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BACKGROUND: The Barataria Basin, a bar-built estuarine system located directly
west of the Mississippi Delta, has been experiencing a significant land loss, especially
since the leveeing of the Mississippi River for flood control purposes in early 20"
century. Recent efforts to alleviate the land loss problem includes the construction of
man-made freshwater diversion structure in order to divert river water as well as its
associated suspended sediments from the Mississippi River into the Barataria Basin. A
major consequence of man-made freshwater diversions in estuarine environments such
as Barataria Basin is its impact on salinity distribution. Salinity gradients, such as those
within Barataria and Terrebonne estuaries have a significant influence on the
distribution of estuarine flora and fauna. In order to establish modeling capability usable
for responsible management purposes, an integrated hydrology-hydrodynamic model,
that simulates local runoff and circulation inside the bay, is needed.
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OBJECTIVES: To establish an integrated hydrology-hydrodynamic model of Barataria
Basin that can be useful for management purposes. The model should; 1) account for
local hydrological cycle including evaporation and precipitation, in particular local runoff
from the surrounding drainage basins; 2) be high-resolution in order to simulate very
accurately salinity changes in the complex network of channels and bayous within the
basin; 3) be thoroughly tested and calibrated against real observed data to be useful.
The direct contribution of this project would be to demonstrate feasibility of an integrated
hydrology-hydrodynamic model that can be used to simulate anticipated changes in bay
salinity distribution in response to various diversion scenarios within the framework of
various local weather and climatic conditions.

DESCRIPTION: Development of a high-resolution integrated hydrology-hydrodynamic
model of Barataria Basin is presented. First, a hydrology model that explicitly accounts
for the local hydrological cycle over the surrounding drainage basins for the Barataria
Basin is developed. Using observed precipitation and estimated evaporation over the
surrounding drainage basins, the hydrology model provides estimates of local runoff.
The hydrology model is coupled to a high-resolution (O (100m)) two-dimensional depth-
integrated hydrodynamic model of the Barataria Basin in order to simulate the
hydrodynamic response of Barataria Basin to hydrological, tidal, and wind forcing. The
coupled model was used to simulate the flood event during tropical storm Allison in
June 2001 that resulted in significant rise in sea-level heights especially in the upstream
region of the basin, thus, providing a rare opportunity to test the model. The integrated
model was also used to simulate a typical dry summer condition, namely the 30-day
period during the summer of 1999. The model was then used to simulate potential
impact of freshwater diversions at Naomi, West Pointe a la Hache, and Davis Pond.

SIGNIFICANT CONCLUSIONS: A high-resolution (O (100m)), integrated hydrology-
hydrodynamic model of the Barataria Basin can be developed to simulate explicitly local
hydrological cycle over the surrounding drainage basin and hydrodynamics within the
basin in response to hydrological, tidal and wind forcing. The integrated model appears
to be able to simulate the observed sea-level variations during the flood event due to
the tropical storm Allison in June 2001. The model appears to do reasonable job of
simulating time evolution of salinity fields inside the bay during a typical dry summer
condition, namely the 30-day period during the summer of 1999. Model simulations to
depict potential impact of freshwater diversions at Naomi, West Pointe a la Hache and
at Davis Pond suggest that even at reasonable diversion rates, notable impacts on
water level and salinity should be observable. The results of this study highlight the
need to use high model resolution, sufficiently high enough to resolve many of the
important complex morphological features of the basin in order to achieve reasonable
simulation capability of salinity distribution for morphologically complex basins such as
Barataria Basin.

STUDY RESULTS: First, a hydrology model that explicitly accounts for the local
hydrological cycle over the surrounding drainage basins for the Barataria Basin is
developed. Using observed precipitation and estimated evaporation over the
surrounding drainage basins, the hydrology model provides estimates of local runoff.
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The hydrology model is coupled to a high-resolution (O (100m)) two-dimensional depth-
integrated hydrodynamic model of the Barataria Basin in order to simulate the
hydrodynamic response of Barataria Basin to hydrological, tidal, and wind forcing. A
flood event during tropical storm Allison in June 2001 resulted in significant rise in sea-
level heights especially in the upstream region of the basin, thus, providing a rare
opportunity to test the model. It is shown that the integrated model is capable of
capturing a significant portion of the observed sea-level variations during the flood. The
integrated model was also used to simulate a typical dry summer condition, namely the
30-day period during the summer of 1999. Despite the relatively crude salinity initial
condition used (based on only eight observations), the model appears to do reasonable
job of simulating time evolution of salinity fields inside the bay. The model was then
used to simulate potential impact of freshwater diversions at Naomi, West Pointe a la
Hache, and Davis Pond. Those simulation runs suggest that even at reasonable
diversion rates, notable impacts on water level and salinity should be observable in the
multiply connected channels through the marsh in the vicinity of operating diversion
structures within several days of freshwater release, and after 15 days or so even in the
downstream regions of the basin. The largest impact of diversions should be felt in the
mid-bay region where the ambient salinity gradients are the steepest. It is notable that
the diversion signal propagates at shallow-water wave speed, like a tidal bore, due to its
mass flux, that is much faster than the diffusion time-scale suggested for mixing of two
water masses in estuaries (e. g., Elliot and Reid, 1976). It is interesting to note that
even after day 30, some isolated areas still remain without noticeable influence of the
diversion. Those observations highlight the need to use high model resolution,
sufficiently high enough to resolve many of the important complex morphological
features of the basin in order to achieve reasonable simulation capability for
morphologically complex basins such as Barataria Basin.

STUDY PRODUCTS: Inoue, M. and W. J. Wiseman, Jr. 2000. Transport, stirring and
mixing process in a Louisiana estuary: A model study. Estuarine. Coastal and Shelf
Science, 50:449-466.
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