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Summary 

In 2005 Hurricane Katrina flooded 80% of the city of New Orleans. On the short term levees 

are rebuild and heightened. On the long term barriers are build and wetlands are restored. 

For this last purpose the Violet Diversion is planned to freshen the Biloxi Marsh and Lake 

Borgne. This goal of this study is to model a dynamic salinity equilibrium for the Pontchartrain 

Basin. Lessons learned from this study can be a start for the modeling of the Violet Diversion 

and the impacts on the salinity (gradients) in the Pontchartrain Basin. The Delft3D model is 

calibrated for tidal propagation. When modeling salinity it is recommended to simulate in 3D 

as gravitational circulation occurs. For future modeling nontidal water level elevations and 

currents need to be added to the boundary conditions of the current domain. Therefore it is 

recommended to increase the model domain Gulfwards and westward to capture the entire 

Mississippi River Birdfoot.  
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1 Summary 

The area of New Orleans was hit by Hurricane Katrina in August 2005. A large part of the city 

got flooded due to bad design, construction and maintenance of the levee system. In order to 

increase the level of protection of the city, the levees are heightened and strengthened in the 

framework of the Hurricane and Storm Damage and Risk Reduction System (HSDRRS). On 

the long term the restoration of coastal wetlands is also part of the program. 

 

Since the 1930’s wetland erosion in coastal Louisiana has been recorded. The main cause of 

the erosion is the canalization of the Mississippi River, land subsidence and sea level rise, 

and salt water intrusion by alteration of drainage patterns. One way of initiating wetland 

restoration is the construction of diversions. The Violet Diversion is the largest diversion 

planned in the Pontchartrain Basin. Water from the Mississippi River is diverted into Lake 

Borgne and the Biloxi marsh in order to decrease salinities in those target areas.  

 

In order to get more insight in the impact of the diversion on salinity (gradients), 

hydrodynamic and salinity modeling of the Pontchartrain Basin is desired. Due to lack of data 

and time, model calibration on salinity was not accomplished. The goal of this study is to 

model a dynamic equilibrium of yearly averaged salinity in the Pontchartrain Basin. The 

lessons learned from this study can be a start for subsequent modeling efforts of the Violet 

Diversion. 

 

In Delft3D-FLOW a grid was set-up to model tidal propagation in Lake Borgne. The grid 

consists of a little less than 53,000 nodes. The initial bathymetry and roughness are taken 

from the ADCIRC SL15 model. The model is forced with the amplitudes and phases of the ten 

most important tidal constituents. In order to calibrate the model, the tidal channels are 

enlarged and the bottom friction is decreased. The necessity of these changes was already 

proven by the application of the harmonic method on the Pontchartrain Basin, as well as the 

moderate results of previous model studies. The model is calibrated on tidal amplitudes 

(accuracy within 10%) and fluxes through the tidal passes (accuracy within 1%). Phases were 

considered less important.  

 

Salinity was implemented by simulating initial salinities and river discharges on top of the tide. 

Comparing 2D with 3D simulations, gravitational circulation occurs in the 3D modeling. This 

causes an increased salt water intrusion from the Gulf of Mexico towards Lake Borgne and 

the Biloxi Marsh. However, the salinities in this target area are too low in the dynamic 

equilibrium situation. This is explained by the underestimation of transport by tides and 

Mississippi River discharge towards Lake Borgne. Previous model studies proved that 

circulation around the continental shelf cannot be neglected for tidal transport. Also, the 

Mississippi River discharge can flow around the Birdfoot. Due to the choice of the model 

domain, that flow cannot occur in this study. 

 

Using the tide-calibrated model for salinity studies, it is recommended to model in 3D to 

simulate the gravitational circulation. Nontidal water level elevations and currents should be 

included in the boundary conditions. This can be achieved by enhancing the model domain to 

capture a larger part of the Gulf of Mexico and the Mississippi Birdfoot. Then the flow around 

the Birdfoot can also be simulated. Wind should also be added to the hydrodynamic 

simulations. The measured salinities and the target salinities show seasonal variation. 

Therefore future modeling should strive for real-time simulation by forcing the model with 

time-series. The diversion flow can then be varied per month or season. 
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2 Introduction 

2.1 Background 

Most of the area near New Orleans is situated below Mean Sea Level (MSL). The area exists 

mainly of marshes and small communities located on the sedimentary deposits of the 

Mississippi River. The main sources of income are tourism, cargo handling, oil production and 

refinement and fisheries. Almost every year the area is hit by tropical storms, typically during 

the months June till November. 

 

In 2005 Hurricane Katrina caused a disaster in New Orleans. The hurricane made landfall 

near the southern tip of the Mississippi Birdfoot at August 29 and continued towards the state 

of Mississippi. It caused a storm surge that breached the levees (dikes) at the eastern side of 

New Orleans. Due to the storm surge and the heavy rainfall, the water level in Lake 

Pontchartrain rose. This caused more levee breaches, at the northern side of the city. About 

80% of the city got flooded, see Figure 2.1. One month later, hurricane Rita reflooded part of 

the area. 

 

 

Figure 2.1 Hurricane Katrina flooding, estimated depth and extent (NOAA News, 2010) 

The failure of the levees can be accredited to design flaws, according to research of the 

American Society of Civil Engineers (ASCE, 2007). According to this report, the two major 

causes of the levee failures were insufficient safety margins in soil strength and overtopping. 

After the flooding, the U.S. Congress assigned 14.45 billion dollars to the U.S. Army Corps of 

Engineers (USACE) to increase the strength of the Hurricane and Storm Damage and Risk 

Reduction System (HSDRRS) of New Orleans. Among others, this includes heightening and 

strengthening of the levees and construction of closure structures (MVN USACE, 2009). The 

improved protection system should provide a 100-year level of protection to the city of New 

Orleans and should take effect at the start of the 2011 hurricane season. More information 

about projects that are of interest for this research can be found in Chapter 4 and 6. 

 

According to the Louisiana Coastal Protection and Restoration Authority (LACPR, 2007), 

wetlands form a natural buffer against hurricane and storm surges. Every two miles of 

wetland south of New Orleans, reduces a storm surge by half a foot (S. Blumenthal, 2010).  
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Due to several natural and man-induced reasons, the wetlands in coastal Louisiana have 

been eroding since the 1930’s, see Figure 2.2. Therefore, the natural protection of New 

Orleans has been decreasing ever since. If no measures are taken, New Orleans and the 

surrounding cities will become more and more vulnerable to future extreme events. Land loss 

and increased change of flooding will drive wildlife as well as human communities away to 

higher areas. Another negative impact of the wetland erosion is the decreased protection of 

navigational and energy infrastructure.  

 

 
Figure 2.2 Previous and future land loss and land gain in the Mississippi Delta (LACPR, 2007)   

 

In order to have natural protection in the future, coastal restoration needs to be taken on. The 

multiple lines of defense strategy of the U.S. Army Corps of Engineers combines structural 

measures with coastal restoration in order to reach an increased protection against storm 

surges for the New Orleans area. Several alternatives to achieve coastal restoration are river 

diversions, marsh creation, shoreline restoration and stabilization and ridge restoration. 

 

The goal of diversions is to reduce salinity and introduce sediments. The direct link between 

wetland erosion and increased salinity has never been proven directly, but several 

researchers (Chatry et al., 1983) consider the increased salinity in several Louisiana 

estuarine waters as one of the causes of the habitat degradation. The Violet Diversion, part of 

USACE’s coastal restoration program, is expected to have the largest impact on salinity 

gradients of all diversions planned in the Pontchartrain Basin (USACE, 2009a). The 

Pontchartrain Basin covers all water east of the Mississippi River Delta indicated in Figure 

2.2. Water from the Mississippi River will be diverted into Lake Borgne, see Figure 2.3. With 

this effort the salinity in Lake Borgne and the Biloxi Marsh will be reduced.  
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Figure 2.3 Map depicting the 2006 proposal to expand the Mississippi River freshwater diversion at Violet, LA 

(LPBF, 2006)  

 

In order for the Violet Diversion to be most effective, more insight in the hydrodynamics of the 

area is required. To investigate the impact of the diversion on salinities and salinity gradients 

in Lake Borgne and the Biloxi Marsh, a salinity model has been set up in Delft3D-FLOW. This 

is a hydrodynamic model which solves the unsteady flow equations in either two or three 

dimensions. Salinity as well as density driven currents can be added to the flow simulations. 

2.2 Research goal 

The goal of this study is to make a start in modeling the hydrodynamics and the salinity in 

Lake Borgne and the Biloxi Marsh. This is done by simulating the dynamic equilibrium using a 

hydrodynamic model. The dynamic equilibrium consists of a yearly averaged salinity forced 

by rivers, which moves back and forth by the tidal motion. The results of this study will provide 

more insight in the physics of the Pontchartrain Basin, and will focus on some particulars of 

salinity modeling in the Pontchartrain Basin. This study can be considered as the first step 

towards modeling the Violet Diversion and its impacts on the salinity (gradients) in Lake 

Borgne and the Biloxi Marsh. 

2.3 Approach 

A literature study was performed to gain all data necessary for modeling tides and salinities in 

the Pontchartrain Basin. Before setting up the model, these data are analyzed to provide 

insight in the appropriate schematization of the area and important parameters. This effort 

results in assumptions and restriction for the model. This literature study also resulted in 

information about previous model studies for this area. These studies can help to gain insight 

in important parameters and restrictions of certain model settings.  

 

The model is calibrated for water levels and tidal fluxes. A detailed model calibration for 

salinity was not feasible with the data and time available. The model performance with 

respect to salinity simulations is investigated. For this purpose, the hydrodynamics are the 

input for a tracer analyses in a water quality model. With this insight, the hydrodynamic model 

is used to model the closure of the MRGO and study the relative impact of the Violet 

Diversion on salinity gradients.  
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2.4 Report overview 

The next chapter deals with the background of the coastal erosion. The causes and rates of 

erosion will be discussed. The background of the targets set by the U.S. Army Corps are 

treated as well. Based on this information assumptions are formulized. The project area is 

treated in more detail.  

 

After this chapter a distinction will be made between modeling of tides and salinity. First the 

data analysis and model calibration for tidal propagation is treated. After this is completed 

successfully, the report moves on to the salinity data and model performance with respect to 

salinity.  

 

Chapter 4 contains the results of the literature study for tidal propagation. The collected data 

are analyzed as a first step towards modeling the area with Delft3D-FLOW. The analysis will 

provide more insight in the schematization of the area and important parameters. In this 

chapter previous model studies of the Pontchartrain Basin are elaborated as well. The model 

set-up and calibration for water levels and tidal fluxes can be found in chapter 5. 

 

After the calibration for tidal propagation is completed, the focus shifts towards salinity. 

Chapter 6 contains the results of the literature study for salinity. The data are analyzed and 

previous model studies are investigated. Chapter 7 will explain the process of the modeling 

salinities in the Pontchartrain Basin with the hydrodynamic model developed in Chapter 5. It 

also contains the modeling results of the Violet Diversion, which gives insight in the relative 

impact of the diversion on salinity gradients in the Pontchartrain Basin. 

 

Chapter 8 contains the conclusions of this model study and recommendations for future 

modeling efforts of the Pontchartrain Basin. 
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3 Project description  

As explained in the previous chapter, coastal erosion has a large impact on Louisiana and is 

by some parties appointed as one of the reasons why Hurricane Katrina could do so much 

damage. The background and causes of the coastal erosion are treated in this section. In 

order to reverse the degradation of the wetlands, diversions of the Mississippi River are 

planned. The targets salinities for these diversions are called the Chatry salinity targets. The 

background of these targets and their impact on the model studies in this study are explained 

below. The section concludes with a description of the model area.  

3.1 Background of coastal erosion 

Since the 1930’s land loss of coastal Louisiana is registered. Since then, approximately 4900 

km2 of land is lost to the sea. The state accounts for 30% of the total coastal marsh loss in the 

US. Between 1990 and 2000 the wetland loss was approximately 62 km2 per year. It is 

estimated that the next 50 years another 1300 km2 of land will be lost (Barras et al., 2003). 

This means the erosion rate decreases to approximately 26 km2 per year. The reason for the 

decrease is the rapid coastal erosion in the period 1956 to 1978. After this period, the wetland 

loss and shoreline erosion rates kept on declining. Extrapolation of these data, combined with 

the increasing efforts of coastal restoration and marsh creation projects and beneficial use of 

dredged materials in the wetlands, explains the lower land loss rate. Figure 2.2 illustrates the 

areas of land loss and land gain, over the last 70 years and until 2050.  

 

In 2005 hurricane Katrina made landfall near the southern tip of the Mississippi Birdfoot. 

Shortly after, hurricane Rita passed by. The U.S. Geological Survey (USGS) estimated that 

the two hurricanes together caused another 562 km2 of land loss (Barras, 2006). 

 

Due to the land loss, the natural protection against storm surges diminishes. If no measures 

are taken, New Orleans and the surrounding cities will become more and more vulnerable for 

future extreme events. Besides these problems and the decreased protection of navigational 

and energy infrastructure, the wetland erosion also causes several ecological problems. 

Nutrients, carried by the river water, will flow into the Gulf of Mexico since it is no longer 

filtered by the marshes. Due to the high concentrations of nutrients in the northern Gulf of 

Mexico, water quality becomes an issue e.g. in terms of increased algae growth. Another 

environmental issue is the degradation of swamp forest biology by salt water intrusion and 

hydrological modifications. The wetland erosion causes salt water intrusion, which limits the 

oyster growth. 

3.2 Causes of Louisiana’s coastal erosion 

There are several natural and man-induced causes that can explain the coastal land loss. 

Sediment shortage is one of the main causes (Walker et al., 1987; Temple et al., 1988; 

Demas et al., 2009). Due to a shortage in river supply and compaction, the wetlands are 

drowning and are not able to keep up with sea level rise. This leads to inundation. Salt water 

intrusion is another main cause for wetland erosion (Evers et al., 1992). Both causes, the 

negative sediment budget and the increased salinity, are elaborated below.   

 

A shortage of sediment in the area is mainly caused by canalization of the Mississippi River. 

In the 18th century French settlers started to build levees around the Mississippi River in order 

to protect the city of New Orleans from river floodings. Later, the Mississippi River started to 

gain importance as a shipping route.  
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The canalization of the Mississippi River causes the sediment carried by the river, to be 

deposited at deep waters in the Gulf of Mexico. Therefore, the wetlands in Barataria Basin 

and Breton Sound Basin have no natural supply of river sediment anymore.  

 

Over time, the wetlands are subsiding. This is partly due to natural compaction, which is 

accelerated along the natural levees. But also man-induced subsidence as a result of 

urbanization and ground water withdrawal plays a big role. Next to subsidence, the area is 

also affected by sea level rise. Sediment input might be necessary for the wetland area to 

keep up with these processes. 

 

Canal modification of hydrological flows in the wetlands causes altered drainage patterns. 

The canals cause salt water intrusion as well as shortening of the residence time of fresh 

water in the marshes. Spoil banks were made out of the dredged material. These are not 

strong enough to prevent erosion by boat wakes. At the same time, the spoil banks prevent 

fresh water from reaches the marshes. Estimates about the wetland erosion caused by canal 

modification vary, from 25 to 90%, but are significant (P.H. Templet and K.J. Meyer-Arendt, 

1988). 

 

Besides the canal modification, sea level rise and erosion of the wetlands causes salt water 

intrusion. The salinity in the Pontchartrain Basin might also be increased due to a decrease in 

fresh water inflow from the Mississippi River, tributary rivers and other rivers that discharge in 

the area.  

 

Several researchers have reported this increase in salinity in Louisiana’s coastal waters 

(Wiseman, 1990). Wiseman studied salinity trends using two historical data sets. One dataset 

has been collected by the Louisiana Department of Wildlife and Fisheries (LDWF), the other 

by USACE. Record lengths vary per station, but are all in the period between 1955 and 1985. 

Most data are near-surface measurements, therefore no conclusion can be drawn with 

respect to vertical stratification. However, the processes of overbank flooding and 

groundwater flow in the root zone can explain the large impact of surface salinities on marsh 

health. Although there is no spatial pattern, many stations showed a significant trend in 

salinity.  

 

As can be seen in Figure 3.1, all but one station east of the Mississippi River show a positive 

trend in monthly mean salinity. For monthly salinity variance and maxima, an equal positive 

trend can be seen. This means that the salinity in the area east of the Birdfoot increases.   

 

 
Figure 3.1 Stations where the monthly mean salinities exhibited a statistically significant trend (Wiseman et al., 

1990) 
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The increase in salinity has a large impact on the coastal landscape. Wetlands can be 

classified based on their salinity tolerance. Four marsh types (fresh, intermediate, brackish 

and saline) are subdivided over salinities ranging from 0.1 parts per thousand (ppt) to over 16 

ppt, (USACE, 2009a). As salinities increase to values higher than the ideal range for a certain 

marsh type, the vegetation will start to change to a more salt-tolerant type. This leads to 

wetland degradation in many cases, as the salinity increases too fast for the wetlands to keep 

up. With this transition process, where other types of vegetation will start to grow, the area is 

more vulnerable to inundation by hurricanes and storm surges. Figure 3.2 shows the marsh 

types as established by USGS (2006) after the 2005 hurricanes Katrina and Rita. 

 

 
Figure 3.2 Marsh communities after the 2005 hurricanes (USGS, 2006)  

 

Although it has never been proven directly that an increase in salinity results in wetland 

erosion, the researches discussed in this paragraph show a strong agreement between 

salinity increase and erosion of wetlands. Since a direct proof lacks, it is also not known what 

would be the ideal salinity for wetland restoration in the Pontchartrain Basin. In order to have 

tangible targets for restoration projects the U.S. Army Corps uses the salinity targets for 

oyster growth, the so-called Chatry salinity targets. It is assumed that when the salinity 

targets are achieved 40% of the time, salinity gradients are attained that are comparable to 

historic conditions (1971 – 1981) when the wetlands were healthier. The Chatry salinity 

targets and their background are elaborated in the following section.  

3.3 Salinity target of Violet Diversion 

After several researchers observed increasing salinity and decreasing oyster seed grounds, 

Chatry (1983) performed a research to formulate the optimum annual salinity regime for 

oyster production on Louisiana seed grounds. The state’s prime seed grounds are located 

between the Mississippi River and the MRGO, see Figure 3.6, bounded by Breton Sound. 

Chatry gathered salinity, spatfall and seed oyster production data at several stations from 

April 1971 till September 1981. The spatfall was expressed in setting intensities per cm2 of 

oyster larvae.  
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Oysters of 26 till 75 mm in height were defined as seed oysters. These oysters are between 7 

and 14 months old. Therefore, production data should be compared to salinity and spatfall 

data of the previous year.  

 

In the dataset, there were eight years with good seed oyster production (> 20 oysters/m2). 

Among all analyzed stations, the salinities showed remarkable similarities in those eight 

years. The optimum salinity regime is defined as the monthly mean salinity of each station in 

those eight years of good oyster production. 

 

By using the data of several stations in the years of good oyster seed production, a mean 

salinity with a wider range can be determined of each month. Figure 3.3 shows these values. 

Although a large salinity range is allowed, there seems to be a seasonal change in salinity. 

During the months April and May lower salinities (below 8 ppt) are preferred. During the rest 

of the year, salinities between 12 and 18 ppt are desirable.  

 

 
Figure 3.3 Optimum salinities as defined by Chatry (Chatry et al, 1983)  

 

As was established in the previous section, salinity is important for the coastal landscape and 

the wetland erosion. Per vegetation type (fresh, intermediate, brackish and saline) a desired 

salinity range can be identified for preservation. However, it has never been established what 

the ideal or desired marsh layout is for the Biloxi Marsh or any other marsh in Louisiana. In 

order to be able to quantify the effects of a project, targets are desirable. Therefore, the U.S. 

Army Corps has adopted these Chatry salinity targets for several projects. In the years 

analyzed in the Chatry study, the Louisiana wetlands were in better shape then they are in 

now.  

 

The Chatry salinity targets were already used for the design of the Bonnet Carré Spillway, 

upstream of the city of New Orleans (McAnally and Berger, 1997) The Bonnet Carré Spillway 

discharges water from the Mississippi River into Lake Pontchartrain when the river’s water 

level reaches a critical stage. Since these target salinities were not achieved with the Bonnet 

Carré Spillway, they remain the targets for the Violet Diversion (Georgiou et al., 2007). 

According to USACE, the Chatry targets should be met 40% of the time. From Figure 3.4 it 

can be seen that the salinities in the outer stations of the Biloxi Marsh are occasionally lower 

than the target salinities, but not more than 40% of the time. 
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Figure 3.4 Chatry salinity targets compared to the 2008 salinities in the target area (Biloxi Marsh) 

 

The Lake Pontchartrain Basin Foundation (LPBF, 2006b) uses the 1990-1932 wetland layout 

as a target for their projects because since then the ‘dramatic loss of wetlands’ started to 

change the landscape. Figure 3.5 shows the baseline condition of 1932 as reconstructed by 

LPBF. The blue dotted lines are a visualization of the Chatry salinity targets. It can be seen 

that the Chatry salinity targets show resemblance to the baseline vegetation. West of the left 

blue line, the proposed Palmisano line, the salinity is always below 15 ppt. This is Lake 

Pontchartrain, Lake Borgne and part of the Biloxi Marsh. The right line, the proposed Ford 

line, indicates the area where the mean salinity should be 15 ppt. This line is situated just 

Gulfwards of the Biloxi Marsh. If these targets are satisfied, the Biloxi Marsh would become a 

mix of brackish and intermediate marsh. 

 

 
Figure 3.5 Isohalines after the Chatry salinity optimum (LPBF, 2006) 
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3.4 Project area 

The project area area covers the Pontchartrain Basin. This is the area east of New Orleans 

and the Mississippi River as shown in Figure 3.6. The Pontchartrain Basin covers Lake 

Maurepas and Lake Pontchartrain, Lake Borgne and the Biloxi Marsh and Breton and 

Chandeleur Sound. The rivers that discharge into these lakes and coastal zones, will be 

taken into account for the salinity balance. The ridges of Chandeleur Sound and Breton 

Sound mark the offshore bound of the project area. This makes that the boundaries of the 

project area are sufficiently far away from the area of interest, which is Lake Borgne and the 

Biloxi Marsh. 

 
Figure 3.6 Project area: Pontchartrain Basin (Google Earth, 2009) 

 

In Figure 3.7 some important channels near the area of interest are marked. Lake 

Pontchartrain is linked to Lake Borgne by three channels: the Rigolets, the Chef Menteur and 

the Inner Harbor Navigational Canal (IHNC) through the Gulf Intracoastal Waterway (GIWW). 

The construction of the IHNC was completed in 1923, while the GIWW was completed in the 

early 1930’s (Sikora and Kjerfve, 1985). The Mississippi River Gulf Outlet (MRGO) used to be 

a direct connection between the GIWW and the Gulf of Mexico since 1963, but on 20 July 

2009 a rock dam was constructed at Bayou La Loutre (USACE, 2010), see paragraph 3.1.1.  

 

 
Figure 3.7 Area of interest 
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Violet is located in the Central Wetlands Area (CWA), west of Lake Borgne, see Figure 3.8. At 

Violet, a siphon is located. At sufficiently high water levels in the Mississippi River water is 

diverted into the CWA. The fresh water input into the area is an attempt to offset salinity 

intrusion from the MRGO (DNR, 1992). Via the Violet Canal the water reaches the CWA. The 

fresh water leaves through the Bayou Dupre gate into the MRGO.  

 

The Violet siphon was built in 1979 and operated several years. Due to a lack of money, it 

only functioned for a few years until 1992 when it was restored. Due to the small flow 

compared to the influence of the MRGO and siltation of the Violet Canal, the project was de-

authorized in 2000. In 2003 the siphon was reopened again. The peak capacity of the siphon 

is 8.5 m/s, which is far too small to benefit the marshes at the other site of the MRGO (LPBF, 

2006b). 

 

For the Violet Diversion, the same location will be used. The siphon will be replaced by a 

structure capable of diverting larger discharges. Since it is foreseen that the CWA and the 

Bayou Dupre Gate do not have the capacity to store and drain the increased amounts of 

water, a second gate at Bayou Bienvenue will be used. 

 

 
Figure 3.8 Central Wetlands Area (CWA) (Google Earth, 2009)  

3.5 Modeling assumptions and restrictions 

Based on the research goal formulated in the first chapter and the information on the Chatry 

salinity targets and the project area, modeling assumptions are formulized.  

 

The first step in modeling the salinities in the Pontchartrain Basin using Delft3D is to calibrate 

the model for tidal elevations and fluxes. For the tidal elevations stations throughout the 

model area are used. The tidal fluxes are analyzed in the passes between Lake Pontchartrain 

and Lake Borgne. Phases are considered less important for this study, as the water level 

elevations and fluxes are an indication of the water exchange between Lake Borgne and the 

Gulf of Mexico on one side, and Lake Pontchartrain on the other side. A possible phase 

difference between measurements and model results are not of importance when modeling a 

yearly averaged dynamic equilibrium.  
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The next step is to incorporate salinities. This is done by forcing the model with river 

discharges. Wind will not be taken into account. The goal of the study is to simulate a 

dynamic salinity equilibrium. After the dynamic equilibrium is reached, the closure of the 

MRGO and the Violet Diversion are added to the simulation to study their relative impact on 

salinities and salinity gradients.  

 

The Chatry salinity targets for the Violet Diversion are formulated per month and show 

seasonal variations. The months April and May are the only months with a target below 12 

ppt. With these yearly averaged simulations the monthly variations in discharges cannot be 

simulated, therefore the Chatry targets cannot be reproduced with this model effort. A 

dynamic equilibrium can only give insight in the relative impact of the Diversion on salinity 

gradients. Therefore only the position of the 15 ppt isohaline in the simulations will be 

compared to the desired position as indicated in Figure 3.5. Studying the effects of the Violet 

Diversion on salinity (gradients) in the Pontchartrain Basin and how often the Chatry salinity 

targets are met, can be done in a subsequent study.  

 

The Mississippi River water that is diverted at Violet reaches the MRGO via the Violet Canal. 

This canal runs through the CWA. Since the salinities in the CWA are not of interest for this 

study, and modeling the CWA would require a high grid resolution, the diverted discharge will 

be introduced into the model area at the Bayou Dupre Gate. This restriction will lead to a 

limited number of cells in the CWA, which reduces the modeling time.  

 

In this study the impact of sea level rise on wetland salinities with or without Violet Diversion 

will not be taken into account. Increased sea level rise will lead to an increase of salt water 

intrusion. Increased salinities are therefore expected. It is recommended to study the effects 

of sea level rise on the impact of the Violet Diversion in future modeling efforts. 

3.6 Conclusions 

This chapter described the wetland erosion in coastal Louisiana. Since the 1930’s, coastal 

erosion has been registered. The erosion rate is estimated to be around 62 km2 per year; 

currently the erosion rate is 26 km2. The erosion leads to a decreased natural buffer against 

storm surges.  

 

There are several causes for the degradation and erosion of the wetlands. Canalization of the 

Mississippi River caused a shortage in sediment supply to the subsiding wetlands in order for 

them to keep up with sea level rise. Together with artificial canals in the wetlands, this leads 

to increased salinity.  

 

The construction of the Violet Diversion is one of the projects in the wetland restoration 

program. This diversion, downstream of New Orleans, will divert fresh water from the 

Mississippi River into Lake Borgne and the Biloxi Marsh. This will lead to lower salinities in 

the project area.  

 

Salinity targets were formalized to decrease the salinity in wetlands for better oyster growth. 

Due to lack of knowledge about the ideal salinity gradients in the Pontchartrain Basin for 

ecosystem restoration, the Chatry targets are adopted by the U.S. Army Corps as salinity 

targets for wetland restoration that should be met 40% of the time. Since this model effort 

aims to simulate a yearly averaged situation, the monthly variations cannot be modeled. 

Therefore only the position of the 15 ppt isohaline will be studied. 
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The first step in the model study is to calibrate the model for tidal elevations and fluxes. 

Thereafter the salinity is modeled, using the rivers as an additional forcing. After a dynamic 

equilibrium is reached, the Violet Diversion is added to the simulation. The diverted water will 

be introduced into the model at the Bayou Dupre Gate, thereby modeling of the CWA is 

avoided. Sea level rise and its impacts on salinities in the project area are not taken into 

account in this study.  
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4 Data analysis for tidal propagation 

After establishing the research goal and the project description in the previous chapters, data 

are collected. In this chapter only the data with respect to tidal propagation will be treated. 

Since the model study with respect to salinity is a different process and a step following tidal 

calibration, the gathered salinity data and model results will be treated later on. 

 

In the first section the collected data are summed up. Section 2 will deal with the analysis of 

these data. A simple model will be used to provide more insight in the physics of the system 

and important parameters. The conclusions from this analysis will be used for the model 

calibration. Before the actual calibration, previous model study will be studied to get more 

insight in valuable parameters and points of particular interest when modeling this area. 

These models and their performance will be treated in the last section of this chapter. 

4.1 Gathered data 

The hydrodynamics in the project area will be forced by tides and wind. River discharges will 

be taken into account when analyzing the salinity. The hydrodynamics caused by hurricanes 

will not be taken into account in this project and will therefore not be treated in this chapter.  

4.1.1 Bathymetry 

The Pontchartrain Basin is located at the northern Gulf Coast. The Gulf of Mexico is an ocean 

basin, which is considered part of the Atlantic Ocean. It is connected to the Atlantic Ocean at 

the Yucatán Channel and the Strait of Florida. The Gulf of Mexico is approximately 1500 

kilometer wide and has a surface area of approximately 1.6 million km2. The deepest location 

is located in the trough called Sigsbee Deep, with a depth of 4384 meter (Wikipedia, 2010). 

 

 
Figure 4.1 Project area  

 

The Mississippi River Gulf Outlet (MRGO) used to be a connection between the Gulf of 

Mexico and Lake Borgne. Construction of the channel was completed in 1968 to provide a 

shorter shipping route to New Orleans. It stretched from the Inner Harbor Navigational Canal 

(IHNC) to the 38-feet depth contour (11.6 meters depth) in the Gulf, see Figure 4.1.  
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The bottom width of the MRGO after construction was 152 meter. Hurricane Katrina caused 

shoaling of the MRGO in 2005. The U.S. Congress decided that it was not worthwhile to 

maintain the channel. After de-authorization of the MRGO, closure of the MRGO was 

completed in July 2009, 460 meter south of Bayou La Loutre (USACE, 2010). A rock dam of 

450 meter wide (bottom) was constructed to a level of 2.5 meter above reference level 

(NAVD88, see paragraph 3.1.2), see Figure 4.2.  

 

 
Figure 4.2 Rock dam as closure of the Mississippi River Gulf Outlet (MRGO) at Bayou La Loutre 

 

Lake Borgne has a surface area of 730 km2, with an average depth of 3.0 meter 

(Gulfbase.org, 2010). Via three channels Lake Borgne is connected to Lake Pontchartrain. 

Lake Pontchartrain is oval shaped with a width of 64 km. The north-south distance is 39 km. 

The lake has a surface area of 1,630 km2 and an average depth of 3.7 meter. The 

characteristics of the Gulf of Mexico and Lake Borgne and Lake Pontchartrain are 

summarized in Table 4.1. 

 

 Table 4.1 Characteristics of water bodies in project area 

Area Parameter Value 

Gulf of Mexico Width 1,500 km 

 Surface area 1.6 x 10
6
 km

2 

 Depth, max 4,384 m 

Lake Borgne Width (east-west) 34 km 

 Length (north-south) 30 km 

 Surface area 730 km
2
 

 Depth, average 3.0 m 

Lake Pontchartrain Width (east-west) 64 km 

 Length (north-south) 39 km 

 Surface area 1,630 km 

 Depth, average 3.7 m 

 

The Rigolets and the Chef Menteur Pass are natural passes between Lake Borgne and Lake 

Pontchartrain. The third pass, the Inner Harbor Navigational Canal (IHNC), was completed in 

1923. For dimensions of the three tidal passes, see Table 4.2. The ratio of tidal prism 

between the three tidal channels is 60% for the Rigolets, 30% for the Chef Menteur Pass and 

10% for the IHNC (Sikora and Kjerfve, 1985). The area in between the channels, that 

separate Lake Borgne and Lake Pontchartrain, is swamp, see Figure 4.3. The left photo 

shows the fresh and intermediate marsh, taken in northward direction between the Rigolets 

and the Chef Menteur pass. The right photo gives an impression of the cypress swamp, taken 

east of the Rigolets. These land bridges are a storage area for water, flow velocities are low. 
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Table 4.2 Dimensions of the passes between Lake Borgne and Lake Pontchartrain according to Haralampides 

(Georgiou et al., 2007) 

 Total length (l) [km] Average depth (d) [m] Cross-sectional area (A) [m
2
] 

The Rigolets 14.5 8.0 7,500 

Chef Menteur 11.3 13.0 2,422 

IHNC 30.0 7.5 2,924 

 

 
Figure 4.3 The land bridge between Lake Borgne and Lake Pontchartrain. Left: fresh and intermediate marsh; right: 

cypress swamp. 

 

The bathymetry that is used for this model study originates from the ADCIRC SL15 model 

(Bunya et al., 2010). The model domain consists of a part of the Atlantic Ocean, the 

Caribbean Sea and the Gulf of Mexico, see Figure 4.4.   

 

 
Figure 4.4 ADCIRC SL15 model domain with bathymetry in meters (Bunya et al., 2010) 
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For this study only the data covering the project area are used. For the Gulf of Mexico three 

sources are used: NOAA’s bathymetric sounding database, the Digital Nautical Chart 

database and the 5-minute gridded elevations/bathymetry for the world (ETOPO5) database. 

For the floodplain topography the Atlas and the Mississippi Coastal Analysis Lidar Projects 

are used. When no data were available in the wetlands a height of 0.80m was applied for 

marshland and -0.40m for water, conform the Louisiana Gap Analysis Project (LA-GAP). Data 

along the Mississippi and Louisiana coastline are mostly dated prior to Hurricane Katrina in 

August 2005. However, the land bridge and channels between Lake Borgne and Lake 

Pontchartrain are post-Katrina data, as well as the Chandeleur Islands (USGS; U.S. 

Geological Survey) and the islands at Mississippi Sound (USACE), except for Half Moon 

Island, Deer Island and Singing River Island (all MARIS; Mississippi Automated Resource 

Information System 2006). 

 

Table 4.3 shows the dimensions of the tidal passes in the SL15 bathymetry. The depth is 

comparable to the depth set by Haralampides, but the cross-sectional area of the Chef 

Menteur and the IHNC are considerably smaller in the SL15 bathymetry. 

 

Table 4.3  Dimensions of the passes between Lake Borgne and Lake Pontchartrain in the SL15 bathymetry 

 Total length (l) [km] Average depth (d) [m] Cross-sectional area (A) [m
2
] 

The Rigolets 14.5 13.0 7,800 

Chef Menteur 11.3 14.0 1,160 

IHNC 30.0 7.5 1,070 

4.1.2 Reference level 

Along the Louisiana coastline, depth can be expressed relative to several reference levels. 

Since later on in this report different reference levels will be used, they will explained here. 

The most important reference levels for the data collected for this project is NAVD88 and the 

tidal datums (e.g. MSL, MLLW). 

 

NAVD88 is short for the North American Vertical Datum of 1988. It replaced the National 

Geodetic Vertical Datum of 1929 (NGVD29), also known as the Sea Level Datum of 1929, 

since that system was outdated. The primary tidal benchmark of NAVD88 is located at Father 

Point/Rimouski, Quebec, Canada. The new datum was published in 1990, except for areas 

with known crustal motion. The Lower Mississippi Valley in Louisiana undergoes subsidence 

due to crustal motion. The benchmark elevations that were published in 1992 are not fit for 

use anymore. Errors up to 6 cm can occur (USACE FAQS, 2010). 

 

For conversion between vertical datums the program VDatum (VDatum, 2010) is used. This 

program is developed by NOAA. In order to convert NAVD88 to tidal datums, GEOID 

transformation grids are required. The latest version is the GEOID09 (NOAA GEOID, 2010). 

For each update of the hybrid geoid, the bench marks in Louisiana are updated for 

subsidence. The nearest project area of VDatum to the Pontchartrain Basin is ‘Louisiana, 

Mobile Bay, Version 01’.  

 

The difference between Local Mean Sea Level (LMSL) and NAVD88 is 0.27 meter. This 

means that when bathymetry is given relative to NAVD88, the water level has to be increased 

by 0.27 meter in order to use Mean Sea Level (MSL) as reference level. 
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4.1.3 Tide 

First the tidal propagation from the Atlantic Ocean into the Gulf of Mexico and towards the 

project area will be treated. After the global characteristics of the tide in the project area is 

described, measurements are collected and summed up for several stations. 

 

The tide enters the Gulf of Mexico through the Yucatán Channel and the Strait of Florida. 

Besides this, there is another exchange of water between the Gulf of Mexico and the Atlantic 

Ocean. The so-called Loop Current, a warm ocean current, enters the Gulf through the 

Yucatán Channel and leaves the Gulf through the Strait of Florida. The current turns 

clockwise in the Gulf (Hofmann and Worley, 1986). 

 

For several locations along the Florida Peninsula and in the Gulf of Mexico, see Figure 4.5, 

the tidal predictions from NOAA are plotted for two days in Figure 4.6. From Mayport to 

Virginia Key there is a large decrease in amplitude.  

 

 
Figure 4.5 Locations for comparison of tidal predictions (Google Earth, 2009) 

 

 
Figure 4.6 Tidal prediction along Florida Peninsula; first high or low water from February 23 2010 (NOAA Tides and 

Currents, 2010)  

 

Looking at the period of the tide, Mayport and Virginia Key are semi-diurnal, while in the Gulf 

of Mexico the diurnal tidal components dominate. This is due to the location of the 

amphidromic points (Westerink et al., 1994). The diurnal components O1 and K1 have an 

amphidromic point near the Bahamas and off the coast of Honduras, while the semi-diurnal 

components M2 and N2 have an amphidromic point near the middle of the Gulf of Mexico. 

This can be seen in Figure 4.7.  
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The phase of the tides propagates counterclockwise around the amphidromic points (Yanagi 

and Takao, 1998). 

 

 
Figure 4.7 Amplitudes in the Gulf of Mexico for components M2 and K1 (Westerink et al., 1994) 

 

The low waters in the Gulf occur more simultaneously (within 6 hours) than the high waters 

(within 9 hours). It is suggested by several researchers (Zetler and Hansen, 1970) that the 

tide in the Gulf of Mexico is co-oscillating with the tide in the Atlantic Ocean but opposite in 

phase. The tide enters the Gulf through the Florida Strait and leaves through the Yucatán 

Channel five to six hours later. From NOAA measurements and tidal analysis it follows that 

O1 and K1 are the main tidal constituents in the Gulf of Mexico. 

 

The tide propagates into the project area via Mississippi Sound and the tidal pass between 

Mississippi Sound and the Biloxi marsh into Lake Borgne, see Figure 4.1. Lake Borgne has a 

diurnal tide with a mean range (MHW-MLW) of 0.44 meter (NOAA Tides and Currents, 2010, 

Shell Beach). The phase lag between the southern tip of the Birdfoot to Shell Beach is 5 

hours. Through the three passes the tide propagates into Lake Pontchartrain. The phase 

difference between Lake Borgne and Lake Pontchartrain is 5½ hours, see Figure 4.8. 

 

 
Figure 4.8 Phase difference between Lake Borgne (Shell Beach station) and Lake Pontchartrain (New Canal 

station) (NOAA Tides and Currents, 2010) 


