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Agenda 
October 24th 
 
8:15 am - Continental Breakfast, Registration 
8:45 am - Opening Remarks 
 
9:00 am - 12:00 pm - Plenary: "Current State and Future Projections for Research and Funding in the 
Pontchartrain Basin" 
 
9:00am     John Lopez - Executive Director, Lake Pontchartrain Basin Foundation 
9:25am     Phil Turnipseed - National Wetland Research Center, US Geological Survey 
9:50 am    Sam Bentley and John White - Louisiana State University 
10:15am   Matthew Chatfield – Research Assistant Professor, Tulane/Xavier Center for Bioenvironmental Research 
10:40am   Break 
10:50 am  Ioannis Georgiou - Pontchartrain Institute for Environmental Sciences, University of New            
    Orleans 
11:15 am  Chip Groat – President/CEO, Water Institute of the Gulf 
11:40am   Robert Moreau – Director, Turtle Cove environmental Research Station, Southeastern Louisiana               

University 
 
12:00 - 1:15 pm  Lunch  

Keynote Speaker: Ron Boustany, Natural Resources Specialist, Natural Resources Conservation Service, 
Lessons Learned from 20 Years of CWPPRA 

 
1:15 - 3:05 pm Mississippi River Delta Development, Management and Restoration 
 
1:15 pm -   E.A. Meselhe and B. Kleiss - LCA Mississippi River Hydrodynamics and Delta Management Study 
 
1:35 pm -   R. Clark, I. Georgiou, D. FitzGerald and M.A. Kulp - Hydrodynamic controls on the geomorphic evolution   
    of a sub-deltaic distributary in the Mississippi River Delta: South Pass 
 
1:55 pm -   A. S. Kolker, A. Breaux, J.E. Cable, D. Coleman, J. Kim, K. Johannesson, A. Schenider, K. Telfeyan and   
    M.A. Allison - Pathways and processes associated with groundwater flow in coastal Louisiana 
 
2:15 pm -   T.T. Gurung, G.A. Teran, S. Amini, J.F. Pereira, J.A. McCorquodale, E.A. Meselhe, E. Boyd and J. Lopez -   
      Hydrodynamic modeling of the lower Mississippi River 
 
2:35 pm -   G.A. Teran, T.T. Gurung, S. Amini, J.F. Pereira, J.A. McCorquodale and E.A. Meselhe - Hydrodynamic    
     modeling of storm surges in the lower Mississippi River 
 
2:55 pm-    Questions 
 
3:05 pm     Break w/refreshments 
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3:20 - 5:10 pm   Water Quality 
  
3:20pm     T. Henkel, P. Conner, A. Moshogianis, J. Lopez, A. Baker, E. Hillmann and D. Baker – Southeast Louisiana    

coastal monitoring using Hydrocoast maps and documentation of hypoxia in Mississippi, Chandeleur and 
Breton Sounds from 2010 to 2013 

 
3:40pm     A. Bourgeois-Calvin - Fecal coliform and nutrient trends in Ponchatoula Creek and Yellow Water River-   
   Pollution source tracking 
 
4:00pm     C. Core - Tracking home wastewater systems in the Yellow Water River/Ponchatoula Creek watersheds 
 
4:20pm     J. Day - Considerations of the role of nutrients in wetland deterioration in the Pontchartrain Basin  
 
4:40pm     J.E. Bodker - Phenotypic plasticity responses of aquatic vegetation associated with nutrient enrichment   
   and increased water levels 
 
5:00pm   Questions 
 

5:15 - 7:00pm    Poster Session and Social 
 

 
 

October 25th  
 
8:00 am Continental Breakfast 
 
8:30 - 10:00 am Storm Surge Protection and Attenuation 
 
8:30 am   B. Jacobson - Hurricane surge hazard analysis: The state of the practice and recent applications for   
  Southeast Louisiana 
 
8:50 am   E. Boyd, J. Lopez and R. Storesund - Specifying the hurricane surge defense system using systems   
  engineering and the multiple lines of defense strategy 
 
9:10 am - S. Amini, J.A. McCorquodale, G.A. Teran, T.T. Gurung, J.F.  Pereira, E.A. Meselhe, I.Y. Georgiou, G. Retana, 
   E. Boyd, G. Peggion and E. Holmberg - Effect of storm duration and forward speed of surge in the   
   Pontchartrain Estuary 
 
9:30am -  K.V. Landry and M. G. Hajra - Climate change, storm events, and subsoil subsidence within Lake      
    Pontchartrain Basin 
  
9:50 am   Question 
 
10:00 am   Break 
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10:10 – 11:45 am   River Diversions and Distributaries 
  
10:10 am    J. Day - Historical crevasses and the Bonnet Carré Spillway as possible models for a solution to the   
     impasse on diversions in St. Bernard and Plaquemines Parishes 
 
10:30am    J. Lopez, E. Boyd, etc.  The evolving hydrology of Mardi Gras Pass within the Bohemia Spillway of the   
    Mississippi Delta in Southeast Louisiana 
 
10:50 am    E. Boyd. A. Baker, T. Henkel, E. Hillmann, J. Lopez, A. Moshogianis - Summary of observed dimensions   
      of Mardi Gras Pass in the Bohemia Spillway, Southeast Louisiana : March 2012 - August 2013 
 
11:10 am    T. Henkel, J. Lopez, A. Moshogianis, A. Baker, D. Baker and E. Hillmann - Total suspended solids,                                                                                                       

turbidity, salinity and nutrients entering Mardi Gras Pass and receiving basin in 2013  
 
11:30 am   Questions 
 
11:45 - 1:00 pm   Lunch  

Keynote Speaker: Dr. Oliver Houck, Professor of Law, Tulane University, The Battle of Lake 
Pontchartrain 

 
1:00pm - 3:10 pm       Wetland Restoration 
 
1:00pm -   G. Mattson II and M.G. Hajra - Characterization of dredged sediments used in land restoration projects   
     within the Lake Pontchartrain Basin 
 
1:20pm -  S.K. Mack, R.R. Lane and J.W. Day - Status of Louisiana wetlands in carbon markets 
 
1:40pm -   J.M. Willis and M.W. Hester - Long-term trends in plant species composition and soil physical      
     characteristics in a constructed mesohaline marsh in Southeast Louisiana 
 
2:00pm-   E. Strickland, G.P. Shaffer, J. Day, R. Hunter and A. Normand - Using assimilation wetlands as baldcypress   
  - Water tupelo nurseries: growing seedlings acclimated to anaerobic, nutrient-rich  soils 
 
2:20pm    E. Hillmann - Planting and monitoring of the Caernarvon Delta Complex 
 
2:40pm    T.K. Henkel, D.A. Baker and J. Q. Chambers - Hurricane induced delayed tree mortality and sapling   
   recruitment in bottomland hardwood forest. 
 
3:00pm  Questions 
 
3:10pm  Break w/refreshments 
 
3:25pm -4:35 pm    Central Wetlands 
 
3:25pm    A.J. Englande, R. Reimers, Y. Xu, P. Srisawat and J. O'Donnell - Seasonal water and sediment quality   
   monitoring of the Central Wetlands Unit 
 
3:45pm    E. Hillmann and T. Henkel - Monitoring in the Central Wetlands 
 
4:05pm   J. Day, G. Shaffer, R. Lane, B. Wood, J. Day, R. Hunter and M. Hunter - Deterioration and restoration if the   
  Central Wetlands unit 
 
4:25pm    Questions 
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4:35 -5:45pm  Fisheries 
 
4:35pm   A. Moshogianis, J. Lopez, M. O'Connell, M. Poirrier, T. Soniat and C. Schieble - A biological and     
  hydrological snapshot of the Pontchartrain Estuary in June 2013: Preliminary results from the      
  Pontchartrain Estuary Cruise 
 
4:55pm   M. Poirrier, C.N. Dunn, C.E. Caputo, G.C. Flowers and J.M. Adams - The role of ENSO climate shifts and the 
 increase in the frequency and intensity of storm surges in the decline of  large Rangia Cuneata clams in 
 Lake Pontchartrain   
 
5:15pm   M.T. O'Connell, A.M.U. O'Connell and C. S. Schieble - Response of Lake Pontchartrain fish assemblages to 
 Hurricanes Katrina and Rita 
 
5:35pm   Questions 
 
5:45pm - 6:15 pm  Closing Remarks/Discussion 
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Poster Presenters 

1. Andrew Baker, John Lopez and Theryn Henkel. Turbidity sampling at the Caernarvon
Diversion in Southeast Louisiana, 2009-2013: Measuring sediment delivered from the
Mississippi River to the Breton Sound Estuary.

2. Andrew Baker and John Lopez. The Bayou St. John marsh creation project in New

Orleans, LA. 

3. Dana Nunez Brown. Green infrastructure for the Pontchartrain Basin.

4. Gregory Mattson and Malay Ghose Hajra. Engineering characterization and beneficial

use of dredged sediments used in Louisiana marsh creation and coastal restoration

projects.

5. Andreas Moshogianis, Andrew Baker, Theryn Henkel, John Lopez and Eva Hillmann.

Preliminary findings of a biological assessment in Mardi Gras Pass within the Bohemia

Spillway in Southeast Louisiana using a variety of fishing gear.

6. Amanda Norman, Eric Strickland and Gary P. Shaffer.  Optimizing the restoration of

baldcypress and water tupelo swamps: How small is too small?

7. Katherine Parenteau and Phillip D. Voegel.  Removal of hydrocarbons from natural

water by Rangia cuneata.

8. William A. Pestoff, Andreas Bourgeois-Calvin, Kathryn Langley, John O’Donnell and

Chien-Hsiu Weng.  Student water monitoring on Bayou St. John during control structure

removal. 

9. Tara Yocum, Ioannis Y. Georgiou, Kevin J. Trosclair and Kyle Breaux.  Do constructed

crevasses obey delta laws? Implications for the restoration of the Mississippi River Delta
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Effect of Storm Duration and Forward Speed on Surge in the 

Pontchartrain Estuary 
Sina Amini1, Alex McCorquodale1, Grecia Teran1, Tshering Gurung1, Joao Pereira2, Ehab Meselhe2, 

Ioannis  Georgiou1,  Gabriel Retana4,  Ezra Boyd3, Germana Peggion1, and. Edward Holmberg1  

1University of New Orleans, 2The Water Institute of the Gulf, 3 Lake Pontchartrain Basin Foundation, 4Brown and Caldwell Consulting Engineers. 

Contact: Alex McCorquodale, 504 280 6074, jmccorqu@uno.edu 

Introduction  
Hurricane Isaac produced unforeseen storm surge and extensive damage within the Pontchartrain Basin,  

not because of its category (and hence intensity), but because of the duration of the winds associated 

with the storm, the track of the storm, and the forward  speed, which at times appeared to be 

stationary. During the storm, the Pontchartrain Basin experienced tropical storm conditions for over 30 

hours accompanied by high rainfall of approximately 300 mm. Damage was caused by direct flooding 

from the storm surge entering the Basin from the Gulf as well as flooding along the Northshore 

tributaries from precipitation runoff, and backwater effects of the storm surge on tributary flood levels, 

which at times resulted in reverse flows in the tributaries.  In Louisiana, an estimated 26,000 homes 

where impacted by flooding, nearly 4,000 people had to be rescued from floodwaters, and 3 people 

drowned in surge induced floodwaters.  Importantly, impacts of this scale had not been anticipated for a 

Category1 storm.  

 This paper presents a simulation of the storm surge due to Hurricane Isaac, followed by a comparison 

with the storm surge from an equivalent storm in the Gulf but with higher forward speed and thus 

shorter durations of the tropical winds over the Basin. This modeling effort was part of a larger 

cooperative study under the Northern Gulf Coastal Hazards Collaboratory (NGCHC). The model runs 

were performed with the aid of the SIMULOCEAN interface developed by the NGCHC Group at Louisiana 

State University (LSU), to facilitate access to the Louisiana Optical Network Initiative (LONI) 

supercomputer and to enable researchers to share model inputs and outputs and to conduct 

cooperative studies. Figure 1 shows the organizational structure of SIMULOCEAN using a flow chart. 

The model used by the University of New Orleans (UNO) group (hereafter UNO-FVCOM) was developed 

by Retana (2008) and subsequently used for simulations of the 2008 Bonnet Carré Spillway Opening and 

simulations of surface oiling resulting from the 2010 Macondo Oil Spill (Boyd et al. 2013). The model 

uses the modeling system Finite Volume Coastal Ocean Model (FVCOM) developed by Chen et al (2006). 

This is a 3-D unstructured grid model which can simulate water levels, flows, salinity and temperature, 

which is suitable for complex coastline systems such as the Pontchartrain Estuary.  

Numerical Experiments 
The UNO-FVCOM model was first calibrated to the observed surge records using the Coupled 

Ocean/Atmosphere Mesoscale Prediction System (COAMPS) wind field and stage boundary condition 
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imposed at the outer boundary near the Chandeleur Islands. Following calibration with observations, 

the 36-hour duration of the tropical wind fields and the observed surge near the boundary of the model 

were scaled accordingly to represent slower moving storms, namely a duration that is equal to 2/3, ½ 

and 1/3 of the actual (original) Isaac duration.  These cases are equivalent to forward velocities (VF) 

equivalent to 1.5, 2 and 3 times higher than what was observed during Hurricane Isaac. The validated 

model was then used to obtain the storm surge within the estuary for the above conditions. 

SIMULOCEAN and LONI were used for setting up the boundary conditions and running the simulations. 

The computed storm surge in Lake Pontchartrain for the different durations is shown in Figure 2. The 

results of both Lakes Maurepas and Pontchartrain are summarized in Figure 3. It was found that the 

computer generated surge heights could be fitted by the response curve H=Hmax(1-e
-k/VF) where k is a 

constant and Hmax is the maximum local surge related to a specific category and storm track.  

 

Figure 1. Flow of Information in the SIMULOCEAN Computing Environment   
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Figure 2. Surges in Lake Pontchartrain for various forward speed relative to Hurricane Isaac. 

Figure 3. Surge Hieghts in Lakes Pontcahrtrain and Maurepas for Various Durations Relative to Isaac 

Discussion and Conclusions 
The storm surge response to the duration of the storm (or forward speed of the storm) appears to be 

initially linear;  however,  as the storm duration increases,  the peak storm surge asymptotically reaches 

a maximum value for the corresponding storm category (or intensity) and track. Rego and Li (2009) 

found a similar effect related to the volume of flooding and flood elevation. 
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Storm duration (or forward speed) is a significant factor contributing to the flooding in the western 

portion of the Estuary during Hurricane Isaac.  This finding is consistent with the USACE’s analysis of 

flooding due Isaac (USACE 2013). The extensive damage resulting from this singular Category 1 storm 

event suggests that a more comprehensive scale is needed to describe the potential storm surge hazard 

resulting from tropical storm activity.  The direction of these new studies should focus of analyzing in 

more detail the storm surge evolution as a function of the storm category (or intensity), the forward 

speed (or duration) of the storm and finally include the effects of rainfall.  Since rainfall is inversely 

proportional to the forward speed and storm category (Needham 2000), a new storm descriptor might 

result in the damage index that is similar for fast moving Category 3 and slow moving Category 1 storms.   

Gustav and Katrina are examples of fast moving Category 3 storms while Isaac and Sandy are examples 

of slow moving Category 1 storms; all of these resulted in very high damage. 

Acknowledgements 
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Phenotypic Plasticity Responses of Aquatic Vegetation Associated 
with Nutrient Enrichment and Increased Water Levels 
James E. Bodker 
 
When permitted sewage is discharged into a natural wetland over an extended period of time, it 
raises the water level as well as introduces elevated nutrient concentrations and a multitude of 
other constituents that collectively have the potential to alter the receiving ecosystem.   The 
total wetland response to this unnatural condition is highly complex, and difficult to evaluate.  
However, there are two distinct vegetation patterns typically found in natural wetlands 
responding to a nutrient-enriched wastewater discharge.  The first pattern is a shift in plant 
communities from emergent species towards floating and annual species.  The second shift is 
towards emergent species with the highest degree of anatomical adaptability. The goal of this 
study was to identify and compare the phenotypic plasticity of aquatic plants,the capacity of 
plants to express traits associated with the ability to cope under altered ecological conditions, 
(Bradshaw 1965; Sultan 2000) in contrasting study sites.   
 
The general study area is a 634-acre freshwater marsh located just south of the Baton Rouge 
Fault Line near the town of Ponchatoula, LA. This marsh is bisected by South Slough into a 
portion to the south, which receives permitted sewage effluent (4 MGD) from the city of 
Hammond, LA (the experimental marsh) and a portion to the north, which does not receive 
effluent (the control marsh). Both the control marsh and the experimental marsh were attached 
marshes with similar emergent plant communities and no significant areas of open water before 
the discharge of treated sewage into the marsh began. During the six years since the onset of 
the sewage discharge, large sections of the experimental marsh converted to open water and 
other areas converted to thin-mat floating marsh.  Within the same period of time, the control 
marsh remained basically unchanged.  Although many changes subsequently occurred in the 
experimental marsh, this study focuses primarily on adaptations within a particular floating 
plant community and one emergent species.  Comparisons were made both within the 
experimental marsh and in contrast to the control marsh characterized by lower nutrients and 
lower water levels.   
 
Various aquatic plant species have wide ranging adaptive characteristics, which can be 
considered positive or negative in terms of wetland degradation or restoration.  Although these 
plastic responses can be related to a number of physiological and morphological traits, this 
study focuses on the community dynamics of floating plants and the measurable anatomical 
traits of emergent plants.   
 
Hydrocotyle ranunculoides was the floating plant species selected for this study because it has 
become a dominant species in the experimental marsh, but is rarely present in the control 
marsh.  The anatomical and physiological advantages and disadvantages related to competitive 
dominance were considered for colonies of H. ranunculoides.  Hydrocotyle is widely recognized 
as a signature species indicative of elevated nutrients and is often seen growing in roadside 
ditches close to sewage discharge pipes.  The adaptability of H. ranunculoides was most obvious 
in terms of community dynamics  (Fig. 1).   
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Hydrocotyle ranunculoides            
 

 

 
 
Fig. 1.  Photographs of Hydrocotyle, (a) growth phase already advanced in early February, 
overshadowing the new growth of Panicum, (b) reaching its climax phase in March and April, (c) 
decline beginning at the onset of warm weather in early May due to rust and other pathogens 
and (d) in decline moves towards rapid decomposition on the surface of the water reducing the 
potential for the long-term sequestration of organic matter.  
 
Typha domingensis was the emergent species selected for this study because it is known to be 
highly adaptive to stressful environmental conditions and because it is found in both the control 
site and the experimental site.  The plasticity of Typha domingensis was related to anatomical 
traits readily observable as shoot-stalk length from the water surface to the root of an individual 
plant (Fig. 2). Each plant was measured within one square meter plots in both the experimental 
marsh and in the control marsh.  Five plot locations in each marsh were selected randomly 
among healthy colonies to show the average shoot-stalk length adapted to each respective site 
(Fig. 3). 

 
 
 
 
 
 

A) Feb. 2013 B) March 2013 

C) May 2013 D) May 2013 
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Typha domingensis 

    
 
Fig. 2   Photograph (a) Typha in control marsh with a 14 cm shoot-stalk length, (b) Typha in the 
experimental marsh with a 55 cm shoot-stalk length. 
 
 

                                                               
Fig. 3.  The blue bar indicates the average shoot-stalk length within each plot in the 
control marsh. The red bar indicates the lengths within the plots of the experimental marsh. 
 
Nutrient enrichment, especially nitrogen enrichment, has been associated with low-density 
tissue production in plants (Ryser 1996; Craine et al. 2001).  Other research confirms that tissues 
in different plant species are altered by elevated nutrients, but for some plants the response is 
due more to phosphorus or P and N acting together (Li et al., 2010).    Although there is a great 
range in variations of adaptive responses relating to specific species and variable nutrient levels, 
low-density tissue is linked to nutrient enrichment and has been widely recognized as a general 
response (Lamberti-Raverot et al. 2012; Craine et al. 2001; Ryser 1996).  Additionally, silica 
uptake, which can add structural strength to plant tissues is minimized by elevated 
concentrations of ammonium and nitrate (Hodson et al. 2005; Walace 1989) and thus lead to 
lowered anatomical strength.  Conversely, denser tissues high in lignin and structural 
carbohydrates are induced by reduced nitrogen levels (Ryser 1996; Craine et al. 2001; Lamberti-
Raverotand and Puijalon 2012).  
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The mechanical stress of plants with lowered tissue density may be disadvantageous to 
emergent plants and favor floating plants, which are less dependent on anatomical rigidity. 
Biomechanical traits responding to waterlogging and nutrient related stress was found to 
increase the amount of aerenchyma tissue (air spaces in plant cortex), to cause a mechanically 
weak tissue (Niklas 1992) that enhances tissue porosity.   The development of cellular lysis (cell 
disintegration) and aerenchyma formation followed ethylene synthesis stimulated by increased 
flooding and hypoxia/anoxia conditions (Reddy and Delaune 2008).  By measuring anatomical 
traits and identifying advantages and disadvantages related to phenotypic plasticity responses, 
we determined that nutrient enrichment and increased water levels played a significant role in 
the adaptation and succession of plant communities in the experimental marsh.  
 
The clearest example of plant plasticity documented by measurements taken in this  
study was the elongation of underwater shoot-stalks.  Many other plasticity traits of aquatic 
plants listed in research literature have the potential to alter wetland ecosystems both directly 
and indirectly.  Of specific concern among other plastic traits related to nutrients and elevated 
water levels, are the links between modified tissues (thinner and weaker cell walls, increased 
porosity due to aerenchyma expansion, and a higher percent of labile material) and the rates of 
decomposition, soil degradation and biogas emissions.  
 
Conclusion: 
Certain species of aquatic plants associated with open water and thin-mat floating marshes may 
be both a signature of nutrient enrichment and elevated water levels and may also play a role in 
the degradation process itself.  To date, plant succession and phenotypic plasticity has been 
given little consideration for evaluating degrading wetlands. Wetland ecosystems clearly 
respond to nutrient pollution and elevated water levels.  Plant succession and anatomical 
plasticity are traits, which reflect the ecosystem response and should be recognized as 
important metrics for determining mitigation. 
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The Bayou St. John Marsh Creation Project in New Orleans, LA 
Andrew Baker1 and John Lopez1 

1 Lake Pontchartrain Basin Foundation, New Orleans, LA 

Introduction 
Bayou St. John is a natural and historic bayou within the city limits of New Orleans.  Except for 

its mouth at Lake Pontchartrain, the bayou is now within the leveed flood protection system.  A 
floodgate on the Bayou prevents flooding of the city, but can be opened occasionally to allow water 
exchange with Lake Pontchartrain.  The modern-day mouth of the bayou is a man-made landscape.  In 
the 1930s, the lakefront was filled in to form the Lakeview neighborhoods.  In 1962, a dam was built at 
the old shoreline (Robert E Lee Blvd.). In the 1980s, the Orleans Levee District’s (OLD) predecessor filled 
in the end of the bayou with sand for a ground-level bridge; community opposition stopped bridge 
construction, but the sand remained.  In 1992, higher levees were constructed along with the current 
"sector gate" flood control structure. Due to land subsidence following urbanization, the bayou's water 
level inside the levee is 3 to 4 feet lower than the Lake. Unless the lake level is low, the gates must be 
kept closed most of the time. Current improvements to the bayou will allow the gate to be used more 
frequently for environmental enhancement while still protecting the city. 

In spring 2013, OLD undertook a dredging project to unplug the mouth of Bayou St. John at Lake 
Pontchartrain and improve water flow inward when the floodgate is open. This is part of a series of 
projects intended to improve the Bayou's hydrological and ecological function, including the recent 
removal of a nearby dam. The waterway’s history and environmental status are summarized in the 
Bayou St. John Comprehensive Management Plan (LPBF 2006), which calls for these and other 
improvements, including constructing wetlands along the banks.  The dredging project was an 
opportunity to beneficially use sediment for environmental enhancement.  LPBF biologists developed a 
plan to build a containment dike using a relatively new product (called DeltaLok), and to have dredge 
material placed in two areas within the bayou for marsh creation.    

The Bayou St. John Marsh will create an isolated area of marsh area in the otherwise armored 
seawall which stretches for ten miles along New Orleans’ lakefront. It will have great public access and 
will be a public classroom and laboratory for observing coastal dynamics close to home.  There is an 
inherent unpredictability when building a wetland in an urban setting with the potential for frequent 
interaction of people with the wetland.  LPBF hopes that the new marsh will draw the community to 
enjoy and embrace the area, and help focus international attention on Louisiana's rich but imperiled 
environment. 
 
Materials and Design 

LPBF developed conceptual plans for the layout of the two marsh creation cells on the east bank 
and west banks of Bayou St. John (Figure 1).  The two marsh areas are 30 to 60 feet wide and 150 to 350 
feet long, with a total area of ½ acre. Carrubba Engineering designed the containment dikes and the final 
permit plans were done jointly by LPBF, EMS Green, and Burk-Kleinpeter, Inc. The wetland project was 
approved by the OLD Board in March, and the permit was revised and approved in May 2013to include 
the beneficial use and placement of 2,800 cubic yards of dredge material.   
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Figure 1: Design plan for construction of the containment dike using the DeltaLok system.  The drawing shows the elevation of 
the fill which will be deposited behind the containment dike pre- and post- compaction. 

The main focus of building the Bayou St. John Marsh was to design an adequate and 
constructible containment dike for the dredge fill.  Another consideration was the wave energy from 
Lake Pontchartrain that is propagated into the bayou at the site of the marsh creation.  The small budget 
for this project and limited access due to the nearby levee, led LPBF to consider new alternatives that 
could use manual, volunteer labor.  EMS Green of Belle Chase, Louisiana had previously constructed 
semi-permanent containment dikes using “DeltaLok” bags, which were manually placed.  These are 
sandbags made of recycled plastic geotextile fabric, held together by spiked plastic (DeltaLok) plates. 
The fabric is structurally strong but allows plants to grow through, forming a "living wall" that blends 
with the environment.  The fabric has an expected life of 3 to 5 years. 

Jay Lobrano of EMS Green enthusiastically adopted the Bayou St. John Marsh project and co-
managed  construction of the dike on a pro bono basis. EMS Green locally manufactured the bags and 
provided them at cost to LPBF. Their staff and contractors donated countless hours directing wall 
construction and teaching several hundred volunteers how to fill sandbags.  Building the Bayou St. John 
Marsh would not have been possible without their dedicated efforts through the hot summer. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Jay Lobrano of EMS Green (back center) directs sandbag wall construction at Bayou St. John. 
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Construction  
LPBF contracted with Anders Construction to fill DeltaLok bags and assist with their placement.   

LPBF purchased DetlaLok bags and plates from EMS.  Filling the sandbags was the most labor-intensive 
part of the project. About half were filled by paid labor and half by volunteers. Filling by large groups of 
volunteers working short periods proved much more efficient than a small paid crew working long 
hours. The work is quite strenuous and it proved challenging to recruit adequate numbers of volunteers 
on short notice in the New Orleans summer.   

Together, the two containment dikes (560 feet total length) utilized 7,400 bags, and have an 
average height of three feet (six to eight bags) above the pre-filled bottom of the Bayou.  The filled 
DeltaLok bags weighed approximately 50 pounds per bag, which totals 370,000 pounds (185 tons) of 
material handled several times manually during the construction process). 

Dredging was contracted by OLD to Anders Construction and was originally planned to start in 
April 2013 and finish by June 2013. Due to numerous delays caused partly by harsh spring weather, 
dredging started in July and finished in October. The delayed start worked in the wetland project's favor, 
as the Corps of Engineers did not grant final approval of the permit addition until July. 
 The first stage of dredging utilized a bucket dredge at the Lake (north of the Lakeshore Dr. 
bridge) and was beset by problems, such as the sandy bottom constantly re-filling in the dredged area.  
Dredging near the open water of the Lake caused a barge to sink and various equipment failures. This 
phase should have been completed in six weeks and should have moved 60% of the total permitted 
dredge material, but rather required three months, and less than 50% of the total channel volume was 
excavated.  In addition, no fill was placed in the marsh areas.  Consequently, after the departure of the 
bucket dredge in early September, completion of the marsh creation project was uncertain.  In Mid-
September, Anders Construction leased an amphibious ‘marsh buggy’ excavator to work in the Bayou, 
but south of the Lakeshore Drive bridge.  That portion of the permitted channel is more protected from 
Lake Pontchartrain, and the sediment is more stable.  The marsh buggy excavator proved much more 
productive than the bucket dredge, and as of Mid-October it had placed approximately 90% of the 
dredge material within the two marsh creation sites (Figure 3).  

The DeltaLok bags did sustain a small breach before the placement of the dredge material.   This 
section was re-built.  One 10 foot section of the west wall was damaged by the marsh buggy tread 
during filling.  Though the wall was not crushed, enough bags were torn that sand leaked out and caused 
a partial collapse that had to be repaired.  Nevertheless, overall the DeltaLok containment dikes are 
intact with near complete fill within the dikes.    

Experience with the DeltaLok bags suggests that being covered with sediment on both sides may 
increase integrity of the dike.  Plans were altered to include a 1:4 slope of sediment in front of the 
DeltaLok containment dikes.  A slope of sediment in front of the sandbag wall is helpful for stability and 
protection.  A shallow slope in front of the bags mimics a natural, stable bayou bank, providing more 
area for aquatic plants and prime estuarine habitat for fish and birds. It also keeps boats and their 
propellers away from the wall, which would quickly damage the dike. 

At the time of writing, most of the sediment has been moved to behind the retaining walls, but 
has not been sculpted to its final elevation. Due to persistent east winds, high water complicated the 
filling process, but levels went down slightly following Tropical Storm Karen and a cold front.  Sculpting 
the irregularly deposited sediment into a landscape that will succeed as wetland habitat will be guided 
by precision measurements and educated guesswork about compaction and erosion. The target 
elevations are guided by the experiences of other created wetlands, such as the nearby Bucktown Marsh 
(Hester and Willis 2011).   
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Planting 
 For the planting portion of the project, LPBF is partnering with the Restore the Earth Foundation 
(REF), which is providing 1,000 "Gulf Saver" bags along with plants and volunteers.  Gulf Saver bags are 
bio-degradable cotton sacks with a fertilized organic planting medium that accelerates plant 
establishment over bare mud. Complementing the structural sandbags, they will temporarily stabilize 
the surface while giving the new vegetation a boost.  Using Gulf Saver bags increases the chance of 
creating a strong plant cover in the critical first summer, before the site may have to withstand its first 
hurricane.  The planting is tentative scheduled for February, 2014.   

Because of the uncertainty about erosion, substrate material and final elevations, providing high 
initial diversity gives a greater chance that some species will persist in most of the area even if some die 
out in places.  Therefore, a diverse selection of grasses, rushes, sedges and herbs will be planted.  A 
tentative selection of the dominant species to be planted is shown in Table 1. 

 
Table 1: List of major species that will be planted at the Bayou St. John created marsh and proposed percent cover at planting 

 
 

Scientific Name Common Name Percent Cover

Panicum repens Torpedo grass 20%

Schoenoplectus maritimus Saltmarsh bullrush 10%

Spartina alterniflora Smooth cordgrass 30%

Spartina patens Saltmeadow cordgrass 15%

Other herbs and rushes 25%

Figure 3: The Bayou St. John Marsh construction site in May, July and October, 2013. 

May 

July 

October 
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Lessons Learned 
 Engineered DeltaLok dike construction is a useful niche application for wetland construction in 

sheltered areas less than 3 feet deep. 

 A working team of eight with two trained leaders is ideal for efficient wall building. Construction 
in the water is suitable for energetic, able-bodied volunteers, especially as a supplement to a 
professional crew. 

 Sandbag construction is labor-intensive, strenuous and somewhat hazardous, and must be 
limited to able-bodied adult volunteers. Filling sandbags is a good activity for large groups of 
volunteers.  

 Building sandbag walls in water is strenuous, hazardous and dirty work, and requires skilled 
direction for good results. The strength and cohesion of the final product depends on good 
building technique.  

 The bags’ geotextile fabric has very high tensile strength but is quite fragile to tearing and 
cutting.  A bag filled with fine sand will withstand hundreds of pounds of pressure for years, but 
deflate quickly if cut. 

 Once installed in an energetic environment, DeltaLok bags may be covered on both sides with 
sediment to improve integrity.  

 

Monitoring and Maintenance 
LPBF and its partners will monitor plants and animals at the site for several  years. In the past 

five years, a network of monitoring stations has been installed along Bayou St. John, and the new marsh 
is well-timed to be studied by local researchers and students.  LPBF cannot predict the amount of 
maintenance that will be needed to help the marsh get established and then keep it going into the 
future, but will seek to maintain the wetlands sites with its partners. 

LPBF and its partners will also explore building boardwalks and other accessibility features to 
enhance the site value for visitors. There are many opportunities for environmental education, such as a 
self-guided tour and interpretive signage. With its prime location and recent habitat enhancements, it 
will likely become a popular birding and fishing spot. 
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Turbidity sampling at the Caernarvon Diversion in Southeast Louisiana, 2009 –  
2013: Measuring sediment delivered from the Mississippi River to the Breton 
Sound Estuary 
Andrew Baker, John Lopez and Theryn Henkel 
Lake Pontchartrain Basin Foundation, New Orleans, LA 

 

Summary 
Starting in December 2009, the Lake Pontchartrain Basin Foundation (LPBF) has measured 

turbidity (cloudiness) of water at the Caernarvon Diversion to estimate how much sediment is entering 
the marsh. Four years of data have provided a record of how sediment varies over time and may yield 
lessons for managing this and other diversions. The success of this simple, low-cost project at a single 
location suggests that a more extensive program of turbidity monitoring will be a necessary tool for 
managing the network of diversions envisioned in the state’s Master Plan (Baker et. al. 2011). 

Turbidity changes by a factor of 20 from the minimum at low water to the maximum when the 
river is rapidly rising. Sediment concentration changes in complex ways that depend on the flow history, 
rate of stage change and upriver events. Turbidity is not simply correlated to river stage and is not fully 
predictable by simple models. Direct real-time measurements are the only way to determine sediment 
load at any given time and place.  

Extrapolating from turbidity measurements and flow data, LPBF has calculated that the 
diversion has delivered approximately 250,000 cubic meters of sediment over the last four years. Almost 
half of the total was delivered in a four-month period in the summer of 2010.  
 

Site Description 
Built in 1991, 15 miles downriver from New Orleans near Braithwaite, LA, the Caernarvon 

diversion lets up to 8,000 cubic feet per second (cfs) flow from the Mississippi River into the upper 
reaches of the Breton Sound estuary. Designed primarily to supply fresh water for salinity control and 
oyster habitat improvement, it also introduces sediment into the receiving marshes.  

As one of the first diversions built in Louisiana, Caernarvon has been controversial from the 
start. Decreased salinity and increased frequency of inundation altered the types of vegetation present 
and changed the ecological conditions in the estuary. Some blame these hydrological changes for 
extensive marsh loss before and during Hurricane Katrina. Others suggest that the diversion has had 
positive effects, especially on marshes near the outfall. The extent of changes attributable to the 
diversion itself is unclear, as it is only one part of a suite of manmade changes including canals and 
levees (Day et. al. 2009).  

The Caernarvon diversion was not designed as a sediment-delivering, land-forming diversion: it 
was built in a stretch of river bank where sediment is not accreting, and it takes water from the surface 
where sediment concentration is lower.  Nonetheless it has gradually built up a delta in Big Mar, an area 
of open water at the end of the diversion canal. First appearing above water in 2004, the delta has 
grown to roughly 175 acres by 2012 (Hillmann et al. 2013).  
 
Methods 

LPBF scientists visited the diversion from two to ten times per month, depending on the state of 
the river. Nine grab samples were taken at the outfall from the roadside, three each from the left, 
center and right culverts.  A 250 ml sample of each was stored in a plastic jar and allowed to rise to air 
temperature.   

A simple hand-held instrument (a Hach 2100P turbidimeter) was used to measure how much 
light passed through or was scattered by each sample, which depends on the concentration and size of 
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particles in it (US EPA 1993). Each sample was carefully agitated to re-suspend sediment without mixing 
in air bubbles that could increase the apparent turbidity. Special optical vials were rinsed twice with the 
sample, filled and placed in the instrument. The nine readings were averaged for the final result, given in 
unitless “Nephelometric Turbidity Units” (NTU).   

This method has advantages and drawbacks, but gives accurate, repeatable results when 
carefully done. It is quick and easy, able to be done by anyone with a small amount of training. Once the 
instrument is purchased, there are no costs per sample other than collection effort.   

Sources of error mostly derive from the indirect nature of the measurement: light transmission 
is used as a gauge of sediment concentration, so anything that alters the optical properties changes the 
result. These can include condensation on the sample vial, inadequate re-suspension of sediment, over-
agitation leading to air bubble inclusion, dirt or fingerprints on the vial, etc. Careful adherence to sample 
collection and processing protocols helps keep these errors to a minimum.  

The alternative direct method of measuring sediment concentration is to filter a volume of 
water, then dry and weigh the filtrate. LPBF has chosen not to use this method due to its cost, but 
fortunately Snedden et al. (2006) have correlated direct measurements with turbidity at Caernarvon. 
LPBF uses the resulting formula to calculate sediment concentration from optical turbidity.  
 
Results 

Four years of data show some intriguing patterns and clues to the interplay between river stage 
and sediment levels. However, episodic sampling at one site provides a limited view and may not reflect 
the behavior of the entire river. The river behaved differently in each of the four years, and the 
sediment dynamics reflect this variability. 

Some general observations and trends from LPBF’s four- year turbidity study: 

 Sediment load is low during low water (August to November) and variable during high water. 

 High levels of sediment come in ‘spikes’ lasting from one to six weeks. 

 Turbidity spikes often occur on the rising edge of a high water event. 

 Turbidity often subsides as river level peaks. 

 Upstream flood events can cause turbidity spikes with minimal rise in river stage. 

 Turbidity levels often seem to follow seasonal trends, but variation increases with sampling 
frequency, suggesting fluctuations on weekly, daily or even shorter time scales.  

 

Yearly Data 
The following figures show LPBF’s monitoring data along with information about the river and 

diversion. The orange line shows turbidity measured at the Caernarvon diversion. The height or 'stage' 
of the Mississippi River at Carrolton is shown in red. The blue area is the flow through the diversion, and 
the hatched area is the potential flow, which rises with river stage up to the 8,000 cfs operating limit.  
The green line shows the estimated volume of sediment delivered to the marsh by the diversion. This is 
calculated from the measured turbidity (converted to mg/L of sediment) and the flow through the 
diversion.  
 
2010 

2010 saw four major rises in river stage, with high water lasting into September. Each of the 
rises was accompanied by a spike in turbidity as the water rose and a decline as the stage peaked. Three 
of the later turbidity spikes happened following large flood events upriver in Tennessee, Arkansas and 
Iowa. The two later floods added large amounts of sediment to the river with only minor rises in stage.  

The BP oil spill from April to August led state officials to open the Caernarvon diversion at 
maximum flow for almost four months in an effort to push oil away from the coast. The fresh water flow 
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may have helped keep oil at bay, though winds and currents directed much of the spill to the west of the 
river.   

Turbidity monitoring showed that the diversion opening coincided with three large sediment 
spikes, and therefore passed a large volume of sediment into the marsh.  Approximately 130,000 cubic 
meters (4,590,900 cf) of sand, silt and mud entered the marsh in 2010, about 90% of which was during 
the summer opening.  

 
Figure 1: Turbidity of water flowing through the Caernarvon Diversion from December 2009 to 
November 2010. 
 
2011 

2011 saw a historic flood on the Mississippi River from March to July, causing spillways to be 
opened at Morganza and Bonnet Carré.  At the beginning of the rise, turbidity rapidly increased to the 
highest yet observed at Caernarvon (287 NTU), only to decline after three weeks and remain relatively 
low. Though there was a moderate rise in May as flood waters approached their peak, turbidity only 
rose above 100 NTU once in the rest of the year. 

Rising energy at the start of the flood may mobilize sediment from the river bed which is quickly 
swept downstream. Subsequently, substantial quantities of material carried in the flood waters are 
diluted by the peak flow (Williams 1989).  

The maximum flow through the diversion depends on river stage. From December to March, 
diversion managers allowed as much water to flow as the river stage allowed. In mid-March, flow was 
reduced in response to the oncoming flood. Unfortunately, this was just when turbidity changed from 
low to very high, and the flood event delivered only a modest amount of sediment to the marsh. 
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Figure 2: Turbidity of water flowing through the Caernarvon Diversion from December 2010 to 
November 2011. 
 
2012 

2012 was a relatively inactive year on the Mississippi, with three moderate rises in stage from 
December to April. Each rise was accompanied by a short, moderate turbidity spike that declined with 
falling stage.  

For the first time, diversion managers used LPBF’s turbidity information to open the gates at the 
peak of sediment load in February. Calculations show that the one week increase delivered 4,000 more 
cubic meters of sediment.  

 
Figure 3: Turbidity of water flowing through the Caernarvon Diversion from December 2011 to 
November 2012. 
 
2013 

2013 was an active year on the Mississippi, with three distinct rises and high water from January 
to July. Each rise was associated with a rise in sediment. In January and February, LPBF’s monitoring 
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showed the longest sustained period of elevated turbidity yet, seven weeks above 100 NTU. It may be 
that sediment accumulated on the river bottom during the preceding seven month period of low water 
and turbidity, forming a reservoir that was mobilized by the slowly rising river.  

 
Figure 4: Turbidity of water flowing through the Caernarvon Diversion from December 2012 to 
November 2013. 
 

In total, from when LPBF began measuring turbidity on December 9th, 2013 through September 
30th, 2013 it was calculated that the Caernarvon Diversion delivered 240,000 cubic meters (8,475,500 cf) 
of sediment to the receiving basin, including Big Mar.  In addition, calculations were made to determine 
how much sediment could be delivered if the diversion was opened to maximum capacity (depending on 
river stage) to capture as much sediment as possible that was in the river.  Calculations were based on 
measured turbidity and potential discharge in relation to river stage at Carrollton (potential discharge 
was capped at 8,000 cfs, the reported maximum capacity of the diversion).  By performing these 
calculations, it was determined that over the same time period, there was a potential for 731,000 cubic 
meters (25,815,000 cf) of sediment to be delivered through the diversion or 200% more sediment.  It is 
understood that the Caernarvon Diversion cannot be operated at maximum flow at all times to 
maximize sediment capture as there are salinity concerns in the basin.  Therefore, potential sediment 
delivery was re-calculated to maximize the diversion opening only when there was high sediment 
concentration in the diverted water, using measured turbidity data.  Under this pulsing during high 
sediment scenario, 430,700 cubic meters (15,210,000 cf) of sediment would have been delivered to the 
receiving basin or 170% more sediment.   
 
Implications for River and Diversion Management 

Louisiana’s 2012 Coastal Master Plan outlines an ambitious network of river diversions to 
sustain wetlands and build land. Implementing this massive system will be a huge technical and political 
challenge. Once it is built, it must be managed as an integrated system to maximize benefits while 
reducing negative effects. A single regulating authority must constantly monitor the state of the river 
and rapidly change the flow through each diversion, following an adaptive holistic model. Real-time data 
that gives a complete picture of the state of the river will be essential to making that model work.  

LPBF’s research suggests that a network of automated real-time turbidity monitoring stations 
along the river will be a vital part of the diversion management system. LPBF’s turbidity study suggests 
that sediment levels change rapidly and unpredictably, and that sediment may sometimes move in 
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pulses down the river. The river flows at over 4 mph at high stages, so a monitoring station 100 miles 
upriver from the first diversion would give 24 hours’ notice of an approaching sediment pulse.  

Even with its tremendous size and power, the Mississippi River has finite, changing resources of 
water, sediment and energy. Any outlet that diverts water from the main stream also diverts sediment 
and energy, leaving less for other diversions upstream and downstream. It is essential to know how 
much sediment is in the water flowing past a diversion to rationally manage its flow in concert with 
other diversions. Diversions could be opened in sequence to capture sediment pulses, and closed after 
they pass to preserve water and energy in the system. 

The positive and negative effects caused to marshes by diversions stem from a complex 
interplay of salinity, inundation, nutrients and sediment. In some cases benefits may be enhanced and 
negative effects reduced by maximizing the ratio of sediment to fresh water entering the system. Where 
this is the case, real-time knowledge of sediment load will be crucial, along with the ability to rapidly 
change the flow through each diversion.  

LPBF intends to continue monitoring turbidity at Caernarvon. We invite other organizations and 
institutions to implement their own sampling programs and share data to improve our understanding of 
sediment dynamics in the Mississippi River.  
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Fecal Coliform and Nutrient Trends in Ponchatoula Creek and Yellow Water 
River- Pollution Source Tracking 
Andrea Bourgeois-Calvin, Ph.D., Water Quality Program Director 
Lake Pontchartrain Basin Foundation 
 

Introduction:  The Lake Pontchartrain Basin Foundation (LPBF) began intensive water quality 
monitoring and pollution source tracking in the Natalbany Watershed in 2006 after a reconnaissance of 
the watershed revealed that Natalbany’s tributaries, Ponchatoula Creek and Yellow Water River, were 
particularly high in fecal coliform bacteria loads.  These tributaries run through the City of Hammond, 
the most populated region of Tangipahoa Parish.  They receive a mixture of wastewater from individual 
home and commercial wastewater systems, small community systems, and larger regional waste 
treatment plants from both within and outside the Hammond city limits (Figure 1).   
 

 
Figure 1.  Natalbany River Watershed and Municipal Boundaries 
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The result of the cumulative wastewater inputs is that Yellow Water River and Ponchatoula Creek are 
two of the few remaining creeks impaired for secondary contact (non-immersion water contact such as 
boating) in the Pontchartrain Basin.  In Louisiana, secondary contact impairment occurs when the 
waterbody exceeds 2000 MPN (most probable number) fecal coliform bacteria in more than 25% of 
samples taken in a year (LDEQ 2013).   
 
To address the high fecal coliform levels in the Natalbany and its tributaries, the LPBF has been working 
with the City of Hammond, Tangipahoa Parish, the Louisiana Department of Environmental Quality 
(LDEQ), and the Louisiana Department of Health and Hospitals (LDHH) to locate and correct wastewater 
pollution sources.  LPBF locates undocumented and malfunctioning commercial and home wastewater 
treatment plants then works with plant owners to correct problems, educates the owners on proper 
plant operation, and works with LDEQ to have commercial plants correctly permitted if they are not.  To 
further document the water quality (including potential improvements), LPBF has continued to track the 
water quality at multiple sites along Natalbany, Yellow Water, and Ponchatoula Creek.  This paper 
details long-term data at selected sites on Ponchatoula and Yellow Water. 
 

Methodology: Beginning in 2006, LPBF performed in situ bi-weekly water quality monitoring of sites 
within Yellow Water River and Ponchatoula Creek for physiochemical parameters (water temperature, 
dissolved oxygen, specific conductance, turbidity, and pH).  Grab samples for bacteriological indicators 
(fecal coliform and E.coli) were also collected at each site.  Since 2011, a second grab sample was 
collected at each site and analyzed for a suite of nutrients (nitrate-nitrite-nitrogen, ammonia-
ammonium-nitrogen, total nitrogen, total organic carbon, inorganic carbon, phosphate-phosphorus, and 
alkalinity). All analyses were conducted at the LELAP-accredited Southeastern University Microbiology 
Laboratory.   
 
Fecal coliform distribution was analyzed to ascertain percentages of samples meeting secondary contact 
limits.  Fecal coliform was also analyzed between sites utilizing the non-parametric statistic Spearman’s 
Rho.  For nutrients, Spearman’s Rho was utilized to assess differences between sites.  Nutrient data at 
one site, YW190, was also examined chronologically. 
 

Results:  Fecal coliform distribution analysis revealed that most sites met secondary contact limits (75% 
samples < 2000 MPN) most years.  Two sites on Yellow Water River did not meet limits most years, yet 
may be showing improvement by 2012 (Table 1).  2010 had too few data.   
 
Table 1.  Percentage of Fecal Coliform Samples under 2000 MPN by Year 

  YWW YW190 YWO YW22 PC22 PCW 

  
# 

Samp 
% < 

2000 
# 

Samp 
% < 

2000 
# 

Samp 
% < 

2000 
# 

Samp 
% < 

2000 
# 

Samp 
% < 

2000 
# 

Samp 
% < 

2000 

2006 21 86% 29 45% 27 44% 19 74% 19 84% 8 88% 

2007 23 91% 44 49% 44 67% 23 83% 23 91% 23 91% 

2008 25 96% 42 69% 41 41% 25 96% 25 96% 25 96% 

2009 22 86% 41 76% 41 59% 24 79% 24 83% 24 83% 

2011 23 61% 23 61% 23 65% 23 57% 23 74% 23 74% 

2012 22 82% 22 82% 22 82% 22 68% 22 86% 22 86% 
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When fecal coliform was compared among sites using Spearman’s Rho, Sites YW190 and YWO on Yellow 
Water showed significantly greater fecal coliform levels (Figure 2a).  Specific conductance also shows 
this pattern (Figure 2b).  Both parameters rose dramatically at Hwy. 190 then decreased as the water 
flowed downstream through YWO, YW22, and finally to the confluence with Ponchatoula Creek at PCW.  
This quick rise indicates a source or sources discharging into the river between Wardline Rd. and Hwy 
190 (Figure 1).   
 

 
Figure 2a.  Fecal Coliform Among Sites Figure  

 
2b.  Specific Conductance Among Sites 

 
Among the nutrients analyzed, phosphate-phosphorus and total nitrogen exhibited the same pattern as 
fecal coliform and specific conductance, showing a significant increase between Wardline Rd. and Hwy. 
190 then decreasing as the water flows downstream through YWO, YW22 and finally to the confluence 
with Ponchatoula Creek at PCW (Figures 3a and 3b).  This again indicates a major source or sources of 
fecal and nutrient rich water. 
 

 
Figure 3a.  Phosphate-Phosphorous Among 
Sites 

 
Figure 3b.  Total Nitrogen Among Sites

 
Since a high increase was observed in phosphate-phosphorus and total nitrogen in YW190, the data was 
displayed by date and a trend line fit to indicate the general pattern of the data.  Phosphate-phosphorus 
remained relatively stable throughout while total nitrogen displayed a general decreasing trend (Figure 
4). 
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       Figure 4.  PO4-P and TN-N by Date with Trend Line Fitted 

 

Discussion:  The LPBF sampled water quality on the Natalbany River and its tributaries 2006-2013 to 
document potential improvements due to pollution source tracking activities.  Sites on Ponchatoula 
Creek met secondary contact limits most years between 2006 and 2012.  While some sites on Yellow 
Water River met secondary recreational limits, fecal coliform, specific conductance, phosphate-
phosphorus, and total nitrogen analyses seem to indicate a source or sources of untreated or partially 
treated wastewater discharging between Wardline Rd. and Hwy 190.  This source raised the fecal, 
specific conductance, and nutrient levels at the YW190, then parameters decreased as the water flowed 
downstream through YWO, YW22 and finally to the confluence with Ponchatoula Creek at PCW.  With 
this knowledge, LPBF can track and correct the source(s), which may lead to the entire river meeting 
secondary contact limits.  
  
LPBF submits all of its data to the Louisiana Department of Environmental Quality (LDEQ) bi-annually to 
be included in the analysis for the Impaired Waterbodies List.  Using the data, LDEQ can determine if 
Ponchatoula Creek could now be removed from the Impaired Waterbodies List for fecal coliform 
secondary contact.  However, since Yellow Water River and Ponchatoula Creek are currently impaired 
for secondary contact, the Environmental Protection Agency (EPA) calculated the reduction in fecal 
coliform load that would be needed for these streams to achieve not only secondary contact standard 
but also primary contact/ swimming standards (no more than 25% of samples exceed 400 MPN in a 
year) in a “Total Maximum Daily Load” (TMDL) (USEPA 2012).  The calculated load reductions are steep, 
with both streams requiring greater than a 90% reduction in seasonal fecal coliform loads to achieve the 
TMDL (Table 2).  Under the City of Hammond’s MS4 (Municipal Separate Storm Sewer Systems) 
requirements, the city becomes responsible for enacting best management practices to reduce the loads 
in a timely manner. 
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Table 2.  Summary of TMDL loads and reductions 

 

Natalbany River, 
040503 

Yellow Water, 
040504 

Ponchatoula River, 
040505 

  Summer Winter Summer Winter Summer Winter 

Flow (cfs) 306.45 447.17 37.29 54.41 122.35 178.53 

Av. Conc (cfu/100 ml) 1325 2945 3104 4883 3212 3687 

Av. Load before Reduct (cfu/d) 9.94E+12 3.22E+13 2.83E+12 6.50E+12 9.61E+12 1.61E+13 

Av. Load after Reduct (cfu/d) 4.97E+12 4.03E+12 3.78E+11 4.33E+11 7.69E+11 2.01E+12 

percent reduction 50% 87.5% 86.7% 93.3% 92% 87.5% 

 
Through continued pollution source tracking and water quality monitoring, the ultimate goal of this 
program is to have Yellow Water River and Ponchatoula Creek removed from the Impaired Waterbodies 
(303d) List for fecal coliform (secondary contact recreation) and to eventually meet the fecal coliform 
loads set forth in the TMDL.  LPBF will continue to work with Tangipahoa Parish, the City of Hammond, 
and state agencies to accomplish this goal. 
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Summary of Observed Dimensions of Mardi Gras Pass in the Bohemia Spillway, 
Southeast Louisiana:  March 2012 - August 2013  
E. Boyd, A. Baker, T. Henkel, E. Hillmann, J. Lopez, A. Moshogianis 
Lake Pontchartrain Basin Foundation, New Orleans, LA 
 
Introduction 
The Lake Pontchartrain Basin Foundation's (LPBF) is conducting ongoing monitoring of the changing 
morphology of Mardi Gras Pass, an emerging distributary pass of the Mississippi River located on the 
eastbank of Plaquemines Parish in the northern end of the Bohemia Spillway.  Following the emergence 
of Mardi Gras Pass as a continuously flowing channel in March 2012, LPBF initiated a continuing 
monitoring program in April 2012.  Following a preliminary bank survey in April and May 2012, LPBF has 
conducted bank and bathymetry surveys in August 2012, September 2012, January 2013, March 2013, 
and August 2013 along with a bathymetry only survey in May 2013.  Also, in March 2012, we conducted 
a training survey of the banks of Reach 1 which yielded some useful data.  Figure 1 shows an 
interpolated depth surface generated from the August 2013 survey points.  It also labels the four 
reaches of the Pass used in the analysis of our survey data.  Readers seeking further information are 
referred to the prior reports on Mardi Gras Pass and the larger report on the Bohemia Spillway, all of 
which are available for download at www.saveourlake.org.  
 
Data Collection and Processing 
All bank and bathymetry survey points were obtained using a Trimble Geo Explorer 6000 GeoXR GPS 
unit with Zephyr Model 2 GNSS receiver attached. Capable of Real Time Kinematic (RTK) data collection, 
this survey grade GPS system provides latitude, longitude, and elevation (XYZ) of land locations with a 
high degree of precision.  When coupled with the boat mounted fathometer (SonarMite Echo Sounder), 
depth measurements can also be added to the XYZ data.  The elevation of the water bottom can then be 
calculated using the elevation and depth measurements. 
 
Throughout 2012 and 2013, LPBF scientists used the GPS unit and receiver to complete bank surveys of 
Mardi Gras Pass (Table 1).  For Reaches 1 – 3, where the Pass curves and meanders, points where 
obtained at the significant bends in the bank.  A small number of bends were either inaccessible or tree 
coverage blocked the GPS signal.  For Reach 4, the original receiving canal for the now defunct Bohemia 
Diversion (four box culverts), the banks are relatively straight (except for three sections of scour and 
widening) and survey points were obtained every ~300 ft.  At the scour sections, 3 - 4 points were 
obtained on each bank.  Each point consisted of latitude, longitude, and elevation.  After the field data 
collection, these points were imported into a GIS and a polygon feature was manually drawn based on 
the bank survey points (i.e. connecting the dots).  This polygon feature represents the surface extent of 
Mardi Gras Pass for each survey period. 
 
On the survey dates listed in Table 1, LBPF scientists completed bathymetric surveys with the 
fathometer mounted on the front of a 14 ft. flat boat and run in “Continuous Topo” mode.  While 
travelling different paths up and down the pass, the unit recorded latitude, longitude, elevation of the 
fathometer (approximately 1 ft. below the water surface), and depth (measured by the fathometer) for 
each point along the five survey paths.  The unit automatically calculates the “Depth applied elevation”, 
which is the elevation of the water bottom (elevation of fathometer minus the depth).  Occasionally, 
additional survey points were obtained in the Back Levee Canal, in a small canal that parallels a sand bar 
along the river, and in the Mississippi River.  Of note, early surveys of Reach 1 lacked full coverage due 
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to downed trees blocking Reach 1 of the Pass.  As erosion and water flow cleared Reach 1, more 
complete surveys of Reach 1 were possible at later dates.  

 
Figure 1:  Mardi Gras Pass Interpolated Bottom Surface. Based on a Bathymetric Survey completed on 

August 23, 2013 and a bank survey completed in August 22 2013.  Interpolated surface generated using 

Spatial Analysis Toolbox in ArcGIS 10.  Background imagery 2008 CIR provided by Greater New Orleans 

Regional Planning Commission.  

 

Table 1:  Dates of bank and bathymetry surveys of Mardi Gras Pass, March 2012 – May 2013. 

Survey Date Banks Bathymetry Notes 

March 10, 2012 Reach 1 
Only 

No Initial, training survey. 

April 19, 27 &  May 18, 2012 Yes Yes Most of Reach 1 inaccessible for 
Bathymetry 

August 13, 2012 Yes Yes Most of Reach 1 inaccessible for 
Bathymetry 

September 14 & 20, 2012 Yes Yes Most of Reach 1 inaccessible for 
Bathymetry 

January 15 & 18, 2013 Yes Yes Most of Reach 1 inaccessible for 
Bathymetry 

March 6 & 7, 2013 Yes Yes Limited access to Reach 1 for Bathymetry 
May 29, 2013 No Yes Limited access to Reach 1 for Bathymetry 
August 22 & 23, 2013 Yes Yes Limited access to Reach 1 for Bathymetry 

Basics of the Basin 2013

41 of 196



Data Analysis 
To interpret this data, a series of basic geoprocessing steps were completed in the GIS system to obtain 
basic summary information describing the width and depth of Mardi Gras Pass.  Essentially, these steps 
involved breaking the Pass into distinct, non-overlapping segments and then assessing the observed 
widths and depths for each segment. 
 
To assess the width of Mardi Gras Pass at various locations, first the “Center Line” of the pass was 
automatically generated using a geoprocessing algorithm and the bank outline polygon described above. 
Next, 48 evenly spaced points where automatically generated along the center line along with two 
additional points at either end.  Transects crossing each bank of the Pass were drawn for each point, 
which were then clipped by the Pass outline.  Finally, the length of each transect was automatically 
calculated, so that the length of transects represented the width of the Pass for each location.  Note that 
these transects connect edges of the hand drawn polygon feature (an interpolated generalization of the 
Pass’s banks), and not the actual bank survey points. 
 
To assess the depths through Mardi Gras Pass, points along the centerline were generated every 33 ft. 
and for each point a rectangle 33 ft. long was drawn and snapped to the centerline points.  Where bends 
and other irregularities were present, the rectangles had to be manually adjusted into a three or four 
sided irregular polygon.  After clipping the set of rectangles by the Passes’ outline, the resultant polygon 
layer divided the entire pass into a set of evenly spaced, non-overlapping polygons.  Next, a spatial join 
calculated summary statistics (minimum, maximum, and average) for each point within a polygon and 
joined those values to the corresponding polygon.  In addition to the basic automatically generated 
statistics, the thalweg depth (the deepest, continuous line along the length of the Pass) was calculated 
as the average of the top five depth measurements for each polygon. These attributes for the polygon 
layer provide a generalized summary of the depths observed in the Pass, with the calculated thalweg 
depth providing insight on the navigability of the Pass.      
 
 
Preliminary Results 
Table 2 lists the summary statistics for width and depth on all survey dates, while Figure 2 shows the 
trend in the changing width measurements and Figure 3 shows the trend in the changing thalweg depth.  
The data shows the changing morphology and development of Mardi Gras Pass as a distributary channel 
of the Mississippi River.  Our survey data indicates modest rates of expansion and deepening.   
 
Over the study period, the average width increased 18 ft, from 77.5 ft in May 2012 to 95.8 ft in August 
2013.  Most of this trend has been driven by expansion of Reach 1.  Essentially non-existent prior to the 
2011 flood, Reach 1 has doubled from its initially measured average width of 51.2 ft in March 2012 to 
105 ft in August 2013.     
 
Similarly, the thalweg depth has increased 4.5 ft, from 12 ft in May 2012 to 16.5 ft in May 2013.  The 
modest decrease in depth observed in September 2012 is most likely a result of deposition due to 
Hurricane Isaac.  Deepening appears to occur along the entire length of the Pass, though the rate is 
largest in Reach 1, which deepened 5.5 ft, from 6.8 ft in May 2012 to 12.3 in August 2013. 
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Table 2:  Summary statistics for Mardi Gras Pass, based on LPBF bathymetry and bank surveys March 
2012 – August 2013. 

 
(*) The average, minimum, and maximum values refer to summary statistics based on values for the set 
of polygons in each reach. In turn, values for each polygon are averages for the set of points within the 
polygon. So, the minimum and maximum refer the minimum and maximum average depth for the set 
of polygons within the reach and not the minimum or maximum value of the individual points within a 
polygon or reach. 

(**) Polygons without any depth measurements have been excluded. 
(***) For the purposes of this analysis, the Thalweg Depth for each polygon is defined as average of five 
highest depth measurements for the polygon, and then the Average Thalweg Depth for each reach is 
calculated from these values. 

(****)  Cross sectional area is approximated as the average width times the average depth. 
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Figure 2:  Time series of the average depth, average width, and thalweg of Mardi Gras Pass, April 2012 – 
August 2013. 
 

 
Figure 3: Time series of the approximate cross sectional area (ft2) of Mardi Gras Pass, May 2012 – August 
2013.  Note that cross sectional area is approximated as the average width times the average depth. 
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Specifying the Hurricane Surge Defense System Using Systems Engineering and 
the Multiple Lines of Defense Strategy 
E. Boyd1, J. Lopez1, and R. Storesund2 
1Lake Pontchartrain Basin Foundation, New Orleans, LA 
2Storesund Consulting, LLC, Albany, CA 

 
Introduction 
This paper summarizes a comprehensive study by the Lake Pontchartrain Basin Foundation (LPBF) to 
address a major lesson learned from the catastrophic flooding of 2005 by applying existing methods 
from systems engineering to the greater New Orleans (GNO) Hurricane Surge Defense System (HSDS), as 
specified by the Multiple Lines of Defense Strategy (MLODS).  As noted in five independent studies of 
the flooding that occurred during Hurricane Katrina, the surge defense system has been largely designed 
and constructed in a piecemeal manner without an overarching system specification.  It was a “system in 
name only”.  In contrast, experience in the aerospace, defense, offshore, telecommunications, and other 
industries has shown that it is possible to design, construct, and operate large, complex, safety-critical 
engineering efforts from a systems perspective which takes into account issues related to the project’s 
entire life cycle, interactions between the system elements, and the human and operational factors of 
concern.   
 
Toward addressing this lesson learned, the HSDS study further specified and elaborated upon MLODS, 
introduced by Lopez (2006).  MLODS explicitly couples structural surge defenses, meaning levees, 
floodgates, and pump stations, with coastal and community lines of defense.  The coastal lines of 
defense consist of the features of Louisiana’s coastal landscape, such as barrier islands, marsh 
landbridges, and natural ridges, that mitigate storm surge in front of the structural defenses.  The 
community lines of defense are the policies and practices that communities and individuals undertake to 
reduce their flood risk.  These include house elevation, evacuation plans, and insurance.  This paper 
describes how MLODS was used to specify the system using the concepts and tools of systems 
engineering, SysML, and QMAS. 
 
Background: Systems Engineering, SysML, and QMAS 
Systems engineering is a field of engineering that draws upon various disciplines to ensure that complex 
projects are designed, built, and operated as integrated systems (International Council on Systems 
Engineering, Technical Board 2004).  It elaborates on the central premise that the properties of a system 
as a whole differ considerably from the sum of the properties of the individual parts (Oliver and Kelliher 
1997;  International Council on Systems Engineering, Technical Board 2004).   The discipline focuses on 
managing the complexity that emerges in large scale systems, where designing elements in isolation can 
lead to failures when the elements are integrated into the system.  As just one example, even if 
individual levee and floodwall elements were designed properly, transition failures between these 
elements can result in a failure of the system to fully function.  In turn, transitions between elements 
must be designed so that they can be affordably maintained and operated through the system’s life 
cycle.   
 
Toward achieving this goal, systems modeling is used extensively to derive executable models for 
predicting system behavior and performance (Oliver and Kelliher 1997;  International Council on 
Systems Engineering, Technical Board 2004).  Systems Modeling Language (SysML) is a modeling 
language that allows the user to create explicit models of the system’s structure and behavior.  The 
model accounts for system elements along with their attributes, relationships, requirements, and 
activities.  Essentially a set of diagrams based on block diagram notation, each “block” in a SysML model 
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represents a system element.  The block includes properties and attributes that describe the system 
element and its characteristics along with connectors that link different blocks.  Once the system 
specification has been completed in SysML, the diagrams and modeling tests provide checks that all the 
required properties, attributes, and functions are present within the system. 
 
While independent of systems engineering, Quality Management Assessment System (QMAS) 
incorporates many of the principles of systems engineering.  QMAS is essentially a risk assessment 
instrument that utilizes system “assessors” who possess knowledge and experience with system 
elements.  The QMAS process consists of a facilitated discussion whereby assessors share their 
experiences and the facilitators formalize this knowledge into a system specification.  Pioneered for 
offshore platforms, QMAS has undergone limited testing in a flood infrastructure context, such as the 
Sherman Island, CA exercise (de Corn 2011).  Three QMAS workshops held in 2012 comprised a major 
component of the HSDS study and provided important insight into the structure, organization, 
maintenance, and operations of the system. 
 
System Specification 
Stressing the importance of getting it right at the beginning, INCOSE notes that “the most common 
source of development problems is flaws in the system specification process” (Technical Board 2004). 
An early step in the system specification process, the requirements table lists all of the functional 
requirements that the system and individual elements must meet to fulfill the system objective.  Next, 
the system hierarchy serves as a comprehensive inventory of the system elements and describes how 
they are connected to each other to make the system.   
 
With these two tools completed, the systems engineer has the information needed to systematically 
identify system interactions, factors of concern, sequencing, requirements verification, and other 
system checks (i.e. the factors and situations that could enhance or inhibit system performance).  
System interactions are functional connections between two system elements.  For example, in the 
HSDS, levees, floodwalls, floodgates, and pump stations are all separate system elements but their 
interaction (aggregation) creates the perimeter structural protection component of the HSDS.  Likewise, 
barrier islands, sounds, and marsh all interact to create the coastal protection component of the HSDS.  
While individual elements, the daily exchange of tidal waters, freshwater runoff, sediments, nutrients, 
and animal species between them is crucial to sustaining them and ensuring that they perform in an 
integrated manner.  This fair weather interaction is crucial to ensure these system elements effectively 
reduce surge during extreme weather.   
 
SysML provides tools for capturing requirements and for modeling structure and behavior.  In SysML, 
the system elements are represented by “blocks.”  Blocks contain labels for the elements along with 
properties to describe the attributes and characteristics of the element.  Blocks can then be joined in 
different types of diagrams, such as the block definition diagram (BDD) which describes the structure of 
the system.  Other SysML diagrams that represent structure are the internal block diagram, the 
parametric diagram, and the package diagram.  Additional SysML diagrams are used to represent 
behavior.  These include the activity diagram, the sequence diagram, the state machine diagram, and 
the use case diagram.  Figure 1 presents a three level system hierarchy (BDD) for the HSDS based on 
MLODS.  
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Figure 1:  A generic system specification BDD for the HSDS using the MLODS framework.  Each “block” in the 
diagram represents a system element.  In this three-level, hierarchical diagram, the individual lines of defense (the 
bottom set of elements) aggregate to form the Coastal, Structural, and Community components (the second level), 
which together aggregate to form the HSDS (the top level).  
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Examples of System Interactions 
The HSDS study indentified system interactions involving manmade landscape features of the system 
with implications for the natural elements of the system.  One possible interaction occurs between the 
St. Bernard pumps stations, wetlands in the Central Wetland Units, and the 40 Arpent Levee.  Likewise, 
the I-10 East evacuation route is an important community line of defense that interacts with other 
system elements.   
 
During a hurricane evacuation, over 1 million residents of greater New Orleans must utilize a limited 
number of evacuation routes during the brief window between the release of official warnings and the 
onset of hazard conditions.  While evacuation planners typically assume a 30 – 50 hrs window, this 
system interaction example shows how this window might decrease over time.  One evacuation route is 
I-10 East, which crosses Lake Pontchartrain before passing through Slidell, LA.  While much of I-10 in 
GNO is within the levee system and while the newly constructed I-10 bridge over Lake Pontchartrain is 
30-ft above sea level, the approach to the bridge on the New Orleans side is an unprotected, low lying (6 
– 7 ft. above sea level) stretch of highway adjacent to an area of considerable land loss (see Figure 2).  
Once a storm surge rises to the elevation of the interstate at that location, this crucial evacuation route 
becomes blocked and its capacity is reduced to zero. 
 
Located 60 miles southeast of I-10, the state of the Chandeleur Islands are a major factor limiting the 
performance of this evacuation route.  Like most of Louisiana’s coastal landscape, the Chandeleur 
Islands have been in a state of decline for many decades now.  Whereas in the past healthy barrier 
islands provided a robust line of defense against storm surges, the islands have lost significant land area 
and have become fractured.  Studies (Grzegorzewski and Cialone et al. 2008) have shown that as the 
Chandeleur Islands continue to decline, storm surges will reach higher levels and, importantly, move 
inland quicker (see Figure 2).  This decline implies that future storms will flood the low spot along I-10 
sooner than they have in the past, thus reducing the capacity to evacuate people through this route.  
According to Wolshon (2008), the observed maximum capacity of this evacuation route is 1,900 vehicles 
per hour, which implies that nearly 5,000 people could be prevented from evacuating if this route floods 
1 hour earlier (assuming 2.5 persons per vehicle).  As shown in Figure 3, the SysML diagrams can be used 
describe this system interaction.      
 

 
Figure 2:  (a)  The I-10 East evacuation route and the unprotected and low lying approach (7 – 8 ft) to the new 
bridge.  Landloss shown in red.  (b)  Impacts of the condition of the Chandeluer Islands on storm surge dynamics. 
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Figure 3:  An evacuation Sequence diagram depicting the flow of “messages” between actors and system elements.  
In this diagram, time progresses downward, and horizontal arrows depict messages.  The sequence begins with the 
National Hurricane Center monitoring the storm system.  At some point, local officials may receive the signal that 
the storm surge has flooded evacuation routes.  They then send a “Hunker Down” signal to residents. 
 

 
Some system interactions potentially enhance performance.  Where these can be identified there may 
be opportunities to replicate them elsewhere.  One such possible case is the complex interaction 
between pump stations, wetlands, and levees in the Central Wetland Unit (CWU) in St. Bernard parish, 
see Figure 4 below.  Previous research had found that the pump stations, by serving as a source of 
freshwater, help maintain arcs of more resilient wetlands in the CWU (Day et al. 2011).  This effect is a 
classic system interaction, but it also leads to a possible additional beneficial interaction.  The figure 
below also shows breaches in the 40 Arpent levee (along the southwest boundary of the CWU) that 
occurred during Hurricane Katrina in 2005.  It is seen that levee breaches occurred in areas where the 
pump stations did not impact wetlands and that no major breaches occurred near wetlands influenced 
by the pump.  While not conclusive, this observed spatial association suggests an interaction between 
pump stations, wetlands, and levees whereby the pumps stations maintain resilient wetlands and the 
resilient wetlands protect the levees.  In this respect, systems engineering provides a framework and 
methodology to investigate this and other possible interactions that enhance system performance.       

Basics of the Basin 2013

50 of 196



 
Figure 4:  False color infrared imagery of the Central Wetlands Units showing the location of pump stations, arcs of 
resilient wetlands adjacent to the pump stations, and breaches in the 40 Arpent levee that occurred away from the 
pump stations and resilient wetlands. 
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 In understanding of the hydrologic cycle and how it is affected by development reveals 
the true impact of typical development approaches.  Under natural conditions, rainfall primarily 
percolates into the ground and flows as groundwater, is held and absorbed by trees and other 
vegetation, and is evaporated into the atmosphere to begin the cycle anew.  

 Typical developments are planned and constructed based with the principle of quickly 
collecting, conducting, and disposing of stormwater.  This engineered approach, called grey 
infrastructure, has been in common practice for decades and assumes human intervention in the 
natural hydrologic cycle will prevent flooding and standing water where it is not desired.  It seems 
the lesson of working with, instead of against, nature must be repeated over and over, as we have 
yet to learn to use natural systems as the rule in developments.  

 The typical grey infrastructure approach clears the land of almost all existing vegetation; 
much of the ground is paved with impervious surfaces.  Channels constructed for drainage are 
concrete-lined canals usually surrounded by chain-link fencing, and much of the stormwater 
becomes runoff and does not percolate into the ground.  

Green Infrastructure for the Pontchartrain Basin

Dana Nunez Brown, ASLA, PLA, AICP, LEED AP
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 An alternative green infrastructure (GI) approach uses existing natural systems as much 
as possible in new development.  Many existing mature trees are retained.  Impervious surfaces 
are minimized.  The banks of drainage channels are maintained in their natural state.  GI is 
an important strategy in environmentally sensitive land development and lowering overall 
development costs.

 Most development has fol-
lowed grey infrastructure practices, 
and now we must work to retrofit 
existing built environments or design 
new environments that utilize the 
natural processes of GI.  Stormwater 
Management techniques imitate these 
natural processes to clean stormwater 
in the built world to the same level 
that is done in a natural ecosystem.  

 The design of a stormwater 
management system seeks to man-
age each drop of rainwater as close to 
where it falls as possible.  At the site 
scale, plants and permeable surfaces 
can be used in a series of small ele-
ments, known as stormwater best 
management practices (BMPs).  
BMPs can take many different forms, 
but function in one of three ways:  
infiltration, filtration, and detention/
retention.  They are also effective in 
retrofitting both public and private 
developments.  
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 Infiltration BMPs catch water and allow it to infiltrate into the ground, while plants or 
pervious surfaces clean and absorb the water percolating through the soil.  Pervious concrete 
and curb bulb-outs are two examples of infiltration BMPs that could be easily used to retrofit 
an existing streetscape.  Increasing tree canopy coverage is another way to retrofit an existing 
streetscape using an infiltration BMP.  When stormwater is directed into tree bays using curb cuts, 
the trees then have the opportunity to absorb water and associated contaminants through their 
roots.  

 Filtration BMPs use native plants to filter rainwater from one area to another.  Bioswales 
are common filtration BMPs that can be used in private as well as public developments.  Private 
residences can manage all their rainwater runoff by using bioswales to clean and carry all the 
water draining from their roof or driveways to rain gardens (a common infiltration BMP).  When 
commercial property is redeveloped or significantly improved, bioswales can be used to filter and 
manage stormwater runoff in the parking lots.  
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 Detention or retention BMPs are large depressions in the topography of a site, providing space to hold 
and temporarily store rainwater.  This gives the downstream system time to drain before the upstream water 
reaches that area and causes flooding.  Stormwater wetlands can be implemented on vacant lots that are acquired 
by the city or state to be used as detention BMPs and also to enhance the beauty of a community by increasing 
the amount of green space.  

 Dana Brown & Associates has been involved in the implementation of various BMP projects throughout 
the Pontchartrain Basin as well as helping with the Urban Water Strategy for the entire Greater New Orleans 
Region.  The Urban Water Strategy works as a four-pronged approach by delaying stormwater using detention/
retention and infiltration BMPs, retrofitting canals to store stormwater, implementing BMPs throughout 
residential neighborhoods to enhance the quality of life, and using the existing infrastructure to drain 
stormwater off-site only when necessary.  

 The Strategy realizes our coastal wetlands as the first line of defense when it comes to hurricane 
protection, and the levee system as the second line of defense.  However, New Orleans and the entire 
Pontchartrain Basin receives such vast amounts of rainwater every year that there is not enough money to 
provide the drainage pipes, canals, and pumps necessary to prevent flooding in the region.  GI is necessary 
to manage stormwater and prevent catastrophic flooding by storing and slowing runoff.  There are numerous 
opportunities within the region to not only hold stormwater but to also filter it and return it to the groundwater 
system.  
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 Orleans, Jefferson, and St. Bernard Parishes are predominately covered by impervious surfaces that 
increase every year with new development.  The increase of impervious surfaces decreases the amount of water 
infiltrating back into the groundwater system and thus increases the amount of water that has to be drained 
and pumped.  Much of the Pontchartrain Basin lies within prehistoric alluvial plains resulting in soil deposits 
consisting of fine textured clays.  When water is extracted from clay soils, they shrink and adversely swell when 
water is added.  In more recent history, the area was covered mostly by swamps and therefore attributes to large 
amounts of organic material within the soils.  Organic soils also shrink when the water content is low from a 
process called oxidation.  The fluctuation in soils causes serious subsidence resulting in uneven streets, unstable 
building foundations, and increased flooding.  GI extends the concentration time of runoff, slowing the water 
and allowing it to filter and infiltrate back into the groundwater system; therefore, reducing subsidence.
 
 The Urban Water Strategy explains how GI can be implemented incrementally as well as the long term 
ecological, financial, and aesthetic benefits.  The report states that the “implementation of this plan will save 
more than $10.8 billion in avoidable flooding, subsidence, and infrastructure costs over the next 50 years.”  The 
implementation of GI within the Pontchartrain Basin is not only relevant but necessary to the survival of the 
region.  To manage all the stormwater within the region, GI should be applied at the regional systems-wide scale 
as well as at the single site scale and in both private and public developments.  
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Hydrodynamic controls on the geomorphic evolution of a sub-deltaic distributary in 
the Mississippi River Delta: South Pass 
 

Robert Clark1, Ioannis Georgiou1,2, Duncan FitzGerald3, Mark A. Kulp1,2 
1Department of Earth and Environmental Science, University of New Orleans, New Orleans, Louisiana 
70148 
2Pontchartrain Institute for Environmental Sciences, University of New Orleans, New Orleans LA, 
70148 
3Department of Earth and Environment, Boston University, Boston, MA 02215 

 

Introduction and Background 
Many deltas worldwide are in a state of degradation, driven by high rates of subsidence, altered 

hydrological regimes, and global climate change (Syvitski and Saito, 2007). The Mississippi River Delta 
(MRD) exemplifies many of these impacts. In the MRD 25% of deltaic wetlands have been converted to 
open ocean over the last few centuries (Barras et al., 2008; Couvillion et al., 2011; Day et al., 2007). In 
the MRD relative sea-level rise (RSLR) rates are in excess of 1 cm/yr (.39 in) (Törnqvist et al., 2008) 
that includes a subsidence rate of 6-8 mm/yr (2.4 in - 3.1 in) (Blum and Roberts, 2009). Like many other 
deltas of the world, the MRD is experiencing significantly less sediment contribution. Over the course of 
the twentieth century dam building, levee construction, dredging, and diversion projects have greatly 
altered sedimentation patterns on the delta causing profound changes in land-building processes and 
resulting morphology (Tweel and Turner, 2012), including major changes to the South Pass distributary.  

South Pass is one of the major outfalls of the Mississippi River delta and the central distributary 
within the lowermost delta, flanked by Southwest Pass to the west and Pass a Loutre to the east. South 
Pass contains natural levees along its entire length and is marked by an asymmetric number and size of 
sub-distributary channels. Six channels occur along the eastbank levee and at least sixteen channels axist 
along the western natural levee. Moreover, the east interdistributary bay is marked by marsh and small 
canals, while the western interdistributary bay is marked by landscape features that better resemble 
barrier chains. This includes a series of elongated shore parallel islands; a morphology that is anomalous 
with the rest of the modern delta.  

River-dominated deltas exhibit an elongated planform, which contrasts to the arcuate and lobate 
wave-dominated deltas and the indented tide-dominated deltas (Galloway 1975; Edmonds and 
Slingerland, 2010). In river dominated deltas sand bodies are perpendicular to the shoreline and are 
associated with the river channel (Wright and Coleman, 1973). However, at South Pass the decrease in 
sediment and freshwater discharge during the past decades has resulted in sediment reworking and the 
formation of shore parallel islands, indicating a shift away from river dominance towards greater wave 
and storm influence.  

Deltaic degradation is not a new concept. Roberts (1997) discussed the concept of delta cycle, 
encompassing progradational sedimentary deposits contributing to the formation of sub-distributary 
deltas during the river-dominated stage, followed by the degradation of those deposits once the 
distributary is abandoned. More recently, Tweel and Turner (2012) reported that wetland development in 
the modern delta exhibits a strong correlation with watershed land use and sediment yield. These studies 
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demonstrated that the formation and subsequent degradation of wetlands within the distributary bays are 
strongly linked to watershed land use and specifically the availability of sediment. Despite the findings 
of Tweel and Turner (2012) and the previous studies on formation and degradation of sub-distributary 
deltas by Roberts et al., 1997 and Coleman et al., 1980, we find these models are not relevant to the 
evolution of the South Pass-West Bay landforms. 

We hypothesize that South Pass has entered a degradational phase, and that sedimentation within 
South Pass has reduced the flow in the channel and the discharge of sediment. With diminished riverine 
input, the South Pass system is seeking a new morphological equilibrium that will ultimately be driven 
more by waves and storms, rather than fluvial processes.  Moreover, the gradual decrease in sand supply 
due to loss of stream power, will likely affect the sedimentary features that enclose the south Pass inter-
distributary bays, and will eventually produce a rapid transgression. 

 

Methods 
In order to test the hypothesis that water and sediment fluxes have diminished to the extent that 

wave and storm processes are more dominant, we have conducted a synoptic hydrodynamic survey of 
the Head of Passes region of the Mississippi River and the entirety of South Pass.  The synoptic 
hydrodynamic survey was conducted to determine flow changes along the length of South Pass and 
document where these losses occur (e.g. near crevasse splays, or other channels).  The hydrodynamic 
data were also used to calculate the sediment transport capacity of the Pass, and the ability to deliver 
sediment to lower reaches.  This is crucial to understanding the balance of riverine versus marine 
influences on the planform morphology of South Pass. 

A ship mounted Acoustic Doppler Current Profiler (ADCP) was used to survey flows passing 
through each crevasse and the channel below each crevasse.  The ADCP was operated in concert with a 
Differential Global Positioning System (DGPS), which was used to estimate the water surface slope (  
for the entire channel. A dual frequency single beam fathometer (Odom Hydrotack) was also used to 
determine channel geometry at each location where ADCP data were collected, as well as to help 
provide the channel (thalweg) slope for use in hydraulic and sediment transport analysis. To assess 
transport capacity we calculated the Rouse Number for each segment of the South Pass system where 
hydraulic and geometric data were available (approximately 19 transects were conducted along the 
entire 18 km length of South Pass).  The Rouse Number ( RN ) is calculated by dividing the fall velocity 
of a particle by the shear velocity of the water column. 
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Where *U  is the shear velocity,  4.0=k  is von Karman’s constant, β is a constant correlating eddy 
viscosity to eddy diffusivity (taken here as 1, and therefore ignored), hR is the hydraulic radius,   SV  is 
the settling velocity and is calculated using Stokes’ Law for each sediment class size,  pρ  is the density 
of the falling particle,  ρ  is the density of the fluid, D is the diameter of the falling particle and µ  is the 
viscosity of the fluid. Selected representative classes of sediment in the Mississippi River (Meselhe et 
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al., 2012) were used to determine the respective fall velocity and resulting Rouse number, and to test if 
channel competency affects the transport continuity of a selected class through the South Pass 
distributary channel. 
 
Results and Discussion 
 Although Rouse Numbers were calculated for five representative classes of sediment commonly 
found in the Mississippi River (Meselhe et al., 2012), it is important to note that the larger size classes 
(e.g. 250 µm) often do not enter South Pass.  This occurs due to shallower depths near the entrance to 
South Pass compared to the Mississippi River and because larger diameter sediments travel closer to the 
River bed and hence below the entrance depth of South Pass (Allison and Meselhe, 2010; Nittrouer et 
al., 2012).   

 Results of the Rouse Number analysis (Figure 1) show that larger classes of sediment (e.g. 250 
µm) travel as bed load (NR>2.5), sediment diameter near 125 µm will travel approximately 50% as 
bedload and 50% in suspension, whereas smaller diameter sediments (32-96 µm) with either travel as 
100% suspended load or washload.  However, channel competency is not constant along South Pass.  By 
examining Figure 1, it can be seen that a reduction in Rouse Number exists for each class between 
approximately 5 km and 13 km below HOP, which implies an increase in stream power in this section of 
the Pass.  This is likely due to a drawdown of the water surface caused by large loss off discharge at 
Grand Bayou, a sub-distributary channel immediately upstream.  Since there is continued loss of 
hydraulic geometry, one would expect loss of stream power, however, the drawdown effectively reduces 
the available flow area, supporting an increase in shear velocity locally.  Although stream power and 
sediment transport capability increases in this section of South Pass, only sediment that has already 
traveled through the upper portion of Pass can be remobilized.  For example, downstream of the 13 km 
HOP there is a marked decrease in stream power, accompanied by a reduction of sediment transport 
capability of larger sediment classes in the lowermost portion of South Pass. This corroborates the 
argument that despite the spatial increase in stream power in the midsection of South Pass, the loss of 
stream power in the lower reaches can cause channel aggradation. 

 Minimum thalweg elevations taken from our bathymetric survey were plotted along with water 
surface elevation along the length of South Pass as well as historic thalweg data from a study by Little 
(2013) (Figure 2).  Channel sedimentation has occurred throughout the length of South Pass.  Despite 
the increase in stream power in the middle reach of the channel, deposition is clearly taking place in this 
area as well. This suggests that our measurements, collected at relatively high water (flow at Belle 
Chasse was ~900,000 cfs) may facilitate an increase in stream power, but since the return period of this 
flow is small, the overall effect is indeed channel aggradation. 
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Figure 1 Rouse Number as a function of downstream distance from HOP for selected size classes. 

  

 

Figure 2 Historic Thalweg elevations (Little 2013), recent thalweg elevation and water surface elevation 
(this study) at a discharge of ~900,000 cfs, as a function of downstream distance from HOP. Historic 
data from Little (2013).   
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Tracking Home Wastewater Systems in the Yellow Water River/Ponchatoula 
Creek Watersheds 
Chelsea Core 
Water Quality, Lake Pontchartrain Basin Foundation 
 

Introduction: In 2005, the Lake Pontchartrain Basin Foundation (LPBF) began its Sub-Basin Pollution 
Source Tracking Program in Tangipahoa Parish.  From 2006-2010, through an EPA Targeted Watershed 
grant, LPBF was able to assess water quality and begin pollution source tracking in the Tangipahoa and 
Natalbany River watersheds.  Results showed that the Natalbany River and its tributaries Yellow Water 
River and Ponchatoula Creek/River fell within a highly urbanized area of the parish and were highly 
polluted (Figure 1).  According to the 2012 LDEQ Impaired Waterbodies (303(d)) List, both Ponchatoula 
Creek/River and Yellow Water River are categorized as impaired for fecal coliform for primary contact 
recreation (swimming/ immersion) and secondary contact recreation (boating/ non-immersion; LDEQ 
2012).  Because of the impairments, EPA calculated Total Maximum Daily Loads (TMDL) for fecal 
coliform for all rivers in 2012.  Ponchatoula, Yellow Water, and Natalbany Rivers will need to have 
significant reductions in fecal coliform loads, nearly 90% or greater (USEPA 2012), to meet primary 
contact recreation standards. 
 
These findings led to LPBF working with the Louisiana Department of Environmental Quality (LDEQ) to 
write a Watershed Implementation Plan (WIP) to reduce fecal pollution loads and help remove the 
Natalbany and its tributaries (impaired for fecal coliform, secondary recreation contact) from the 
Impaired Waterbodies list.  From the Natalbany WIP, stakeholders prioritized the water quality issues in 
the watershed and the top five were related to waste water, prompting LPBF to start tracking not only 
commercial wastewater systems, but also individual home systems contributing to pollution loading.  
The WIP recommended first concentrating source-tracking activities in the Yellow Water River sub-
watershed (which had the highest fecal coliform counts), then extending the source tracking activities to 
the Ponchatoula Creek/River sub-watershed, then finally to the entire Natalbany River Watershed 
(Bourgeois-Calvin et al. 2012).  LPBF and the Tangipahoa Parish Department of Health and Hospitals 
(TDHH) began the extensive task of systematically inspecting home systems within the Natalbany River 
Watershed in January 2013.   
 

Methods:  Beginning with the Yellow Water River sub-watershed, all homes that TDHH has listed as 
having an individual home wastewater system are being systematically visited and the wastewater 
system inspected.  During the inspection process, information collected for tracking purposes includes:  
size and type of system, condition of the system (functioning properly or not), street address, and GPS 
coordinates of the system.  When a plant is reported as non-functioning, the inspector notes which 
components have failed and what needs to be repaired.   A copy of the inspection form is left with the 
homeowner who is given 30 days to complete the repairs, at which time a re-inspection of the system 
will be conducted and reported.  If repairs are not completed by the third inspection, the information is 
handed over to the District Attorney’s office and may result in fines.   
  
The information gathered in the home inspection process along with a DHH home sewer systems data 
layer was used to create maps showing passed versus failed systems, repaired systems, and septic 
systems.   To maintain the data, a web-based form and database were created in Google Drive.  Paper 
forms used by DHH were transferred to the electronic database.  A Google Form (accessible from the 
internet) was created based on metrics of the DHH paper based form.  As the information was entered 
into the Google Form, the data was simultaneously added to a Google Spreadsheet, which was then 
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exported as an Excel file.  The data was processed from the DHH forms as inspections were completed 
each month.  As per the inspection process, data is continually updated due to re-inspections of homes 
that do not have a functioning system.  
 

 
Figure 1. Natalbany River Watershed 

 
Using the database, maps were created for the Yellow Water River watershed, which is updated each 
quarter to reflect the data collected in the field.  As data was processed in the Google Spreadsheet, it 
was exported into Excel.  In ArcMap, the data from the Excel file (GPS coordinates) were used to map 
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the locations of individual home systems within the Yellow Water River sub-watershed.  Within ArcMap, 
attributes of the data layer included: address, inspection date, GPS, system type, system size, status of 
system, result of inspection, if the system was repaired on site, additional comments, if re-inspection 
was needed, and re-inspection status.   LPBF also acquired and mapped a DHH home sewer systems 
data layer.  This data was based on street addresses and is not optimal for spatial analysis but provides a 
reference layer.   
 
Two maps were created in ArcMap.  The first (Figure 2a) show the status of the home wastewater 
treatment systems (passed vs. failed inspections) at first inspection.  The second (Figure 2b) shows the 
current pass vs. fail (as of June 2013) status of the home systems. 
   

Results: In total, LPBF has inspected 152 home wastewater systems as of June 2013.  The systems fell 
into two categories: Aerated Treatment Units (ATUs) and Septic Systems.  ATUs oxygenate the 
wastewater, allowing aerobic bacteria to break down the waste.  Septic systems use anaerobic bacteria 
to break down waste.   Ninety-five of the systems were ATUs and fifty-seven were septic systems.  Most 
of the systems treated a maximum of 500 gallons per day (gpd) with a few that had greater capacity.  
Inspections were only done on the ATUs and were inspected whether the homeowner was present or 
not.  If the homeowner was home, some systems could be repaired on site (ROS on maps).  Septic 
system inspection does not fall under TDHH so LPBF was able to identify and locate but not inspect 
home septic systems.   
 
Of the ninety-five ATUs inspected, fifty-nine (62%) were considered unsatisfactory and failed initial 
inspection.  Of the fifty-nine failed systems, forty (68%) failed because the aerators were not plugged in 
or were not functioning.  Six of the failed systems (10%) indicated that the aerator was on but did not 
pump air to the tank and needed repair.  Three of the homes had no aerator.  Although the septic 
systems could not be inspected, the size of system, condition of the system, and GPS coordinates were 
collected.   A majority of the septic systems were deemed unsatisfactory (approximately 53 of 57).  
 
Since the beginning of the project, many of the home ATUs that failed initial inspection have been 
repaired.   As depicted in (Figures 2a and 2b), failed systems decreased from 59 in the original 
inspections to 25 for the current status.  Correspondingly, passed systems increased from 36 to 70. 
These numbers will continue to change until all home systems in the targeted watersheds are 
functional.   
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Discussion:  Inspections of home wastewater systems are showing that most are in need of repair and 
many homeowners are in need of education about their system.  LPBF is inspecting approximately 50 
home systems per month, which would take approximately 15 months to complete the Yellow Water 
River watershed and 19 months to complete the Ponchatoula Creek/River Watershed (over 1700 homes 
in both watersheds).   
 
As an additional component of the inspection process, LPBF educates the homeowners about the 
functionality of their plant. The homeowners are also given an LPBF-produced brochure with 
information pertaining to the upkeep and maintenance of the system.  In about 50% of the homes 
visited, the homeowner is available for the inspection and can be educated on their system.  If the 
homeowner is not available for the inspection, LPBF inspects the system and leaves the inspection form 
at the home.  The TDHH phone number is provided on the form if further education/assistance is 
needed. 
 
Even though this program is succeeding in getting home wastewater systems repaired, without 
disinfection the systems will fail to meet the LDEQs permit standard for fecal coliform: of a most 
probable number (MPN) of 400 in 100 ml of water.  According to field tests conducted by LPBF, a system 
with the aerator not running/no aerator produces 20,000 MPN and a system running the aerator 
produces a 3,000 MPN (an 85% decrease).  If a system were to use disinfection, it would decrease the 
fecal coliform to 400 MPN, a 98% decrease from 20,000 MPN.  Even though home systems are 
improving there is need for large scale disinfection. 
 
Disinfection and the resulting low fecal coliform levels will be needed to comply with the steep fecal 
coliform TMDL load reductions calculated for the Natalbany River and its tributaries.   LPBF plans to 
continue inspecting the home systems in conjunction with locating undocumented discharges, and 
preforming water quality monitoring in the Ponchatoula Creek/River and Yellow Water River 
watersheds.  The goal of this program and partnership is to have the Ponchatoula Creek/River and 
Yellow Water River watersheds removed from the Impaired Waterbodies (303(d)) List for fecal coliform 
secondary contact recreation and ultimately meet the TMDL limits- which would mean the rivers would 
meet primary contact recreation (swimming) standards. 
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Historical crevasses and the Bonnet Carre Spillway as possible models for 
a solution to the impasse on diversions in St. Bernard and Plaquemines 
Parishes 
John Day  
Louisiana State University 
 
The State of Louisiana has embarked on a comprehensive 50 year, $50 billion program of coastal 
protection and restoration.  One of the key elements of this program is the use of diversions, 
especially large ones.  This has sparked controversy and opposition to diversions because of the 
potential impact on fisheries and questions about whether diversions can build and maintain 
wetlands.  Historical crevasses provide a model that may point to a way forward. 
 
Crevasses were very common along the lower Mississippi.  Davis (2000) documented hundreds 
of crevasses during the historical period and major crevassing continued into the first quarter of 
the 20th century.  Figure 1 shows the location of historical river channels on the east bank of the 
Mississippi River below New Orleans.  These crevasses occurred regularly but infrequently.   Two 
examples of human-caused large inputs of river water into estuarine areas that may provide a 
model for diversions are the 1927 Caernarvon and the Bonnet Carré Spillway (BCS). 
 
The Mississippi River experienced a 100-year flood event in 1927, which had a peak discharge of 
about 70,000 m3/sec, and breached flood control levees at multiple locations, flooding over 
70,000 km2 of the Lower Mississippi River Valley.  In April of 1927, the river stage at New 
Orleans reached a record 21 feet and flooding of New Orleans seemed imminent.  A levee south 
of the city at Caernarvon was dynamited to alleviate pressure on the New Orleans levee, 
allowing up to 9600 m3/sec of flow for 3-4 months through a 2 km wide breach.  
Geochronolgical dating and a systematic survey of sediment deposition in the wetland receiving 
basin demonstrate unequivocally the presence of a 1927 sediment flood layer.  This layer 
appears as a wedge of deposition that decreases in thickness with increasing distance from the 
historic levee break location (Fig. 2).  The layer ranges up to 30 cm thick with an organic matter 
content of about 3%.  Changes in sedimentation rates through time were shown in the marshes 
using 210Pb dating (Fig. 3).  Deposition rates were 0.20 cm/yr before the flood and 0.05 cm/yr 
thereafter.  
 
The Bonnet Carré was constructed in 1933 to relieve flood pressure on New Orleans. The 
spillway carries river water to the lake during high discharge years and has been opened eleven 
times in 80 years, with flows as high as 9,000 m3 s-1.  Day et al. (2012) compared accretion rates 
and tree growth in the spillway and the adjacent LaBranche wetlands that are isolated from 
direct river input.  Wetland elevation in the BCS was as high as 2 m MSL compared to close to 
sea level in the isolated part of the LaBranche wetland (Fig. 4).   137Cs accretion rates in the BC 
wetlands were 2.6-2.7 cm yr-1, compared to 0.43 and 1.4 cm yr-1, respectively, in the LB wetlands 
in areas without and with sediment input from Lake Pontchartrain (Fig. 5).  Baldypress growth in 
the BC averaged about 2.3 mm ring width yr-1, compared to 1.4 mm yr-1 in LB (Fig. 6).  Trees are 
of relatively the same age due to lack of recruitment and widespread logging.  Tree height, an 
indicator of site quality, is about 20% less at the LB sites compared to BC, even though the trees 
are approximately the same ages.  
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This information shows that high rates of accretion can occur with large but infrequent 
diversions of river water into inshore coastal areas.  Fisheries in Lake Pontchartrain have had no 
long-term negative impact with the periodic opening of the spillway.  This suggests that large 
but infrequent introductions of river water can lead to high rates of accretion and wetland 
preservation without permanent impacts on fisheries.  This information suggests that diversions 
and fisheries can coexist in a well-managed program. 
 
Davis, D.W. 2000. Historical perspective on crevasses, levees, and the Mississippi River. Pp. 84-

106. In C. E. Colten (ed), Transforming New Orleans and Its Environs. Pittsburgh: 
University of Pittsburgh Press, Pittsburgh, PA. 

 
Day, J.W., R. Hunter, R. Keim, R DeLaune, G. Shaffer, E. Evers, D. Reed, C. Brantely, P. Kemp, J.N. Day, 

and M. Hunter. 2012. Ecological response of forested wetlands with and without large-scale 
Mississippi River input: Implications for management. Ecological Engineering. 42:57-67. 

 
Welder, F. A. 1959. Processes of deltaic sedimentation in the lower Mississippi River. Louisiana State 

University, Coastal Studies Institute Technical Report, Baton Rouge, LA, USA. 
  
  

 
Figure 1. Historical flow paths of the Mississippi below New Orleans (from Welder 1959) 
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Fig. 2. Sediment deposition during the 1927 crevasse at Caernarvon. Vertical axis is cm and 
horizontal axes are in km. Left horizontal axis is km from site of levee breech. 
 

 
Figure 3. Core showing 1927 flood layer with Cs and Pb dating (data from Dr. Jaye Cable). 
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Figure 4. LIDAR image of the Bonnet Carré Spillway and LaBanche wetlands (From Day et al. 
2012). 
 

 
 
Figure 5. Accretion rates in the Bonnet Carré Spillway and Labranche Wetlands (from Day et al. 
2012). 
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Figure 6. Representative cores from cypress trees in the Bonnet Carré Spillway and Labranche 
Wetlands (from Day et al. 2012). 
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Deterioration and Restoration of the Central Wetlands Unit 
John Day1, Gary Shaffer2, Robert Lane1, Bernard Wood2, Jason Day3, Rachael Hunter3, 
Montgomery Hunter3. 
1Louisiana State University 
2Southeastern Louisiana University 
3Comite Resources 
 
The Central Wetlands Unit (CWU) is a 30,000 acre tract of deteriorated wetlands on the east 
bank of the Mississippi River in Orleans and St. Bernard Parishes (Fig. 1).  This region was once a 
healthy baldcypress - water tupelo swamp and fresh to brackish marsh that has been severely 
degraded over the last several decades, most notably by the construction of the Mississippi 
River Gulf Outlet (MRGO) which allowed high salinity waters to move inland from the Gulf of 
Mexico.  High salinity water killed 12,000 to 15,000 acres of freshwater forested wetlands. In 
addition, the region has been isolated from the Mississippi River by flood control levees, 
preventing annual flooding of wetlands surrounding the river.  The area received regular input 
from the Mississippi River into the first quarter of the 20th century via overbank flooding and 
crevasses.  The CWU became a distinct ecological unit with the construction of the MRGO when 
the spoil levee formed the eastern border of the area. 
 
In 2010 and 2011, we carried out an ecological baseline study of the CWU.  This paper reports 
on hydrology, soils, wetland ecology, and nutrient chemistry.  Scientists from Tulane University 
studied aspects of water quality.  This information is reported in a separate paper at this 
meeting. We measured above and belowground marsh biomass, hydrologic patterns, surface 
water nutrient concentrations, surface and soil salinity, and soil surface accretion rates.  
Seven study sites were selected to characterize the range of conditions that exist in the CWU 
(Fig. 1).  The sites were sampled quarterly to account for seasonality.  Prior to the closing of the 
MRGO in mid-2009, surface water salinity fluctuated between 2-12 ppt. However, since the 
closing of the channel, mean surface salinity ranged between 0 and 6 parts per thousand (ppt).  
 
Nutrient concentrations varied over the year primarily due to rainfall and pumping but there 
were no strong differences among stations (Fig. 2). NOx ranged between 0.01 to 1.51 mg/L, NH4 
ranged from 0.01 to 1.59 mg/L, and TN ranged from 0.17 to 3.31 mg/L. PO4 ranged from 0.01 to 
0.59 mg/L and TP ranged from 0.04 to 0.43 mg/L. TSS ranged from 0.9 to 187.0 mg/L. High TSS 
was due primarily to inorganic material.  Soil bulk density ranged from 0.11 to 0.42 g/cm3, with 
an overall average of 0.22±0.2 g/cm3 indicating weak soils with high organic matter content. Soil 
strength in the CWU was generally low but there was an order of magnitude difference among 
sites, with the highest soil strength near the Gore pumping station (Fig. 4).  Mean interstitial soil 
salinity ranged from 4.8 ppt during summer to 7.5 ppt during fall, and was always higher than 
surface water salinity.  
 
Wetland surface elevation increased at all sites compared to historical measurements taken 
between 1996 and 1999 near the Violet freshwater siphon. Accretion measured near the B2 
study site during spring 2011, which encompasses all accretion since 1996, was 10.4±0.31 cm at 
the Near site, 6.4±0.37 cm at the Mid site, and 4.12±0.34 cm at the Far site. Prior to Hurricane 
Katrina, all sites werelosing elevation. The increases in elevation at the sites were very likely due 
to sediment deposition during the hurricane. 
 
Vegetative species richness is low throughout the CWU, generally limited to about four salt 
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tolerant species at a particular site. Total vegetative cover was lowest during the winter and 
increased steadily throughout the growing season. Much of the entire marsh is precariously 
perched on a matrix of dead baldcypress boles that has created an unstable marsh platform. 
Peak aboveground biomass ranged from about 800 g dry wt/m2 to about 1,500 g dry wt/m2, 
which is low compared to healthy brackish marsh that can average 4,000 g dry wt/m2. 
Belowground live biomass ranged from about 1,000 to 4,000 g dry wt/m2 (Fig. 3). A healthy 
herbaceous marsh generally has 8,000 to 10,000 g dry wt/m2. The only places where there are 
live baldcypress trees are near the pumping stations at Gore and just west of the Violet Canal. 
 
Nutria (Myocaster coypus) overgrazing is a problem in wetlands throughout coastal Louisiana. 
When vegetation is removed from the marsh surface by nutria overgrazing, the fragile organic 
soils are exposed to erosion through tidal action. If damaged areas do not revegetate quickly, 
they will become open water as tidal scour removes soil and lowers elevation. Frequently, plant 
root systems are damaged as well, slowing recovery through vegetation regeneration. Nutria 
surveys indicated that the animals are ubiquitous throughout the CWU, and without sustained 
reduction of nutria populations, wetland restoration efforts will be significantly hampered. We 
recommend that a strong nutria control program be implemented to reduce the nutria 
population throughout the CWU. 
 
The CWU wetlands are in a severely degraded state but the area has the potential to be 
restored through a variety of management approaches.  The closure of the MRGO sets the stage 
for returning the areas to a fresh to low salinity wetland environment that existed prior to the 
MRGO.  Restoration of the area should include a variety of complimentary approaches including 
input of freshwater (from treatment plants, pumped surface runoff, and river diversions), 
building land using dredged sediment, and restoration of baldcypress - water tupelo swamp that 
will enhance hurricane protection in Orleans and St. Bernard parishes.  
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Fig. 1. Location of sampling sites in the Central Wetlands Unit 
 

 
Fig. 2. Nutrient and TSS concentrations in the Central Wetlands Unit. 
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Fig. 3. Above and belowground marsh biomass in the Central Wetlands Unit. 
 
 
 
 

 
 

Fig. 4. Surface soil strength using a hand held penetrometer. 

Basics of the Basin 2013

75 of 196



Considerations of the role of nutrients in wetland deterioration in the 
Pontchartrain Basin 

John Day1 and Gary Shaffer2 

1 Louisiana State University  
2 Southeastern Louisiana University 
 
Recently, there has been considerable discussion on the role of nutrients in causing wetland 
deterioration in the Louisiana coastal zone.  Three locations in the Pontchartrain where this has 
been discussed as a mechanism of wetland loss are at Hammond, in the Central Wetlands Unit, 
and at Caernarvon.  
 
The Hammond wetland assimilation site has generated considerable interest and speculation.  
The City of Hammond, Louisiana began discharging secondarily-treated municipal effluent into 
Four Mile Marsh in the northwestern portion of the Joyce wetlands in the fall of 2006.  At the 
time discharge began, the wetlands south of South Slough had been isolated from virtually all 
freshwater inflow from the surrounding watershed for over a half century, due primarily to the 
construction of South Slough.  Immediately following effluent discharge in 2006, there was 
robust growth of herbaceous vegetation.  By late fall 2007 the emergent wetlands in the 
immediate vicinity of the effluent discharge began to decline, and within a year nearly the entire 
marsh south of the discharge pipe along South Slough had converted to open water or mudflat.  
By 2010, there had been substantial recovery of the marsh.  The most robust recovery is nearest 
the discharge pipe.  A number of hypotheses have been presented to explain the conversion of 
the marsh to open water and mudflats, including increased pH, disease, and reduced 
belowground biomass and increased soil decomposition due to high nutrients.  However, there 
is no reported instance in the scientific literature of a marsh deteriorating in one year due to 
nutrient inputs and some assimilation wetlands have operated for over 50 years.  Intensive field 
and mesocosm studies provide the most conclusive data that the marsh loss was primarily 
caused by the introduced rodent nutria (Myocaster coypus), and that recovery is occurring as a 
result of aggressive nutria control, indicating that nutria control was essential to recovery of the 
herbaceous vegetation.  Belowground biomass measurements in exclosures, in vegetated areas, 
and in mesocosm treatments show high values.  Negative impacts were not observed for mature 
baldcypress growing in the area of discharge, where growth rates were greater than 5 times 
those of trees not receiving effluent in the lower Joyce area and Maurepas swamp.  Increased 
flooding due to lack of drainage from the area is hindering marsh recovery.  Water control 
structures were installed that were designed to allow water level drawdown however thick 
marsh vegetation is inhibiting water movement.  Vegetation succession in the marsh seems to 
be tending toward vegetation not favored by nutria.  See Day et al. (2011) for a review of these 
issues.  
 
In the Central Wetlands Unit, there is an area of wetland loss in the outfall area from pumping 
station number 4 (PS#4) located just west of the Violet Canal (Fig. 1).  It has been suggested that 
this wetland loss is related to nutrients from the pumping station.  Prior to the construction of 
the MRGO, the CWU contained 12 to 15 thousand acres of cypress swamps.  Most of these 
swamps were killed by saltwater intrusion caused by the MRGO (Shaffer et al. 2009).  There are 
only two places where small areas of living cypress remain in the CWU; at the Gore pumping 
station and at the PS#4 west of the Violet Canal (Fig. 1).  PS#4 pumps only surface drainage 
while the Gore PS pumps both surface drainage and treated municipal effluent from the 
Riverbend Oxidation Pond (about 1 million gallons per day).  We carried out a detailed ecological 
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study of the CWU in which water quality parameters, hydrology, nutrient chemistry, marsh 
ecology, and wetland accretion (Day et al. 2012).  Nutrient levels were not higher in the area of 
marsh loss compared to other sampling stations in the CWU.  Analysis of long-term vegetation 
monitoring stations in the CWU indicated that the wetlands in the vicinity of PS#4 fluctuated 
between brackish and intermediate.  It is possible that the alteration of wet and dry periods led 
to vegetation shifts between lower and higher salinity vegetation that made this area more 
susceptible to deterioration when intermediate vegetation was subjected to higher salinities. 
 
The Caernarvon freshwater diversion began operation in 1992.  During Hurricane Katrina, large 
areas of wetland were converted to open water.  There has been considerable discussion and 
speculation on the causes of this wetland loss.  Kearney et al. (2011) suggested wetland loss 
during the hurricane was a result the introduction of nutrients in river water that promoted 
poor rhizome and root growth in marshes.  Day et al. (2013) reported that belowground 
biomass in streamside marshes was very high and that decomposition was not higher near the 
diversion.  There is rapid uptake of nutrients and nutrients in interior marshes were very low.  
An alternative explanation is that excessive flooding led to a weakening of the marsh.  The 
percent of time the marsh was flooded increased from about 15% of the time in the early 1990s 
to greater than 80% of the time by 2005 and later.  Morton and Barras (2011) reported that 
historically hurricanes have caused wetland loss, especially in fresh and low salinity wetlands.  
Wetland loss during Hurricane Betsy in 1965 occurred in the same general area as loss during 
Katrina. 
 
The information above shows that wetland loss in the Pontchartrain Basin, and the Louisiana 
coastal zone in general, is a result of a number of factors including isolation from the river, 
hydrological disruption, herbivory, and hurricanes.  Nutrients may have played a role in wetland 
loss but it does not seem to be the sole or primary cause of wetland loss.      
 
Day, JW., G. Shaffer, R. Hunter, B. Wood, R. Lane, C. Lundberg, JN Day, and M. Hunter. 2011. An 
analysis of the Hammond assimilation wetland: System response, nutria herbivory, and 
vegetation recovery.  Technical Report, 38 p. (Available at saveourlake.org). 
  
Day et al. 2012. Central Wetlands Unit Ecological Baseline Study Report. Prepared by Comite 
Resources, Tulane University, and Wetland Resources for the New Orleans Sewage and Water 
Board and St. Bernard Parish. 78 p. 
 
Kearney, M.S., J.C.A. Riter, and R.E. Turner. 2011. Freshwater river diversions for marsh 
restoration in Louisiana: twenty-six years of changing vegetative cover and marsh area. 
Geophysical Research Letters 38: L16405. doi:10.1029/2011GL047847. 
 
Morton, R.A., and J.A. Barras. 2011. Hurricane impacts on coastal wetlands: a half-century 
record of storm-generated features from southern Louisiana. Journal of Coastal Research 27: 
27–43. 
 
Shaffer, G., J. Day, S. Mack, P. Kemp, I. van Heerden, M. Poirrier, K. Westphal, D. FitzGerald, A. 
Milanes, C. Morris, R. Bea, and S. Penland. 2009. The MRGO navigation project: a massive 
human-induced environmental, economic, and storm disaster. Journal of Coastal Research 54: 
206–224. 
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Fig. 1. The Central Wetlands Unit showing the area of wetland loss near B3 discussed.  Four 
pumping stations are located along the 40 Arpent levee at B1 (the Gore Pumping Station), 
opposite B3, opposite A3, and at A1. 
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Seasonal Water and Sediment Quality Monitoring of the Central Wetlands Unit 
A.J. Englande, Robert Reimers, Yue Xu, Ponsawat Srisawat and John O`Donnell 
Tulane University 

 
     This paper discusses a portion of a project aimed at the restoration of significant portions of 
wetlands in southeastern Louisiana using a variety of techniques including providing needed nutrients 
and fresh water through the introduction of treated municipal wastewater effluent. The particular 
wetland that is the subject of this work is known as the Central Wetlands Unit (CWU), encompassing 
about 30,000 acres, within Orleans and St. Bernard Parishes. The overall research plan to restore the 
wetlands includes the following assessments: 1) an evaluation of the wetland prior to restoration 
including water quality and ecological assessments; 2) project planning and implementation; 3) 
assessment of disinfection processes for potential environmental/public health impacts utilizing ferrate 
for wastewater disinfection; and, 4) assessment of the benefit of carbon sequestration by reviving these 
freshwater swamps. The purpose of this Central Wetlands Unit Ecological Baseline Study (EBS) was to 
assess conditions of the Poydras-Verret Wetland and Central Wetland Unit prior to potential wetlands 
reclamation. The overall EBS was conducted by a team of scientists from Comite Resources Inc., Tulane 
University and Southeastern University. The objective of this paper is to focus on Tulane`s 
responsibilities and the results of seasonal monitoring with respect to water quality and sediment 
quality.  

Wetlands assimilation is a process whereby properly treated and disinfected municipal 
wastewater treatment plant effluent is used to provide a source of freshwater and nutrients to a 
wetland for purposes of restoration.  This area was once a healthy baldcypress-water tupelo swamp that 
has been severely degraded over the last several decades, most notably by the construction of the 
Mississippi River Gulf Outlet (MRGO). The MRGO provided a direct channel for higher salinity waters to 
move inland from the Gulf of Mexico causing accelerated loss of wetlands with 12,000 to 15,000 acres of 
cypress forest killed. MRGO also provided direct access of surge from Hurricane Katrina resulting in 
breeches and overtopping of levees with consequential severe property damage and harm to the 
citizens of the area. 

The role of the Tulane School of Public Health & Tropical Medicine, Department of Global 
Environmental Health Sciences was to assess conditions of the Poydras-Verret Wetland and Central 
Wetland Unit prior to potential wetlands reclamation with respect to water and sediment quality. 
Tulane was responsible for testing surface water (BOD5, TOC, water hardness, VSS, TSS, fecal coliform, E. 
coli and Enterococcus), water and sediment metals content and soil bulk density.  Other routine water 
quality parameters such as water temperature, dissolved oxygen, pH, ORP, conductivity, and salinity 
were measured in-situ.  Parameters were tested using standard methods as recommended by the EPA. 
The ecological baseline study characterized the hydrology, soils, water chemistry, vegetation, and 
general health of the wetland area under consideration in addition to providing information about 
planning and geomorphology, as well as a list of the criteria and regulatory issues by which the wetland 
treatment system is judged. This work was done in conjunction with teams from Louisiana State 
University and Southeastern University. Results of this work are presented in a complimentary paper at 
this conference. 

Study sites were selected to include near-shore, mid and outlying sites as well as an undisturbed 
reference site. The sites were sampled during 2010 and 2011 four times with one sampling in each 
season to capture the effects of seasonality. During each sampling session, duplicate water samples 
were collected in order to test the parameters previously described. Core sediment samples and water 
column samples were taken once during the study period for metals determination. Water samples for 
each parameter were collected in sterile sampling snap-jars with a safe lock designed to avoid leakage 
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and contamination. Samples were then stored under standard preservative conditions at 4oC until 
processing. QA/QC procedures were followed using laboratory and field blanks to control for 
contamination at every step of the research. Results were compared with both the reference site and 
available LADEQ criteria for brackish waters to assess the overall health of this wetland.  

Salinity, TDS and Conductivity were highly correlated confirming the ability to estimate one from 
another in cases where only one is available.  Salinity measurements (all between 2-10ppt) confirm that 
the marsh is brackish. DO and Temperature readings were comparable to those observed at the 
reference site. At one mid-lying site, BOD5 measurements were roughly 1-2 mg/L higher than the 
reference site with highest readings occurring during the summer. Total organic carbon (TOC) values 
were higher near the Forty Arpent canal generally decreasing when moving across the study area. High 
TOC values corresponded with high TSS and Turbidity values.  

All pH readings were within 6.5-9.0, which is recommended by the LADEQ. The ORP of the 
reference site generally indicated a mildly oxidative environment. Reductive conditions were observed 
for some sites during rounds 1 and 2 of sampling. Total hardness, important in determining metals 
bioavailability, ranged from 65 to 1160 mg/L as CaCO3. All measurements relating to dissolved solids 
decreased during the July sampling event due to dilution from precipitation events preceding sampling.  
Results were generally comparable to those from the reference site and none of these parameters were 
outside applicable LADEQ criteria.  

Most of the water column metals results were BQL. All metals in the water column were below 
LADEQ criteria levels. At one mid-site, lead levels in the soil were over 2 times higher than at the 
reference site but still remained below criteria. All other metals values were similar to that of the 
reference site or BQL. All metals in the sediments were below the LADEQ criteria. 

Fecal coliform levels were highest in July for all sites but did not reach above 0.6 times the 
LADEQ numerical criteria. Higher fecal coliforms at this time were most likely due to storm water 
discharge following precipitation in the days prior to sampling. Fecal coliform levels did not exceed 
LADEQ criteria at any sampling point 

The effects on water quality parameters of both the Violet Canal Siphon, constructed in 1979 to 
deliver fresh water from the Mississippi River into the marsh, and precipitation must be considered. The 
siphon’s discharge is approximately 100 to 200 cfs. It is possible that results from mid-sites in the 
southeastern portion of the study area may be affected by introduction of fresh water due to their close 
proximity to the siphon. The amount and timing of discharge largely depends on the flow of the 
Mississippi River, which tends to be higher following snowmelts in the upper Mississippi River basin. The 
first and last sampling events were likely unaffected by precipitation while the 2nd and 3rd sampling were 
mildly and drastically affected, respectively, as previously described. 

In conclusion the overall water quality of the study area did not differ significantly from the 
reference site. The study site includes the Poydras-Verret wetlands, the water and sediment quality of 
which remains uncompromised after years of receiving treated wastewater effluent.  Comparison of the 
parameters measured with the corresponding LADEQ numerical criteria reveals that almost all 
parameters are within allowable criteria at all times and all sites. The data from this study will help serve 
as a baseline to understand the effects of future potential wetlands reclamation activities in this study 
area. 
 

 Water samples within the Central Wetland were tested and proved to be free of heavy metal 
and enteric microorganism contamination using the LADEQ criteria. 

 Metals analysis of both the water column and sediments showed that most metals were below 
quantifiable limits and all were below both LADEQ criteria and EPA guidelines indicating that this 
wetland area is not contaminated with heavy metals. Metals in both the water column and 
sediments were comparable to values seen at the reference site. 

Basics of the Basin 2013

80 of 196



 Efforts to introduce fresh water to the marsh and the closure of the MRGO have been beneficial 
to the wetlands in several areas where salinity levels have decreased.  

 Precipitation events prior to sampling affected sampling results including increased 
microorganism densities due to storm water pumpage. Salinity of the wetland decreased due to 
dilution with fresh water and shifted the balance between indicator bacteria that prefer salt 
water to those that prefer fresh water.  

 All water quality and sediment parameters measured during the baseline evaluation were found 
similar in value to those observed at the reference site and below regulatory criteria. 

  Monitoring of these wetland waters should be continued in the future to accurately identify 
and correct any adverse events that may impact the overall health of the wetlands 

 
 

Sampling sites

• Figure 1. Sampling locations
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Parameter LADEQ Numerical Criteria Used 

      Fecal coliform 2000 MPN/100mL 

      DO 4 mg/L 

      pH 6.0-9.0* 

      Temperature 35oC 

      Turbidity 50 NTU 

 
Metals Analysis 

Water Column 
(µg/L) 

Sediments 
(mg/Kg) 

      Arsenic 69.0 8.2 

      Cadmium 33.7 1.2 

      Chromium 16.0 81.0 

      Copper 19.2 34.0 

      Lead 82.0 46.7 

      Nickel 75.0 20.9 

      Silver 2.3 1.0 

      Zinc 95.0 150.0 

      Mercury 2.1 0.15 
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Hydrodynamic modeling of the Lower Mississippi River 

Gurung, T.T.1; Teran, G.A.1; Amini, S., Pereira, J.F.1; McCorquodale, J.A.1; Meselhe, E.A.2; Boyd, E.3 
and Lopez, J.3 
1Department of Civil and Environmental Engineering, University of New Orleans (gterango@uno.edu, jmccorqu@uno.edu, 
ttgurung@uno.edu); New Orleans, LA 70148, USA 
2The Water Institute of the Gulf (emeselhe@thewaterinstiute.org, jpereira@thewaterinstitute.org); Baton Rouge, LA 70825, USA 
3Lake Pontchartrain Basin Foundation (ezra@saveourlake.org, jlopez@saveourlake.org);New Orleans, LA, 70122, USA. 

 
INTRODUCTION: 
The East Bank of the reach of the Lower Mississippi River between Bohemia and the Head-of-Passes 
has a deteriorated levee protection system with several manmade structures (Bohemia Spillway, 
Bayou Lamoque Sluiceways and the Ostrica Locks) and many natural cuts (Mardi Gras Pass and Fort 
St. Philip). As a result there is a significant outflow into Lower Breton Sound along this reach which 
somewhat mimics natural flooding. This significant loss from the main stem river must be considered 
in the evaluation of future coastal restoration projects. 
 
This paper discusses a study that utilized field survey data and computer models to calculate these 
outflows as a function of the inflow to the main stem of the River. This paper is focused on the 
outflows during Mississippi River Floods of the 2008 and 2011.  
 
It is important to quantify these outflows since they represent a significant part of the water and 
sediment extraction in the Lower River. Furthermore, their response to riverine changes such as 
diversions may affect the morphological response of the River and the Delta.  
 
MODEL SETUP: 
Two models have been developed namely HEC-RAS (US Army Corps of Engineers 2010) and 
CHARIMA (Dr. Forrest Holly). Both of these are 1-D models that solve the dynamic wave equation. 
HEC-RAS is currently implemented for hydrodynamics only while CHARIMA is being developed to 
treat both hydrodynamics and sediment transport. Figure 1 shows the domains of the HEC-RAS and 
CHARIMA models. These models were built upon a 1-D Hydrodynamic Unsteady Flow model from 
Tarbert Landing to the Gulf of Mexico used to simulate the flood periods of 2008 and 2011 (Davis 
2010; McCorquodale et al. 2011a and 2011b).  
 
Model and Domain Description: 
HEC-RAS 4.1 (USACE, 2010), a 1-D numerical model developed by the Hydrologic Engineering Center 
(HEC) of the U.S. Army Corps of Engineers (USACE), was used in this study to simulate the 
hydrodynamics of the Lower Mississippi River during hurricane periods. HEC-RAS is a public domain 
model that allows the performance of steady and unsteady flow river hydraulics calculations, and 
includes a user interface and graphical outputs including tables for stage, discharge, velocity, water 
surface elevation, along with other hydrodynamic features. HEC-RAS can make long term predictions 
and can handle large scale project areas. Also, tributary and distributary systems can be modeled as 
a network (Davis 2010).  
 
The reach modeled in this study extends from the Gulf of Mexico to Tarbert Landing (RK 492, RM 
306) and is shown in Figure 1.  Along the reach there are some controlled outflows as the Davis 
Pond, Caernarvon and the Bonnet Carré Spillway. There are uncontrolled structures such as Bayou 
Lamoque and the Bohemia Spillway. In addition, there are natural distributaries like Baptiste Collette 
and Main Pass. Also, the east bank of the River downstream of Bohemia (RK 75, RM 47) has a quasi-
natural levee that overtops in periods of high flow. At the Head of Passes, the river is divided into 
three passes (RK 0, RM 0): Pass-a-Loutre, Southwest Pass and South Pass.  
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Figure 1 – Modeling Domain: For HEC-RAS - Tarbert Landing (RK 492) to Gulf of Mexico 

For CHARIMA – Belle Chasse (RK 122) to Gulf of Mexico [https://maps.google.com/] 

 
The geometry of the channel for the entire domain from Tarbert Landing (RK 492, RM 306) to the 
Gulf of Mexico was taken from the unsteady hydrodynamic model for the Lower Mississippi River 
presented in McCorquodale et al. (2011a and 2011b). Weir structures were defined to allow water 
flow in both directions (from the River to Breton Sound and the reverse) starting at Bohemia (RK 72, 
RM 45) and extending downstream. Data for the crest of this weir structures was obtained from the 
Lake Pontchartrain Basin Foundation (Lopez et al. 2012); Figure 2 shows the weir crest elevation that 
was used in the model. The wetland platform and the associated cuts and channels were 
represented as cross-sections in an outflow channel running perpendicular to the River; the weir 
structure was then placed across this outflow Changes in the roughness and weir coefficients were 
used to calibrate the model to the range of expected outflows.     
 

 
Figure 2 – Bohemia Structures: Survey Data of Bohemia Region by LPBF. 

 
Boundary Conditions: 
The upstream boundary conditions for the model simulations consisted of daily water discharge 
measurements at Tarbert Landing for the corresponding period of floods in 2008 and 2011 (Figure 
3). The downstream boundary condition was the Gulf of Mexico stage at each of the outflows. The 
River bathymetry was based on the 2003 USACOE River Survey. 
 
Calibration of the Model: 
The Manning’s n values and Flow Roughness Factors (values by which n is multiplied and are a 
function of the flow) were the main parameters used to calibrate the model. Manning’s n for the 
Main Channel ranged from 0.019 to 0.026, and for the outlets varied from 0.014 to 0.7. The 
Manning’s n for some outlets had to be exaggerated to obtain the measured flow.  
 

Tarbert Landing  

(RM 306, RK 492) 

Bohemia Spillway 

(RM 33-35,RK 53-72) 

New Orleans 

(RM 103, RK 165) 

Head of Passes 

(RM 0, RK 0) Gulf of Mexico 

Belle Chasse 

(RM 76, RK 122) 
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Figure 3 – Flow at Tarbert Landing used at Upstream Boundary Condition for 2008 and 2011. 

 

RESULTS: 
The model was calibrated for stage in the main channel for the flood year 2011. The hydrodynamics 
stage calibration results are shown in Figure 4-(a). The model was validated for stage in the main 
channel for the flood year of 2008. The hydrodynamics stage validation results are shown in Figure 
4-(b). 
  

 
                                      (a)                                                        (b) 
Figure 4 – Stage at New Orleans for the 1-D Hydrodynamics: a) Calibration – 2011; b) Validation -- 2008 

 
The results were compared to data available for different locations along the Mississippi River 
obtained from the USACE. The statistical analysis performed, which included the determination of 
the Root Mean Square Error (RMSE) and the Efficiency as described in Pereira (2011), for the 
observations by the USACE and the simulated results obtained with the 1-D model are presented in 
Table 1.  
 
Table 1 – Statistical Analysis of the differences between Measured and Simulated Stage for the 
Validation of flood year 2008. 

River Stations 
HEC-RAS 

RMSE (m) Efficiency 

New Orleans (RK 165, RM 103) 0.21 0.978 

Bonnet Carré (RK 204, RK 127) 0.24 0.980 

Reserve (RK 223, RM 139) 0.30 0.978 

Baton Rouge (RK 367, RM 228)  0.44 0.982 

 
 
Rating Curves for Outflows were computed for the Bohemia (Figure 5) and Fort St. Phillip (Figure 6) 
outflows as a function of the inflow at Belle Chasse. The rating curves relate the outflows at Bohemia 
and Fort St. Phillip to the flow at Belle Chasse. It is noted that the Bohemia Reach may discharge 
about 5% of the Belle Chasse flow and Fort St. Phillip Reach approximately 7% of the Belle Chasse 
flow. These outflows do not include: Bayou Lamoque, the Ostrica Lock, several small cuts and 
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overland flows. Figure 7 compares the modeled and estimated flows from the Bohemia and Fort St. 
Phillip Reaches. 

 
Figure 5 – Bohemia outflow as a function of inflow at Belle Chasse. 

 
Figure 6 – Fort St. Philip outflow as a function of inflow at Belle Chasse. 

 
Figure 7 – Fort St. Philip and Bohemia Outflows for 2008 and 2011. 
 

DISCUSSION AND CONCLUSIONS: 
The East Bank in the Study Reach is in a state of rapid change, e.g. Fort St. Philip appears to be 
accreting and a new cut (Mardi Gras Pass) has opened in the Bohemia reach.  It is important to 
understand and predict the river behavior so that the impacts of coastal restoration projects, e.g. 
diversions or sediment extractions, can be evaluated.  
 
At peak River stage the losses at the Bohemia and Fort St. Phillip Reaches could exceed 150,000 cfs 
which is the size of a major diversion. The other overflow and cuts below Bohemia could increase 
these losses to over 250, 000 cfs. This amount of flow extraction can dramatically reduce the stream 
power and capacity of the main River to transport sand; as result sand available at the downstream 
Passes may be decreased. On the other hand, these nature overflows may be helping to sustain the 
coastal wetlands near the east bank of the River. 
 
The 1-D model provides an expedient tool for predicting the effects of river modification on such 
things as river stage, flow, mean current and sediment transport potential.   
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Introduction 

 On the Louisiana coast, rainfall, stream discharge and artificially introduced river water mix with seawater 
from the Gulf of Mexico, resulting in a coastal estuarine system where freshwater and saltwater mix.  The 
Pontchartrain Basin and estuary is >25,000 km

2
  (>10,0000

 
sq miles) spanning 16 Louisiana parishes and four 

Mississippi counties and is one of the largest estuaries along the gulf coast (Penland et al. 2002).  Lake 
Pontchartrain is 1,632 km

2
 (620 sq. miles) and is a shallow body of water where freshwater from the Blind, Amite, 

Tickfaw, Tangipahoa and Tchefuncte Rivers and Bayous Lacombe, Bonfouca, Liberty, Cane, Castine and Chinchuba 
and saltwater entering the estuary through Rigolets and Chef Menteur Passes mix.  Estuaries are important 
environments where many commercially and recreationally important species live or use during some part of the 
life cycle.  For many species, the estuary acts as a nursery where juvenile life stages feed and find refuge from 
predators (Beck et al. 2003).  In addition, many other forms of wildlife such as birds and mammals use or live in the 
estuary to take advantage of the tremendous productivity.      
 There are many factors that affect the movement and extent of salt and freshwater in an estuary.  Many 
of the external influences on an estuary are the same influences that affect the weather, such as rainfall and wind, 
but the estuary is also impacted by an additional set of factors, including tides, river or stream discharge and river 
diversion discharge.  Understanding these influences on the movement of saline water in and out of the basin is 
important for local recreational and commercial fisheries as well as for gaining a deeper understanding of how the 
estuary functions.  Additionally, understating water quality issues that develop and affect the basin on a seasonal 
basis is also important.  Specifically, LPBF has monitored the seasonal development of hypoxia in Chandeleur 
Sound since 2008 when it was first detected (Lopez et al. 2010; Henkel et al. 2011; Moshogianis et al. 2012; 
Moshogianis et al. 2013).   
 LPBF developed a series of maps that display the current distribution of fresh and salt water, freshwater 
discharge from local rivers and diversions, rainfall, wind direction and intensity and water quality throughout the 
basin for a one week period, every two weeks (Connor et al. 2013).   These maps are called the Hydrocoast 
products and the following will describe the development of the Hydrocoast products, monitoring of bottom 
hypoxia for the water quality map and show the results http://saveourlake.org/coastal-hydromap.php. 
 

Methods 
 The first Hydrocoast map was produced in July of 2012 at which time a salinity map and a precipitation 
map were developed.  Since then, the Hydrocoast products have expanded to include four maps.  Methodologies 
for the development of these maps are given below. 
 
Hydrocoast Salinity Map- The salinity map shows bi-weekly isohalines of surface salinity throughout the estuary 
including open water and marsh.   It also reports the average weekly river discharges (CFS) from rivers, streams 
and bayous calculated from USGS gauging stations.   Artificial river diversions such as Caernarvon Diversion and 
siphons are reported from USGS stations or are based on individual rating curves referenced to Mississippi River 
stage.  Discharge through natural Mississippi River outlets such as at Ft. St. Phillip and Baptiste Collette use rating 
curves developed by University of New Orleans from their hydrodynamic modeling of all outlets of the entire 
Lower Mississippi River under various river stages.  Some specific outlets such as Mardi Gras Pass have been 
monitored in detail by LPBF capturing the evolving flow conditions.  At this time some of the smaller freshwater 
inflows are not reported yet, but data are being sought to completely report all inflows.   

Approximately, 60 real time hydrologic stations (USGS, NOAA and CRMS etc.) are used regularly for the 
salinity control, but are usually supplemented with an additional 70 – 90 field surveys from boats targeting the 
areas for additional control points.   Boat acquisition uses an YSI Pro2030 meter.  The Hydrocoast base map is 
composed of two satellite imagery datasets. The water interface is captured utilizing MODIS imagery, while 
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Landsat 7 and 8 imagery are used to capture the land interface.   To assist in the isohaline contour interpretation 
process, flow barriers and water leak points under fair weather conditions have been mapped using topography 
and LIDAR data.  Barriers may include barrier islands, ridges, levees, spoil banks, etc.  Leak points are outlets 
through the barriers, such as a tidal pass through barrier island or, floodgate structures through a levee.  Salinity 
contouring is done manually adjusting the previous interpreted isohalines using new salinity control points, river 
discharges, MODIS patterns etc.    

In June 2013, a special Hydrocoast map was produced in conjunction with an estuary research cruise 
conducted by LPBF and the University of New Orleans (Connor et al. 2013; Moshogianis et al. 2013).   This map had 
exceptionally dense data and control for surface water and bottom water.  This map illustrated patterns of water 
flow and salinity distribution not previously recognized.   While mapping these coastal variables is dynamic, the 
June 2013 map is used as a template for future mapping in which salinity control is not as dense.   

 
Hydrocoast Habitat Map - The habitat map is simply overlaying the salinity contours and barriers over the wetland 
habitat types determined by the USGS-NWRC for the Pontchartrain Basin in 2001.  These four wetland habitat 
types are fresh, intermediate, brackish and saline (U.S. Geological Survey and Louisiana Department of Wildlife and 
Fisheries 2001).  The distribution of the habitat types is a function of water salinity of surface water and subsurface 
soil salinity.  At this time, only the surface salinity is mapped every two weeks.  Annual mapping of soil salinity is 
underway and in the future will also be mapped on the habitat Hydrocoast map.   The combined effects of surface 
salinity and soil salinity determine not just the type of vegetation, but also affect the health or stress of vegetation 
(Silvestri et al. 2005).   

 
Hydrocoast Weather Map - The weather map shows the isohalines, but also includes mapped cumulative weekly 
rainfall summed using NOAA daily rainfall data. Wind roses are generated to capture wind patterns for the week 
using NOAA data from the Shell Beach station.   

 
Hydrocoast Water Quality Map - The water quality map shows station specific water quality parameters along 
with the isohalines mapped throughout the estuary.  Specific water quality data are primarily derived from weekly 
and bi-weekly monitoring programs conducted by LPBF under various state, Federal, or private grant funding.    
LPBF uses approved water quality protocols by the agencies and has been conducting this type of monitoring for 
over ten years.   Data include temperature, visibility, dissolved oxygen and fecal coliform counts.  Additionally 
included on the map are the current oyster harvest area delineations and closures by LA Department of Health and 
Hospitals.  The extent or occurrence of hypoxia is also mapped.  Other water quality issues or events are also 
shown such as an illegal discharge or spill.   The water quality maps are generated every two weeks and are intend 
to reflect the most complete collection of water quality indicators that are relevant to human health and the 
environment.  

 
Hydrocoast Imagery base layers - The Hydrocoast base map is actually derived from two imaging satellites.  The 
land areas utilizes the most current Landsat thematic mapper imagery, and the water areas are clipped and 
replaced with MODIS imagery for the current Hydrocoast survey period.  The land imagery does not show any 
negotiable change at the respective mapping scale, but the MODIS imagery shows changes in water conditions 
with every map.  The MODIS data usefulness varies, but can indicate water conditions such as turbidity, currents, 
discharge plumes and coastal dynamics. 
 
Release of the Hydrocoast Maps - The Hydrocoast products are released immediately after a final QA/QC review, 
and distributed through an email list to anyone wishing to receive the maps.  This is emailed to approximately 250 
individuals.  The maps are also posted on LPBF’s website within 24 hours.  Further, high resolution maps are sent 
on the CWPPRA Newsflash that goes to thousands of recipients throughout coastal Louisiana.  The maps are 
released without restriction. Hydrocoast map archives and be found at: http:// http://saveourlake.org/coastal-
hydromap-archives.php 
 
Hypoxia Surveys - After fortuitous detection of hypoxia in Chandeleur Sound in 2008, LPBF developed a sampling 
protocol that was used in surveys conducted in 2010 through 2013 whereby, two transects (northwest to 
southeast and northeast to southwest) were established which crossed just north of the northern tip of the 
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Chandeleur Islands and extended into Chandeleur Sound and into the Cat Island Channel (Figure 1, red dots).  
These transects were surveyed in all years but in some years, additional sites were monitored. In 2011 additional 
data was obtained from the Louisiana Universities Marine Consortium (LUMCON) extending east to the 
Mississippi/Alabama boarder.  In 2013, sites were added adaptively, if hypoxia was detected, so that the furthest 
extent or boundary was captured (Figure 1).  To look for hypoxia along the transects a YSI meter with a 60 foot 
cable for the sensor was used to detect DO levels, salinity and temperature. First, total depth was estimated using 
two on board acoustic depth finders. Then, the cable was lowered to take measurements at approximately 2 feet 
above bottom, the midpoint, and 2 feet below the surface.  
 Additionally, in 2013, DO data at new sites was collected as part of a larger effort.  A basin-wide estuary 
research cruise of the Pontchartrain Basin conducted a survey of the basin for water quality parameters, between 
June 3 and June 21, 2013. In addition to historical water quality sampling protocol where a handheld YSI probe was 
used, LPBF acquired a CTD to use during this investigation. A CTD is an instrument that measures conductivity, 
temperature, and depth continuously as it is lowered through the water column.  As part of this effort, Breton 
Sound, Lake Pontchartrain, Lake Maurepas, Lake Catherine and Lake Borgne were surveyed for hypoxia in addition 
to Chandeleur Sound (Figure 1).   

 
Figure 1: Hypoxia sample locations for 2010 through 2013.  The two red transects were surveyed in all years, the yellow sites were added in 
2012 and resurveyed in 2013 and the green sites were added in 2013.  Many of the sites added in 2013 were part a larger Estuary Cruise effort 
which collected other data in addition to water quality data. 

Results and Discussion 
Hydrocoast Map 
 The first Hydrocoast map that was publicly released was produced in July of 2012, and production continued 

sporadically until February of 2013, at which time methodologies and data collection were such that the map could 

be produced as often as bi-weekly.  The quantity and quality of the map products has markedly improved as data 

collection is more thorough, and understanding of the basin dynamics improves.  Although it is premature to gage 

the total value of the Hydrocoast products, there are indications of their usefulness: 
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 The maps have been utilized in technical meeting by the State to discuss diversion operations. 

 The maps have been described several times by professional sport writers to describe potential fishing 

opportunities within the basin. 

 LPBF has had several requests to add additional information on the maps indicating that other individuals 

are utilizing the maps and are interested in supporting our efforts.   

 State officials have suggested undertaking a similar mapping effort in to the basins of the Louisiana coast. 

 The maps provided real time context to unexpected events such as a dairy farm discharge into the 

Tangipahoa river drainage basin during the summer of 2013.   

 The Hydrocoast mapping was augmented by the June 2013 research cruise, but was also valuable to build 

a basin wide context for the research cruise data.   

 In June 2013, LPBF has begun to monitor other biological indicators, such as aerial mapping of the shrimp 

fleet and oyster boat activity and thereby building spatial patterns of activity relative to salinity and 

hypoxia.  LPBF will soon be initiating a fifth Hydrocoast map of biological indicators. 

As a tool, the Hydrocoast maps (Figure 2) can be used to immediately inform commercial and recreation 

fishers to maximize their efforts, but longer term the maps inform scientific discussion of restoration planning 

between the public, state and federal agencies.   That has already begun, but over time the maps will have a 

greater cumulative value as natural seasonal and annual events unfold and are also influenced artificially by human 

activities such as freshwater introduction from river diversions. The maps are at least an archive of the weekly 

hydrologic history of the basin, but at best may be part of the foundation of knowledge for managing the future of 

the basin. 

Figure 2: Example of the four Hydrocoast maps produced bi-weekly, including the Salinity Map (A), the Habitat Map (B), the Weather Map (C) 
and the water Quality Map (D) (Connor et al. 2013).  Maps are available for download at http://saveourlake.org/coastal-hydromap.php or 
subscribe to receive by email by emailing Hydrocoast@saveourlake.org 
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Hypoxia Survey 
 LPBF has consistently found the seasonal development of bottom hypoxia from 2010 to 2013.  The extent 
of the hypoxia detected is not the same every year (Figure 3).  The area of hypoxia detected in 2008 was 305 mi

2
, 

in 2010 was 176 mi
2
, in 2011 was 1,354 mi

2 
(including data from LUMCON survey), and in 2012 it was 67 mi

2
.  In 

2013 hypoxia was measured twice.  In mid-June two hypoxic areas were found, one in Chandeleur Sound which 
was 334 mi

2
 and one in Breton Sound which was 438 mi

2
, for a total hypoxic area of 772 mi

2
.  Another hypoxia 

survey was conducted on July 29th in Breton Sound and no hypoxia was found, although there was stratification 
and on July 30th in Chandeleur Sound, where it was discovered that hypoxic area had shrunk in size to 192 mi

2
.  It 

should be noted that in all years that the hypoxic area could have been larger but fell outside the survey area or 
could have been larger at a different time in the summer when surveys were not conducted, only hypoxia found in 
the survey area is reported.  While the size of the hypoxic area varies on a yearly basis, in every year that hypoxia 
was surveyed, it was detected north of the Chandeleur Islands and into the Cat Island Channel.  The development, 
growth, shrinking and eventual disappearance (usually due to fronts or storms) of hypoxia in Chandeleur Sound is a 
dynamic process and depends on current environmental conditions, water quality, tides, currents, wind and 
rainfall. Historical evidence suggests that the hypoxic water masses follow bathymetry very closely in that the 
denser, more saline water masses are trapped in the deeper regions of the Chandeleur Sound.  With increases in 
surface freshwater discharge to the region, the bathymetry supports a suitable scenario for the development of a 
stratified water column, further cutting off the bottom waters for oxygen-rich surface water.  The reporting of 
hypoxia on the publically released Hydrocoast map in a timely manner provides valuable information to local 
fisheries who fish organisms that are found at the water bottoms such as shrimp and oysters.  Aerial surveys for 
the shrimp fleet conducted during June and July of 2013, when hypoxia was present, indicated that shrimp boats 
were not fishing in hypoxic areas.   
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Figure 3: Hypoxia location and extent for all years surveyed including 2008 (A), 2010 (B), 2011 (C), 2012 (D) and 2013 (E).  Note that while the 
extent of the hypoxia changes in each year, it consistently develops north of the Chandeluer Islands to Ship and Cat Islands, in the Cat Island 
Channel. 
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Introduction 
Assessing long-term effects of hurricane damage in bottomland hardwood forests is important to 

ascertain if there are any permanent, long lasting changes to the forest ecosystem caused by the hurricane 
passage, and if so what these changes are.  Species composition can change over time after a forest experiences 
extensive hurricane damage as not all species are damaged and/or experience mortality at the same rate 
(Gresham et al. 1991; Chapman et al. 2008).  Seed sources of some species may be diminished and conditions 
created by hurricane damage (high light due to canopy loss, increase in nutrients) may favor some species 
establishment over others.  There has been some investigation into changes in species composition due to 
hurricane damage which have revealed mixed results, from no permanent effects to the near elimination of some 
species (Battaglia et al. 1999; Zhao et al. 2006).  Alterations to species composition due to hurricane damage can 
be variable among forests because changes are determined, in part, by the species composition before the 
hurricane, individual species susceptibility to windthrow or snapping and hurricane intensity.  There have also 
been studies documenting invasive species dynamics pre- and post-hurricane (Conner et al. 2005).  Introduction or 
range expansion of exotic species can affect forest recovery by preventing native species regeneration or 
increasing competition which slows recovery.   
 There have been few studies conducted investigating the long-term effects of hurricane passage on 
mortality or damage, forest recovery, subsequent mortality of damaged trees and invasive species spread.  This 
study will investigate the effects of Hurricane Katrina (2005) on a bottomland hardwood forest of the Pearl River 
Wildlife Management Area (PRWMA), Louisiana  from 2004 (before the hurricane) to 2011 in order obtain delayed 
mortality estimates of damaged trees surveyed in 2006.  The present study also investigated the effect of 
hurricane passage on invasive species (Chinese tallow) range expansion and will assess forest recovery by 
surveying the new generation of trees recruiting into the adult and sapling stages.    
   

Methods 
Study site 
 Field surveys were conducted in the Pearl River Wildlife Management Area (PRWMA) located at the 
border of Louisiana and Mississippi.  PRWMA is 14,176 hectares and is owned and managed by the Louisiana 
Department of Wildlife and Fisheries.  It is the largest area of intact bottomland hardwood forest in southeastern 
United States (http://www.wlf. louisiana. gov).  The management area is comprised of mixed bottomland 
hardwood forests dominated by oaks (Quercus spp.), sweetgum (Liquidambar styraciflua), hickories (Carya spp.) 
and elms (Ulmus spp.) in the northern 60%, then grades south into cypress-tupelo forest in the next 25% and then 
into intermediate marsh at the southern end.  This research was carried out at the northern end of the 
management area (north of Interstate 10) at approximately N30.397083 and W89.702611 in the Honey Island 
Swamp. 
Design 
 Hurricane Katrina made landfall on August 29, 2005 at the mouth of the Pearl River on the Louisiana and 
Mississippi boarder with sustained winds of 195 km h

-1 
and gusts up to 240 km h

-1
.  The central track of the 

hurricane moved up the Pearl River passing over the PRWMA.  The plots used in this study experienced category 
one hurricane force winds (119-153 km h

-1
) (Chambers et al. 2007).     

 In 2004, two 75 x 75 meter plots were established by the Chambers' group in the PRWMA.  One plot was 
located just south of old Highway 11 near a nature trail (Nature Trail plot).  The second plot was located further 
south about one kilometer past the end of Oil Well Road (Peach Lake plot).  In each of these plots, in 2004, all adult 
trees (greater than 10 cm DBH) were tagged, species noted and DBH measured.  The Chambers group resurveyed 
these plots in the summer of 2006 after Hurricane Katrina during which: tagged trees were located and the DBH 
was measured to ascertain tree growth rates, mortality, type of damage and snap height was noted, and the crown 
damage was assessed.  The two plots were resurveyed in the summer of 2011.  Tagged trees were located and 
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Scientific Name Common Name 2004 2006 2011 2004 2006 2011

Acer rubrum red maple 34.0 38.3 29.9 16.3 11.3 9.5
Carpinus caroliniana * American hornbeam 34.7 35.7 38.5 21.8 18.3 21.9
Carya aquatica water hickory 2.2 2.4 4.8 10.1 11.5 7.9
Diospyros virginiana persimmon 4.1 4.4 2.0 3.8 4.3 0.0
Fagus grandifolia American beech 0.0 0.0 2.1
Fraxinus pennsylvanica green ash 25.2 26.8 23.6
Ilex decidua  * possumhaw 4.8 4.1 9.1
Ilex opaca  * American holly 20.4 20.0 25.3 1.6 2.1 1.7
Ilex verticillata  * common winterberry 3.7 4.8 2.1
Liquidamber styraciflua sweetgum 63.4 71.8 49.7 51.5 56.8 36.2
Magnolia grandiflora southern magnolia 2.1 2.3 5.6
Magnolia virginiana sweetbay 12.8 14.1 13.0
Nyssa aquatica water tupelo 16.0 23.3 22.2
Nyssa sylvatica blackgum 37.1 42.9 38.6 19.5 26.9 25.1
Ostrya virginiana * hophornbeam 2.1 2.2 2.0
Planera aquatica water elm 5.5 4.3 5.9
Quercus laurifolia laurel oak 2.0 2.2 5.9 63.9 52.0 39.5
Quercus lyrata overcup oak 24.9 17.2 14.1
Quercus michauxii swamp chestnut oak 11.4 13.4 12.8
Quercus nigra water oak 68.9 44.9 59.5 8.6 6.1 4.7
Taxodium distichum bald cypress 18.2 28.2 28.4
Triadica sebifera Chinese tallow 0.0 0.0 42.3
Ulmus americana American elm 4.8 5.3 10.4 4.6 2.2 5.6

*understory species

Species Nature Trail Plot Peach Lake Plot

DBH was measured to ascertain growth rates.  It was also noted if trees were dead that were not dead in the 2006 
survey.  New trees that recruited into the adult stage class (> 10cm DBH) were noted and measured.  Saplings (2 
cm to 10 cm DBH) were also surveyed by counting the number of individuals and noting the species of each. 
Analysis 
  Species composition was analyzed by calculating importance values (IV) for each adult species in each 
plot, in each year, using relative abundance, frequency and dominance (Curtis and McIntosh 1951).  Percent 
mortality for the time period of 2004 to 2006 for the Nature Trail and Peach Lake plots were used  (Chapman et al. 
2008) and delayed mortality for the period 2006 to 2011 was calculated as well as overall mortality from 2004-
2011.   
 

Results 
Species Composition 
Nature Trail Plot 
 In the Nature Trail plot 205 individuals were measured in 2004, representing 14 species. Of these 14 
species, red maple (27 individuals), American hornbeam (35), sweetgum (45), blackgum (32) and water oak (30) 
were the most abundant species (scientific names are found in Table 1). The same five species were the most 
important in the plot in 2004 with sweetgum and water oak having the highest IV (Table 1).  The most important 
understory species were American hornbeam and American holly, being far more important than any other 
understory species.  In 2006, after Hurricane Katrina, and in 2011 the same pattern was seen with the same five 
species being most important.  There was 55 new adults (>10 cm DBH), representing twelve species, recruited into 
the plot between 2004 and 2011.  Twenty of the new adults were American hornbeam and 13 of them were 
American holly, both understory species.  The canopy species with the most new adults was American elm with 4 
new individuals (scientific names in Table 1). 
Peach Lake Plot 
 In the Peach Lake plot, 240 individuals were measured representing 17 species in 2004.  Of these 17 
species, laurel oak (54 individuals), sweetgum (46) and American hornbeam (24) were the most abundant in 2004.  
The five most important species were laurel oak, sweetgum, green ash, overcup oak and American hornbeam 
(scientific names in Table 1).  The most important understory species were American hornbeam and possumhaw.  
In 2006 there was a shift in species importance with sweetgum becoming most important, then laurel oak, bald 
cypress, blackgum, green ash and water tupelo.  A major shift was seen in 2011 when the most important species 
was the invasive species, Chinese tallow.  In the Peach Lake plot, 111 new adults, representing ten species, 
recruited into the plot between 2004 and 2011.  The majority (63) of these trees were the invasive species, 
Chinese tallow.  Thirteen of the new individuals were the American hornbeam while blackgum and laurel oak had 
eleven new individuals each.  In the sapling layer, there were 423 individual saplings found, representing 20 
species.  The most important sapling in the plot was tallow (313 individuals or 77% of all sapling individuals found 
in the plot).  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Importance values for adults in the Nature Trail, and Peach Lake plots over time. 

Basics of the Basin 2013

97 of 196



Mortality 
Nature Trail Plot 
 Between 2004 and 2006 the Nature Trail plot experienced 11% mortality or 23 out of 205 trees died due 
to Hurricane Katrina.  Five out of the 14 species experienced mortality during this time. Water oak experienced the 
greatest mortality with 13 out of 30 trees dying or 43% mortality (Table 2).  American holly had three out of 14 
trees die (21% mortality).  American holly is an understory species and most likely experienced collateral damage 
from other trees and large pieces of trees (branches, crowns) falling.  All other species had mortality levels below 
10% after the hurricane.  However, out of the remaining 182 trees, 91 were damaged (50%).  Damage consisted of 
partial crown loss, entire crown loss (snapped), partial or entire uproot, leaning and pinned.  Ten out of the 14 
species had damaged individuals.  Between 2006 and 2011 there was subsequent mortality of trees that 
experienced damage during Hurricane Katrina (Table 2).  During this time, 22% of the trees that were present in 
2004 died or 25% of the trees that were remaining in 2006.  Therefore, total mortality from 2004 to 2011 in the 
Nature Trail plot was 33%.  However, some trees experienced no visible damage during the hurricane but 
subsequently died between 2006 and 2011.  During high winds, trees can twist and bend, which can cause internal 
damage that is not visible, thus some death of trees without visible damage can attributed to the hurricane.  
However, in order to be conservative, estimates of subsequent mortality and total mortality that can be 
confidently attributed to the hurricane are presented.  If mortality of trees that could not be directly attributed to 
the hurricane is removed, then subsequent mortality between 2006 and 2011 was 18% and total mortality from 
2004 to 2011 was 29%.  Between 2006 and 2011, ten out of the 14 species experienced mortality.  The species that 
experienced the highest mortality during this time period was sweetgum with 18 trees dying or 40% of the trees 
that were present in 2004 (43% of trees that were alive in 2006, total mortality between 2004 and 2011 was 47%).  
American Hornbeam experienced the next highest subsequent mortality with ten individuals dying or 29% of the 
trees that were present in 2004 (31% of the trees alive in 2006) for a total mortality from 2004 to 2011 of 37%.   
Peach Lake Plot  
Between 2004 and 2006, the Peach Lake plot experienced 31% mortality or 74 individuals out of 240 died (Table 
2).  Thirteen out of the 17 species present experienced mortality during this time.  The species that experienced 
the highest percent mortality was water oak with four out of six individuals dead (67%) but the species with most 
individuals dying was laurel oak with 23 out of 54 individuals dying (43%).  American hornbeam experienced the 
next greatest mortality with twelve out of 24 individuals dead (50%).  Out of the remaining 166 trees in 2006, 106 
of them (64%) and 16 out of the 17 species were damaged in the hurricane.  For four species, 100% of the 
remaining individuals had damage including persimmon (2 individuals), American holly (1), common winterberry 
(3) and water oak (2).  American hornbeam and sweetgum had the next highest damage rates at 83% (10 
individuals) and 82% (27), respectively.  Between 2006 and 2011 the Peach Lake plot experienced subsequent 
death to trees that were damaged during the hurricane with 18% of the trees that were present in 2004 dying or 
26% of the trees that remained in 2006 (Table 2).  Therefore, total mortality between 2004 and 2011 was 49% or 
117 individuals died.  However, if trees that showed no visible damage from the hurricane in 2006 are removed 
(because their mortality cannot be confidently attributed to the hurricane) then subsequent mortality was 16% of 
the trees present in 2004 or 23% of the trees remaining in 2006 and total mortality between 2004 and 2011 is 47% 
(only five trees died that were not damaged in 2006).  Ten out of the 17 species present experienced subsequent 
mortality.  Sweetgum was the species with the most individuals damaged in the hurricane and was also the species 
with the most individuals dying between 2006 and 2011; 15 individuals died during this time or 33% of the trees 
that were present in 2004 (45% of the trees remaining in 2006), giving sweetgum a total mortality between 2004 
and 2011 of 61%.  Laurel oak had nine individuals die between 2006 and 2011 (17% of trees present in 2004, 29% 
of trees remaining in 2006) and had a total mortality between 2004 and 2011 of 59%.  Species with the highest 
total mortality (between 2004 and 2011) were persimmon which had 100% mortality (all three individuals present) 
and water oak which had 83% mortality.     
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Scientific Name Common Name

Total 

2004

Dead 

2006 %

Dead 

2011 %

Total 

Mortality

New 

Adults

Total 

2004

Dead 

2006 %

Dead 

2011 %

Total 

Mortality

New 

Adults

Acer rubrum red maple 27 1 4% 6 22% 26% 2 8 3 38% 2 25% 63% 3

Carpinus caroliniana * American hornbeam 35 3 9% 10 29% 37% 20 24 12 50% 3 13% 63% 13

Carya aquatica water hickory 1 0 0% 0 0% 0% 2 7 1 14% 1 14% 29%

Diospyros virginiana persimmon 2 0 0% 1 50% 50% 3 1 33% 2 67% 100%

Fagus grandifolia American beech 1

Fraxinus pennsylvanica green ash 18 6 33% 2 11% 44%

Ilex decidua  * possumhaw 3 1 33% 0 0% 33% 4

Ilex opaca  * American holly 14 3 21% 3 21% 43% 13 1 0 0% 0 0% 0%

Ilex verticillata  * common winterberry 3 0 0% 0 0% 0%

Liquidamber styraciflua sweetgum 45 3 7% 18 40% 47% 3 46 13 28% 15 33% 61% 2

Magnolia grandiflora southern magnolia 1 0 0% 0 0% 0% 3

Magnolia virginiana sweetbay 7 0 0% 1 14% 14% 1

Nyssa aquatica water tupelo 12 0 0% 0 0% 0%

Nyssa sylvatica blackgum 32 0 0% 4 13% 13% 3 18 1 6% 6 33% 39% 11

Ostrya virginiana hophornbeam 1 0 0% 0 0% 0%

Planera aquatica water elm 4 1 25% 0 0% 25%

Quercus laurifolia laurel oak 1 0 0% 0 0% 0% 2 54 23 43% 9 17% 59% 11

Quercus lyrata overcup oak 17 7 41% 2 12% 53% 1

Quercus michauxii swamp chestnut oak 6 0 0% 1 17% 17%

Quercus nigra water oak 30 13 43% 1 3% 47% 1 6 4 67% 1 17% 83% 1

Taxodium distichum bald cypress 14 0 0% 0 0% 0%

Triadica sebifera Chinese tallow 63

Ulmus americana American elm 3 0 0% 0 0% 0% 4 2 1 50% 0 0% 50% 2

*understory species 205 23 11% 45 22% 33% 55 240 74 31% 43 18% 49% 111

Nature Trail Plot Peach Lake Plot

 
Discussion 
 This study revealed that delayed mortality to hurricane-damaged trees is a significant factor in the long-
term dynamics of bottomland hardwood forests and represents an amplification of the effects of the hurricane 
over time.  One must be cautious estimating hurricane effects based solely on immediate surveys.  In 2006, direct 
mortality in the surveyed plots was found to be 22%, similar to the 20% found after Hurricane Katrina in other 
plots in the same management area (Chapman et al. 2008).  However, when delayed mortality is considered, 42% 
of the trees present in 2004 were dead by 2011.   
 Surveying delayed mortality is important in order to be able to assess the true effects of hurricanes at a 
forest and species level.  This is especially true when direct and delayed mortality occur at different rates in 
different species.  For example, direct mortality in water oak was significantly greater than sweetgum but six years 
later sweetgum mortality was equal to water oak mortality.  Similarly, other studies have found that oaks 
experience high mortality rates due to hurricanes or wind damage (Glitzenstein and Harcombe 1988; Gresham et 
al. 1991; Zhao et al. 2006; Xi et al. 2008; Harcombe et al. 2009). Caution must be taken when comparing studies 
since on a local level, wind velocities and duration are difficult to estimate; for example results from a study in 
Florida suggest low oak mortality but wind velocities were only at tropical storm levels and overall canopy 
mortality was low (Batista and Platt 2003).  Other confounding factors in comparing tree mortality rates among 
forests may include forest structure, species composition or forest aspect. These factors could explain the 
conflicting conclusions reached in investigations at different locations experiencing similar hurricanes in regard to 
sweetgum. The present study and others have found that sweetgum experiences high damage and mortality from 
hurricanes (Glitzenstein and Harcombe 1988; Gresham et al. 1991; Zhao et al. 2006) while other studies have 
found that sweetgum is resistant to hurricane damage (Batista and Platt 2003; Xi et al. 2008; Harcombe et al. 
2009).   
 Direct and delayed morality may cause forest species composition to change over time.  Reduction in 
number of sweetgum, water oak and laurel oak adults, the corresponding lack of sweetgum in the sapling layer 
and the low representation of the three species in the seedling layer (Henkel et al., unpublished data) may indicate 
that the hurricane may have produced long-term changes in species composition.  The ecological consequences of 
species specific mortality can be far reaching.  Historical seed sources may not be present so regeneration of 

Table 2: Mortality rates in Nature Trail and Peach Lake plots from 2004 to 2006 and 2006 to 2011.  Mortality is 
calculated for the time intervals as well as total mortality from 2004 to 2011.  Also the number of new adults 
found in 2011 is shown. 
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species that experience high damage may be delayed, especially in species with animal (besides bird) dispersed 
seeds such as oaks, which a distance of 60 to 80 meters form the seed source can delay natural recruitment 
indefinitely (Battaglia et al. 2002).  The reduction in seed source of different species may also mean a reduction in 
food source for animals that rely on a specific suite of species as a food source.  This could have trophic cascade 
effects on predator/prey relationships.   
 The importance and prevalence of delayed mortality may also have economic and ecological implications.  
When managers are assessing hurricane losses in timberlands, measuring only immediate and direct mortality may 
severely underestimate the total losses and therefore timberland companies are not adequately compensated.  
Hurricane Katrina damaged approximately five million hectares of timberland (of a total of 16 million) with a loss of 
22 million cubic meters of timber in Mississippi, Alabama and Louisiana, 90% of which was within 60 miles of the 
coast (FIA 2005) and valued at $1.4 to$2.4 billion (Stanturf et al. 2007).  Estimates of delayed mortality (up to five 
years) are mentioned as a necessity for accurately assessing losses (Stanturf et al. 2007) but are not quantified.  
The rates of delayed mortality for each species under different rates of damage found in the present study could 
be used by forest managers to forecast additional losses to timber value.   
 Direct and delayed mortality opens area for species invasion which was observed in the management 
area.  The present study revealed that five years later tallow had invaded new areas in the forest with significant 
recruitment into the adult stage class making the long-term impact of the hurricane more apparent.  Surveys from 
Growth Management Plots (managed by the Louisiana Department of Wildlife and Fisheries) did not find adult 
tallow in surveys that covered four hectares in1989; ten years later in 1998 there were two tallow adults (14 and 
12 cm DBH) in these plots and by 2005 there were three.  Thus, in a much larger area surveyed than the Peach 
Lake plot (0.56 ha) only three new adults recruited into the plots in 16 years whereas 63 new adults (some of 
which are producing seeds) recruited into the Peach Lake plot in five years after the hurricane.  There have been 
studies that have found elevated Chinese tallow recruitment after hurricane or wind disturbance, but in most 
cases not to the severity seen here (Conner et al. 2002; Conner et al. 2005; Harcombe et al. 2009; Keeland and 
Gorham 2009; Middleton 2009; Howard 2012).   
 Although Hurricane Katrina caused significant mortality in the PRWMA, its effects on species composition 
may not have been long lasting had it not been for then subsequent invasion of Chinese tallow.  In areas where 
Chinese tallow did not invade, it seems that the forest will recover to a similar version that was present before.  In 
areas where tallow did invade, there are significant changes to the forest.  The new area of invasion will now 
provide additional seed sources for tallow to continue moving upland and inland to higher elevations, where it can 
establish, perhaps in the understory but more likely in gaps.  With tallow's short time to reproductive maturity (3 
to 7 years), new seed sources will become available rapidly and tallow will continue to spread.  Management 
efforts may be best concentrated in not allowing tallow to initially establish by being vigilant along forest edges, 
roads, or areas with an open canopy and removing any newly established tallow.   
 In conclusion, the assessment of delayed mortality in the PRWMA revealed that forest impacts from 
hurricanes last for years after the event, as damaged trees continue to die.  The fact that direct and delayed 
mortality is different by species indicates that the measurement of direct mortality only can lead to false 
conclusions about which species are resistant to hurricanes.  The direct and delayed mortality opened up new 
habitat for invasion by Chinese tallow which grew prolifically in high damage areas and was able to recruit at a high 
rate into the adult tree class, indicating that large disturbances are an important factor in accelerating the 
expansion of Chinese tallow populations.  The high mortality of some species (sweetgum, laurel oak, water oak, 
red maple), low recruitment of these species into the sapling and adult layers and the corresponding expansion of 
tallow indicates that species composition will be different than pre-hurricane composition for some time in the 
future, perhaps permanently.    
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Total suspended solids, turbidity, salinity and nutrients entering Mardi Gras 
Pass and receiving basin in 2013 
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Introduction  
 Mardi Gras Pass (MGP) is located in the Bohemia Spillway in Plaquemines Parish, LA.  The pass 
began developing during the high water in 2011, when Mississippi River water overtopped the bar and 
began a process of headward erosion towards the river.  During the same flood event, a road that runs 
the length of the spillway was breached and enlarged.  By March of 2012, the headward erosion reached 
the Mississippi River and a continuous distributary, later dubbed Mardi Gras Pass, formed, running from 
the Mississippi River through the newly eroded channel, through the breached road into the former 
conveyance channel for the defunct Bohemia Diversion and into the Back Levee Canal.  Since the 2011 
flood until present day, the Lake Pontchartrain Basin Foundation (LPBF) has been studying the 
development of MGP and has released numerous reports conveying the results of high precision bank 
and bathymetric surveys available at saveourlake.org.  In addition, LPBF has also been conducting 
biological surveys to see what kinds of organisms are using or living in the newly developed distributary 
(Moshogianis et al., these proceedings) and studying the fate of the sediment that enters MGP.  
 Here the preliminary efforts to understand the fate of the sediment in the receiving basin of 
MGP are outlined.  Turbidity is a measurement of the cloudiness or haziness of a fluid and can be used 
as a proxy for sediment load or total suspended solids (Snedden 2006; Snedden et al. 2007).  The 
amount of sediment entering the system through MGP will vary due to many factors such as river stage, 
available sediment load in the river and location of the mouth of the distributary on the river and 
therefore create different relationships between discharge and sediment concentration in the water 
column during a flood cycle and on a seasonal and yearly basis (Williams 1989).  In addition to sediment, 
river water also is fresh and can have a high nutrient load, which has an effect on the receiving basin and 
is important to track.  The research outlined below represents a preliminary and baseline effort to help 
guide more targeted Beryllium-7, turbidity and total suspended solids work in the future.   
 

Methods 
 Two turbidity, total suspended solids (TSS) and salinity surveys were conducted in the MGP 
basin on May 14 and June 26, 2013.  In addition, during the second survey, a nutrient survey was added.  
Samples were collected in the Back Levee Canal, John Bayou, Fucich Bayou, Lower Grand Bayou, Bay 
Law, American Bay and Uhlan Bay (Figure 1).  Samples were collected during high water with the stage 
at Pointe a la Hache at 6.04 on May 14th and 5.69 on June 26.  

Figure 1: Location of sample points during May 14 and June 26, 2013 surveys for Turbidity, TSS and Nutrients in the receiving basin 
of Mardi Gras Pass. 
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 Turbidity samples were collected at each site by filling three, 120ml bottles with surface water 
from a boat.  Each sample bottle was rinsed three times with sample water before the sample was 
collected.  TSS and nutrient samples were collected by filling a one liter bottle with surface water.  Each 
sample bottle was rinsed three times with sample water before samples were collected.  All samples 
were placed on ice.  Turbidity samples were analyzed the following day using a Hach 2100P 
Turbidimeter to obtain turbidity in Nephelometric Turbidity Units (NTU).  The three turbidity readings 
from each site were averaged to obtain a final turbidity measurement for each site.  The TSS and 
nutrient samples were taken to the Central Analytical Instruments Research Laboratory at LSU the day 
after collection for analysis.  For TSS analysis, EPA standard method 160.2 (EPA 1983) was used and for 
nutrient analysis (for nitrate, nitrite, chloride, fluoride, sulfate and phosphate), EPA standard method 
300.0 (EPA 1993) was used.  In addition, at each site, surface salinity and temperature were recorded 
using an YSI meter.  On May 14, turbidity samples were collected at 55 sites and TSS was collected at 21 
of those 55 sites.  On June 26, 64 turbidity samples were collected and TSS and nutrient samples were 
collected at 27 of those sites, as the survey extended further down the Back Levee Canal and further out 
into the bay than the previous survey 
 On the day of the two surveys, the Coastal and Environmental Hydrodynamics Lab at the 
University of New Orleans was contracted to conduct discharge analysis in Mardi Gras Pass and the 
receiving basin in order to determine discharge patterns and distribution from Mardi Gras Pass.   To 
measure flow, a vessel‐mounted Acoustic Doppler Current Profiler (ADCP) was used in tandem with a 
differential global positioning system (DGPS, Trimble GS232). The surveys followed a pre‐determined 
schedule of transects, targeted mainly to establish a flow balance at key locations in the receiving basin, 
including the Back Levee Canal, John Bayou and Fucich Bayou.   
   

Results 
 On May 14, 2013 there was a higher sediment load (102 mg/l) coming into Mardi Gras Pass than 
on June 26, 2013 (74 mg/l).  On both days, there was evidence of erosion occurring in Mardi Gras Pass 
with an increase in the sediment load from the beginning of Mardi Gras Pass and at the end.  On May 14 
the sediment load increased from 102 mg/l to 166 mg/l as the water moved through Mardi Gras Pass 
(62% increase).  On June 26th the sediment load increased from 74 mg/l to 90 mg/l from the beginning 
of Mardi Gras Pass to the end (21% increase).  When the water leaves Mardi Gras Pass, it enters the 
Back Levee Canal and then goes north and South.  The results of the ADCP survey for both days indicate 
that the there is roughly a 50/50 spilt with half of the water going north and half of the water going 
south (Figure 2).  Going south in the Back Levee Canal there is another approximately 50/50 spilt with 
50% of the water going into John Bayou and 50% continuing down the Back Levee Canal and entering 
Fucich Bayou.  Going north in the Back Levee Canal, the outlets are Lower Grand Bayou and an oil and 
gas canal. 

Figure 2: Map of the Receiving basin of Mardi Gras Pass showing the results of ADCP surveys on May 14 (right) and June 26 (left), 
2013.  The yellow arrows indicate location of ADCP transect as well as direction of flow.  The numbers indicate the magnitude of 
discharge in cubic feet per second (cfs).  Each junction was surveyed twice at different times of the day except for the distal portions 
of John and Fucich Bayou which were surveyed once.   
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 After leaving MGP, the sediment load in the water begins to reduce rapidly but different 
patterns persist moving north and south in the Back Levee Canal (Figure 3; A, B, E, F).   Moving south in 
the Back Levee Canal towards John and Fucich Bayous, sediment deposition occurs at a faster rate or 
closer to MGP than when moving north (Figure 3; E and F).  By the time water flowed three miles from 
the Mississippi River and turned into John Bayou the sediment load was reduce by a third on both 
survey days even though the initial sediment load entering the Back Levee Canal was 46% less on June 
26 than on May 14.  The sediment load was also reduced by a third when it reached Fucich Bayou, about 
four miles from the Mississippi River.  Going north in the Back Levee Canal, the sediment load reached a 
third of its original concentration after it traveled approximately 6 miles, either in the upper reaches of 
Lower Grand Bayou or continuing north in the Back Levee Canal, and this trend again held for both 
survey days.  In general, most sediment load reduction in the water column occurred in the channels of 
the receiving bayous and canals and sediment concentration in the water column was greatly reduced 
before reaching the receiving bays.  The turbidity data, taken at more points than the TSS data followed 
a similar pattern of reduction in turbidity in the receiving canals and bayous and being greatly reduced in 
the receiving bays.  Turbidity was correlated to TSS to attempt to establish a consistent relationship 
between the two.  Using the data from May 14, turbidity was linearly correlated to TSS (TSS (mg/l)= 
1.4004 * Turbidity (NTU) - 27.501; r2= 0.83), using data from June 26, turbidity was exponentially 
correlated with TSS ( TSS = 7.8412e0.0447 * Turbidity; r2 = 0.7) and when the data were combined, the two 
sere related polynomially (TSS= 0.011*Turbidity2 - 0.005 * Turbidity + 14.319; r2=0.78).  Therefore at this 
time a consistent relationship between TSS and Turbidity cannot be determined.  
 The salinity patterns were quite different on two survey days (Figure 3; C and D).  On the May 
14 sample date, the freshwater coming from Mardi Gras Pass extended out into the receiving bays and 
salinity above 1.0 ppt was not detected until entering the bay.  Salinity was below 1.0 ppt in the all the 
bayous and canals conducting water from MGP.  On June 26, saltier water was detected further inland, 
although there was still no salinity above 1.0 ppt detected until the mouth of John and Fucich Bayous.  
However, salinities in the receiving bay were much higher than on May 14, reaching to 7.5 ppt on June 
26 and only 2.3 on May 14.  However, some general patterns in salinity emerged from both survey days.  
While the sediment load reduction in the water column began immediately after discharging from MGP 
and significant reduction was detected within three miles, the influence of the freshwater extended 
much farther into the basin.  In general, salinities did not begin to increase until six miles from the 
Mississippi River (Figure 3; E and F).  Salinities increase more rapidly going south in the Back Levee Canal 
into John and Fucich Bayous and increased more slowly going north in the Back Levee Canal.   
 The nitrate data followed a similar pattern to the sediment data with the highest concentrations 
found in MGP (2.85 mg/l) and concentrations falling as the water flowed away from MGP.  At the top of 
John Bayou (the first outlet as the water moves south in the Back Levee Canal), the nitrate 
concentration was 2.79 mg/l and at the end of John Bayou, in both the north and south fork it was 
approximately 2 mg/l.  At the top of Fucich Bayou the nitrate concentration was 2.78 mg/l, was 2.53 
mg/l in the middle and near the mouth it was 1.14 mg/l.  Concentrations in the receiving bay were 
approximately 0.75 mg/l.  Nitrate was carried farther in the Back Levee Canal going north but by the end 
of the canal, concentrations were reduced to 0.09 mg/l.  Phosphate concentrations were 0.13 mg/l in 
MGP and reduced in concentration in proximity to MGP.  In the receiving bays, phosphate levels were 
below detection.     
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Figure 3: Total suspended solids (mg/l) on survey dates May 14 (A) and June 26 (B), salinity on survey dates May 14 (C) and June 26 (D) and 
graphs showing the TSS and Salinity in relation to distance from the Mississippi River along different flow paths on the survey dates May 14 
(E) and June 26 (F).  Graphs E and F show TSS in color and salinity in grey with corresponding shapes at data points to a path in color.  Notice 
in figures E and F that the sediment load decreases in a shorter distance going south into Fucich and John Bayous than when going north in 
the Back Levee Canal on both survey dates.  Also notice that the influence of the freshwater extends farther than the influence of the 
sediment. 
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Discussion 
 Freshwater flow and sediment are being captured by Mardi Gras Pass and being conveyed into 
the receiving basin, including the Back Levee Canal, John Bayou, Fucich Bayou and Lower Grand Bayou.  
In addition, the incoming water is picking up sediment in MGP, implying that erosion is occurring in MGP 
which is supported by numerous bank and bathymetry surveys (Boyd et al. 2013). The sediment load is 
reduced in the water column with distance from the Mississippi River, implying that sediment deposition 
is occurring as water moves into the receiving bays.  In general, the sediment is carried and deposited in 
channel and no overland flow outside of MGP has been observed.  Therefore, the sediment that is 
deposited in channel is available for re-distribution into the surrounding marshes during storm events.  
The marshes in the Bohemia Spillway have experienced little land loss and appear to be very healthy, 
especially in recent years (aside from loss due to the dredging of navigation and oil and gas canals) and 
one hypothesis for this is that the sediment entering the system through the Bohemia Spillway, and now 
MGP, is helping to sustain these marshes (Lopez et al. 2013). 

 Salinity and water velocity have an effect on flocculation and settling velocity of 
suspended particles.  In general, higher velocity water prevents settling and the formation of 
large flocculates and moving from fresh water into saline water increases flocculation potential 
and flocculation size (Kim and Nestmann 2009; Mietta et al. 2009; Mikes 2011; Chandra et al. 
2012).  In general, as the water exiting MGP reaches the receiving bay, it encounters two 
conditions that promote flocculation and therefore settlement of particles; lower velocity water 
and increased salinity.  In general, increased flocculate sizes begin to occur in low salinities and 
there is little further increase at salinities ranging from 3ppt to 15ppt, depending on the initial 
sediment concentration (Krone 1963; Mietta et al. 2009).  Of course, there are many other 
factors that affect flocculation and settlement velocity such as, pH, time and suspended 
sediment concentration, particle size and charge.  In this study, suspended sediment 
concentrations reduced as water velocity slowed and salt water was encountered however, 
specific measurements of factors such as pH and particle size were not taken.   
 This study represents preliminary results in the study of the sediment distribution 
dynamics from MGP.  It gives an indication of where sediment deposition is occurring.  In this 
study we did not capture the peak of the sediment load in the Mississippi River during the high 
water event of 2013 in which case the suspended sediment concentration entering MGP would 
have been greater.  Future work includes doing a survey for turbidity, TSS and nutrients during 
low water on the Mississippi River to establish a baseline, repeating this survey during high 
water at the peak of the sediment load in the Mississippi River, doing Beryllium-7 analysis to 
ascertain deposition patterns and volume and particle size characterization.  The goal is to 
obtain a clear picture of how the sediment entering the system through Bohemia Spillway and 
MGP is distributed, re-distributed and if the ultimate fate of this sediment is to end up on the 
marsh platform, helping to reduce land loss rates in the region.  In addition, the study of the 
Bohemia Spillway and MGP will contribute new data to knowledge base on the effect of river 
diversions in southeast Louisiana. 
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Introduction 

The Coastal Sustainability Program of the Lake Pontchartrain Basin Foundation has recently 
begun a targeted monitoring program about twenty miles southeast of New Orleans, in an area known 
as the Central Wetlands Unit (CWU). The CWU is a 30,000-acre wetland that is bordered by the 
Mississippi River Gulf Outlet (MRGO) to the east and the 40 Arpent Canal, also known as the Florida 
Canal, and levee to the west. The CWU is located mostly in St. Bernard Parish (the triangle in the 
northern most corner of the CWU is in Orleans Parish), positioned between the waters and marshes of 
Lake Borgne and greater New Orleans. Historically, the CWU was a dynamic environment with a 
combination of bald cypress (Taxodium distichum) and water tupelo (Nyssa aquatica) swamp, fresh and 
brackish marsh, as well as some bottom land hardwood forest (USACOE 1999). This provided natural 
storm surge protection for the people of New Orleans until the mid 20th century.   

One of the first anthropogenic impacts to the CWU was extensive logging in the early part of the 
20th century. A second generation of bald cypress did grow, however, construction of the MRGO (1968), 
as well as many oil and gas canals, changed the natural hydrology of the CWU to the degree that this 
second generation of bald cypress almost completely died off (Barras and Morton 2008). At the same 
time, swaths of fresh marsh in the CWU began converting to brackish marsh and open water, mainly 
attributed to hurricane scouring and saltwater intrusion (Morton and Barras 2011) (Figure 1). The canals 
associated with the MRGO, oil and gas infrastructure, as well as logging, became conduits for salt water 
into the CWU. Interstitial water salinity (also referred to as soil salinity) is one of the major limiting 
factors of plant community composition in wetlands (Howard and Mendelssohn 1999, Mitsch and 
Gosselink 1993; Odum 1988; Earle and Kershaw 1989). Further, the spoil banks associated with the 
construction and maintenance of canals impound 
wetlands, hinder sheet flow, and specifically, 
dissected the Central Wetlands into several larger 
“units”, which contain numerous “sub-units”. 
Spoil banks cause impoundments to remain 
flooded and stagnant, which affects seed 
germination (Middlelton 2009), while disallowing 
water exchange that would naturally “freshen” an 
area impacted by salt water intrusion from storm 
surges. These cumulative impacts have prevented 
the CWU from functioning as a natural storm 
surge buffer for the city of New Orleans.  
  There has been great interest and much 
conversation about the restoration and effective management of the CWU since Hurricane Katrina 
devastated much of the Ninth Ward community and surrounding area. The closure of the MRGO was a 
solid first step. Currently there are several restoration plans and experimental pilot projects in 
consideration that would impact the CWU and would attempt to restore some of the natural habitat 
while strengthening ecosystem services. These plans and proposals include a river diversion in the 
vicinity of, if not in the path of the Violet Siphon; marsh creation and stabilization with dedicated dredge 
material; and finally, cypress-tupelo and marsh plantings (USACOE 2011). Planting projects are a part of 
nearly all restoration plans in southeast Louisiana and their success depends largely on the suitability of 
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the planting location, namely interstitial salinity and hydrological conditions, to the vegetation being 
planted. To this end, LPBF has been contracted by the Mississippi River Delta Coalition and St. Bernard 
Parish to fill in any data gaps that existed regarding the interstitial salinity and basic water flow 
throughout the CWU and its numerous sub-units.  An in-depth understanding of the environmental 
parameters found across these sub-units will allow for more informed planning of restoration activities, 
which will increase the success and effectiveness of those restoration activities and their impact on the 
surrounding communities. 
Interstitial Salinity Methods 

LPBF began collecting salinity data beginning January through March of 2013. We initially set out 
to collect samples at thirty sites, but quickly expanded the 
number of sites to fifty. Thirty-seven of the sites are situated 
within the CWU. The remaining thirteen are located in the 
marshes between the MRGO and Lake Borgne. We used the 
LPBF 14' flat-bottom boat to navigate and sample within the 
CWU and the 19' Cape Horn to reach the marsh sites along 
the MRGO and settled on soil sipper technology (Folse et al. 
2008) to sample interstitial salinity, as opposed to installing 
PVC wells in the marsh (Figure 2). These sites will be sampled 
bi-annually, possibly for two or more years. A second round 
of sampling occurred in July, 2013. 
  

 

 

Preliminary Results and Discussion 
Preliminary data indicates a slight west to east salinity gradient, for both the winter and summer 

seasons inside the CWU and a north to south gradient outside the CWU. Within the CWU, the gradient is 
likely influenced by storm water and treated wastewater runoff into the CWU at several sites along the 
40 Arpent Canal. Further, some freshwater input from the Mississippi River through the Violet Siphon 
likely also impacts the salinity gradient in the CWU (Figure 3) (LDNR 19992). Outside the CWU, the 
gradient is likely influenced by the rock dam closure across the MRGO.  
Figure 3. Site sample locations throughout the CWU(red). Interstitial winter salinity data in white, summer data in 
yellow.  

During the winter season, within in CWU and the levee system, lower interstitial salinity (1.0 
ppt-3.5 ppt) was found to the west, with higher interstitial salinity (5.5 ppt-8.0 ppt) found along the 
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eastern boundary of the CWU. Interstitial salinity along the eastern boundary was similar to interstitial 
salinity found at the reference sites, which are the sites located in the marshes outside the CWU and 
outside of the levee and flood wall system, between the MRGO and Lake Borgne. Interstitial salinity at 
the reference sites ranged from a low of 5.4 ppt to a high of 9.9 ppt, along an expected north to south 
gradient. We also found higher than expected salinity in the small triangle area of the CWU. Initially, we 
set out to sample 3 sites in the small triangle, but the higher than expected interstitial salinity caused us 
to increase our sample sites to 10 in this area. The small triangle proved to be challenging to sample 
because of the numerous cypress stumps in the water, many below the surface of the water and 
complete lack of emergent vegetation. Salinity measurements ranged from a low of 3.5 ppt to a high of 
6.9 ppt (Figure 3).  

During the summer season, within the CWU, lower interstitial salinity (0.9-3.5) was again found 
to the west, with higher salinity (4.3-8.5) again found along the eastern boundary of the CWU. 
Interstitial soil salinity at the reference sites ranged from a low of 2.9 to a high of 10.5, roughly following 
the same north to south gradient as observed during winter sampling. Two of the thirteen reference 
sites were not sampled during the summer due to an inability to access the pore water. In the small 
triangle, data was collected only at the original 3 sampling locations (3.5-3.9) (Figure 3). 

Overall, a majority of our data points exhibited somewhat lower salinity in the summer, though 
a few sites exhibited higher interstitial salinity and some were unchanged. The decreased salinity is likely 
due to high levels of precipitation in late spring and early summer, which may have led to increased 
storm water runoff into the CWU, as well as increased flow through the Violet Siphon during high 
Mississippi River stage. The fact that several sites remained unchanged and a few increased in salinity 
speaks to the fragmented nature of the unit overall. In light of proposed restoration activities, this 
fragmentation is a topographic issue that may need to be addressed to improve the hydrologic flow 
through the unit.  Of particular interest is the small triangle because of its’ close proximity to the Ninth 
Ward neighborhood, which was devastated from flooding during the aftermath of Hurricane Katrina. 
The impact of successful restoration here could be more than ecological, it could be a cornerstone to 
revitalizing this important, historical neighborhood. However, if these preliminary data hold, interstitial 
salinity will have to be reduced further for proposed planting of cypress and tupelo to be successful. 

Over the next two years, it will be interesting to see if we can detect a true seasonal variation in 
soil salinity and whether the gradient patterns remain the same or change.   Measuring the interstitial 
soil salinity across years will allow us to detect any trends towards an overall freshening in the CWU, if it 
exists. 
Bathymetric Methods 

In order to better understand basic water flow patterns, as well as channel and sediment 
dynamics throughout the CWU and gather information on how water from a potential river diversion 
may flow through the CWU and impact its marshes, LPBF began to collect bathymetry data in its major 
canals in April-May 2013. Bathymetry data is water bottom elevation data, collected by connecting a 
Trimble GeoExplorer 6000 GNSS and sonarmite fathometer on the flat bottom boat and letting the 
instruments collect continuous data points on a pre-determined route of interest. We collected 
bathymetry data along the Violet Canal and Bayou Dupree, Back Dike Canal and Bayou Bienvenue from 
Lake Borgne to the triangle and throughout the triangle in the CWU (Figure 4). 
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Preliminary Results and Discussion  

Although we are only beginning to analyze the full extent of the bathymetric data that was 
collected, the preliminary data indicates that the  triangle in the CWU and the portion of Bayou 
Bienvenue east of Paris Road is quite shallow (less than -4.9 ft.) and uniform. In fact, all three canals 
surveyed within the CWU had relatively uniform water bottom elevations, though they did differ slightly 
from one another. The Back Dike Canal had water bottom elevations in the range of -4.9 to -9.9 ft., while 
the Violet Canal and Bayou Dupree had water bottom elevations in the range of -10 to -14.9 ft. In 
contrast, Bayou Bienvenue west of the MRGO, outside of the CWU, shows some deep, intermittent 
scouring in the bends of the bayou before it opens into Lake Borgne (up to -24.9 ft.) (Figure 5).  

This baseline data will hopefully help us shed some light on how introduced water moves 
through the CWU. Under normal conditions the water coming into the CWU from the Violet Siphon does 
not appear to breach the contiguous marshes of Bayou Dupree to flow over the marsh, instead moving 
directly down the Violet Canal and Bayou Dupree. Currently, the discharge through the Violet Siphon 
does not exceed 300 cfs, and therefore the siphoned water does not extend much farther than Bayou 
Dupree. Sheet flow over the marsh will not only “freshen” marshes, but will also drop sediment out of 
the water column when the water comes in contact with wetland vegetation. This process counters 
coastal subsidence and should be exploited to gain the full benefits of river diversions. 
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Conclusion 
Ultimately, LPBF plans to use the information we are collecting, and in conjunction with the 

information already available from other research in the area, to update a conceptual restoration map 
of feasible restoration activities that targets the CWU.  Limited funds are spent on these projects and we 
owe it to the people of the nearby communities to use all the available data to plan projects with the 
highest probability of success and future effectiveness.   
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Planting and Monitoring of the Caernarvon Delta Complex 
Eva Hillmann1, Andy Baker1, David Baker1, Theryn Henkel1, Ezra Boyd1 and John Lopez1 

1 Lake Pontchartrain Basin Foundation, New Orleans, LA 

 

Introduction 

Since 2009 the Lake Pontchartrain Basin Foundation (LPBF) has been actively documenting the 
development of an emergent delta in the receiving basin (Big Mar) of the Caernarvon Diversion outfall 
canal. Since October 2010, in partnership with the Coalition to Restore Coastal Louisiana (CRCL), LPBF 
has conducted bald cypress (Taxodium distichum) plantings within Big Mar as part of a Restore the Earth 
Foundation (REF) grant funded reforestation effort called 10,000 Trees for Louisiana (Henkel et al. 
2011).   
Interstitial Soil Salinity 

  Planting projects are a part of nearly all restoration plans in southeast Louisiana and their 
success depends largely on the suitability of the planting location, namely appropriate interstitial soil 
salinity and hydrological conditions, to the vegetation being planted (Allen and Burkett 1997). To that 
end, LPBF has been monitoring interstitial soil salinity within and around the Caernarvon Delta Complex 
using soil sipper technology (Folse et al. 2008) and has used that information to scout suitable planting 
locations, while also scouting experimental planting 
locations (Figure 1). Monitoring interstitial soil 
salinity allows us to detect the maximum reach of 
the ‘freshening” effect from a diversion, correlated 
to the flow and management of a diversion. From 
this information planting locations within the 
Caernarvon Delta Complex can be chosen that 
should yield high survivorship and high growth rates 
(Shaffer et al. 2009). Planting sites that test the 
maximum salinity tolerance of the tree species of 
interest can also be chosen.  

Volunteer Wetland Tree Planting 

Bald cypress regeneration is often 
precluded in southeast Louisiana by nutria 
herbivory, high interstitial soil salinity due to altered 
hydrological regimes, as well as slow germination 
rates. Under existing conditions, without human 
intervention, bald cypress seedling mortality is 
quite high (Baker et al. 2011; Holm et al. 2011).The 
focus of these volunteer tree plantings is to plant 
trees that will abate and reduce storm surge and to 
monitor the growth of these trees under the 
influence of the diversion, at different distances to 
the diversion, in order to use this information to inform future restoration projects. Although a majority 
of the trees that have been planted in the complex are baldcypress, we have begun to plant other 
wetland tree species as well, namely water tupelo (Nyssa aquatica) and green ash (Fraxinus 
pennsylvanica). The work being done around the Caernarvon Delta Complex provides a unique 
opportunity to test the effectiveness of many proposed State Master Plan restoration initiatives, which 
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rely heavily on river diversions. To date, six wetland tree plantings have been carried out in and around 
the Caernarvon Delta Complex (Figure 2).  

A total of  1,798 trees have been planted on and around the complex since October 2010 (Table 
1).  Of those, 1,127 are still alive and growing, which represents 63% of all trees planted (Table 1). High 

mortality early on (1st and 2nd planting) mostly 
from nutria herbivory and an unconsolidated and 
unstable delta complex indicated the importance 
of consistently utilizing nutria excluder devices 
(NED) when planting trees. Securing the trees 
with 5’bamboo stakes and planting the trees in 
areas with sufficient emergent vegetation to 
stabilize the soil is also clearly important. Three 
hundred and thirty trees from the first two 
plantings that were not outfitted with NEDs or 
long stakes and that were planted on bare 
mudflats, did not survive. For the 1,467 trees 
planted with NEDs and longer stakes in areas with 
sufficient emergent vegetation, a total of 1,127 
trees have survived, which is 77% of the total 
number of trees planted with NEDs (Table 1). Of 
those 1,467 trees a subset of three hundred and 
thirty randomly chosen trees were marked with 
numbered tags for monitoring. This subset of 330 
trees consisted of the remaining 32 trees (out of 
175) from the second planting, one hundred 
thirty-nine trees (out of 678) from the third 
planting, fifty trees (out of 251) from the fourth 
planting 61 trees (out of 318) from the fifth 
planting and 48 trees (out of 176) from the sixth 
planting. 

 

 Table 1. Mortality and survivorship of Caernarvon Delta Complex wetland tree plantings2010-2013. 
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Monitoring 

Previous monitoring of trees planted on the complex focused primarily on tree mortality (Baker 
et al. 2011). The data collected and lessons learned from the earlier efforts influenced subsequent 
volunteer tree plantings (Baker et al. 2012). LPBF expanded the monitoring protocols to include 
measurements of tree height (m) and diameter at breast height (dbh) (cm) or basal stem diameter (cm) 
of a subset of trees to monitor the growth rates of planted trees.   

The GPS location of each live tree (that was able to be located) from all previous plantings (2-4), 
as well as all trees planted during the last two events (5 & 6) was recorded using a Trimble GeoExplorer 
6000 Series GeoXR with an external GNSS. A subset of trees from each planting were marked with 
numbered aluminum tags and flagged with colored tape. Tree species, height, dbh (when appropriate) 
or basal stem diameter, planting date, site name and type of location were recorded along with other 
notable information, such as storm and/or nutria damage (Hillmann et al. 2013). 

Results and Discussion 
Height 

Baseline data was collected in October, November and December 2012. Baseline height data 
collected on trees tagged for monitoring showed that the survivors from the 2nd planting have grown 
substantially more than all subsequent 
plantings to date (Figure 3).  Mean tree height 
regardless of type of location for the 2nd 

planting was 2.59 m. Mean tree height for the 
3rd and 4th planting was 1.31 m and 1.53 m, 
respectively. Mean tree height for the 5th and 
6th planting was 1.63 m and 1.06 m, 
respectively. Maximum tree height for a single 
tree was 3.61 m. The second planting occurred 
in the spring of 2011. These surviving trees 
have been through two full growing seasons at 
the time of this first monitoring effort. The 
trees from the third and fourth plantings had 
been through one full growing season when 
these initial height measurements were 
recorded. Trees from the 5th and 6th planting 
were essentially newly planted when baseline 
heights were recorded. Although we did not 
record the initial height measurements of trees 
from the 2nd-4th planting at the time of those 
plantings, they were generally in the range of 
1.00-1.50 m. Little measurable growth in height 
seems to occur during the first growing season, 
possibly because trees are disproportionately expending energy below ground and acclimating to the 
environment. Also, it is important to note that a number of trees from the 3rd and 4th planting were 
observed to have suffered storm damage, often found alive, but snapped in half above the NED. Others 
were found under storm debris with the top of the crown damaged. These impacts are reflected in the 
mean height measurements for the 3rd and 4th planting and may explain, in part, why little growth in 
height is detectable after one growing season. 
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DBH and Basal Stem Diameter 
Baseline data collected for dbh also 

showed that the 2nd planting exhibited the 
greatest measurements for tree diameter 
(Figure 4). The mean dbh for trees of the 2nd 

planting was 2.7 cm. The largest dbh for a 
single tree was 4.8 cm, for a bald cypress tree 
from the 2nd planting. The mean dbh 
measurements for the 3rd and 4th planting 
were 0.7 and 0.82 cm, respectively. Mean dbh 
for trees planted in the 5th planting, was 0.59 
cm. Here, we can detect a mean difference 
between newly planted trees, trees after one 
growing season and trees after two growing 
seasons. Although the difference is small, 
trees from the 3rd and 4th planting (one 
growing season) had greater mean dbh than 
trees from the 5th planting (newly planted at 
the time of monitoring), which was not the 
case when looking at tree height across 
plantings. The 6th planted had no trees taller 
than 1.43 m, which is the minimum required 
to adequately measure dbh at 1.3 m. 
Therefore, we measured basal stem diameter 
at 2 of the 4 sites (6A and 6B) that comprise 
the 6th planting. For tagged trees at 6A and 
6B, basal stem diameter ranged between a 
maximum of 2.6 cm and a minimum of 0.8 cm. The overall average basal stem diameter was 1.61 cm.  
Across the two planting locations in the pro-delta, initial basal stem diameter varied minimally. The 
average basal stem diameter for a tagged tree at site 6A was 1.65 cm and the average basal stem 
diameter at site 6B was 1.47 cm. 

We will continue to measure basal stem density as a means of monitoring tree growth until 
these trees reach the appropriate height to measure dbh.  
Conclusion 

We recorded baseline information for trees planted on and around the complex. We plan to 
monitor and re-measure the tagged trees in our database once a year in late fall or winter, after each 
growing season and to add to this database with each new planting. We are hoping to capture the 
growth rates of different types of wetland trees at different distance to the diversion. Over time, this 
information will help us understand how wetland trees may or may not respond to the influences from a 
river diversion. Further, this monitoring effort should also help us understand the time scale associated 
with newly emergent land and its’ ability to sustain tree species.  To do this effectively, we still need to 
establish a control/reference planting of different types of wetland trees in an area outside of the 
influence of the Caernarvon Diversion. 

Ultimately, if the data bears out the hypothesis that the sediment delivered by river diversions 
build land, the freshwater flowing into a receiving basin lowers intersital soil salinity and the nutrients 
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associated with river water increase growth rates, then this information could be used to manage river 
diversion more effectively in the future in an effort to do what they are supposed to do, which is to build 
wetlands that will help sustain coastal Louisiana and protect its’ people from devastating storm surges. 
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Hurricane Surge Hazard Analysis: The State of the Practice and Recent Applications 
for Southeast Louisiana 

Bob Jacobsen, PE 
Baton Rouge, Louisiana 

The region encompassing the Southeast Louisiana Flood Protection Authority—East (SLFPA-E) jurisdiction 
has a five-fold unique and unfortunate vulnerability to extreme hurricane surge: 

1. The region lies at the heart of the central-northern Gulf of Mexico, which is exposed to a high 
landfall frequency of powerful hurricanes due to the very warm waters of the Loop Current.  The 
Loop Current not only fuels hurricane intensification but also the growth of wind fields; moreover, it 
sustains slow moving storms.   

2. The protrusion of the Mississippi River delta into the central-northern Gulf of Mexico raises 
counterclockwise wind-driven surge on the eastern flank and creates critical exposures for the 
regional “corner” formed by the intersection with Mississippi coast, the “funnel” produced by the 
junction of the GIWW and MRGO levees, and Lake Pontchartrain “filling and tilting.” 

3. The vast low-lying delta platform on which the region rests is fragmenting and subsiding—with some 
of the world’s highest relative sea level rise magnifying surge inundation. 

4. Expanding shallow coastal shelves, sounds, bays, and lakes enable hurricane winds to push surge 
inland with more momentum.  And, 

5. Declining coastal vegetation reduces the landscape frictional drag on surge momentum.   

These five factors have combined to create surge heights in excess of 20 ft twice in less than 40 years. 

 

A Report entitled Hurricane Surge Hazard Analysis: The State of the Practice and Recent Applications for 
Southeast Louisiana has been recently prepared to provide SLFPA-E with: 

1. A comprehensive explanation of the evolving science and technical practice of hurricane surge 
hazard analysis.  This review of surge hazard analysis and the encompassed methodologies is not 
restricted to the risk context of the National Flood Insurance Program, but instead is undertaken 
from a broad risk perspective, congruent with the greater responsibilities of the SLFPA-E.  To 
accomplish this objective this Report has been organized into five parts corresponding to the five 
major subjects (and tasks) in surge hazard analysis: 

Part I. Hurricane Climatology 
Part II. Modeling Hurricane Surge Physics 
Part III. Hurricane Surge Hazard Analysis 
Part IV. Hurricane Surge Hazard Analysis for Polders 
Part V. Hurricane Surge Hazard Analysis for Future Conditions 

Each part includes detailed technical information on the current approaches underlying each task, 
critical assumptions, and methodology limitations.  Background information is taken not only from 
the USACE’s 2005-09 southeast Louisiana study but from the scientific literature, other recent 
hazard studies, and several new analyses undertaken for this Report. 

2. A review and evaluation of the USACE 2005-09 analysis within the context of the evolving state of 
the practice, in each part.   

3. Recommendations for improving surge hazard analysis for southeast Louisiana. 
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In addition, the Report assesses implications of the above for the HSDRRS performance and provides 
recommendations for revising the HSDRRS design and improving surge risk management. 

Principal Findings on the State of the Practice for Surge Hazard Analysis 

The state of the practice in hurricane surge analysis has rapidly evolved over the last five years in 
response to continued scientific and technical advances.  These advances have largely been spurred on 
by a need for better surge forecasts, together with FISs for other locations along the Gulf of Mexico and 
Atlantic coasts.  The USACE—both through New Orleans District and the Engineer Research and 
Development Center—has continued to play a crucial role in methodology improvements.  A major 
finding of this Report is that recent methodological advances provide for reduced systemic and local bias 
(error) in surge hazard analysis.  Five important advances include: 

1. Understanding of the regional hurricane climatology has continued to progress since Hurricane 
Katrina (e.g., Hurricanes Gustav, Ike, and Isaac).  Research on storm frequencies and 
characteristics is clarifying the importance of more factors to surge hazard, e.g., Holland B and 
Integrated Kinetic Energy.  The particular role of the Loop Current and coastal water temperature 
in local hurricane return period, intensity, wind field extent, and dynamics is also becoming better 
understood, as is the surge threat of large, low intensity hurricanes. 

2. Models have improved significantly regarding a) representation of physics in component wind, 
surge, and wave models; b) code developments (e.g., tight coupling with wave models); c) mesh 
resolution, quality, and node attributes (e.g., elevations and Manning’s n values); and d) execution 
speed and the ability to complete extensive model performance tests (due to high performance 
parallel computing, HPPC, technology).  Recent models are even more reliable, robust, and locally 
realistic  than those developed five years ago.   

3. HPPC speeds and capacity have multiplied many fold, which now allows the number of storms 
used in the joint probability analysis (JPA) to be greatly expanded and facilitates a Joint Probability 
Method with Optimal Sampling (JPM-OS) approach as opposed to a Surge Response-OS approach. 

4. Greater HPPC efficiency and improvements in JPM-OS further allow for a rigorous JPA of polder 
inundation hazards and residual risk management, moving beyond basic reach-by-reach 
overtopping hazard assessments.  This facilitates a full consideration of residual risk, uncertainties, 
and the “conservatism” of the design—i.e., a true “risk-based” design. 

5. Greater HPPC efficiency also enable more sophisticated evaluations of future surge hazard 
scenarios, including such factors as varying regional response to relative sea level rise (RSLR), 
coastal land loss, and local settlement. 

A second crucial finding is that despite advances in estimating surge hazards, uncertainties in surge 
hazard estimates remain very high, with the pace of future reduction likely to be very slow.  Methods for 
quantifying uncertainties are well established and show that overall surge hazard estimate uncertainty 
has a very large fractional magnitude, and non-normal distribution.  Applying a normal distribution to 
provide some indication of epistemic uncertainty magnitude, the 100-yr exterior surge estimates for 
southeast Louisiana have a 90% confidence interval of at least ± 4.3, 5.1, and 6.1 ft (43, 34, and 30%) on 
surges of 10, 15, and 20 ft, respectively.  Additional aleatory uncertainty can have a similar magnitude 
but is far from normally distributed. 

Principal Findings on the 2005-09 Southeast Louisiana Surge Hazard Analysis 

Review of the southeast Louisiana 2005-09 surge hazard analysis in light of recent methodology 
advances indicates that the analysis has seven important potential bias factors, including four sources of 
low—under-estimation—bias: 
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1. The evaluation of hurricane climatology does not take into account the influence of large, slow-
moving, low intensity hurricanes on the 100-yr surge.   

2. The surge model contains several superseded approaches and the mesh contains outdated 
topographic, bathymetric, land cover, and HSDRRS data.  These limitations produce local bias in 
sensitive areas within the region.  The model validation—which was done by comparing a 
Hurricane Katrina hindcast to surge observations—acknowledged one example of significant local 
bias:  a consistent under-representation of surge height by more than 1.5 ft along the south shore 
of Lake Pontchartrain.  The model likely has additional locations of under-estimation bias, as well 
as some locations with an over-estimation bias. 

3. The Surge Response-OS approach and small 152-storm set overly smooth the interpolation and 
extrapolation of regional surge response to variations in hurricane characteristics (see Footnote 
2).  The set does not include sufficient scenarios of extreme landfalling hurricanes for estimating 
the 500-yr hazard—e.g., no landfalling Category 5 hurricanes.  

4. The 2057 analysis for the future 100-yr condition only uses a uniform 1.0 ft RSLR around the entire 
perimeter and applies a uniform increase to estimated surge still water and wave heights for most 
of the east-bank. 

One small upward bias factor: 

1. The approach used to compute the cumulative distribution function (CDF) modestly increases the 
100- and 500-yr exterior surge hazard estimates—at one location by 0.4 and 1.1 ft, respectively.   

And two factors that could be significant but are difficult to gauge at this point: 

1. The method used in characterizing foreshore wave heights associated with the 100- and 500-yr 
surge conservatively assumes Rayleigh distributed wave heights, but also a possibly low breaker 
index of 0.4.   

2. The JPA for the 2011 conditions does not re-simulate all the storms in the set, but chose to adjust 
some storm results from the previous JPA for the 2007 conditions. 

Review of the state of the practice also identifies five important limitations in the 2005-09 analysis 
regarding the quantification of uncertainty in surge hazard estimates: 

1. Uncertainties associated with hurricane dynamics—e.g., intensification, growth, and decay. 

2. Uncertainty in the combined wind/surge/wave modeling indicated by other recent studies. 

3. Uncertainties in the JPA method and CDF integration, which have not been examined.   

4. Uncertainties for interior polder inundation hazard factors such as seepage, overtopping, 
breaching, rainfall, pumping, and internal routing, which have not been quantified. 

5. Most importantly, the HSDRRS design allowance for uncertainty in the local wave overtopping 
rates, which does not reflect the actual statistical uncertainties.  The Monte Carlo analysis used to 
compute the allowance a) employed much lower standard deviations for exterior surge still water 
than those estimated, and b) did not vary the wave height with depth, as stipulated in the design 
analysis. 

These bias factors and uncertainty issues indicate that the 2005-09 analysis is outdated for SLFPA-E 
surge risk management purposes beyond the 2013 NFIP FIS and HSDRRS accreditation.  
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Recommendations for Improved Surge Hazard Analysis for Southeast Louisiana 

Based on these findings and conclusions, the Report provides two major recommendations for revising 
the southeast Louisiana surge hazard analysis: 

1. The southeast Louisiana hurricane current and future surge hazard analyses should be updated as 
soon as possible to provide higher quality median and exceedance level estimates of exterior 
surge, waves, overtopping, and polder inundation over a full range of hazard levels.  The Report 
includes a list of specific recommendations, addressing each of the five tasks, to bring the regional 
surge hazard analysis up to the state of the practice. 

2. SLFPA-E should support a cooperative partnership with CPRA, FEMA, USACE, and NOAA to 
encourage and fund research for improving regional surge hazard analysis. The Report also 
presents a list of research topics—such as investigating potential climate change impacts on the 
way the Loop Current influences regional hurricane climatology.   

 

Implications for the HSDRRS Performance 

The USACE used the 2005-09 analysis in the HSDRRS elevation design to minimize current 100-yr surge 
wave overtopping of levees.  Floodwalls were designed higher, to future 2057 100-yr overtopping 
conditions (with RSLR), due to the excessive cost of subsequent crown increase.  The outdated 
methodologies of the 2005-09 analysis--associated bias factors and uncertainty issues—imply the 
following six conclusions regarding levee performance as designed (excluding settlement overbuild): 

1. Revising the analysis for Bias Factors Nos. 1 and 2 above will likely raise median estimates of the 
exterior 100-yr surge (versus the current FIS estimates) at many HSDRRS reaches, perhaps by two 
feet at some locations.  However, a complete re-analysis is needed to determine the combined 
influence of all the bias factors on the exterior 100-yr surge estimate.  Higher 100-yr surge 
estimates could substantially increase estimates of wave overtopping—by factors of two or more.  
If a reassessment of foreshore wave characteristics substantially increases wave breaker index, 
the 100-yr wave overtopping estimates could increase by much higher multiples. 

2. Revising the analysis for Bias Factors Nos. 1, 2, and 3 are even more likely to raise median 
estimates for 500-yr surge and overtopping throughout the region.  

3. Revised quantification of uncertainty addressing the above issues will notably increase statistical 
confidence intervals for 100- and 500-yr surge, waves, and overtopping.  Revisions for both bias 
and uncertainty together can increase the estimate of current overtopping hazards at exceedance 
levels by an order of magnitude. 

4. Revised median and 10% exceedance estimates of the 100-yr overtopping rate at many reaches 
will likely surpass the specified 100-yr criteria in the HSDRRS design for interior-side erosion 
protection (0.1 and 0.01 cfs/ft).   

5. Revising the analysis for the bias factors and uncertainty issues is also likely to raise the polder 
inundation risk.  However, an improved JPA based on the final HSDRRS design is needed to 
determine the magnitude of increase.   

6. An updated future analysis addressing Bias Factor No. 4—which takes into account varying 
regional impact of RSLR, erosion, and land cover change (e.g., New Orleans East Land Bridge)—is 
likely to show significant spatially-varying impacts to future 100-yr and 500-yr surges and HSDRRS 
reach overtopping.  The 2057 design elevations will need to be adjusted to take into account 
higher overtopping at some reaches. 
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These six performance concerns indicate that HSDRRS levees as designed have significant shortcomings 
for the SLFPA-E’s management of surge risks. 

 

Additional Recommendations for the HSDRRS 

The following four HSDRRS recommendations derive from the above findings and recommendations for 
improved surge hazard analysis, and the implications for the HSDRRS design: 

1. SLFPA-E should work with CPRA and USACE to revise surge (still water level), wave, and 
overtopping exceedance levels to reflect the total statistical (including non-normal) uncertainty.  
SLPFA-E should then work with the CPRA and USACE on determining if a 10% exceedance level is 
appropriate (i.e., 80% confidence interval). 

2. SLFPA-E should work with CPRA and USACE to add three exceedance level design criteria for a) a  
minimum freeboard for the 100-yr/exceedance surge, b) reach-specific 100-yr/exceedance wave 
overtopping rates instead of uniform 0.1 cfs/ft criteria; and c) reach-specific 500-yr (resiliency) still 
water levels, waves, exterior scour velocities, overtopping rates, and seepage rates.  SLFPA-E 
should work with the CPRA and USACE to upgrade structural designs as needed to be consistent 
with revised hydraulic design. 

3. SLFPA-E should work with the CPRA and USACE to accelerate installation of reasonable resiliency 
measures which are not likely to be rendered obsolete in the near future by revisions to surge 
hazard analysis, 100-yr and 500-yr exceedance level design criteria, and erosion research.   

4. SLFPA-E should work with the CPRA and USACE to ensure a systematic approach to HSDRRS 
projects. 

 

Additional Recommendations for Surge Risk Management 

Finally, the SLFPA-E should also work with the CPRA, regional parish governments, the USACE, and other 
appropriate agencies on seven further surge risk management actions: 

1. Complete studies to identify cost-effective internal compartmentalization projects to reduce or 
control inundation in the event of an HSDRRS breach.  Possible projects include diverting water 
from the IHNC/GIWW sub-basin to the Central Wetlands; reinforcing I-walls along the IHNC; and 
improving legacy barriers at parish boundaries. 

2. Maintain and improve critical coastal “lines of defense,” per the CPRA 2012 Master Plan, such as 
the New Orleans East and Bayou LaLoutre Land Bridges and Biloxi Marsh. 

3. Examine regional surge hazard/risk issues associated with Mississippi River and other levees below 
the HSDRRS as part of the Mississippi River Hydrodynamic and Delta Management Study 

4. Continue to evaluate potential cost-effective Lake Pontchartrain Barrier alternatives that avoid 
adverse ecological and surge hazard impacts.  

5. Conduct a state-of-the-practice “all flood” hazard analysis for the New Orleans region to optimize 
surge risk management given other sources of flood hazard.   

6. Upgrade polder infrastructure and revise building codes consistent with future polder “all flood” 
hazard analysis and sound risk management. 

7. Implement reasonable policies to incentivize a broader segment of property owners to purchase 
flood insurance under the NFIP. 
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Pathways and Processes Associated with Groundwater Flow in Coastal Louisiana 
Alexander S. Kolker 1,2, Alex Breaux1, Jaye E. Cable3, Dan Coleman2, Jihuk Kim3 , Karen Johannesson2, 
Annie Schenider4, Katheryn Telfeyan2 and Mead A. Allison5,2  
1 Louisiana Universities Marine Consortium,  
2 Department of Earth and Environmental Sciences, Tulane University 
3 Department of Marine Science, University of North Carolina, Chapel Hill 
4 Program in Marine Science, University of South Carolina 
5 The Water Institute of the Gulf 
 
 It is well recognized that the Mississippi River (MR) is the dominant driver of hydrological 
processes in coastal Louisiana.  For decades, researchers have examined how surface waters from the 
Mississippi River (MR) impact the coastal bays that comprise the Mississippi River Delta (MRD). 
However, other questions remain: how well do surface hydrological and geochemical fluxes in the MRD 
account for the total fluxes in this system? Are there more diffuse subterranean pathways by which 
water flows from the MR to the coastal zone? Here we show that there are subterranean pathways that 
direct water from MR to the MRD.  This deltaic submarine groundwater discharge averages about 1,000 
m3 s-1, and can reach 5,000 m3 s-1 at high discharge, indicating that groundwater is an important, but 
overlooked part of the hydrology of coastal Louisiana (Kolker et al., 2013).  

In recent decades, scientists have recognized the importance of submarine groundwater 
discharge (SGD) to global hydrological and geochemical budgets.  A survey of the literature indicates 
that globally, SGD amounts to 1-10% (average ~ 6%) of the global river flux (Burnett and Dulaiova, 2003). 
However, these studies have largely been conducted on karstic coastlines or small sandy aquifers. Few 
studies have examined SGD in large river deltas. This is an important oversight as deltas are highly 
productive ecosystems, major depositional centers, locations of authigenic mineral formation, and key 
regions where nutrients are processed and regenerated.  Advancing our understanding of subsurface 
flows in a large river delta could provide important insights into global geochemical cycles. In Louisiana, 
such advances may also provide information on the hydrology of the MRD, which is critical to 
restoration efforts.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Top: Groundwater in a well Orleans Parish and stage in the MississippI River, 
indicating that the two fluctuate in unison. Bottom: Long-term pattern of groundwater 
withdrawal at a well in Orleans Parish. Source: USGS, USACE and Kolker et al., (2013) 
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We hypothesize that groundwater flows from the MR to the MRD through abandoned bayous, 
buried paleochannels, or other subterranean sand bodies. Further, we posit that groundwater flow is 
driven by the head differential between the MR and the surrounding wetlands. When river stage is low, 
there is no head differential between the two, resulting in no SGD flow.  When river stage is high, the 
head differential between the two systems is substantial, resulting in groundwater flow from the river to 
the coastal bays, and particularly the Barataria and Lake Pontchartrain basins. During extreme low 
water, groundwater may flow from Barataria Bay and the Lake Pontchartrain Basin to the Mississippi 
River, resulting in saltwater intrusion into the coastal aquifers.  

 
 
 
 
 
 
 
 
 
 
 

 
 

We are actively testing this hypothesis using tools from hydrology, geophysics and 
sedimentology.  Our primary study site is Lac Des Allemandes, a lake near the northern end of Barataria 
Basin with limited surface water inputs.  Given that the hydrological head differential between the river 
and the coastal bays of the delta are likely to be nearly symmetrical, our results are likely to be broadly 
applicable across the Mississippi River Delta, including the Lake Pontchartrain Basin.  To identify 
paleochannels, we are deploying a CHIRP sub-bottom profiler from a small shallow draft vessel. CHIRP 
sonars send and receive sounds pulses with frequencies that vary from 2-16 kHz. These sounds 
penetrate into the sediments, and changes in density produce changes in sonic returns, thereby allowing 
a researcher to develop 2-dimensional images of the bay's stratigraphy with a ~50cm resolution to a 
~depth of ~10 m.   To examine the flux of SGD to coastal bays, we are deploying a suite of continuously 
recording radon (Rn) detectors. Radon-222 (222Rn) is produced from the decay of Radium-226 (226Ra), 
which occurs naturally in sediments. Radon-222 has a half- life of 3.8 days. As such, its presence in 
coastal waters above that directly produced from the decay of 226Ra, is indicative of advective 
groundwater flow.  We are deploying a suite of three continuously recording Rn detectors from a small 
boat in conjunction with the CHIRP sonar to examine spatial patterns of groundwater flow. We are 
collecting water samples from coastal bays and wells to examine how groundwater impacts the 
geochemistry of coastal embayments.  Finally, we are complementing this work with existing data on 
hydrological budgets in the MR and the coastal bays of the MRD.  

Results to date point to large and previously unrecognized pathways of groundwater flow in 
coastal Louisiana. The total flux of SGD across the entire delta ranges from about 0 to 5000 m3- s-1. Flow 
appears to be greatest during periods of high discharge and lowest during periods of low discharge. 
Furthermore, flow appears to be greatest in bayous and other relict distributaries. Our results suggest 
that bayous and relict distributaries still carry a substantial amount of flow, despite surface restrictions.  
These subsurface conduits may further serve as vessels for geochemical reactions. While this work is still 
in its infancy, it may improve our understanding of the distribution of habitats, the fate and transport of 

Figure 2 Submarine groundwater discharge (grey bars) and river stage in New Orleans. 
Source: Inniss (2002), and Kolker et al., (2013). 
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pollutants, and the distribution of freshwater, all of which are important for modeling future 
restoration. 
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Figure 3. Schematic of our conceptual understanding of submarine groundwater discharge in 
the Missisippi River Delta. Source: Kolker et al., (2013) 
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Introduction: 
Over a period of several thousand years, the mighty Mississippi River shaped what is today’s southeast 
Louisiana. Specifically, the eastern side of the Mississippi River delta plain, known as the Lake 
Pontchartrain Basin, was formed by sediments deposited from the Mississippi river and its tributaries 
mostly during the flooding months of the year. However, since 1932, more than 66,000 acres of 
marshland have disappeared and converted to open water, which amounts to more than 22 percent of 
the marshland that existed prior to 1932 (www.lacoast.gov). The primary causes of wetland loss are the 
effects of increased human activities leading to global climate change and sea level rise, increased 
intensity of tropical systems, and regional subsidence that started many hundreds of years ago, as the 
river pattern changed (Figure 1). Subsequent construction of levees and flood protection systems along 
the banks of Mississippi River has minimized the supply of fresh water, sediment, and nutrients into 
the Lake Pontchartrain basin. With disappearing wetlands, the basin is losing its first line of defense to 
hurricane activities and storm surge events. This paper addresses the factors that have led to the current 
situation in the Lake Pontchartrain basin, their effects on the economic and cultural aspects of the 
region, and steps needed to restore the basin. 
 

 
Figure 1: Louisiana’s changing landscape due to meandering Mississippi river (Mandelman, 2012) 

 
Global Climate Change: 
Does Global Warming exist? Data collected over several decades suggest the impact of increased 
human activity on global climate change throughout the world. The “greenhouse effect” increases 
ambient temperature when certain gases in earth’s atmosphere trap either direct heat from sunlight or 
radiated heat from the ground below. This phenomenon of increased planetary temperatures is called 
Global Warming. Most of the greenhouse gases come from the combustion of fossil fuels in vehicles 
and factories, which supply energy to meet the demands of modern civilization. It is understood that 
higher concentrations of carbon dioxide, CO2, and water vapor in the atmosphere are primarily 
responsible for global warming, which contributes to sea-level rise through thermal expansion of 
oceans, retreating sea ice and melting of ice glaciers. Furthermore, sunspot activity and less albedo 
from polar ice caps to reflect the sun’s rays contribute to warming our planet. Figure 2 shows Global 
Average Surface Temperatures from 1880 to 2007.  
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Figure 2: Global Mean Surface Temperature since 1880 (Theis and Tomkin, 2012) 

 
The global average surface temperature is approximately 15 °C; however, adjusting the concentration 
of greenhouse gases in the atmosphere can produce dramatic effects. If nothing is done to mitigate the 
emission of greenhouse gases into the atmosphere, climate models (Figure 3) are predicting a 4°C to 
6°C increase in global average temperature by 2100. The best case scenario, from a climate change 
perspective, would be to minimize CO2 emissions into the atmosphere or for the current emission rates 
to not increase at an alarming rate. Even with the most optimistic scenario, there would still be a 
warming of 0.5 °C to 2 °C by 2100 as indicated in Figure 3 (Theis and Tomkin, 2012). 

 
Figure 3: Global Greenhouse Gas Emissions and Global Surface Warming predictions over  the next 

Century (Theis and Tomkin, 2012) 
 
Some scientists believe that our planet is going through a natural warming cycle that is part of 
temperature cycles (alternate heating and cooling) experienced by our planet for several thousands of 
years. However, the warmest years on record all have occurred in the past 15 years. The negative 
effects of global temperature increase by a degree or two is already evident from events happening 
throughout the world. With further increase in global temperature, the situation can get worse affecting 
all living creatures on this planet.  
 
Figure 4 shows the average sea surface temperature in Gulf of Mexico for the month of September 
between 1880 and 2010. Since the 1980s, the temperature in the gulf has been increasing at a steady 
rate, which can have a significant effect on the long term geomorphological and ecological condition of 
Lake Pontchartrain Basin. 
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Figure 4: Gulf of Mexico Sea Surface Temperature Anomalies for month of September (NOAA, 2005) 

 
Sea Level Rise: 
Data collected over centuries indicate that sea levels around the world are rising. As shown in Figure 5, 
between 1870 and 2004, global average sea levels rose 195 mm (7.7 inches). From 1950 to 2009, 
measurements show an average annual rise in sea level of 1.7+0.3 mm per year, with satellite data 
showing a rise of 3.3+0.4 mm per year from 1993 to 2009, a faster rate of increase than previously 
estimated (Nicholls and Cazenave, 2010). The current projection is that sea level will rise at the rate of 
approximately 2 mm per year over the next century (Theis and Tomkin, 2012).  

 
Figure 5: Past and Projected future Sea Level Rise in the world (Theis and Tomkin, 2012) 

 
Scientists contribute two main factors to observed sea level rise. The first is thermal expansion: as 
ocean water warms, it expands. The second is from the contribution of land-based ice due to increased 
melting. The major store of water on land is found in glaciers and ice sheets. Sea level rise is one of 
several lines of evidence that support the view that the climate has recently warmed. The global 
community of climate scientists confirms that it is very likely that human-induced (anthropogenic) 
warming contributed to the sea level rise observed in the latter half of the 20th century. Figure 6 
presents the mean water level measurement data in Lake Pontchartrain over several decades. As 
indicated in the graphs, over the last 35 to 45 years, the lake water has risen by about 1.01-1.09 cm/yr 
near South Point and at Little Woods.  

 
(a) near South Point 

 
(b) at Little Woods 

Figure 6: Mean annual water level measurements for Lake Pontchartrain (Ramsey et al.) 
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Subsidence of soil in Lake Pontchartrain Basin: 
Scientific evidence indicates that sediments brought by the Mississippi river formed most of the Lake 
Pontchartrain basin over the past several thousands of years. During the river’s annual flooding, new 
sediments were deposited over existing land, accumulating thick layers of sand, clay, silt, and organics. 
As the Mississippi river meandered its course over time, a series of overlapping deltas formed, 
eventually building a wide deltaic plain that forms Louisiana’s coast. All the land in the Lake 
Pontchartrain basin to the south and west of Lake Pontchartrain consists of Mississippi River sediments 
deposited over time. Figure 7 shows the depositional environments and soil types within the Lake 
Pontchartrain Basin area. Most of the basin lies within the Holocene deltaic plain of the Mississippi 
river. The alternating transgressive-regressive units consist almost entirely of sands, silts, and clays 
with abundant organic debris (Kolb and Saucier, 1982).  

 
Figure 7: Depositional environments & soil types in vicinity of New Orleans (Kolb and Saucier, 1982) 
 
Of the several processes that have been working together to affect a long-term pattern of subsidence in 
the New Orleans area, faulting is moderately significant. Consolidation of sediments, on both a 
regional and local scale, is the principal contributor to subsidence (Kolb and Saucier, 1982). The 
former involves the entire Neogene and older sequence of the Gulf Coast geosyncline and manifests 
itself slowly in the form of land sinking, accelerated shoreline erosion, saltwater encroachment in 
estuaries, and similar effects. Local consolidation, affecting mainly the soft and often highly organic 
interdistributary lowland and similar deltaic deposits, manifests itself rapidly and frequently with 
dramatic effects on man-made structures and facilities. Differential settlement, bank failures, and 
flooding are typical consequences in the New Orleans area (Kolb and Saucier, 1982). This subsidence 
is also the result of subsurface fluid (water, petroleum, gas etc.) withdrawal within the Lake 
Pontchartrain basin area. Figure 8 shows the settlement history of a portion of New Orleans 
characterized by 2 to 2.5 m surficial organic layer. 

 
Figure 8: Settlement history of a portion of New Orleans (Kolb and Saucier, 1982) 
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Storm events within Lake Pontchartrain Basin: 
In Louisiana, hurricane season starts on June 1st every year and continues through November 30th. The 
geographic location of Lake Pontchartrain Basin puts itself at a greater risk to be on the paths of 
tropical storms and hurricanes. With a warming planet, the oceans around the world and Gulf of 
Mexico are responding with sea level rise and elevated water temperatures. Warmer ocean 
temperatures lead to increased evaporation into the atmosphere as water vapor.  The heat transferred to 
the atmosphere from the ocean is stored in the water vapor as latent heat. This process helps in the 
formation of disturbances over water and creates tropical storms and hurricanes. Many scientists 
believe that global climate change is increasing the number and intensity of hurricanes and storm 
events throughout the world. Figure 9 shows the path of some major storms that affected the Lake 
Pontchartrain Basin in the last 50 years. 
 

 
Figure 9: Lake Pontchartrain Basin storm events in last 50 years (http://www.nhc.noaa.gov) 

 
The increased number and intensity of these and other storms have affected the Lake Pontchartrain 
Basin area with wetland loss, flooding, erosion, economic distress, and loss of human life. It is 
estimated that for every 3.4 miles of healthy wetland a storm surge must travel over, the surge is 
diminished by about one (1) foot. Louisiana wetlands protect inland communities from approaching 
hurricanes by reducing inland flooding from storm surge as well as reducing the wind speed. 
Additionally, the wetlands provide vital habitats to countless species of birds, fish and plants. Coupled 
with global climate change and sea level rise, subsidence of near-surface soft and compressible alluvial 
deposits encountered within the Lake Pontchartrain basin, is causing wetland loss at an alarming rate.  
 

 
 

Figure 10: Projected Louisiana Costal Land Loss between 1932-2050 (Elliott, 2010) 
 
Figure 10 illustrates the loss of land projected from 1932 through 2050 in the coastal areas of 
Louisiana. As of 2012 an estimated 1,880 square miles of Louisiana coastal land has been lost (2012 
Louisiana Coastal Master Plan). As indicated, significant portion of this land loss will occur within the 
Lake Pontchartrain Basin, if no action is taken to protect and restore the fragile basin environment. 

Basics of the Basin 2013

130 of 196

http://www.nhc.noaa.gov/
http://www.nhc.noaa.gov/


Wetland Restoration in the Basin: 
A major goal towards reestablishing a healthy coastal ecosystem has been to rebuild Louisiana’s 
wetlands with dredged soil sediments and Mississippi river sediment diversion and conveyance 
projects that optimally manage and allocate sediments and minimally impact native flora and fauna. 
Restoring the marshes through deposition of dredged material from adjoining navigation canals and 
Mississippi river bed and subsequent reestablishment of emergent wetland vegetation will help to 
protect Lake Pontchartrain Basin’s infrastructure and human life from accumulated damage due to 
elevated water levels and storm surge forces as well as create a sustainable coastal environment to 
booster vital economic, social, and recreational opportunities for thousands of Louisianans. Figure 11 
indicates several coastal restoration sites within the Lake Pontchartrain Basin area.  
 

 
Figure 11: Coastal Restoration Sites in the Lake Pontchartrain Basin (source: Penland) 

 
Similar restoration projects within the Lake Pontchartrain Basin will help minimize wetland loss, 
generate new land to act as first line of defense against storm events, and create a more sustainable, 
economically thriving, and ecologically prosperous environment for human population and wildlife 
habitat. 
 
Summary: 
Global climate change, sea level rise, regional subsidence, and increasing number and intensity of 
storm events are causing loss of wetlands and erosion within the Lake Pontchartrain Basin. The 
region’s diminishing and fragile ecosystem is having a significant impact on the ecological and 
economic condition of the region. In addition to constructing hurricane and storm damage risk 
reduction structures, creating new marshland through sediment dredging and Mississippi river 
sediment diversion projects will help slow the rate of land loss, reduce the impact of intense storm 
events, and create a more sustainable environment to support diverse wildlife habitat. 
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Introduction 

The Bohemia Spillway area is an 11.8 mile reach on the east bank of the Mississippi River 

approximately 45 miles downriver of New Orleans.  The Bohemia Spillway was created in 1926 when the 

artificial Mississippi River levees were removed, which re-established more natural conditions of 

overbank flow across the natural levee (Lopez et. al. 2013).  Because wetlands here are more resilient, 

LPBF has been investigating the Bohemia Spillway to document processes that may be emulated 

elsewhere for coastal restoration.    

In the course of a hydrologic survey during the 2011 Mississippi River flood event, LPBF staff 

observed a process of overbank flow developing into a channelized flow at two locations across the 

crest of the natural levee.  At both sites, the roadway along the crest of the natural levee was breached 

by a new channel that previously was simply overtopped during high water events.  After the 2011 flood 

at the breach at River Mile 43, culverts were placed and the roadway was re-established.  The site 

located at river mile 43.7 and adjacent to an obsolete water control structure has continued to evolve 

through the natural forces of river flow.  Although, at this site, river flow was captured by two pre-

existing canals that were created for the water control structure, it was the headward erosion along the 

river across a forested bar that allowed the channel to entirely breach to the Mississippi River in late 

February and early March 2012.    

Since the breach of Mardi Gras Pass (MGP) to the river, there has been channel enlargement 

(Boyd et al, these proceedings) and relative increases in captured river discharge during times of 

elevated river stage.  This report summarizes the hydrologic monitoring of Mardi Gras Pass since its 

inception in 2012 until August 2013. 

 

Methods 

LPBF sub-divided Mardi Gras Pass into four reaches (1-4) extending from the Mississippi River to 

the Back Levee Canal (Lopez et al. 2013).  More recently, Reach 4 was sub-divided into Reaches 4a and 

4b due to evolving differences in the channel geomorphology.  By frequent field observation in floods of 

2011, 2012 and 2013, it was determined that some occasional overland flow occurs adjacent to reaches 

1, 2, and 3 under higher water conditions.  Therefore, it is only Reach 4 (4a and 4b) that captured all of 

the flow attributed to Mardi Gras Pass in all river stages, and so discharge measurements were made in 

Reach 4.  One survey exception is that, at the very earliest breach of Mardi Gras Pass into the river in 

March of 2012, velocity and channel measurements were made at Reach 1 at the river.  At that time, all 

MGP flow was in-bank and so, based on the channel profile (A) and (V) velocity measurements, 

discharge (Q) was estimated simply by the formula Q=V*A.  
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Subsequently, LPBF contracted with the University of New Orleans to conduct Acoustic Doppler 

Current Profiler (ADCP) surveys. To measure flow, UNO used a vessel-mounted ADCP in tandem with a 

differential global positioning system (DGPS, Trimble GS232).  The surveys followed a pre-determined 

schedule of transects, targeted mainly to establish a flow balance within Reach 4b of MGP.  Surveys 

were all conducted during the day for safety and convenience, regardless of tidal conditions.  Based on 

prior investigations within the Bohemia Spillway, it would be expected that astronomical or wind driven 

tidal change in the marsh would alter the discharge through Mardi Gras Pass due to changes in the head 

between the river and the receiving marsh area (Lopez et al. 2013).  Based on this prior work and the 

current study, the normal astronomical tidal influence is estimated to be less than 10% of the higher 

discharge range through Mardi Gras Pass when the river is above 4 feet NAVD at Pointe a la Hache.   

During the summer of 2012 when the river was very low, the discharge was observed on several 

occasions to be reversed, i.e. flowing into the river.    No ADCP measurements were taken during these 

periods of flow reversal but, based on velocity and channel measurements, the discharge was estimated 

to be less than 500 cfs in 2012. 

On two of the ADCP surveys in 2013, a more extensive hydrologic survey was conducted by 

measuring flow into the receiving Back Levee Canal and adjacent bayous and canals.  UNO used the 

same instrumentation and procedures as the ADCP measurements in Reach 4b.  These surveys also 

corresponded to suspended sediment analyses over the same outfall area (Henkel et al., these 

proceedings).  Individual ADCP field reports and other MGP data may be found at SaveOurLake.org. 

Discharge Analysis 

Figure 1 displays the Pointe a la Hache river stage from 2011 to summer of 2013 when Mardi 

Gras Pass was evolving. The resulting discharges from the nine ADCP surveys are annotated onto the 

graph.  Discharge ranged from 100 cfs (earliest measurement based on velocity) to 3,840 cfs during the 

peak river stage in 2013.  The lowest ADCP survey was 436 cfs at the onset of Mississippi River low water 

during the summer of 2012.  The graph is divided into three flow regimes according to river stage. 

Mardi Gras Pass Flow regimes: 

 “Bi-Directional In-bank Flow” 0.6 to 2 feet river stage

Mardi Gras Pass was observed to have in-bank flow, and discharge was generally flowing from

the river but occasionally was observed to be flowing into the river, driven by elevated water

elevation in the estuary.  Estuary elevation and flow reversal was generally driven by unusual

wind or astronomical tides, but there was also evidence of flow reversal (wrack) by storm surge

during Hurricane Isaac in August 2012.

 “Unidirectional In-bank Flow” 2 to 3.7 feet river stage

Reach 1 of Mardi Gras Pass was observed to have in-bank flow only and be unidirectional

flowing from the river (rate ~ 135 cfs / foot of stage).

 “Unidirectional In-bank Flow & Across River Bar” 3.7 to 7.6 feet river stage

Reach 1 of Mardi Gras Pass was observed to overtop its bank, and additional river flow was

occurring across the adjacent forested river bar.  The overtopping of the bar increases discharge

and that is reflected in the change in the slope of the rating curve.  With overtopping at Reach 1,
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there is a 10-fold increase rate of increase of discharge per unit of rise of the river. (Rate ~ 1000 

to 1500 cfs / foot of stage). 

  

 
Figure 1: Rating curve for Mardi Gras Pass based on ADCP discharge measurements and stage at Pointe 

a la Hache.  Four curves are suggested for rising and falling conditions for the two flood years.  The 

incremental shift of the curve to the right reflects increased flow capacity due to enlargement of the 

channel. 

 

The black and red lines are the inferred rating curves for the corresponding rising and falling 

hydrographs for the Mississippi river flood events in 2012 and 2013.  One assumed constraint was that 

the rating curves would not cross which would imply that Mardi Gras Pass evolved from at times?? to a 

channel of lower potential flow.  This is possible due to sedimentation that occurred locally, but was 

considered to be, at best, transient phenomena since rising water would quickly re-suspend recently 

deposited material.  The rating curves illustrate an incremental creep to the right over the course of the 

two flood years.  Based on 2011 flood conditions, 7.6 feet is assumed to be the maximum stage level to 

occur due to river management by use of the Bonnet Carre Spillway and the Morganza Spillway upriver.  

The extrapolated curves imply that the maximum flow potential in 2012 was 4,200 cfs and for 2013 is 

5,200 cfs.  These extrapolations are tenuous, but suggest an increase in maximum potential flow of 

1,000 cfs attributable to one flood year. 

In addition to the discharge measurements within Mardi Gras Pass, on two occasions ADCP 

surveys were conducted in the network of canals or bayous in which Mardi Gras Pass discharges.    

Figure 2 is the mapped results of one of these surveys.  It is significant to note that, on both occasions, 

the most distal measurements within channels accounted for nearly all of the flow emanating from 
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Mardi Gras Pass (98% and 82%).  This is consistent with the field observation that Mardi Gras Pass does 

not generate overland flow within the marsh.  This is also consistent with the two turbidity studies 

conducted simultaneously by LPBF (see Henkel et al, these proceedings). 

 

 
 

Figure 2: Yellow arrows are locations of ADCP surveys and resulting flow in cfs on June 26, 2013.  All 

measurements were conducted on vessel mounted ADCP.  Each juncture was surveyed twice including 

at Mardi Gras Pass.  Transects in the Back Levee Canal and John Bayou were surveyed once. 

 

Discussion 

Considering the documented increases in channel dimensions and discharge over time for MGP, 

it is obvious MGP has a cascading response to captured Mississippi River flow by increasing its flow 

capacity, and thereby increasing its rate of enlargement.  Except for minor periods of sedimentation 

after high water, this has so far been a one-way process toward increasing hydrologic capacity and 

efficiency.  Although MGP capture is at most 0.4% of the Mississippi River discharge, this one-way 

process of enlargement implies continued capture of river flow.  However, the geologic record is clear 

that crevassing or overbank overtopping typically does not generally continue, and that there are 

processes that ameliorate or hamper the erosional process that could otherwise eventually lead to an 

avulsion of the trunk channel of the Mississippi River  (Russell 1936).  The Holocene record of the 

Mississippi River demonstrates that avulsions occur every 1500 years (Coleman 1964; 1998), which is 

orders of magnitude less frequent than crevassing.  The sub-delta process is known to have a growth 

and decay phase of about 150 to 200 years and “crevasses-splays” over several decades (Roberts 1997).  
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Therefore, the norm for overtopping, crevassing and bank breaches along the Lower Mississippi River is 

for these outlets to reach a limit of captured flow, and then stabilize or become abandoned.   MGP has 

been active for just eighteen months including only a partial flood cycle in 2012 and a one full flood 

cycle in 2013. 

Figure 3 illustrates this hypothetical “geomorphic limit” which reflects processes not fully 

defined here.  These processes likely include deposition in the outfall area which may restrict flow, as 

well as landscape elevation which defines head; both of which have control on water velocity and, 

therefore, erosion.  Other factors such as in situ soil properties, vegetation, and wetland creation, may 

all ultimately contribute to a subtle balance of competing rates which may drive the crevasse to 

continue to enlarge, stabilize or become smaller.  This hypothetical limit is referred to as the 

“geomorphic limit” and it is shown in Figure 3 as a possible boundary to the incremental creep of the 

rating curve to the right with greater flow capacity. 

 

 
Figure 3: This figure illustrates a hypothetical limit to increasing flow capacity of Mardi Gras Pass.  This 

limit may be greater or less than some acceptable level of flow. 

 

Figure 3 also suggests the context of this geologic, avulsive process in the realm of human 

management.  For a multitude of reasons all relating to the unnatural management of the river for 

betterment of societal needs, it may be determined that there is a limit to the desired flow through a 

particular location of the river such as at MGP.  The limit may or may not fall above the geomorphic 

limit. If the acceptable limit is above the geomorphic limit, the implication is that adaptive management 

of MGP is minimal.  If the acceptable limit falls below the geomorphic limit, then a more aggressive 

adaptive management may be necessary.  At this time, the only suggestion of the acceptable limit is the 

proposed flow capacity of the proposed Lower Breton Diversion with the Louisiana State Master Plan, 

which is 50,000 cfs.  At this time, data is far too insufficient to determine the geomorphic limit of MGP; 

however, the rate of increase (Figure 1) does suggest that multiple flood cycles need to occur before the 
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50,000 cfs discharge limit might be reached.  Therefore, this would suggest that there is still opportunity 

to monitor the development of MGP before the inferred acceptable limit may be reached.  
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The Mississippi Delta provides a wealth of ecosystem services at a variety of temporal and spatial scales, 
including carbon sequestration (Costanza et al. 2008).  Carbon sequestration refers to the removal of 
atmospheric carbon by plants or other storage mechanisms, which can mitigate CO2 released from 
changes in land use and the burning of fossil fuels (Williams 1999; Lal 2004; Euliss et al. 2006).  The 
carbon sequestration due strictly to organic soil formation in coastal marshes can range from 0.8 tons 
CO2e/ac/yr in degraded marshes to more than 15 tons CO2e/ac/yr in thriving wetlands when properly 
managed (Hesse et al. 1988; Day et al. 2004; Brantley et al. 2008).  Unfortunately, 80% of the coastal 
wetland loss in the continental United States, and some of the fastest rates of wetland loss in the world, 
continue to occur in the Mississippi Delta (LDNR 1998; Day et al. 2007; Barras et al. 2008).  Wetland 
restoration techniques have proven to be effective climate change mitigation strategies that promote 
enhanced carbon sequestration via increased vegetative productivity and carbon burial, as well as 
avoided carbon release when wetlands are lost.  A carbon market that facilitates financial investment 
into wetland restoration can potentially create low-cost offsets that provide a wealth of co-benefits such 
as storm surge reduction, fish and wildlife habitat, recreation, job creation, and economic development 
that are vital to the sustainability of coastal Louisiana.   
 
This presentation provides guidance on the first-of-its-kind American Carbon Registry (ACR) 
methodology, Restoration of Degraded Deltaic Wetlands of the Mississippi Delta, which was developed 
by Tierra Resources to transact wetland carbon offsets derived from wetland restoration. This is the first 
offset methodology to focus on wetlands in the United States and it is the first wetland offset 
methodology in the world to be applicable at a large scale and broadly address wetland restoration.   
 
The ACR methodology, Restoration of Degraded Deltaic Wetlands of the Mississippi Delta, provides a 
rigorous scientific framework for project development and aims to give offset credit for a wide range of 
restoration techniques including hydrologic management as well as reforestation with a variety of 
species.  The methodology is also unique in that it utilizes a modular approach to streamline the 
methodology to meet a variety of local conditions and different restoration techniques.  The modular 
methodology addresses each aspect of the project from establishing a baseline, monitoring of eligible 
carbon pools, and estimating project emission reductions, as a discrete and independent module.  The 
individual modules that are applicable to a specific wetland restoration project can then be selected and 
applied under a framework module which results in a project-specific methodology.   These modules, 
when used together will ensure the environmental integrity and robustness of ACR restoration projects, 
and will prevent certification of poorly designed wetland restoration activities.  Furthermore, this 
methodology will help shape the development of national market infrastructure for wetlands and water 
management.    
 
The ACR wetland methodology is currently being applied to two pilot projects located in Louisiana.  The 
goals of the pilot projects are to address science gaps, “road test” the developed methodology, 
determine costs, benefits, and barriers to implementation, identify cost-saving measures, and prove the 
commercially viability of wetland offset projects.  The first wetland carbon credit pilot project is located 
in St. Charles Parish.  The objective of this pilot project is to deliver a carbon offset project at the 
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assimilation cypress wetlands near Luling, Louisiana.  The second pilot project is a partnership between 
Tierra Resources and ConocoPhillips to test various mangrove planting techniques and apply the best 
carbon accounting procedures from the methodology to estimate the success of the conservation 
practice.  

In Louisiana, enhanced carbon sequestration is most often associated with point sources of freshwater 
and nutrients such as the addition of secondarily treated municipal effluent to wetlands, referred to as 
wetland assimilation.  Increased productivity from municipal effluent input results in enhanced 
aboveground biomass and root production, leading to enhanced organic soil formation.  Geological 
subsidence of this organic soil results in significant permanent carbon burial.  The addition of municipal 
effluent to wetlands increases wetland plant productivity, which leads to increased organic matter 
deposition and enhanced carbon sequestration (Day et al. 2004; Rybczyk et al. 2002).  Of traditional 
wetland restoration techniques, wetland assimilation systems are one of the best suited for carbon 
offset development and are believed to sequester some of the highest rates of carbon.    

Tierra Resources secured funding from Entergy Corporation through its Environmental Initiatives fund to 
apply the ACR wetland methodology to the Luling Oxidation Pond Wetlands Assimilation System.  The 
950-acre project site is a characteristic coastal swamp forest, dominated by water tupelo and bald 
cypress, whose sustainability is threatened by subsidence and saltwater intrusion.  The Luling site is 
preferential due to its size, established carbon rights, and the ability to begin monitoring net carbon 
impacts immediately.  Considerable funding for monitoring can be leveraged due since to the Parish, in 
order to comply with wastewater permit regulations, currently funds much of the needed scientific 
monitoring.  Monitoring will be designed to reach 90-95% confidence intervals with the goal of 
identifying mechanisms to reduce monitoring efforts to make the project more cost-effective.  The 
system is anticipated to sequester between 3-12 tons CO2-e/ac/yr or 2,850-11,400 tons CO2-e/yr.  We 
believe that this site will sequester in the higher range because the addition of treated effluent will 
provide optimal ecological conditions for the wetland.  The overall aim is to illustrate how claiming net 
carbon sequestration minimal gains as market-ready offsets are scientifically defensible, commercially 
scalable and repeatable, and financially viable.  Furthermore, we believe that the results will be highly 
transferable to other areas and restoration techniques that involve hydrologic management.  

A pilot project was recently initiated by ConocoPhillips and Tierra Resources to apply the latest scientific 
approaches to measure the benefits of mangrove plantings for restoration purposes and viability of 
carbon sequestration on ConocoPhillips’ property in Southern Louisiana.  The Louisiana Land & 
Exploration Company, a wholly owned subsidiary of ConocoPhillips, is one of the largest private owners 
of coastal marsh in the nation, owning approximately 640,000 acres located in the coastal zone of 
southeast Louisiana.  Mangrove plantings show potential as a significant, long-term restoration 
technique throughout ConocoPhillips properties to increase carbon sequestration rates compared to 
degrading saltmarsh, reduce wetland loss, and prevent further erosion of shorelines due to relative sea-
level rise (RSLR), which is the combination of eustatic sea level rise and local subsidence.  The primary 
goal is to determine the most cost-efficient and successful mangrove planting techniques for 
ConocoPhillips to restore and protect wetlands, and for this project to serve as a pilot for developing 
these techniques more broadly in any wetlands where this species is ecologically appropriate.  The 
secondary goal of the pilot is to apply the carbon accounting practices of the recently certified American 
Carbon Registry (ACR) Restoration of Degraded Deltaic Wetlands of the Mississippi Delta wetland carbon 
offset methodology to quantify the carbon benefits of the restoration pilot, thus identifying and 
addressing current global data gaps (Mack et al. 2012).  The results will inform ConocoPhillips and other 
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stakeholders of the potential to restore wetland property that contributes physically and economically 
to the sustainability of the region and nation at large.   
 
For a variety of financial, environmental, and political reasons, substantial interest exists for carbon 
credits derived from terrestrial landscapes among governments, environmental organizations, private 
companies, and carbon funds, driven by the potential that carbon credits may obtain a premium price in 
the future.  Monetization of these assets has important implications in coastal Louisiana.  Wetland 
restoration will help the region adjust to climate change by enhancing carbon sequestration, preventing 
carbon release during wetland loss, offsetting sea level rise, and increasing the resiliency of the wetland 
ecosystem to drought by introducing continuous inputs of freshwater.  In addition, restored wetlands 
dissipate surge and wave energies thereby protecting levees from breeching during the tropical storm 
events that are predicted to increase due to climate change.  The inclusion of wetland restoration 
management approaches in the emerging carbon market and GHG policy regimes will provide critical 
funding to facilitate rapid and effective climate change mitigation and adaptation. 
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Introduction 
Sea level rise, increasing number and intensity of coastal storms, and other natural and human 
hazards are putting more people and property at risk in Louisiana, with major implications for 
human safety and economic health of coastal areas. The state of the Louisiana coast has been 
declining steadily since the 1930s. As of 2012 an estimated 1,880 square miles of Louisiana 
coastal land has been lost (2012 Louisiana Coastal Master Plan). The last 20 years has seen an 
increased rate of land loss in coastal Louisiana that will continue to worsen if no action is taken. 
Figure 1 indicates land change scenario for the 50 years if no action is taken to conserve and 
protect future land loss as well as create new land. The areas marked in red will be lost or 
inundated if no action is taken to save coastal Louisiana.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Land change relative to future without action (2012 Louisiana Coastal Master plan) 
 
As can be seen from the figure, a significant portion of these areas lies within the Lake 
Pontchartrain Basin.  It is therefore important that efforts are made to minimize the land loss 
process, and possibly reverse the cycle, by building new land. 
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Land creation by dredged/ diverted Sediments 
Over the last several years, various techniques have been employed to restore the fragile 
wetlands of Louisiana. As indicated in the Louisiana Coastal Master plan, one of the major goals 
towards reestablishing a healthy hydro-geomorphic ecosystem is to rebuild wetlands with 
river/canal/lake sediment diversion or sediment conveyance projects that optimally manage and 
allocate sediments. The US Army Corps of Engineers routinely performs dredging operations in 
waterways throughout Louisiana amounting to about 300 million cubic yards every year. This 
dredged material, previously mostly wasted, can now be used to build new land in coastal 
Louisiana. Native or recently deposited in-situ material can also be mechanically or hydraulically 
dredged from its location below the mudline in a fresh, brackish, or saltwater environment and 
transported in pipelines and distributed in open water areas for land creation and marsh 
renourishment.  
 
Significance of Geotechnical characterization of dredged/ diverted sediments  
As with any new sustainable initiative, there are many unknowns involved with restoring and 
rebuilding new land using mechanically or hydraulically dredged sediments. The engineering 
properties and material characteristics of the dredged material are input parameters in several 
mathematical models that are used to predict the long-term behavior of the sediments. Therefore, 
proper characterization of the dredged material is of utmost importance in the correct design of 
coastal restoration and land reclamation projects. The sedimentation characteristics of the 
dredged material as well as their effects on the time rate of settlement of the suspended solid 
particles and underlying foundation soil depend, among other factors, on the (a) grain size 
distribution of the dredged material, (b) salinity (fresh, brackish, or saltwater environment) of the 
composite slurry, and (c) concentration of the solid particles in the slurry.  
 
When a new coastal restoration/ marsh creation project is chosen for planning, design, and 
construction, one of the key tasks to be completed is to determine the initial target marsh 
elevation. Once this is determined two categories of information are needed: the amount of 
material that needs to be dredged and how long the dredging operator needs to continue dredging 
to achieve the initial target marsh elevation. The successful and cost-effective design for a 
wetland restoration project depends on the proper estimation and evaluation of these factors. 
However, these factors are dependent on the grain size distribution, salinity, and solid particle 
concentration of the dredged slurry. Therefore, proper settling characterization of the dredged 
sediment is of utmost importance in the correct design of a marsh nourishment project in the 
Lake Pontchartrain Basin area. Laboratory characterization and sedimentation tests will provide 
data for designing the containment area to meet effluent suspended solids criteria and to provide 
adequate storage capacity for the dredged solids. This will, in return, contribute to the cost-
savings, time-savings, and improved outcomes of Louisiana Coastal Restoration project 
implementation. 
 
This study will also help in the creation of a database to include geotechnical characterization of 
dredged/ suspended sediments obtained from different sources as well as their geo-hydro-
dynamic properties with respect to grain size distribution, salinity of the environment, channel 
critical bed-shear-stress and in-situ sediment density. This database of information can be readily 
incorporated into the wetland restoration mathematical models and engineering calculations to 
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generate a more realistic outcome of the long-term performance measures for actual coastal 
restoration projects within the Lake Pontchartrain Basin area. 
 
Results of Laboratory Testing 
A series of geotechnical laboratory testing are currently being performed in the Geotechnical 
laboratory at the University of New Orleans (UNO) on multiple dredged sediments obtained 
from different geographic locations of Louisiana. The results of two such tests (samples 2013-1 
and 2013-2) are presented in this paper. All laboratory testing were conducted in general 
accordance with applicable American Society for Testing and Materials (ASTM) Standard 
Procedures, Environmental Protection Agency (EPA) method, as well as procedures developed 
by the US Army Corps of Engineers (USACE).  
 
Classification Tests: To properly classify the dredged/suspended sediments, the following 
geotechnical testing were performed on all the sediment samples obtained from the field: (a) 
Natural moisture content, (b) Atterberg Limits (Liquid Limit and Plastic Limit), (c) Specific 
Gravity, (d) organic content, and (e) Grain Size distribution (sieve analysis and hydrometer 
analysis). The site water was characterized by determination of (a) pH, (b) Salinity, and (c) in-
situ temperature. 
 
Column Settling Test: To evaluate and estimate the geological and subsidence characteristics of 
the dredged slurry due to its own weight, as well as the long term settlement of the marsh 
creation area foundation soil, a column settling test (CST) was conducted on the dredged 
materials. This test was run for 15 days in a controlled laboratory environment and the 
sedimentation characteristics of the dredged slurry was monitored on a regular basis.  
 
The key components of the testing apparatus consist of an 81 inch long plexiglass column with 
an inside diameter of 8 inches, a container for mixing the slurry, a mixer, and a pump to deliver 
the slurry into the column. The fine-grained portion of the dredged material is used in the column 
settling test, which is obtained by hydraulically separating the desired amount from the coarse-
grained composite material source. This is accomplished by adding soil (15 gallons is 
recommended) and water into the mixing container. The slurry is thoroughly mixed and allowed 
to settle for five (5) minutes so that the coarser material can be separated from the bottom and 
any floating organic material can be separated from the top. The material that remains in 
suspension is the fine-grained material, which is then transferred to another holding container. 
 
The fine-grained suspended sediments are then tested to determine if the slurry concentration is 
adequate. As a rule a 150 g/L concentration is used during the column settling test, unless a 
specific concentration is desired. The concentration is calculated by conducting a Total 
Dissolved Solids (TDS) test. The slurry is then remixed and immediately pumped into the 
column.  Once the column is full, slurry samples are extracted from the six-foot line with the aid 
of syringe-needle every foot down the column and placed in sample bottles. A TDS test is run on 
the samples to indicate the initial concentration throughout the column. Thereafter, slurry 
samples are obtained at the following intervals: 2, 4, 6, 12, and 24 hours for the first day, then 
after 2, 3, 4, 7, 11, and 15 days. The ports are numbered such that Port 1 is located near the top 
and port 13 is located near the bottom of the column. As the solid particles settle, slurry samples 
are obtained from the ports that lie above the solid-water interface. Figure 1 shows pictures from 
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an actual column settling test, 2 hours and 3 days after start of the test for sample 2013-1. 
 

 
                                            (a) 

 
                (b) 

Figure 1: Column settling test in progress (a) end of 2 hours, (b) end of 3 days for test 2013-1.  
 

Total suspended Solids (TSS) are determined for all samples obtained from the ports. The 
collected samples were also used to determine the turbidity values. TSS was calculated using a 
modified version of the EPA method using a filtration apparatus and turbidity is measured using 
a turbidimeter. 
 
Discussion of Results 
This paper presents the results of classification and settling column tests for two dredged samples 
(2013-1 and 2013-2) obtained from different geographic locations. Geotechnical properties of the 
two slurry samples are presented in Table 1. 
 

Table 1: Geotechnical properties of dredged slurry samples 
Sample 

ID 
Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Organic 
Content 

(%) 

Specific 
Gravity 

pH Salinity 
(ppt) 

Initial Solids 
Concentration 

(g/L) 
2013-1 52 31 9.9 2.56 7.54 7.98 140.1 
2013-2 67 28 2.4 2.64 8.52 4.66 179.0 

 
The rate and nature of sedimentation of the dredged slurry was monitored for 15 days for each 
experiment. The settling curves, presented in Figure 2, represent the sedimentation and 
settlement characteristics of the dredged slurry. Dredged sediments generally encountered in the 
Lake Pontchartrain Basin area show two distinct settlement phases, namely zone settling and 
compression settling. The nature of the settling curve depends on the grain size distribution, 
salinity of the slurry, as well as on the initial solids particle concentration in the slurry. 
 
As mentioned earlier, Turbidity and Total Suspended Solid (TSS) readings of the suspended 
slurry were measured from samples obtained from each port during the course of the 
experiments. The TSS and turbidity values for sample 2013-1 are presented in Figure 3. As can 
be seen from the figure, the suspended concentration of the solids in the slurry, in general, 
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reached a constant value after about 2 days from the start of the experiment. 

Figure 2: Settling curves for samples 2013-1 and 2013-2 

Figure 2: Turbidity and TSS profile for sample 2013-1 
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Summary 
Sea level rise, increasing number and intensity of coastal storms, and other natural and human 
hazards are putting more people and property at risk along Louisiana’s coast. As of 2012 an 
estimated 1,880 square miles of Louisiana coastal land has been lost. One of the major goals 
towards reestablishing a healthy hydro-geomorphic ecosystem is to rebuild wetlands with 
river/canal/lake sediment diversion or sediment conveyance projects that optimally manage and 
allocate sediments. Study of sedimentation characteristics of dredged/ suspended sediments 
obtained from different sources as well as their geo-hydro-dynamic properties with respect to 
grain size distribution, salinity of the environment, and solid particle concentration in the slurry 
will provide engineers and researchers with better tools to generate more realistic estimates of 
time rate of settlement and outcome of long-term performance measures for actual coastal 
restoration projects within the Lake Pontchartrain Basin area. This will contribute to the cost-
savings, time-savings, and improved outcomes of wetland restoration project implementation. 
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Coastal property development, loss of barrier islands, oil and groundwater extraction, coastal 
subsidence, and other factors have resulted in water quality degradation, decline in fisheries, wetlands 
loss, reduced storm and surge protection, and other challenges in coastal areas of Louisiana. 
Additionally, sea level rise, increasing number and intensity of catastrophic hurricane and tropical 
storms, and other natural and human hazards are putting more people and property at risk along 
Louisiana’s coast, with major implications for human safety and economic health of coastal areas. The 
loss of marshland in coastal Louisiana has also exposed significant infrastructure to open water 
conditions and has made the areas situated nearby less suitable for human and various wildlife and fish 
species. Published data indicates that areas of coastal Louisiana as well as the Mississippi river basin 
currently has an annual marsh land loss of about 1.3 square miles. One of the goals towards 
reestablishing a healthy coastal ecosystem has been to rebuild Louisiana’s wetlands with river diversion 
or sediment conveyance projects that optimally manage and allocate sediments, minimally impact 
native flora and fauna, and positively affect the water quality. Restoring the marshes through deposition 
of dredged material from adjoining navigation canals and the Mississippi river bed and subsequent 
reestablishment of emergent wetland vegetation will help to protect the back levees from accumulated 
damage due to elevated water levels and storm surge forces as well as create a sustainable coastal 
environment to booster vital economic, social, and recreational opportunities for thousands of 
Louisianans.  
 
Material is mechanically or hydraulically dredged from its location below the mudline in a fresh, brackish 
or saltwater environment and transported and distributed in designated marsh creation or 
renourishment areas.  This material is mixed with varying amounts or water and concentration 
depending on the dredging equipment used.  Depending on the location and source of the dredged 
material the salinity and soil composition will vary leading to varying slurry characteristics.  The 
sedimentation characteristics of the dredged material as well as their effects on the time rate of 
settlement of the suspended solid particles and underlying foundation soil therefore depend on grain 
size distribution, salinity of the composite slurry, and concentration of solid particles in the slurry 
amongst other variables. 
 
This poster will illustrate the method of research being conducted at UNO. More importantly this poster 
will illustrate the benefits of characterizing the dredged material in regards to the Coastal 2012 Coastal 
Master Plan. It will define what suitable fill is in regards to coastal marsh renourishment and creation, 
show how this material can be used, and show at which upcoming projects the material could possibly 
be used. It will also illustrate the economic impact this research could have.  This will all be shown in 
regards to the Coast 2050 report and 2012 Coastal Master Plan.  
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The Louisiana Coastal Area (LCA), Louisiana Ecosystem Restoration Study was recommended to 

Congress by a Chief of Engineers report dated January 31, 2005, which called for a coordinated, feasible 
solution to the identified critical water resource problems and opportunities in coastal Louisiana.  The 
LCA Mississippi River Hydrodynamic and Delta Management Study (MRHDMS) combines two of the six 
large-scale and long-term restoration concepts outlined in the LCA 2005 Report; the Mississippi River 
Hydrodynamic study and the Mississippi River Delta Management study. The feasibility study focuses on 
the development of tools that can evaluate existing and future conditions of both the Mississippi River 
and the adjacent estuaries along with any potential local and system-wide impacts of  proposed changes 
to the system (such as diversion projects).   

The Mississippi River Hydrodynamic component of the feasibility study focuses on effects to the 
Mississippi River.  This component will evaluate the Mississippi River system from Old River Control 
Structure to the Gulf of Mexico, develop a comprehensive numerical modeling system to assess 
potential restoration alternatives, and determine the availability of fresh water, sediment and nutrients 
for restoration usage without compromising flood control and navigation missions.  This study will adopt 
a multi-scale numerical modeling and measurement approach, in which models will evolve in capability 
over time.  River modeling will examine flow and sediment fluxes, morphology change, sediment 
content and particle size distribution as a function of location, flow and depth and local morphology, 
scour and shoaling of the river bed, salinity intrusion, and the concentrations of key nutrients that may 
factor into Gulf hypoxia and wetland health issues (through a set of measurements), all of which vary 
over a number of different space and time scales.  Models can represent the hydrodynamic and 
sediment processes, salinity intrusion, scour and shoaling, with sufficient accuracy to have broad 
acceptance and with sufficient efficiency to have wide application. Using both models and 
measurements in complimentary ways, the study team will seek to answer the many technical questions 
that must be answered on the river regarding large-scale restoration projects, such as diversions.   

The Mississippi River Delta Management component of the feasibility study focuses on 
increasing Mississippi River sediment deposition in surrounding basins to promote deltaic growth.  This 
component of the study evaluates effects of large scale restoration features, such as diversions and 
alternative navigation channel alignments, on surrounding wetland receiving basins, while considering 
multi-use purposes of the river that balance ecosystem restoration with navigation and flood risk 
management.  

A system-wide, versus a project specific, approach for implementation of large-scale restoration 
projects (such as diversions) in southeastern Louisiana is important.  However this approach has not yet 
been implemented because of a lack of data and validated, vetted and accepted tools.  This study will 
provide system-wide analysis by examining diversions on an integrated, regional-scale context at various 
time and space scales.  The river system is complex with many interests in play. Actions taken to divert 
water can have positive effects for some users and stakeholders and negative consequences for others.  
If done well, the modeling system and resulting knowledge can be a tool for quantifying effects and 
providing for appropriate, offsetting measures and compromise.  Results from this study will provide a 
strong technical basis for making wise decisions that are both in local and Federal interests.  Future 
Adaptive Management is also necessary to ensure projects are performing as designed.    

The study is comprised of engineers, scientists, and planners from the State of Louisiana Coastal 
Protection and Restoration Authority (CPRA), the U.S. Army Corps of Engineers (USACE), the United 
States Geological Survey, other Federal agencies, academic institutions, and the private sector.  The 
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study began with the signing of the 50/50 feasibility cost share agreement in August 2011, which divides 
financial and technical responsibilities equally between the federal (USACE) and non-federal sponsor 
(CPRA), and is expected to take several years to complete.  While acknowledging and understanding the 
linkage between the Mississippi River and the wetland landscape, this study initially focuses on the 
Mississippi River Hydrodynamic component of the study to develop tools needed to understand the 
river.  The study will later utilize the Delta Management component to assist in the development and 
evaluation of potential coastal ecosystem restoration alternatives to arrive at a long term multi-purpose 
plan that is sustainable and meets the needs of Louisiana and the Nation.  The Delta Management 
component will utilize the tools developed in the Hydrodynamic component to evaluate alternatives and 
disclose potential positive and negative effects.  Since the Delta Management modeling has not yet 
begun, the presentation will focus on the following main study elements of the Hydrodynamic 
component of the study. 
 
Data Collection, Analysis, Management and Distribution 

Historically, the Mississippi River played a significant role in providing sediment, nutrients, and 
fresh water to support Louisiana’s coastal wetland system. Among other land loss factors, dam and 
levee building during the last century have reduced the sediment load reaching wetland areas upsetting 
the delicate balance between land building and land loss in coastal Louisiana.  It is critical to evaluate 
and analyze methods of maximizing retention of this valuable sediment so as to sustain a healthy deltaic 
coastal ecosystem.  However, such effort is not possible without comprehensive field measurements 
(complimented by numerical modeling) of the critical physical processes that govern the flow of water 
and sediment in the Lower River.  As has been evidenced in recent work involving measurements made 
in the Lower River, between Belle Chase and Venice, and in the vicinity of West Bay Diversion, field 
measurements proposed like those proposed here are critical for advancing understanding and 
comprehension of complex processes as well as for development of computational modeling tools for 
the lower Mississippi River, specifically in regard to large-scale restoration features, like river diversion 
scenarios.  The set of water quality measurements also proposed here will assist ecologists to analyze 
and understand fundamental factors that control patterns of plant establishment, species zonation, and 
organic matter accumulation, which will be crucial for linking the Lower River with the wetlands that 
received water and waterborne sediment and other substances and constituents.   
 
Geomorphic Assessment  

A detailed geomorphic assessment will be conducted for the Lower River region south of the 
location for the proposed diversion into Bayou Lafourche as part of this study.  The geomorphic 
assessment that was done for the vicinity of West Bay (not part of this study) showed the value of and 
importance of understanding recent changes that occur at an existing or proposed diversion site in the 
context of longer-term changes that have been occurring there.  The geomorphic assessment will also 
provide the baseline for evaluating future changes that will occur in conjunction with constructed 
diversions.  Work done as part of the study of West Bay Diversion will be expanded to include all major 
passes through which flow and sediment are distributed in the Lower River, as well as the river reaches 
that encompass the site of all proposed larger diversions (tentatively, those which are slated to exceed 
5,000 cfs). The overall objective of the geomorphic assessment is to utilize all available data to 
document the historic trends and changes in hydrology, sedimentation, and channel geometry, to 
summarize the local changes observed at key sites and reaches.  Like the assessment made for West Bay 
Diversion study, it is anticipated that the assessment will focus on the time period from 1960 to the 
present.  Products from this work will be reports that document the results of the geomorphic 
assessment for each diversion reach/site investigated, as well as a report that focuses on the Bird’s Foot 
Delta south of Head of Passes. 
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One-Dimensional Modeling 

One-dimensional (1D) sediment routing modeling provides a tool for evaluating long-term (up to 
decadal scale) channel changes and delivery of sediments at a regional and system-scale spatial scale.  
1D modeling also provides a tool for rapid screening of proposed diversions at a range of space and time 
scales, from events to decades. 1D modeling also provides boundary condition input for the multi-
dimensional models.  

Early work will involve application of both 1D models (in their present state of 
calibration/validation) to examine the influence of the full set of proposed diversions, as well as a subset 
of those diversions. It is important to begin the system-scale assessment of diversions.  Influence of 
diversions will be assessed in terms of changes to water and sediment delivery (quantity and 
characteristics) at every existing and proposed diversion/pass site or river reach, as well as the influence 
of planned and proposed diversions on morphology changes and dredging requirements within the 
river.  An early product will be prepared which documents results of this initial assessment.  The 
assessment will be revisited as the models are refined. 

Work will be done to refine both 1D models using both recently acquired measurements and 
future measurements collected during this study, perhaps including the addition of resolution at key 
locations.  A set of model validation periods will be defined by the team that considers all the time 
scales for which the 1D models will be used (event up through decadal scales), maximizing the use of 
recently acquired measurements.  Model applications using the refined models will be made to 
characterize past and present conditions within the Lower River, and to perform system-scale 
assessments of the planned and proposed diversions. Reports will be prepared to summarize results 
from these model applications.   
 
Multi-Dimensional Modeling  
Several multi-dimensional models will be set up to facilitate regional- and sub-regional-scale assessment 
of diversions, from a systems perspective as is being done with the 1D modeling.  For this purpose, 2D 
and 3D modeling will be focused on sub-sections of the Lower River, with a focus on event and annual 
time scale simulations, as well as specific stage/flow conditions, such as peak or low stage.  Unlike 1D 
modeling, multi-dimensional modeling provides information on spatial variability in flow and sediment 
delivery and morphology change across the river section and along the river, at higher spatial resolution 
than a 1D model.   Multi-dimensional models provide detailed spatial distribution of erosion and 
deposition patterns.  If deposition occurs, these models would show how much of such deposition is 
occurring within the navigation channel versus outside the navigation channel and over shallow lateral 
or point bars. 

However, while 2D models are feasible to apply at event and annual time scales, this class of 
model is not yet feasible for decadal simulations, unlike the1D models that this study will be using.  3D 
modeling is feasible for river event-scale simulations, for shorter simulations, and for selected 
stage/flow situations.  3D baroclinic modeling (considers salinity, temperature and density effects on 
flow) will be applied to examine sub-regional scale hydrodynamic and sediment processes that are 
influenced by salt wedge formation within the lower river, in the region where salinity intrusion is 
important.  High resolution 3D barotropic, hydrostatic and non-hydrostatic modeling also will be 
demonstrated for local, project scale applications which are focused on examining the influence of a 
diversion on navigation, and on siting of and design/optimization of the diversion to maximize 
entrainment of sediment into the diverted flow.   
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Preliminary Findings of a Biological Assessment in Mardi Gras Pass within the 
Bohemia Spillway in Southeast Louisiana Using a Variety of Fishing Gear 
A. Moshogianis, A. Baker, T. Henkel, J. Lopez and E. Hillmann 
Lake Pontchartrain Basin Foundation, New Orleans, LA 

 

Introduction 
 The Bohemia Spillway area is the 11.8-mile reach on the east bank of the Mississippi River, 
approximately 45 miles downriver of New Orleans.  This area extends below the terminus of the federal 
Mississippi River levees to Bayou Lamoque.  The Bohemia Spillway was created in 1926 by removal of 
artificial river flood protection levees, thus re-establishing more natural conditions of overbank flow 
across the natural levee, and discharge into the adjacent wetlands.  Without the artificial river levees, 
the river is free to flow across its bank during spring floods.  For several years, the Lake Pontchartrain 
Basin Foundation (LPBF) has been investigating the response of wetlands to the natural river outflow 
and suggests the wetlands adjacent to the spillway appear to be more resilient and are benefiting from 
the periodic over flow of the river.   

In April 2011, late-winter snow melts and early-spring persistent rainfall caused historical 
flooding in the Mississippi River and its tributaries.  The Mississippi River stage at West Point a la Hache 
(01400) reached 7.57 feet on May 17th, 2011.  Since the 2011 flood on the Mississippi River, a new 
channel developed in the Bohemia Spillway by progressively cutting its extent towards the Mississippi 
River.  The channel, referred to as “Mardi Gras Pass”, reached the river in early March, 2012.  Mardi 
Gras Pass (MGP) has developed into a 4,550 foot long channel within the Bohemia Spillway at 
Mississippi River Mile 43.7, extending from the Back Levee Canal to the Mississippi River.  The pass was 
created by natural river overflow and erosion which created two new channel segments in 2011 and 
2012.  One segment connected two small, pre-existing canals, part of the defunct Bohemia Spillway 
Diversion.  The other segment developed throughout  2011 and 2012, and completely breach the 
Mississippi River sand bar until March 2012, connecting the River to the preexisting canal.  Currently, 
Mardi Gras Pass serves as a new distributary of the Mississippi River, with continuous flow, even during 
low water.  This paper describes a project to examine the biological assemblage of Mardi Gras Pass, an 
emerging distributary of the Mississippi River located in the Bohemia Spillway to gain a better 
understanding of the biological assemblage throughout Mardi Gras Pass.  Due to the mixing of fresh 
river-water with saline marsh-water, a number of diverse species may utilize Mardi Gras Pass.  This 
study will try to define the biological communities present and allow for a better understanding of the 
biological utilization of Mardi Gras.   
 

Methods 
 A variety of different gear types were used during this investigation of Mardi Gras Pass.  This 
survey only targeted fish species, and to date there has not been any effort to capture bird or mammal 
species, although sightings of these species were documented.  Sampling for this survey was conducted 
on November 8th and December 6th, 2012, and January 15th, March 13th, August 22nd, and September 
25th, 2013.  For each sampling date, different combinations of sampling gear types were used depending 
on weather conditions, river-stage and flow velocity.  The gear types used during the entire survey 
include a 225-foot six paneled gill net (8-foot depth, with alternating panels of 1” square/2” stretch, and 
2” square/4” stretch), a 7-foot radius cast net, a 150-foot trotline with 25 hooks, vertical jug lines, crab 
traps, 1-inch opening minnow traps (baited and not baited), 2-inch opening crawfish traps (baited and 
not baited), a 3-foot diameter hoop net with 7 hoops (1-1/2" Square/3" Stretch Front Hoops & 1" 
Square/2" Stretch Back hoops), rod and reel (with various types of artificial lures), and electroshocking 
(courtesy of Tim Ruth of the Louisiana Department of Wildlife and Fisheries – Inland Fisheries District 8).   
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Results 
Table 1. List of captured species and gear types used. 

 
 
 

Species

Freshwater Species Gill Net Cast net Trot-line Jug-line Crab Trap Minnow Trap Crawfish Trap Hoop net Rod and Reel Electroshocking

Black crappie                     

(Pomoxis nigromaculatis)
X

Largemouth bass (Micropterus 

salmoides)
X X

Spotted gar                     

(Lepisosteus oculatus)
X X X

Longnose gar                     

(Lepisosteus osseus)
X X

Channel catfish                    

(Ictalurus punctatus)
 X X

Threadfin shad                      

(Dorosoma petenense)
X

Redear sunfish           (Lepomis 

microlophus)
X

American eel             (Anguilla 

rostrata)
X

Bluegill                             

(Lepomis macrochirus)
X

Spotted sunfish                     

(Lepomis punctatus)
X

Longear sunfish                  

(Lepomis megalotis)
X

River carpsucker                 

(Carpiodes carpio)
X

Red-eared slider (Trachemys 

scripta elegans)
 X X

Brackish/Saltwater Species

Speckled seatrout (Cynoscion 

nebulosus)
X

White perch                         

(Pomoxis annularis)
X

Striped mullet                     

(Mugil cephalus)
X X X

Gizzard shad                      

(Dorosoma cepedianum)
X X X

Red fish                               

(Sciaenops ocellatus)
X X

Skipjack shad                         

(Alosa chrysochloris)
X X

Ladyfish (Elops saurus) X

White bass                       

(Morone chrysops)
X

Gulf menhaden                           

(Brevoortia tyrannus)
X

Gafftop catfish                           

(Bagre marinus)
X 

Fat sleeper goby (Dormitator 

maculatus)
X

Bay anchovy                                   

(Anchoa mitchilli)
X

Leatherjacket                              

(Oligoplites saurus)
X

Striped bass                              

(Morone saxatilis)
X

Inland silverside                         

(Menidia beryllina)
X

Blue crab                  

(Callinectes sapidus)
X  X X

Gear Types
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      Table 2. List of observed species.  
  

Observed Species in Mardi Gras Pass 

Common Name Scientific Name 

Alligator gar  Atractosteus spatula 

Blue Catfish  Ictalurus furcatus 

Flathead catfish  Pylodictis olivaris 

Grass Shrimp Palaemonetes sp. 

River Shrimp Macrobrachium ohione 

Needle fish Strongylura marina 

Crawfish Procambarus sp. 

Fiddler Crab Uca sp. 

Deer Odocoileus virginianus 

Nutria Myocastor coypus 

River otter  Lontra canadensis 

Beaver Castor canadensis 

White heron Ardea alba 

Great blue heron Ardea herodias 

Snowy egret Egretta thula 

Double Crested Cormorant  Phalacrocorax auritus 

Belted Kingfisher Megaceryle alcyon 

White pelican Pelecanus erythrorhynchos 

Brown pelican Pelecanus occidentalis 

Various snakes, lizards, and frogs   

 

Discussion 
 A number of different types of fishing gear were used to sample aquatic species in Mardi Gras 
Pass. Preliminary results conclude that the most effective way of sampling in Mardi Gras Pass was 
electrofishing (Table 1), followed by the gill net and cast net, respectively.  Some gear types yielded a 
relatively low catch where only a few different species of fish were captured (i.e., hoop net, crab trap, 
trotline, and minnow trap), while other types of gear used did not yield any results (i.e., jugline, crawfish 
trap, and rod and reel).   

Some of the factors that may have had an impact on the success of some these sampling efforts 
and gear types include seasonal changes in the velocity or direction of flow of water moving through the 
pass, changes in salinity and turbidity, bait selection, and location of trap deployment.  Some of the gear 
types used target specific types of fish, possibly biasing the results.  Other gear types may have a higher 
probability of catching fish (where fish are contained in the trap or on the hook and cannot escape, or as 
in the case of electroshocking, fish have a lower chance of escaping), versus some other gear types that 
allow fish to move in and out of the trap and depending on how long the gear is in the water, fish may 
be able to flee before the gear is collected. One example of how the probability of catching a fish can 
vary by use of a different gear type is in the use of a gill net.  There are two components that can affect 
the chances of catching a fish in the net: (1) the probability of the fish encountering the net and (2) the 
probability of the fish being caught and retained in the net.  These two factors are basically the same for 
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each different type of gear, but the likelihood of a catch depends on the specific attributes of the 
particular gear type used.   

Future work is needed to better understand the biological assemblage of Mardi Gras Pass.  
During our surveys, other animals species have been documented (Table 2).  Expanding our survey 
methods to capture avian, mammal, reptile, and amphibian species will give us a better understanding 
of the biological community, coexistence between species, and food-web dynamics. 
 

Preliminary Conclusions 
1. Many different species of aquatic, avian, and mammal species have been captured or observed 

in Mardi Gras Pass.  
 

2. Mardi Gras Pass is a very dynamic system; fresh water (rich in nutrients and sediment) from the 
Mississippi River flows into the wetlands at high stages, while at low stages (depending on tides) 
flow reverses and saltwater flows into the Mississippi River.  

 
3. Mardi Gras Pass serves as a migratory route for fresh and saltwater fish species, migratory and 

resident birds. 
 

4. Both, fresh and saltwater, fish species have been captured in the same net or trap on several 
instances, further suggesting the coexistence of various fresh and saltwater species. 

 
5. Nearly 50 juvenile gulf menhaden (Brevoortia tyrannus), black crappie (Pomoxis nigromaculatis, 

lady fish (Elops saurus), (2-3 inches in length), and longnose gar (Lepisosteus osseus) (less than 
12 inches in length), were captured in one cast of a 7 ft. radius cast net in August 2013, 
suggesting Mardi Gras Pass is a suitable nursery for some fresh and saltwater species of fish.  

 
6. Twelve different species of freshwater fish have been captured in Mardi Gras Pass, including 

channel catfish (Ictalurus punctatus), largemouth bass (Micropterus salmoides), spotted gar 
(Lepisosteus oculatus), longnose gar (Lepisosteus osseus),  Redfin pickerel  (Esox americanus), 
Redear sunfish (Lepomis microlophus), American eel (Anguilla rostrata), Bluegill (Lepomis 
macrochirus), Spotted sunfish (Lepomis punctatus), Longear sunfish (Lepomis megalotis), River 
carpsucker (Carpiodes carpio), and black crappie (Pomoxis nigromaculatis). 

 
7. Fifteen different species of saltwater fish have been captured in Mardi Gras Pass, including 

speckled seatrout (Cynoscion nebulosus), white perch (pomoxis annularis), striped mullet (Mugil 
cephalus), gizzard shad (Dorosoma cepedianum),  red drum (Sciaenops ocellatus), skipjack shad 
(Alosa chrysochloris), ladyfish (Elops saurus), white bass (Morone chrysops), gafftop catfish 
(Bagre marinus), fat sleeper goby (Dormitator maculatus), bay anchovy (Anchoa mitchilli), 
leatherjacket (Oligoplites saurus), striped bass (Morone saxatilis), inland silverside (Menidia 
beryllina), and gulf menhaden (Brevoortia tyrannus). 

 
8. Various birds (egrets, herons, kingfishers, seagulls, crows, songbirds), mammals (river otters, 

nutria, beavers, deer, and hogs), and reptiles and amphibians (snakes, lizards, and frogs), have 
been document in Mardi Gras Pass. 

 
9. Recreational fishermen have been seen utilizing Mardi Gras Pass for fishing purposes and as a 

short-cut to other fishing grounds by way of the Mississippi River.  It is important to get a better 
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under of recreational fisherman utilization and investigate the potential for commercial fishing 
and navigation. 

 
10. There is a need to conduct more-frequent seasonal sampling to get a better estimate of 

population shifts that may occur as a result of high- and low-water events.   Further work is 
needed to better understand the entire fish assemblage of Mardi Gras Pass. 
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A Biological and Hydrological Snapshot of the Pontchartrain Estuary in June 
2013: Preliminary Results from the Pontchartrain Estuary Cruise 
A. Moshogianis1, J. Lopez1, M. O’Connell2, M. Poirrier2, T. Soniat2, and C. Schieble2 

1Lake Pontchartrain Basin Foundation, New Orleans, LA 
2University of New Orleans, New Orleans, LA

Introduction 
The Pontchartrain Estuary contains environmental and economic resources.  It is am important 

nursery area for Gulf of Mexico estuarine-dependant commercial fisheries.  The Lake Pontchartrain
Basin Foundation (LPBF), through contracted services at University of New Orleans (UNO), conducted 
the first “Estuary Cruise” through the Pontchartrain Estuary to collect biological information and water 
quality for a snapshot of the estuary over a 3-week period in June, 2013.  This estuary has been studied 
for decades, but not in such a unified and systematic approach.  The cruise involved the collaboration 
and coordination of four different sampling efforts: (1) benthic organisms and submerged aquatic 
vegetation (SAV) conducted by Dr. Mike Poirrier of the UNO Estuarine Research Laboratory (ERL); (2) 
oysters conducted by Dr. Tom Soniat of the UNO Oyster Research Laboratory 
(ORL); (3) nekton and blue crab conducted by Dr. Martin O’Connell of the UNO Nekton Research 
Laboratory (NRL); and (4) basin-wide water quality sampling was conducted by LPBF using a YSI and CTD 
instrument (used to measure conductivity, temperature, and depth, and outfitted to measure 
chlorophyll-α) borrowed from the University of Southern Mississippi’s Department of Marine Science.  
The cruise collected data spanning from the freshest to the most saline portions of the estuary.  Figure 
1 is a map of the study region with the sampling stations and the type of data that was collected at each 
station.  Water quality parameters were measured at all stations.  

Figure 1. Map of the Pontchartrain Estuary with June 2013 sampling stations. 
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 The Principal Investigators for this research were selected because of the quality and volume of 
historical datasets and knowledge from earlier studies in this region.  UNO has fishery-independent data 
for most of these sites, going back to the year 2000, and will be able to compare samples taken from the 
cruise with past samples to detect any difference in community composition or environmental 
conditions (Soniat 1986; Soniat 1996; Abadie and Poirrier 2000; O’Connell et al. 2004; Poirrier et al. 
2008).  Data collected during this 3-week period is currently being analyzed.  Preliminary results and 
discussions of the data will be included in this report, but there is still a lot of data to be analyzed.  

 
Data Collection and Processing 
Benthic Invertebrates 
 Benthic organisms sampling was conducted by Dr. Mike Poirrier of the UNO-ERL.  For the 
purpose of assessing benthic invertebrate species throughout the Pontchartrain Basin during this 
research cruise, the ERL used several research vessels (R/V Percy Viosca Jr., R/V Cavalla, and various 
Carolina Skiffs), and a petite Ponar dredge.  Sampling was conducted at historical sites in four regions of 
the Pontchartrain Basin; Lake Maurepas, Lake Pontchartrain, Lake Borgne, and the Chandeleur Islands 
(Figure 2).  For each of these collections, basic water quality data such as temperature, salinity, dissolved 
oxygen, secchi depth, and water depth were measured.  For benthic invertebrate sampling, three 
replicate invertebrate samples and one sediment/substrate sample was taken.  Rangia clam condition 
based on a standard index and gonadal condition was determined in the laboratory.  

 
Figure 2.  Map of the Estuarine Research Laboratory sampling sites. 

  
Benthic invertebrates and samples of substrate were surveyed from six sites in Lake Maurepas 

and from five sites (EW1 – EW5) on an established east/west transect across a salinity gradient through 
the middle of Lake Pontchartrain.  Data on Rangia clam size class abundance, condition index and 
presence of gametes, and sediment characteristics was collected. In the Chandeleur Islands, the status 
of Chandeleur seagrasses, pen shells, scallops, and Mulinia clams was determined at sites on the 
Chandeleur Islands (Sites 1-4).  Seagrasses, bivalves, and other macroinvertebrates were collected from 
shallow littoral areas of the Chandeleur Islands.  The invertebrate community of the Chandeleur Islands 
is poorly known and the Louisiana distribution of pen shells, scallops, and seagrasses may be restricted 
to the Chandeleurs.  With the continued erosion of the Islands, these species will decline and be lost 
from the Louisiana biota.  This cruise helped to document the status of these species and provided data 
on the taxonomic status of Mulinia.  Additional data is needed to better understand clam recruitment 
dynamics, clam condition at low salinity and in soft sediments, and the status of other benthic 
invertebrates. 

Further analysis of data from this study will provide information on Rangia clam recovery from 
“dead-zones” that no longer occurs after the closure of the Mississippi River Gulf Outlet (MRGO), reveal 
the status of Rangia clams in the Biloxi marsh, and shed light on Mulinia clams, a poorly known species 
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described from Lake Pontchartrain in 1965, and describe general benthic organism concentrations in the 
estuary and serve as proxy for understanding water quality changes and trends.  
Submerged Aquatic Vegetation 

Sampling for SAV abundance was conducted by Dr. Mike Poirrier of the UNO-ERL to determine 
the species present, maximum colonization depth, secchi visibility at that depth, and approximate size 
and density of the bed.  SAV abundance in Lake Pontchartrain will provide information on the response 
of SAV to the closure of the MRGO, and changes in local precipitation and water clarity.  A survey of SAV 
at the mouth of the Amite River and historical littoral sites in Lake Maurepas was conducted.  Lake 
Maurepas SAV had not been surveyed since 2000; therefore, the current status of SAV in the region was 
unknown.  In Lake Pontchartrain, a SAV survey was conducted at ten littoral sites in Lake Pontchartrain 
(Mouth of Bayou Castine, Bayou Lacombe, Pirates Harbour, Fountainebleau State Park, Green Point, 
Goose Point, Lacombe at the Lake, Point Platt, Pt. aux Herbes, and Lincoln Beach).  
Oysters  

A survey of oyster population and oyster reef associates was conducted by Dr. Tom Soniat of the 
UNO-ORL.  Sampling was conducted at seven locations: Petit Island (30.08571, -89.47472), Grand Banks 
(30.14803, -89.36023), Grand Pass (30.12661, -89.25912), Three Mile (30.03366, -89.35368), West 
Karako  (30.01724, -89.28848), East Karako (30.02047, -89.23388) and Schooner Cove (29.95491,               
-88.83157).  This study assessed oyster reef condition, oyster population status, and oyster reef 
associates across a salinity gradient.  Oysters and associates were collected using an oyster dredge, 
towed for 3 minutes, four times at each site.  Oyster reef material (including substrate plus live oysters) 
was removed from each site and the effort (number of tows) needed to achieve the constant volume of 
material (dry volume) was noted.  Shell weights of live oysters and single shells were collected and 
weighed.  Substrate volume was determined by water displacement (wet volume).  In addition, 
interstitial space (dry volume – wet volume), as well as a packing coefficient (dry volume/wet volume), 
was calculated.  The packing coefficient is a measure of the substrate compaction, and interstitial 
volume (in liters) is a measure of the space between shells, an indicator of habitat complexity.  The 
packing coefficient is inversely related to the interstitial volume.  Oysters (≥75 mm) were analyzed for 
condition, reproductive status and disease.  Shells were cleaned and oysters shucked.  The diameter of 
the adductor muscle was measured and their shells weighed.  The meats were blotted dry and weighed 
(wet meat weight).  A condition index was calculated (wet meat weight/shell weight).  The oysters were 
dissected and gonadal width was measured for a calculation of Gonadal Index (gonad width/adductor 
muscle width).  Gonadal material was blotted onto a slide and gametes observed at 100x magnification.  
In addition, a small piece of mantle tissue was removed from each oyster for the determination of 
dermo disease (Perkinsus marinus); results will be expressed as infection intensity, percent infection, 
and weighted prevalence.   
Nekton 

Sampling for a nekton/blue crab study was conducted by Dr. Martin O’Connell of the UNO 
Nekton Research Laboratory (NRL).  For the purpose of assessing nekton species during this June 
sampling cruise, the NRL used multiple gear types (trawls, beach seines, gill nets, and crab traps).  
Sampling was conducted at historical sites in three regions of the Pontchartrain Basin: Lake 
Pontchartrain, Lake Borgne, and the Chandeleur Islands.  For each of these collections, basic water 
quality data such as temperature, salinity, dissolved oxygen, secchi depth, and water depth were also 
measured.  All organisms were counted and identified either in the field or back in the laboratory.  In 
Lake Pontchartrain, six historical sites were sampled using trawls, beach seines, gill nets, and crab traps.  
In Lake Borgne, as with the Lake Pontchartrain sites, three historical sites were sampled using trawls, 
beach seines, gill nets, and crab traps.  Historical data for these sites goes back to 2003 (O’Connell et al. 
2004).  In the Chandeleur Islands, three historical sites were sampled using trawls, beach seines, gill 
nets, and crab traps (note that crab traps have never been used at the Islands prior to this study, thus no 
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comparable historical data will be available).  Data for blue crabs, brown shrimp, and white shrimp were 
compared with historical data from these sites to detect any possible long-term differences in 
abundances, community composition, environmental conditions, or abiotic variables.  Analysis for other 
nekton species (i.e., finfishes) will be conducted over the remaining duration of the project.  As the 
Pontchartrain Estuary serves as an important migratory thoroughfare for nearly all recreational and 
commercial fisheries, biological organisms were collected, and will be identified, quantified, and 
compared to historical data. 
Water Quality 

For the purpose of assessing water quality parameters throughout the Pontchartrain Estuary, 
LPBF used a handheld YSI probe, and in addition, LPBF acquired a piece of oceanographic 
instrumentation, called a CTD, from Dr. Stephan Howden from the University of Southern Mississippi’s 
Department of Marine Science, to use during this investigation.  A CTD is an instrument that measures 
conductivity (salinity), temperature, and depth, at high resolution (0.25 m) continuously as it is lowered 
through the water column.  The instrument was also equipped with a dissolved oxygen sensor to 
measure dissolved oxygen concentrations, and a fluorometer to measure chlorophyll concentrations.  
Vertical profiles of the water column were taken to measure all of the parameters aforementioned 
during LPBF’s basin-wide water quality surveys, spanning from June 3 to June 21, 2013.  Sampling was 
conducted throughout the Pontchartrain Basin, spanning from the freshest body of water, Lake 
Maurepas, through Lake Pontchartrain, Lake Catharine, Lake Borgne, Biloxi Marsh, the western extent of 
the Mississippi Sound, Chandeleur Sound, and Breton Sound.  

Preliminary Results 
Benthic Invertebrates and SAV 

On the lower Amite River, only one small floating sprig of Ceratophyllum demersum was 
collected.  The salinity of the river was low (0.1 ppt).  The northwestern shoreline of Lake Maurepas was 
surveyed and no shoreline SAV was found.   Shoreline SAV was also not present in analysis of historical 
datasets.  The maximum colonization depth in this study was not determined due to the absence of SAV.  
In Lake Pontchartrain, the following SAV species in order of abundance were found: Ruppia maritima, all 
sites except Pt. aux Herbes; Zannichellia palustris was present at 2 sites, Pirates Bayou in Slidell and 
Bayou Lacombe in Lacombe; Potamogeton pusillus was found at Fountainbleau beach; Myriophyllum 
spicatum was found at Lincoln Beach; one small bed of small Vallisneria americana was found at Lincoln 
Beach; Ceratophyllum demersum was found at Pirates Bayou.  Overall in 2013, as in 2010 surveys, 
Ruppia maritima, a euryhaline species, was the dominant species that occurred as a narrow band at the 
six northshore Lake sites to a maximum site depths ranging from 0.5 to 1.0 m and a south shore marsh 
site at Lincoln Beach (depth 0.3 m). However, freshwater species which extend into brackish water 
including Potamogeton pusillis, Myriophyllum spicatum and Vallisneria americana were present in 2013. 
This was probably a response to the low salinities present in spring 2013.  In Lake Maurepas, Rangia 
clams were present and data regarding class size abundance, condition index and presence of gametes, 
and sediment characteristics were obtained.  
Oysters 

The number and size of live and dead (box) oysters were determined.  Live and dead oysters 
were measured and assigned size classes.  Figure 3 shows the number of spat, seed and commercial-
sized oysters across the salinity gradient across part of the Pontchartrain Basin. Reproductive status, 
condition, and disease status of oyster populations are being analyzed.  In addition, data regarding 
oyster reef associates and a taxonomic evaluation of oyster reef associates are still being analyzed.  
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Figure 3. Numbers (count) of spat (0-24 mm), seed (25-74 mm) and commercial-size oysters (≥75 mm) 
across the salinity gradient at specific stations. 
 
Nekton 

A comparison of historical abundance data and data collected in June 2013 was made for blue 
crabs, brown shrimp, and white shrimp for all sites, using Analysis of Variance (ANOVA) where triplicate 
samples were taken, to assess possible differences among sample years in abundance for these three 
species.  Due to the volume of data, sampling sites, and years, only results which were statistically 
significant (α = 0.05) are reported.  For blue crabs, the only significant difference was measured pre/post 
2010, where there more significantly more blue crabs collected by trawls at station P2 (near Seabrook 
launch), after the Deepwater Horizon Disaster (DHD), than before.  All other comparisons were not 
significant.  Brown shrimp exhibited far more significant temporal differences in abundance than either 
blue crabs or white shrimp, though none of these occurred in Lake Pontchartrain itself.  At station B1 
(near Half Moon Island), there were significantly more shrimp taken in 2013 by trawl than historical 
samples from 2004.  In addition, June 2013 beach seine samples at C2 (north Chandeleur Island) showed 
there were more significantly more brown shrimp than in 2006, while the exact opposite was exhibited 
at C4 (central Chandeleur Island), where more brown shrimp were taken in 2006 beach seines than in 
2013.  There were no significant differences in abundance of white shrimp measured by any of these 
analyses for any site.  

A second approach, Principal Components Analysis (PCA), was used analyzing only blue crab 
data and assessed relationships among abiotic factors and the number of blue crabs collected.  For PCA, 
the NRL historical database returned 1,222 crab collections between 2000 and 2013, and were 
compared to each other in regard to environmental variables observed (water temperature, secchi 
depth, habitat depth, surface salinity, specific conductivity, conductivity, and dissolved oxygen 
measured at the surface).  Preliminary results demonstrate that conductivity and specific conductivity 
are strongly correlated to salinity.   
Water Quality 

A total of 98 stations were measured by LPBF throughout the Pontchartrain Estuary.  Of the 52 
stations sampled in the Biloxi Marsh area, Mississippi Sound, Chandeleur Sound, and Breton Sound, 26 
of these, or half, demonstrated hypoxic conditions, or oxygen concentrations less than 2 mg/L (Figure 4).  
In addition, the data suggests that the hypoxia was still in the development phase.   
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Figure 4. Map showing water quality sampling stations in the Pontchartrain Estuary during the sampling 
effort in June 2013 with observed bottom dissolved oxygen concentrations and estimated hypoxic zone. 
 

Historical evidence suggests that the hypoxic water masses follow water bottom bathymetry 
very closely in that the denser, more saline waters are trapped in the deeper regions of the Chandeleur 
Sound.  With increases in surface freshwater discharge to the region, the bathymetry supports a suitable 
scenario for the development of a stratified water column, furthermore, cutting off the bottom waters 
from oxygen-rich surface water.  There is still a large volume of water quality data being analyzed, 
including basin-wide salinity, temperature, dissolved oxygen, and chlorophyll α, relative to depth.   
As the data acquisition phase of the June 2013 research cruise has just recently been completed, there is 
still a lot more data, both biological and hydrological, from the Pontchartrain Estuary Cruise that still 
needs to be analyzed.   
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Response of Lake Pontchartrain Fish Assemblages to Hurricanes Katrina and Rita 
Martin T. O'Connell1, Ann M. U. O’Connell1 and Chris S. Schieble2 
1Pontchartrain Institute for Environmental Sciences, University of New Orleans, New Orleans, LA 70148 (USA) 
 moconnel@uno.edu 
2Louisiana Department of Wildlife and Fisheries, Biologist Manager CSA-3, Marine Fisheries 

 
To assess possible impacts on Lake Pontchartrain fishes from the 2005 hurricanes, we compared trawl, 
beach seine, and gillnet collections taken before (2000-2003, 2005) and after (2006-2009) to determine 
if significant assemblage changes occurred at six sites (Figure 1).  We also compared basic environmental 
variables to test for hurricane-related changes.  Significant post-hurricane changes in fish assemblages 
occurred in trawl (ANOSIM, R < 0.090, p < 0.05) and beach seine (ANOSIM, R < 0.120, p < 0.05) 
collections across all seasons.  Gillnet assemblages exhibited changes in only one season (ANOSIM, R = 
0.045, p < 0.05).  These consistently low global R values (all R < 0.120) across all gears suggest only minor 
compositional changes in species.  When peak abundance periods were compared for individual species, 
Gulf Menhaden (Brevoortia patronus) declined in trawl collections (Figure 2) after the hurricanes 
(Friedman’s test, χ2 = 6.00, p = 0.014) but increased in gillnet collections (Friedman’s test, χ2=5.00, p = 
0.025).  Hardhead Catfish (Ariopsis felis) increased in trawl collections (Figure 2), but Gulf Pipefish 
(Syngnathus scovelli), Naked Gobies (Gobiosoma bosc), and Rough Silverside (Membras martinica) all 
declined in beach seine samples (Figure 3) and Atlantic Croakers (M. undulatus), Spanish Mackerel 
(Scomberomorus maculatus), and Sand Seatrout (Cynoscion arenarius) all declined in gillnet samples 
(Figure 4).  In general, salinity increased and water clarity and dissolved oxygen decreased after the 
hurricanes.  While the overall composition of Lake Pontchartrain fish assemblages remains stable, the 
significant decline of some species and changes in certain environmental variables are cause for 
concern.  Future monitoring should determine if all elements of this estuary will recover from these 
impacts.  NOTE: The information in this abstract is copyrighted by the Coastal and Estuarine Research 
Federation for an upcoming publication (fall 2013). 

 
Figure 1.  Sampling sites in Lake Pontchartrain for trawl, beach seine, and gillnet collections. Mid-lake 
site (M) was only sampled with trawls. 
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Figure 2.  Mean number of B. patronus and A. felis collected by trawls at six Lake Pontchartrain sites 
before and after the 2005 hurricanes.  Collections were made during peak seasons for both species: B. 
patronus (March-May) and A. felis (June-October).   In trawl collections taken after the 2005 
hurricanes, there were significantly less B. patronus (Friedman’s test, χ2 = 6.00, p = 0.014) and 
significantly more A. felis (Friedman’s test, χ2 = 6.00, p = 0.014).   
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Figure 3.  Mean number of G. bosc, S. scovelli, and M. martinica collected by beach seines at five Lake 
Pontchartrain sites before and after the 2005 hurricanes.  Collections were made during peak seasons 
for each species: G. bosc (February-May), S. scovelli (April-August), and M. martinica (July-October).  
In beach seine collections taken after the 2005 hurricanes, all three species declined significantly: G. 
bosc (Friedman’s test, χ2=5.00, p = 0.025), S. scovelli (Friedman’s test, χ2=5.00, p = 0.025), and M. 
martinica (Friedman’s test, χ2=5.00, p = 0.025). 
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Figure 4.  Mean number of B. patronus, M. undulatus, S. maculatus, and C. arenarius collected by 
gillnets at five Lake Pontchartrain sites before and after the 2005 hurricanes.  Collections were made 
during peak seasons for each species:  B. patronus (April-June), M. undulatus (May-September), S. 
maculatus (August-October), and C. arenarius (June-September).  In gillnet collections taken after the 
2005 hurricanes, B. patronus increased significantly (Friedman’s test, χ2=5.00, p = 0.025) while the 
other three species decreased significantly: M. undulatus (Friedman’s test, χ2=5.00, p = 0.025), S. 
maculatus (Friedman’s test, χ2=4.00, p = 0.046), and C. arenarius (Friedman’s test, χ2=4.00, p = 0.046). 

 

Basics of the Basin 2013

167 of 196



Removal of Hydrocarbons from Natural Water by Rangia cuneata 
Katherine Parenteau* and Phillip D. Voegel**  
Department of Chemistry & Physics, Southeastern Louisiana University, Hammond, LA, 70402 

 

Introduction:  On April 20, 2010, the Deepwater Horizon drilling rig exploded, leading to the deaths of 

eleven workers and the continued flow of oil, at an estimated rate of 9.5 million liters per day, into the 

Gulf of Mexico until July 15, 2010.  Once the oil had entered the Gulf of Mexico, it was spread widely by 

the actions of wind, waves, tide and current (1-3).  Between July 3rd and July 11th 2010 shoreline surveys 

found evidence of hydrocarbon pollutants, likely associated with the Deepwater Horizon, in the Rigolets 

Pass (4).  Previous work in this laboratory showed no significant hydrocarbon pollutants in surface water 

samples collected between June and October 2010 from across the northern shore of Lake 

Pontchartrain, Pass Manchac, and Lake Maurepas (5) 

While there was little apparent damage from the Deepwater Horizon spill in Lake Maurepas and Lake 

Pontchartrain, Gulf Coast clean-up efforts received national attention and sparked debates regarding 

effective and environmentally friendly methods for removal of hydrocarbon pollutants from the 

environment.  Of particular concern is the removal of pollutants from coastal wetlands and marshes 

where efforts to remove pollutants are often as damaging as the 

hydrocarbons themselves.  One potential option for remediation in 

these fragile habitats is bioconcentration of pollutants by filter 

feeding organisms, such as Rangia cuneata (figure 1).  These clams 

are commonly found in shallow estuaries with salinities ranging 

from 1 – 15 ppt (6-8), conditions commonly observed in the Lake 

Pontchartrain basin.  Bioconcentration is the process by which oily 

pollutants, such as the hydrocarbons associated with crude oil, are 

absorbed into the fatty tissues of living organisms where they are 

stored and, over time, concentrated compared to the surrounding 

environment.  Bioconcentration by invertebrates (9-14), including 

Rangia clams (11-14) has been studied, but these studies focus on 

the amount of hydrocarbons found in the clams to assess 

environmental health and food safety issues. It is the intent of this 

project to create a shift in the way bioconcentration of hydrocarbons by Rangia clams is viewed. Since 

this species of clam is not typically eaten in the United States, its ability to bioconcentrate hydrocarbons, 

thereby removing them from surface water, could be employed to remediate contaminated sites in an 

environmentally friendly manner.  Ultimately, if successful, it is envisioned that large numbers of clams 

in containers could be placed at the peripheries of fragile wetlands that have been contaminated and 

then removed following remediation of the polluted site. 

  

 
Figure 1.  Rangia cuneata. 
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Methods: 
Sample preparation: During each sampling cycle, five clams and 55 L of water were collected from Lake 
Maurepas near the western end of Pass Manchac (Figure 2) and returned to the lab. 19 L of lake water 
was placed in each of two tanks. The clams were added to one tank and both tanks were allowed to 
equilibrate for 24 hours. 
 

  
           Figure 2. Sample location.       Figure 3. Test (Left) and Control (Right) tanks. 
 
Sample Collection: 1.22 ml of hexadecane were added to both of the tanks providing an initial 
theoretical hexadecane concentration of 50 ppm (Figure 3).  An aquarium pump is employed to circulate 
the water in the tanks without including filters or adsorbents.  After 30 minutes, three 100 ml samples 
were collected from each tank. This process was repeated once an hour for a total of five samples. 

Sample Extraction and Analysis: Hexadecane was extracted into tetrachloroethylene from each water 
sample and decane was added as an internal standard.  Each sample was then diluted to 10 ml with 
tetrachloroethylene.  Hexadecane in each extracted sample was determined by injecting 1 µL of extract 
into a GC/MS. The GC oven program consisted of an initial temperature of 45°C that was held for 2 
minutes followed by a temperature increase at 12°C/min to a final temperature of 212°C.  The areas 
under the hexadecane and decane peaks were determined and the ratio of the areas was calculated for 
each injection. 

Results and Discussion: 
Representative gas chromatograms for samples collected from each tank at 30 minutes and at 4 hours 
and then extracted into tetrachloroethylene are shown in Figure 4.  Distinct decreases in the heights and 
areas under the hexadecane peaks (retention time = 15.2 minutes) in both the experimental and 
control tanks are observed; however, in most cases, the decrease in hexadecane concentration is 
greater in the test tank containing clams than in the control tank that does not have clams.  For 
example, the concentration of hexadecane in the experimental tank is 61% lower than in the control 
tank after 4 hours.  From the first sample collection at 30 minutes to the final collection at 4 hours, the 
concentration in the control tank decreased by 54% and the concentration in the test tank decreased by 
70%.  The concentrations of hexadecane in each tank over the course of the experiment are summarized 
in Table 1 and Figure 5.  There are clearly concerns with the concentration of hexadecane in the 
experimental tank after 2 hours.  In this case, the concentration of hexadecane in the experimental tank 
appears to increase to a level comparable with the concentration of hexadecane in the control tank.  
Also, the concentrations of hexadecane in the first two samples collected from the control tank exceed 
the theoretical concentrations of hexadecane added to the tank.  These discrepancies are likely due to 
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inconsistent extraction technique and to preferential sampling of hexadecane from the surface of the 
tank during sample collection. 
 

 
Despite difficulties with sampling and extraction, it is clear that the concentration of hexadecane in both 
tanks is decreasing over time.  In the case of the control tank this is primarily due to evaporation of the 
hydrocarbon from the water surface.  It is also generally true that the concentration of hexadecane 
decreases more rapidly in the test tank containing clams.  The more rapid decrease in hexadecane 
concentration in the experimental tank is due to a combination of the expected removal of the 
hydrocarbon by filter feeding Rangia clams and its evaporation from the surface of the tank. 
  

Table 1.  Hexadecane concentration in water 
samples extracted over time from a control tank 
without clams and a test tank containing 5 clams. 

 

Time 
(Hours) 

Control Tank 
[Hexadecane] 

(ppm) 

Test Tank 
[Hexadecane] 

(ppm) 

0.5 60.2 35.8 

1.0 51.0 30.1 

2.0 33.3 34.0 

3.0 23.7 20.5 

4.0 27.5 10.6 
Figure 5.  Hexadecane concentration over 
time in water samples from the control and 
test tanks 

 
  

  
Figure 4.  Hexadecane in extracted samples at 0.5 hours (Left) and 4.0 hours (Right) 

Basics of the Basin 2013

170 of 196



Conclusion and Future Work: 
More rapid removal of hexadecane from the test tank containing clams compared to the control tank 
without clams provide evidence that the removal of hydrocarbons from surface water by filter feeding 
Rangia clams is plausible.  The first step in continuing this project is to repeat the work reported here to 
confirm its efficacy and to improve sampling and extraction techniques.  Other work will include the 
effect of environmental conditions such as temperature and salinity on the ability of Rangia cuneatai to 
remove hydrocarbons and to verify that bioconcentration continues with other model compounds.  
Finally, should the opportunity arise, a pilot study in a real-world contaminated site will be completed. 
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Student Water Monitoring on Bayou St. John during Control Structure Removal 
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1 Lake Pontchartrain Basin Foundation 
2 University of New Orleans  
3 Tulane University  
 
Abstract 

Presented are the results of an on-going water monitoring project conducted within Bayou St. John. The 

purpose of this project was to record changes to water quality from the removal of the Bayou St. John 

water control system. Based on the findings of the Bayou St. John Comprehensive Management Plan, 

the removal of the control system is projected to reduce salinity, increase dissolved oxygen, and 

encourage fish and wildlife propagation within Bayou St. John by reconnecting with  the larger more 

ecologically diverse Lake Pontchartrain.  

Introduction 

Bayou St. John is a natural water body historically serving as drainage and portage for the New Orleans 

region. In 1931 a lock system was constructed at the point where Bayou St. John meets Lake 

Pontchartrain, with additional concrete levees and bridges added later by the Works Progress 

Administration. The lock system was replaced in 1962 with a flood control structure incorporating the 

opening and closing of valve controlled culverts and a recirculation system designed to look like a 

waterfall.  In the late 1970’s and early 1980’s the New Orleans Sewer Board proposed permanent 

closure of the bayou. In response, the public petitioned that a new flood control system to be installed 

instead. With continued public support, plans were initiated in 2012 to remove the flood control system 

and open the bayou to receive waters from Lake Pontchartrain (www.laseagrant.org/comm/2012/ 

watercontrolstructure).  

In late 2012, the old water control structure at Robert E. Lee Dr. was removed.  The Lake Pontchartrain 
Basin Foundation (LPBF) performed water quality monitoring prior to, during, and following the removal 
of the structure at sites along the length of Bayou St. John to measure any changes to water quality as a 
result of removing the structure (Figures 1a and 1b). 
 
Figure 1a.  Bayou St. John Control Structure

 

Figure 1b.  Structure Removed
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Methods 
 
In cooperation with local universities, LPBF 

trained intern students to collect bi-weekly 

water quality samples at locations along Bayou 

St. John.  Sampling began in July 2002 and 

continues to the present.  Sampling conducted 

through July 2013 was considered for this 

paper.  Between 10/29/13 and 2/5/13 there 

was a lull in sampling due to the end of the fall 

semester and the beginning of the spring. 

LPBF trained the student interns in the use of 

EPA-approved water sampling meters and 

sampling techniques.  All water sampling and 

analyses were performed in situ.  A YSI 85meter 

was used to record dissolved oxygen (milligrams 

per liter, mg/l), specific conductance 

(millisiemens, mS), salinity (parts per thousand, 

ppt) and water temperature (degrees Celsius, 

°C).  To test water clarity, the HACH 2100 

Turbidimeter recorded the average of ten 

readings in Nephelometric Turbidity Units 

(NTUs).  Each meter was calibrated twice 

annually and inspected once per month to 

insure proper functionality. 

The nine locations along the entire length of 

Bayou St. John (Figure 2) were sampled bi-

weekly beginning in July 2012 and continuing to 

present. Each site was chosen based on 

proximity to land features and access for 

monitors to collect readings at the surface and 

mid-point of the water column. Data collected 

in the field was then entered into an Excel 

database with analytics being conducted by 

both students and staff.  The statistical program 

JMP was utilized for statistical analyses. 

Figure 2.  Bayou St. John Water Quality 

Monitoring Sites.  (image courtesy of USGS) 
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Results 

In July 2012, the entire Bayou St. John showed a consistent salinity of 2.8 to 2.9 ppt.  This corresponded 

to Lake Pontchartrain’s salinity range of 2.6 – 4.0 ppt along the south shore at the same time (periodic 

openings of sluice gates were the only mechanism of getting water into the bayou).  August – 

September, salinity decreased in the Bayou, yet salinity remained at 5-6 ppt in the lake.  This could be 

from the drainage of rain water into the bayou and not opening the bayou to the lake.   

Throughout October 2012, the salinity increased in the bayou, with the sites nearest to Lake 

Pontchartrain experiencing the greatest increase (up to 5 ppt,).  Salinity along Lake Pontchartrain’s 

south shore ranged between 5 and 6 ppt at the same time, indicating that large amounts of lake water 

were beginning to inundate the bayou.  During this period, small test openings were performed, which 

resulted in gradually increasing salinity. This increase can first be seen at BSJ 9 (northernmost) and 

transitioning to BSJ 1 (southernmost) from October to November. Values then became more 

homogeneous after the completion of the project in January of 2013. 

After the final removal of the Control system in January, salinity levels in the bayou declined, due to a 

low salinity event in Lake Pontchartrain (southshore lake salinities ranged 2-3 ppt during that time).  

Figure 3.  Mean salinity for Bayou St. John sites by date 

 

Dissolved oxygen also fluctuated and rose in response to temporary gate openings during the test phase 

and remained elevated in January when the control structure was removed. Since January of 2013, 

dissolved oxygen levels have fluctuated and showed the expected decrease with corresponding rising 

temperatures in spring but remained above the state standard of 4 mg/l. 

Period not 

sampled 
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 Figure 4.  Mean dissolved oxygen for Bayou St. John sites by date 

 

Discussion 

LPBF began monitoring Bayou St. John in July 2012 to document the water quality impacts of the 

removal of an old water control structure.  During the monitoring period both salinity and dissolved 

oxygen responded dramatically to the openings but leveled out after a few months.  While it difficult to 

gauge what impact the removal of the flood control system will have in the long term, it is clear that 

water from the lake is mixing throughout bayou St. John. With the influx of lake water, conditions are 

favorable to increase the amount and variety of aquatic habitat, as well as aesthetically improve 

conditions to encourage recreation along the bayou.  

The program also developed partnerships with local universities by having students in the 

Environmental Science disciplines hone their skills alongside skilled LPBF staff. Through this program 

LPBF has found a way of addressing the environmental needs of our community that is cost effective 

and incorporates additional educational components. 

Finally, the Bayou St. John Comprehensive Management Plan written by LPBF in 2006 (Bayou St. John 

Comprehensive Management Plan prepared by Lake Pontchartrain basin Foundation) envisioned a 

future where, if the old water control structure at Robert E. Lee was removed, water quality, habitat, 

aesthetic, and recreational enhancements would be realized.  To accomplish these goals, the plan called 

for five benchmarks to be met:  

1. Manage Bayou St. John water flow and water quality; 
2. Enhance the estuarine habitat potential for fish and wildlife in and along Bayou St. John; 

Period not 

sampled 
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3. Increase and facilitate recreational access to Bayou St. John; 
4. Create public awareness and educational opportunities related to the cultural and historical links 
between Bayou St. John and the development of New Orleans; and 
5. Identify and create public awareness and educational opportunities related to bayou and estuarine 
ecology along Bayou St. John. 
 

The removal of the old water control structure, improving water quality, and recent wetland restoration 

projects mark the beginning of the hopeful revitalization of Bayou St. John 
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The role of ENSO climate shifts and the increase in the frequency and intensity of storm surges in the 
decline of large Rangia Cuneata clams in Lake Pontchartrain 
Michael A. Poirrier1, Crystal N. Dunn1, Claire E. Caputo1, George C. Flowers2 and Jordan M. Adams2 

1 Estuarine Research Laboratory, Department of Biological Sciences, University of New Orleans. 
2 School of Science and Engineering, Department of Earth & Environmental Sciences, Tulane University. 

 
INTRODUCTION 

 
The clam Rangia cuneata is the dominant benthic invertebrate in oligohaline Gulf Coast estuaries.  It is a 
signature species that controls and characterizes the biotic community of Lake Pontchartrain. Studies 
conducted in 1973, 1982 and 1984 indicated declines in large clam (>21mm) densities from 1954 levels, 
which were attributed to commercial shell dredging. Densities increased to 1954 levels after dredging 
was stopped, but large clams were still absent from a large area subject to saltwater intrusion from the 
Mississippi River Gulf Outlet, MRGO (Abadie and Poirrier 2000). The post-dredging increase in clam 
density from 1996 through 2000 was regarded as a return to normal conditions. However, there was an 
unexpected, severe decrease in density from 2001 through 2003 and densities have remained low even 
after the closure of the MRGO (Poirrier 2013). The purpose of this study was to determine what caused 
the abrupt 2001-2003 decline and why clams have not yet recovered to 1954 or 1996-2000 levels.  
 
We propose that the 2001-2003 declines were caused by the interaction of hurricanes and an El Niño 
southern oscillation shift. Recovery has not occurred because of relative sea-level rise and an increase in 
storm surge frequency and intensity (Burkett 2008; Roth 2010), which accelerated wetland and barrier 
island loss (Flocks et al., 2009) and increased the size of the tidal passes (Li et al. 2009). This has resulted 
in unprecedented storm surges entering Lake Pontchartrain, which disturb sediments, abruptly increase 
salinity, and produce stratification with anoxic and hypoxic bottom water. Spillway openings and closure 
of the MRGO probably changed patterns of sediment erosion and deposition that interacted with surges 
to bury clams. Spillway openings also introduce sediments and cause eutrophication which interacts 
with surges to move hypoxic waters into Lake Pontchartrain. Unlike most estuaries, Lake Pontchartrain 
has a slow flushing rate due to narrow tidal passes. This makes it more sensitive to variation in rainfall. 
High sediment resuspension from wind occurs due to its shallow depth and large fetch.  Resuspended 
sediments are not flushed, but redeposited on the bottom (Flowers and Isphording 1990).  
     

METHODS 
 

Rangia clams were sampled from 1996 
through 2012. During 1997, 2004, 2005, 
2006, 2008 and 2012, 30 sites from all 
areas of the Lake were sampled (Fig. 1). 
In other years, 5 of the 30 sites on the 
East-West transect were sampled.  
Salinity and DO were measured at the 
surface and bottom with an YSI-85 meter. 
Three replicate benthos samples and one 
sediment sample were taken at each site 
using a 15 cm2 petite Ponar dredge. 
Sediment was sampled in 1997 and 2012 
and analyzed for bulk density and % sand 
(Mudroch et al. 1997).  ANOVA and correlation were used to determine significant changes in clam 
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density over time and relationships between sediment, water quality and clam abundance. All statistical 
tests were run in XLSTAT-Pro, add-in software for Microsoft Excel created by Addinsoft.  
 

RESULTS AND DISCUSSION 
 

Comparison of clam ( >21mm) density trends from 1996 through 2012 with climate shifts and tropical 
cyclones. 
 
The analysis of changes in clam density at five sites on E-W transect showed an abrupt, statistically 
significant decrease in large clam density between summer 2000 and spring 2001 (Fig. 2). 

Figure 2. Mean abundance (N/m
2
) of large (>21 mm) clams at 5 sites on an E-W transect across the middle of Lake 

Pontchartrain from 1996 through 2012. 
 

Low levels persisted through 2003 and a long period of relatively low variable densities has been present 
from 2004 through 2012. 

Figure 3. Salinity at sites on the east-west transect and disturbances from 1996 to 2012.   
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An El Niño Southern Oscillation shift from an El Niño to a La Niña occurred from 1998 through 2001(Fig. 
3), which produced a severe prolonged drought in southern Louisiana. In September 1998, tropical 
cyclones Hermine, Francis, and Georges were also associated with the Rangia decline. Salinity increased 
from a mean of 3.3 to 9.2. Salinity remained high due to the La Niña drought and by April 2001 increased 
to 9.8 (Fig. 3). The drought ended in June 2001 with high rainfall from Tropical Storm Allison. 
 
Rangia has been reported to tolerate salinity up to 15, but in the Lake Pontchartrain Basin, Rangia is 
rare at salinities above 10. Salinity stress may have directly decreased Rangia abundance, but 
competition and predation from higher salinity species, which increases with increased salinity, were 
also important causes of 2001-2003 decline. Reproduction in Rangia is dependent upon salinity shifts 
which may have been changed by lack of rainfall. Lack of plant nutrients from rainfall runoff may have 
decreased phytoplankton and detritus, which provide food for Rangia. On the other hand, the first flush 
of runoff from Hurricane Allison after several years of drought, may have introduced high levels of 
nutrients, decomposable organic material and possibly toxic compounds. It also decreased surface 
salinity which may have caused salinity stratification and bottom water hypoxia.  Under optimum 
conditions, Rangia clams produce a high number of young, but clams smaller than 15 mm experience 
high mortality in the first year and very few clams survive to the second year. Clams larger than 15 mm 
are protected from predation, and low salinity also decreases mortality from predation and competition. 
Over a period of three or more years, high salinity from hurricane surges and the La Niña drought 
probably caused slight shifts in reproduction and mortality of small clams.  The death of large clams with 
no replacement from growth of small clams produced this severe decline.  
 
Based on an analysis of lake-wide samples, an increase occurred in 2004 which decreased after Katrina 
and Rita in fall 2005. Katrina directly killed and displaced large Rangia clams and modified the 
distribution of shell hash. After Katrina, no large clams were present at depths greater than 3.7 m and 
limited recovery occurred by 2006. Results of lake-wide surveys by Poirrier and Ray in 2008 were 
surprising. Instead of recovery, Rangia densities were below post- Katrina levels and the absence of 
large clams and other sensitive invertebrates extended to depths below 3.7 m, indicating the occurrence 
of lake-wide stress. Ray (2009) attributed the stressed community to effects of hurricanes Ike and 
Gustav. However, the spring 2008 Bonnet Carré Spillway opening eliminated higher salinity species and 
introduced nutrients which caused eutrophication in Sounds in the lower basin. Storm surges from Ike 
and Gustav introduced higher salinity, eutrophic waters which affected the remaining lower salinity 
species producing lake-wide stress. Fall 2012 lake-wide surveys conducted after Hurricane Isaac indicate 
a severe lake-wide impact from Isaac with no recovery to 1996 to 2000 levels. 

 
Salinity stratification and hypoxia after tropical storm surges 
 
Little information is available about bottom water quality in Lake Pontchartrain immediately after 
tropical cyclones.  Poirrier et al. (2008) reported salinity stratification and lower bottom dissolved 
oxygen after Hurricane Katrina and found recently dead and dying clams. We found severe salinity 
stratification and hypoxia at three sites south of Mandeville on 9/8/2012, eleven days after Hurricane 
Isaac’s landfall and just before the passage of a cold front.  Site 1 (N 30o 18.4, W 90o 04.356) had a 
surface salinity of 4.4 and a DO of 7.6 ppm and a bottom (5.18m) salinity of 16.3 and DO 0.6 ppm.  Site 2 
(N 30o 18.773, W 90o04.1100) had a surface salinity of 4.5 and a DO of 8.1 ppm and a bottom (5.18m) 
salinity of 13.4 and DO of 1.2 ppm.  Site 3 (N 30o 19.00, W 90o04.071) had a surface salinity of 4.5 and a 
DO of 8.1 ppm and a bottom (4.87m) salinity 7.1 and a DO of 2.9 ppm.  The effects of Isaac’s storm surge 
were also apparent during benthos surveys.  There were relatively high sediment specific conductance 
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values and differences in surface and bottom salinity values, indicated that some lower, residual 
stratification from Isaac was still present during October and November of 2012. 

 
Changes in sediment bulk density and comparison of clam density with sediment characteristics 
 
We investigated possible changes in sediment characteristics from hurricanes and other events as a 
possible explanation for lack of recovery. Fall 2012 bulk densities were compared to 1997 values and no 
significant differences were found.  A regression analysis of data from 30 sites in 2012 did not yield any 
significant relationships between the abundance of large clams (> 21mm) and bulk density or % sand.  
However, there was a weak positive correlation between the occurrence of clam size classes >40 mm 
with % sand and bulk density. These results were similar to earlier studies that investigated the effects 
of shell dredging (USACE, 1987).  
 
Laboratory experiments were performed to determine if there was a difference in the sinking rate of six 
large clams (21-25 mm) in low-bulk density sediments (1.11-1.14) composed of silts and clays compared 
to six large clams in higher density sediments (1.38-1.39) that contained more sand. After three days, all 
clams burrowed to depths ranging from 3 to 22 mm, with no difference between the two sediment 
types. Clams maintained their position in the sediment for two weeks with no additional vertical or 
horizontal movement detected. Clams were then pushed down 85 mm to the bottom of the container to 
determine if they would move back to the surface. Clams were left in the experimental tanks for 6.5 
months. One of the six clams in the higher bulk density sediment was dead and another moved to the 
surface. However, none of the clams in the low density sediments died or moved to the surface. Overall, 
change in sediment bulk density is not an explanation for clam decline. These data support lack of 
upward vertical movement particularly in soft sediments. However, sediment characteristics may 
change during and immediately after a surge that could cause rapid sinking and burial of large clams. 

 
Presence of closed articulated shells (boxes) in sediment 
 
 Articulated shells with non-weathered periostraca of dead Rangia clams, are called boxes and were 
often noticed in sediment samples. These boxes were filled with sediment and usually became 
disarticulated as sediment was rinsed through the sieve bucket in the field. These shells did not show 
any signs of damage from predation and were apparently produced by clams dying in the sediment. 
Several fall 2012 sites with high numbers of boxes above 16 mm were sorted and valves were matched, 
measured and counted. Results in N/m2 are as follows: Site B2 had 2580 boxes ranging in size from 16-
35 mm, site B5 had 516 boxes ranging from 16-25 mm, site B6 had 1032 boxes ranging from 16-25 mm, 
site C1 had 86 boxes ranging from 21-35 mm, site C2 had 129 boxes ranging from 21-25 mm, cite C5 had 
344 boxes ranging from 21-35 mm, site E1 had 602 boxes ranging from 26-30 mm, and site E2 had 688 
boxes ranging from 26-55 mm. 
 

It is unlikely that these boxes have a uniform distribution and they may occur in shoals and at greater 
depths, which makes them difficult to sample with a petite Ponar dredge. Flocks et al (2009) found that 
the top 1 m of Pontchartrain sediments are constantly being reworked due to the frequency of high 
energy circulation events associated with major storms as well as circulation gyres. Flowers and 
Isphording (1990) found that bottom sediments of the lake get suspended and reworked with storm 
events, however due to the extremely slow flushing rates, the sediments remain homogenous and settle 
to the lake bottom. These data are not a comprehensive evaluation of all sites, but certainly indicate 
that rapid clam burial by sediment due to storm surges could be a major factor in Rangia clam decline.   
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CONCLUSION 
 

The best explanation for the 2000-2003 decline in Rangia abundance was a prolonged El Niño drought 
after salinity increases from 1998 tropical cyclone storm surges. Recovery to baseline 1954 or 1996-2001 
post-shell dredging levels since 2003 has not occurred due to higher storm surges entering Lake 
Pontchartrain. This is due to an increase in relative sea level, enlargement of tidal passes, and loss of 
marsh and barrier islands, which in the past decreased surge height. These periodic, severe surges 
produce abrupt increases in salinity, and salinity stratification with bottom water anoxia and hypoxia, 
which interfere with the reproduction and growth of Rangia clams.  Surges also erode and move bottom 
sediments resulting in clam burial and eventual death. ENSO shifts, Bonnet Carré Spillway openings and 
closure of the MRGO interact with surges to produce conditions detrimental to the sustainability of large 
clam populations. The combination, interaction, timing and sequence of disturbances affect the 
decreases or increases in large clam abundance.  It would require at least three years of favorable 
salinities without damaging storm surges or other events for high densities of large clams which 
occurred during 1996-2000 to return. 
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Using Assimilation Wetlands as Baldcypress/Water Tupelo Nurseries: 
Growing Seedlings Acclimated to Anerobic, Nutrient-Rich Soils 
Eric Strickland1, Gary P. Shaffer1, John Day2, Rachael Hunter2, and Amanda Normand1 
1Biological Sciences, Southeastern Louisiana University 
2Comite Resources, Inc. 

 
For several decades we have been attempting to restore the historic baldcypress – water tupelo 
(Taxodium distichum – Nyssa aquatica) wetlands of the Pontchartrain Basin.  Results have been 
mixed, yet largely unsuccessful especially, with bare-root plantings.  The entire area is plagued 
with the interacting stressors of nutria (Myocaster coypus) herbivory, saltwater intrusion, 
nutrient starvation, and nearly permanent flooding.  In every nutrient enrichment study to date 
in the Basin, be it on herbaceous or woody vegetation, increased nutrients have lead to a 
doubling or greater rates of net primary production, but only when the vegetation are protected 
from nutria.  Mature baldcypress located at the outfall of the Hammond Assimilation Wetland 
have growth rates five-fold greater than those of the Joyce and Maurepas swamps. 
 
We are currently growing 17,000 cypress and tupelo seedlings in different substrates at 
Southeastern’s Horticulture Center and at a nursery constructed at the outfall of the Hammond 
Assimilation Wetland.  Ten thousand of these seedlings are being grown, planted, and protected 
with the sponsorship of Louisiana’s Conservation and Restoration Partnership Fund (through 
CPRA) and will be planted to protect levees and outfall systems of assimilation wetlands in 
Mandeville, the Central Wetlands, and at the Hammond site.  The other 7,000 will be planted in 
demonstration projects in the Central Wetlands, where we also will be testing giant bullwhip 
and floating marsh.   
 
To date, challenges include fighting Louisiana’s coastal seedbank (i.e., weeds) and optimizing 
hydrologic throughput sustainably.  We are overhauling the methodology used in cypress – 
tupelo restoration with an expected tripling in efficiency. 
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INTRODUCTION: 
Storm surges in the reach of the Mississippi River below Bohemia result in surges that are 
transmitted up the river. These river surges can travel hundreds of miles up the river and may result 
in flow reversals and added hydrostatic pressures on the levees. In addition, the inflows and 
outflows in the passes and overflow areas of the Lower River can be very high in both directions. 
There are several questions that arise related to this phenomenon, e.g.  

Is there sediment import or export due to surges?  
What are the morphological changes due to these surges? 
What is the interaction between the River discharge and storm surge in the River? 
 

This paper utilizes a 1-D model (HECRAS) and a 2-D model (Delft-3D) to simulate the surge due to 
Hurricane Isaac. This event was unusual for a number of reasons: a) the River discharge was near a 
record low flow during Isaac and b) Isaac was an extremely slow moving storm. 
 
The purpose of the work presented in this paper is to evaluate 1-D and 2-D models for their ability to 
accurately predict a Hurricane Surge in the Mississippi River. Observed data obtained from the U.S. 
Army Corps of Engineers (USACE) was used to validate the models.  
 
MODEL SETUP: 
HEC-RAS 4.1 (USACE, 2010), a 1-D numerical model developed by the Hydrologic Engineering Center 
(HEC) of the U.S. Army Corps of Engineers (USACE), was used in this study for the hydrodynamic 
simulation of the Lower Mississippi River during hurricane periods. HEC-RAS is a public domain 
model that allows the performance of steady and unsteady flow river hydraulics calculations, and 
includes a user interface and graphical outputs such as tables or graphics showing stage, discharge, 
velocity, water surface elevation, among other hydrodynamic features. HEC-RAS can make long term 
predictions and can handle large scale project areas. Also, tributary and distributary systems can be 
modeled as a network (Davis, 2010; McCorquodale et al, 2011a and 2011b).  
  
Deflt-3D was developed by Deltares (2009) to solve the shallow wave equations in 2-d and 3-d. It has 
been successfully applied to coastal areas, estuaries and rivers. It is a public domain model with a 
large user group. It was selected for the Mississippi River because it includes: riverine and estuarine 
hydrodynamics, sediment transport and channel morphology. It has an excellent graphics interface. 
  
To assess the impact of the storm surge on the Lower Mississippi River (MR) during Hurricane Isaac  
two modeling tools were used: a) the 1-D model HEC-RAS 4.1 in Unsteady Flow Mode USACE, 2010) 
and b) the Delft3-d model (Deltares, 2009). The model domains for each of the models are shown in 
Figure 1. Hydrodynamic simulations were performed from Tarbert Landing (RK 492, RM 306) to the 
Gulf of Mexico with HECRAS and from the Bonnet Carré Spillway (RK 204, RM 127) to the Head of 
Passes (RK 0, RM 0) for the Delft-3D model. The period evaluated was from 08/27/2012 to 
09/01/2012. The stages for the open boundaries at the Gulf of Mexico were obtained from NOAA 
and USGS monitoring Stations. 
 
The reach modeled in this study extends from the Gulf of Mexico to Tarbert Landing (RK 492, RM 
306) for HEC-RAS model and from Bonnet Carré Spillway (RK 204, RM 127) to Head of Passes (RK 0, 
RM 0) for Delft-3D model as shown in Figure 1. Along the reach there are some continuous outflows 
as the Davis Pond and the Caernarvon diversions, and some periodical outflows as the Bonnet Carré 
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Spillway. Also, the east bank of the River downstream of Bohemia (RK 75, RM 47) has a natural levee 
that overtops in periods of high flow. The river is divided into three passes, downstream of the Head 
of Passes (RK 0, RM 0): Pass-a-Loutre, Southwest Pass and South Pass.  
 

HECRAS

Delft3-d

 
Figure 1. Domains for HECRAS and Delft-3D Models 

 
The downstream boundary conditions for Isaac were hourly stage values obtained from 
measurements at Southwest Pass at East Jetty for the HEC-RAS model (Figure 2a) and hourly stage 
values obtained from the HEC-RAS model at Head of Passes for the Delft-3D model(Figure 2b). The 
upstream boundary conditions for the HEC-RAS model simulations consist of daily water discharge 
measurements at Tarbert Landing (Figure 3a) and for the Delft-3D model, hourly water discharge at 
Bonnet Carré Spillway (Figure 3b) for the corresponding period. These models were previously 
calibrated for Hurricane Gustav and for normal river floods. 
 
 

  
a) b) 
Figure 2 – Downstream Boundary Condition: a) Stage at Southwest Pass for HEC-RAS model and b) 
Stage at Head of Passes for DELFT-3D model 

Basics of the Basin 2013

184 of 196



 

  

a) b) 
Figure 3 – Upstream Boundary Condition: a) Flow Hydrograph at Tarbert Landing for HEC-RAS 
model and b) Flow Hydrograph at Bonnet Carré Spillway for DELFT-3D model  
 
The Manning’s n values and Flow Roughness Factors (values by which n is multiplied and are a 
function of the flow) were the main parameters used to calibrate the model. Manning’s n for the 
Main Channel ranged from 0.019 to 0.026, and for the outlets varied from 0.014 to 0.7.  
 
RESULTS: 
The model was calibrated for the Hurricane Gustav and validated for Hurricane Katrina. The weir 
coefficients for the Bohemia outflow and the flow roughness factors were main calibration 
parameters. The results were compared to data available for different locations along the Mississippi 
River obtained from the USACE. Figure 4 shows the model results from HEC-RAS and Delft-3D 
compared to the observed data at New Orleans. A statistical analysis was performed, which included 
the determination of the Root Mean Square Error (RMSE) and the Efficiency (Pereira 2011) on the 
observed (USACOE) and modeled data; this is presented in Table 1 for the simulations from HEC-RAS 
and Delft-3D models.  

 
Figure 4 – Stage Results for New Orleans, RM 103 
 
Table 2 – Statistical Analysis of the differences between Measured and Simulated Stage for 
Hurricane Isaac (2012) 

River Stations 
HEC-RAS Delft-3D 

RMSE (m) Efficiency RMSE (m) Efficiency 

West Point a la Hache (RK 78, RM 49) 0.55 0.71 0.49 0.76 

Algiers Lock (RK 142, RM 88) 0.43 0.71 0.53 0.60 

New Orleans (RK 165, RM 103) 0.26 0.89 0.32 0.86 

Bonnet Carré (RK 204, RM 127) 0.25 0.90 - - 

Donaldsonville (RK 279, RM 174) 0.28 0.88 - - 
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Figure 12 – Surge Height along the Model Domain for Hurricane Isaac   
 
CONCLUSIONS: 
Both HECRAS and Delft-3D gave good representations of the movement of Hurricanes Isaac in the 
Mississippi River. The models captured the height and speed of travel of the surge. It was found that 
the surge propagation extend past Tarbert Landing (RK 492, RM 306). The maximum height of the 
surge above the normal river stage was approximately 3 m. 
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Long-term trends in plant species composition and soil physical characteristics 
in a constructed mesohaline marsh in Southeast Louisiana 
Jonathan M. Willis and Mark W. Hester,  
Coastal Plant Ecology Lab, Department of Biology, University of Louisiana, Lafayette, LA 

 

Rationale 
The effective restoration and creation of coastal wetlands is a key component of the management of 
coastal habitats, particularly in Louisiana where the rate of loss these valuable ecosystems is extremely 
high.  However, the small number of long-term studies focusing on coastal wetland restoration efforts 
limits our understanding of how the trajectories of ecological functions vary through time after 
restoration and, in turn, our understanding of restoration effectiveness.  The majority of long-term 
studies in restored coastal wetlands have focused on salt marsh habitats and there is a pressing need for 
equivalent long-term studies of restored mesohaline marshes.  The research presented herein is 
intended to assist in addressing this issue by resolving knowledge gaps for coastal mangers and 
providing a greater understanding of likely trajectories of ecological functions in these restored habitats 
using a restored marsh adjacent to New Orleans as a model.  This project specifically addresses two 
primary questions regarding the Bucktown created marsh, which is representative of created 
mesohaline marshes in this region.  Firstly, is the vegetative coverage and species composition of this 
marsh similar to healthy mesohaline marshes in this area and does it display resilience to ecological 
perturbation?  Secondly, do key soil characteristics display a trajectory suggesting that this restored 
habitat will provide ecosystem services typical of Louisiana mesohaline marshes, such as carbon 
sequestration? 
 

Study Site 
The study site is a mitigation marsh (1.42 hectares in area) that was constructed immediately outside 
the Lake Pontchartrain levee in the “Bucktown” neighborhood of greater New Orleans.  The substrate 
on which the marsh was created was acquired by hydraulic dredging of the nearby Bucktown Harbor in 
the summer of 2000 with a target elevation of 1.5 to 2.0 NGVD.  Subsequent to dewatering, the area 
was planted with salt-hardened Vermillion accession Spartina alterniflora (1,030 trade gallons and 8,000 
vegetative plugs), with all planting completed by late summer of 2003.  
 

Study Implementation  
A brief survey by the Coastal Plant Ecology Lab in the summer of 2005 delineated four primary habitat 
types within the Bucktown marsh.  These habitat types included a lower elevation Spartina alterniflora 
dominated marsh on the western portion of the created marsh (Western Low Marsh zone), a higher 
elevation marsh dominated by S. alterniflora with Schoenoplectus americanus occurring as a sub 
dominant (High Marsh zone), a higher elevation Iva frutescens dominated zone (Scrub Shrub zone), and 
a lower elevation Spartina alterniflora dominated marsh on the eastern portion of the created marsh 
(Eastern Low Marsh zone).  In the summer of 2006, twenty, 1.0-m2 permanent plots were established 
throughout the Bucktown created marsh site, with 5 replicate plots being established in each of the four 
primary habitat types.  A continuous recording water-level gauge was installed in the eastern portion of 
the low marsh habitat at the inception of the study.  All plots were characterized in regard to vegetation 
and soil in the summer and fall of 2006 through 2012.  The elevation of the water level gauge and all 
plots were surveyed during each summer sampling event so that long-term trends in plot elevation as 
well as critical hydrologic metrics (frequency, depth, and duration of flooding) could be determined. 
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Monitoring 
Plant community composition was determined by visual estimation of cover by species in the summer 
and fall of each year since the inception of the monitoring project in 2006.  Average canopy height of 
key species (Spartina alterniflora and Iva frutescens) was also determined.  Soil cores were collected to a 
depth of 15 cm using a 5-cm diameter thin-wall aluminum corer each summer during the project period 
for the determination of soil bulk density and organic matter content.  Additionally, changes in marsh 
surface elevation were determined using sediment elevation tables (SET) and feldspar markers that 
were installed in the Western Low Marsh and Scrub Shrub habitats in 2006. 
 
Conclusions  
Monitoring results to date indicate that the Bucktown created marsh area exhibits characteristics of a 
healthy mesohaline marsh in coastal Louisiana, although substantial year to year variation in total 
vegetative cover and the cover of key, desired vegetative species occurs.  Importantly, high total cover 
of vegetation has generally been maintained at this site in spite of various perturbations, such as tropical 
storms, indicating the ecological resilience of this system.  Also, appreciable cover by desirable plant 
species, including Spartina alterniflora, Schoenoplectus robustus and Iva frutescens has been sustained 
throughout the study duration.  Similarly, the soils of the created marsh area appear to be developing as 
would be anticipated for a young, mesohaline marsh in coastal Louisiana in terms of soil bulk density 
and organic matter.  Interestingly, interannual variation of soil bulk density within habitat type appears 
to lessen beginning in 2010, suggesting that these soils may be approaching some equilibrium point.  
Soil surface elevation, as evaluated both by fine-scale sediment elevation tables and coarser laser level 
surveys of individual plots, appears to be relatively stable other than when affected by large-scale 
perturbations.  Although the current analysis of the Bucktown marsh indicates that this created wetland 
is functioning in a similar fashion to healthy mesohaline marshes in the region, continued monitoring 
will inform how long this trajectory will be maintained and under what conditions a “tipping point” 
towards a less sustainable trajectory may eventually occur. 
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Figure 1  The effect of habitat type and sampling year on summer total plant cover (Top Panel; 

mean +/- se) and soil bulk density (bottom panel; mean +/- se). 
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Do constructed crevasses obey delta laws? Implications for the restoration of 
the Mississippi River delta 
 
Tara Yocum1,2, Ioannis Y. Georgiou1,2, Kevin J. Trosclair1,2, Kyle Breaux3 
1Department of Earth and Environmental Sciences, University of New Orleans, New Orleans, LA 
2Coastal and Environmental Hydrodynamics Laboratory, Pontchartrain Institute for Environmental 
Sciences, University of New Orleans, New Orleans, LA 
3Coastal Protection and Restoration Authority, New Orleans, LA 70122. 
 

Introduction and Background 
River deltas are among the most important interfaces on Earth.  They are located within the 

fluvial-marine transition (FMT) and are accumulations of sedimentary deposits (mouth bars, 
levees, wetlands, inter-distributary bays) resulting from sediment delivered by rivers via a network 
of distributary channels.  Deltas are highly productive ecosystems that serve as centers for human 
population, harbor fisheries, support agriculture and provide corridors for commerce. Deltas 
worldwide are threatened by environmental changes, including high rates of subsidence, global sea 
level rise, reduced sediment inputs, altered nutrient budgets and a suite of other local factors 
(Syvitski and Saito, 2007). The Mississippi River Delta (MRD) typifies these impacts with 
recorded land loss of over 4,800 km2 in the past century, threatening the population, infrastructure, 
and reducing ecosystem services (Day et al., 2007; Couvillion et al., 2011).   

 To combat land loss in the MRD, numerous parties have advocated partially diverting the 
flow of the Mississippi River (MR) to reinitiate the natural processes that originally built this delta 
(Allison and Meselhe, 2010; Day et al., 2007; Edmonds, 2012; Gagliano and van Beek, 1975; 
LACPRA, 2012; Paola et al., 2011), an idea that was first suggested by Sherwood Gagliano in the 
1970s, and was endorsed by the scientific community, as well as adopted by the State of 
Louisiana’s 2012 Master Plan for Coastal Restoration (Allison and Meselhe, 2010; Kim et al., 
2009; Day et al., 2007; Gagliano and van Beek, 1975; LACPRA, 2012; Paola et al., 2011). While 
economically an efficient way to build land in the MRD (Kim et al., 2009; LACPRA, 2012), there 
are too few analogs aside from laboratory studies (e.g. Hoyal and Sheets 2009), numerical 
modeling studies (Edmonds and Slingerland, 2008; Hannegan, 2011), theoretical approaches (Kim 
et al., 2009), and limited field observations (Paola et al., 2011; Esposito et al., 2013; Clark, et al., 
2013; Shaw et al., 2013). 

 Edmonds and Slingerland (2007) – hereafter ES2007 – used several non-dimensional 
metrics to determine the mechanics governing the formation and evolution of river mouth bars.  
They supplemented their theoretical approach with numerical modeling, and develop an analytical 
metric for estimating the position of the mouth bar. Here we used these metrics (ES2007; Edmonds 
et al., 2011) to first compare costructed crevasses within the MRD to their large delta counterparts, 
and to re-assess their growth patterns, adding to previous analysis (Boyer et al., 1997) of similar 
systems. The objective is to determine if systems that performed well (in terms of landbuilding) 
obey delta scaling laws, and wheather  those crevasses that failed exhibit an outlier behaviour. 
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Methods 
We populated a database of a few large deltas from ES2007 and added twelve crevasses 

created by the U.S. Fish and Wildlife Service in the Delta National Wildlife Refuge (DNWR), and 
data from the well-established crevasse Brant’s splay within the Cubits Gap subdelta.  Data were 
obtained using a combination of geospatial tools such as ArcGIS and Google Earth® followed by 
image analysis to obtain planform metrics (such as channel length and width), while channel 
depths where obtained from crevasse project data reports provided by CPRA and bathymetric 
datasets from Esposito et al., (2013). The data sets were supplemented additionally by Boyer et al., 
(1997) data, updated to reflect more recent land gain.  Additional variables, such as, crevasse 
proximity to the thalweg of the order channel, distance from the main stem of the Mississippi 
River, flow percentages and sediment load (Allison et al., 2012) and local subcritical Froude 
numbers and shear velocity (Esposito et al. 2013; Clark et al., 2013) were also added to the 
datasets. 

Results 
Edmonds et al., (2012) argued that since many delta distributary channel networks appear 

similar to inverted tributary networks, it is a reasonable starting strategy to adapt drainage basin 
metrics to delta distributary networks.  Fagherazzi et al., (1999) and Rinaldo et al., (1999a; 1999b) 
applied metrics from tributary networks to tidal delta networks and found that tidal networks 
exhibited little scale invariance, as did Straub et al., (2007) who reported scaling similarities 
between submarine channels and fluvial tributary networks. While the large delta dataset produced 
by ES2007 was later supplemented by laboratory scale deltas as well as  deltas produced using 
numerical models, there exist a paucity of similar analysis for deltas that are smaller than the Wax 
lake Delta (WLD) in Louisiana, which is a bayhead delta that is approximately 5 to 10 times larger 
in size than active crevasse splays within the MRD.  

 

Figure 1. Location of the study area showing the MR09 project sites, as well as the Brant's Splay. 
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When looking at the delta distributary channel geometries by bifurcation order (Figure 2), 
the measured data for the non-dimensional width, non-dimensional depth, and non-dimensional 
length does not vary significantly compared to those reported by ES2007, suggesting that the 
planform geometry of crevasses appears (as a first order estimate) to be similar to that of large 
deltas. We notice a systematic decrease as bifurcation order increases, any variations seen here can 
be explained by the fact that the crevasses in question are not entirely governed by natural 
processes (ie, they are constructed and perhaps have trunk channels or zero-order channels that 
have different geometries compared to naturally occurring channel networks).   

Delta size and shape is largely governed by the location of a mouth bar (ES2007) a key 
morphologic feature common in deltas.  We utilized the equation predicting the position of the 
river mouth bar in a river-dominated setting (eq. 1), and the non-dimensional form of the equation 
(eq. 2) and compare our results with those found in large deltas (ES2007), as well as that of the 
Brant splay  (Esposito et al., 2013). The distance to the mouth bar can be computed using: 
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where LRMB – distance to river mouth bar,  W- initial width,  D- initial river depth,  U- initial 
velocity,  g is the acceleration due to gravity ~9.81 m/s2, ρ - fluid density ~ 1,000 kg m-3,  σ – 
density of Quartz  kg m-3  ~ set to 2,600.  From ES2007 we used k = 0.383, m = 0.167, b = 0.50, n 
– bifurcation order. 

We used median grain diameters from Brant’s Splay (Espositio et al., 2013), while velocities for 
all crevasses were obtained by utilizing subscritical Froude numbers from the MRD measured by Esposito 
et al. (2013) and Clark et al. (2013) and solving for velocity by substituting the local depth for each channel. 
Figure 3 shows the results of the distance to the river mouth bar for each of the bifurcations from the study 
site, compared with those of large deltas, and Brant’s splay. Similar to the distance to the river mouth 
bar relationship, the non-dimensional distance to the mouth bar can be found by recasting the 
above equation in the following form: 
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ES2007, found that the non-dimensional distance to river mouth bar (LRMB/D) increases 
proportional to jet momentum flux per unit depth and increases inversely proportional to unit area 
grain weight.  In Figure 3, MRD crevasse data are plotted against ES2007 data, showing almost 
parallel trend lines even though the crevasses studied in the measured data were 5 – 10 times 
smaller. Similarly, Figure 4 shows that the non-dimensional distance to the mouth bar, a proxy for 
size of the delta, plots along a similar trend (although both terms are smaller) when compared to 
large deltas and the nearby Brant’s splay.  This can simply be explained by the fact that these are 
indeed smaller systems, suggesting further that this can indeed be used as a proxy for delta size. 
With this knowledge we will attempt to conduct further analysis and test if this tool can be used to 
gain insights into land building (at similar scales) as a first order estimate, supplemented further by 
other environmental factors gathered in this study. 
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Figure 2. Delta distributary channel geometries by bifurcation order. Order 0 is the main crevasse channel 
in each system studied. Each graph shows all data sets by crevasse number, and for comparison we show 
Brant’s splay and the average from large deltas analyzed by Edmonds and Slingerland [2007].  The non-
dimensional width (W/Wo) at bankfull discharge decreases nonlinearly with bifurcation order. Non-
dimensional depth (D/Do) by Edmonds and Slingerland 2007, and for Brant’s Splay decrease with 
bifurcation order, while the rest of the crevasses show a decreasing trend which falls below that of Edmonds 
and Slingerlands (2007) average.  Aspect ratio (W/D) shows no definitive trend with bifurcation order. The 
10 crevasses are comparable to larger deltas, while Brant’s splay appears higher. Non-dimensional length 
(L/Wo) decreases with bifurcation order, except for Brant’s splay which shows an increase. Finally, width 
ratio (W1W2 - wide/narrow) shows no trend.  
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Figure 3. Distance to the river mouth bar (in meters) as a function of bifurcation order for all crevasses in 
the MRD studied.  Notice that as the crevasse footprint increases, bifurcation lengths become smaller and 
hence the distance to the mouth bar decreases.  This metric can be used effectively as a proxy for land 
building, provided that similarity of environmental factors remains unchanged. Points are from systems in 
the MRD, while the solid blue line is the average from ES2007. 
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Figure 4. Distance to the river mouth bar for all crevasses in the MRD studied.  Notice that as the crevasse 
increases footprint, bifurcation lengths become smaller and hence the distance to the mouth bar decreases.  
This metric can be used as a proxy for land gain effectively, assuming similarity of environmental factors 
remain unchanged.  
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