesThus, and as outlined in@mpanion proposal by Dr. Navid Jafari from Louisiana S
University, a detailed field-observation collection progriamplanned to support this proposed model
effort. The potential improvements to therformance of predictive tools is quite timel\LaslisianaCPRA
is activelydesigningthe Mid Barataria and Mid Breton sediment diversionbuitd and sustaioastal
wetlands in the Barataria and Breton Sound basins, respectiedygoal of this CSAP proposal is
reduce the uncertainty in the predictive numerical mothels can be used to support and inform
guantification of tradeoffampacts and operation strategies of sediment diversions.

FORT SAINT PHILIP CREVASSE EVOLUTION: Currently, through a CSAP project funded in
2020, Dr.Allison (Tulane University) isnvestigating thd-ort St. Phillip(FSP)crevasse. With a peak
flow in the order of 100,000 cfs, FSP crevasse serves as a suitable analogue for sedimensdaversic
though it is uncontrolledThe research performed by Dr. Allison and his student will provide valuabl
information and insights on the splay evolution and land growth as well as the amount of elegation
due to subsidence induced by the self-wedjidiverted sediment along with the pre-existing substrat:
Further, this CSAP proposal has a companion proposal bydvrd Jafari from LSUthat would build
on Dr. Allison’s field investigations. The intent of this proposal along with Dr. Jafari’'s is to perform
synergistic morphodynamics and sediment transport numerical modeling and geotechnical in-situ
measurements and laboratory testinge dveraligoal from these tw@€SAPs will be a comprehensive
and integrated investigation of a crevasse splay that accounts for the geomorphology (and builds
sediment budget from Prof. Allisamngoing GGAP research quantifies the sediment retemtiand land-
change while accounting for soil erodibility and consolidation properties areksting substrate3he
ultimate deliverable of this research is a field-calibrdiigt+-resolution morphodynamimodel to support
CPRASs ongoing planning and engineering design activiied to better understand operation strategi
for optimizing sediment delivery.

RESEARCH PLAN: Through a collaborative observation-numerical modeling effort performed by |
and Tulane researchers, this proposal focasgbe numerical modeling component. Dr. Meselhe anc
his student propose to develop a high-resolution morphodynamic model using the Delft3D system
modelwill focus on the FSP site utilizing a highsolution flexible mesh. This local high-resolution
model will be driven by existing regional model recently developed at Tulane University through fu
from Environmental Defense Fund (EDFhe exgting Delft3D models developed at Tulane utilize hig
performance computing to allow for morphodynamic decadal (50 to 80 years) simulations within 1.
hours of waliclock time. Computational efficiency is of primary importance to ensuraltitiey to
perform formal and extensive uncertainty analysige uncertainty analysis will evaluate impact of
variability in selectmodel parameters and environmental driverkenmodel outputs. Two key model
outputs will be considered, namely, the change in land area (in acres), and the sediment retention
percent of the diverted sediment). The model parameters that will be evaluated through the uncet
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analysis include: the sediment erosion rate, erosion critical shear stress, and the temporal dodad|
consolidation/compactiorates.Delft3D estimates erosion rates using the following equdtienA (Ti -

1) where, E is the erosion rate; A is constans, the shear stress; angdis the erosion critical shear
stress. The parameters A andare user defined. Field observation are required to estuaktes for
these parameters (see Figure 1 below for-gdility field observation testimate their values). These
parameters are broad in range and can be highly heterogenous. They also have direct and sign
impact on the key model outputs listed above. These key model output directly affect CPRA’s al
guantify the tradeoffand to optimize the operation strategies for controlled sediment diversions.
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Figure 1: Erosion rate versus shear stress
(top); and Erosion rate versus depth (right)
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DELIVERABLESAND OUTCOMES; Deliverables of this proposal inclugeer-reviewed journal
articles documenting the primary findings of the research performed under this effort; presentatic
national or regional technical conferences, and a final projecttrdpcumenting the assumptions anc
parameterizations of the Delft3D morphodynamic models used in the BiwdyMeselhe did not apply
nor receive prior funding from the CSAP program. However, he has long track record of funding
CPRA from the Planning and Engineering sections. Sortteeahajor projects in whichréf. Meselhe
was involved include the 2012, 2017, and currently the 2023 Coastal Master Plan; the Mississipy
Hydrodynamic and Delta Management Stuatyg the Environmental Impact Assessment of the Mid
Barataria and MiéBreton sediment diversions. Tdeestudies resulted in approximately 25 peer-revie
publications, and over 50 conference presentations.
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