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OVERVIEW 

 

G.E.C., Inc. (GEC) was contracted by the Louisiana Office of Coastal Protection and Restoration 
to conduct “An Assessment of ‘Lessons Learned’ from the Operations of Existing Freshwater 
Diversions in South Louisiana”.   This effort to support Subtask 1 is to prepare a focus 
document coincident with the U.S. Army Corps of Engineers Diversion Summit to be held in 
New Orleans, Louisiana, on March 3-5, 2009.  GEC received the Notice to Proceed on January 
16, 2009, and this “Work-In-Progress” Briefing Document was developed to provide as much 
focus on freshwater diversions as possible to the Louisiana Coastal Area Science and 
Technology Program (LCAST) group prior to the Diversions Summit.  This research and analysis 
is a work-in-progress and should not be considered as a complete and final product. 
 
The first step of Subtask 1 and review involved the collection of all pertinent literature.  
Diversions to be considered included Wax Lake Outlet, West Bay, Caernarvon, and Davis Pond.  
This literature review was designed to identify data gaps and pertinent questions.  The 
spectrum of general and specific questions included, but were not limited to: 
 

• What is our technical ability to predict sediment transport through and deposition in 
estuarine basin receiving waters? 

o Why has there been no subaerial expression of land formed by the West Bay 
Diversion? 

o Does the present design of the Wax Lake Outlet maximize sediment capture 
in the Wax Lake Delta, and if not, can we say why? 

o Will velocities from large diversions prohibit settling and the retention of 
sediments? 

• What is the definable impact on wetland and aquatic resources of diverting fresh 
water into estuarine receiving basins? 

o Do we have evidence that freshwater diversions create freshwater wetlands 
or do they negatively impact salt marshes? 

o What impact do diversions have on flotant marshes? 

• Have there been significant changes in Mississippi River water quality and sediment 
load that would lead us to predict significant impacts in landform and community 
composition of diversion outfall areas? 

Does the particle size of the current sediments carried by the Mississippi River 
resemble that of the sediments that created the deltas in the geologic history of 
the Louisiana coastal area? 

Do the higher nutrient concentrations in present Mississippi River waters more 
negatively impact the estuarine receiving waters with respect to historic 
conditions? 
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GEC contacted environmental professionals and academia who are working on the coastal 
issues to quickly gather pertinent and very recent literature, including publications in review or 
submission.  Upon receipt of a document, the literature cited section of each was used to 
expand the search.  Search engines were used to collect additional literature from more 
sources.  GEC developed a series of keywords to use for these engines.  Websites of 
universities, state, and federal agencies were searched for additional documents.  
 
GEC developed a Microsoft Access database to organize and manage the literature citations.  
Each document was assigned keywords to enable specific focused lists to be produced.  These 
keywords were:  Vegetative/SAV, Riverine, Bay Study, Sediment, Data Only, Feasibility Study, 
Modeling, Survey, West Bay, Caernarvon, Davis Pond, Atchafalaya, Diversions – General, 
Bonnet Carré Spillway, Proposed Diversion, Salinity, Fisheries, Water Quality, Pulsing, Accretion, 
Wax Lake, Restoration, Nutrients, Impacts, Productivity, Biomass, Crevasse, Plankton, Old River 
Control Structure, Siphons, Splays, Marsh Creation, Freshwater Inflow, Coastal Land Loss, 
Levees, and Hurricane Protection.   
 
The Access database can be searched for one or more keywords to produce a list of relevant 
literature.  As of March 23, 1020, GEC has logged in 811 documents.  Approximately 50 to 100 
more documents remain to be logged in and GEC believes that there will be more documents 
yet to be identified and catalogued.  Given the rate of discovery, it is estimated that the total 
body of relevant literature could potentially exceed 700 documents.  Several lists of document 
searches are attached, including: Riverine, Sediments, Vegetation, Salinity, Fisheries, and All 
Documents. 
 
In early February 2009, GEC was instructed by OCPR to begin preparing this briefing.  GEC was 
able to use the Access database to help develop this briefing.  GEC does not consider the 
literature search or this review to be complete.  A PowerPoint presentation and Briefing Notes 
are attached. 
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BRIEFING NOTES 
 
 
Freshwater (and Sediment) Diversions  
 

• Where do we start? 

• Literature Search and “brain trust” contacts 

• Three weeks of research have yielded 544 documents, and counting. 

• Documents are organized in a database by keywords for retrieval and organization 

• What do we know and what do we need to learn? 

• What are our expectations? Public? Federal? State? 

• Planning thoughts 

 
Key Issues 

 

• Mississippi River and Atchafalaya River System 

• Sediment Accretion – Coastal Marsh, Coastal Freshwater Swamps 

• Vegetation – Coastal Marsh, Coastal Freshwater Swamps 

• Water Quality, Filtering Capacity, and Nutrients – Coastal Marsh, Coastal Freshwater 

Swamps 

• Aquatic Faunal Resources – Fish, Wildlife, and Benthos 

• Stakeholder Interests/Concerns 
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Mississippi and Atchafalaya River Systems 
 

Composed of Three Main Reaches 
 

• Reach 1 – Upstream of Old River Control Structure (ORCS) 
 

o Consists of portion of Lower Mississippi River above the ORCS 
 

o Tarbert Landing, MS is representative of this reach 
 

• Reach 2 – Atchafalaya River System 
 

o Consists of portion of Mississippi River diverted by ORCS plus input from 
the Red River 

 
o Simmesport, LA is representative of this reach 

 
• Reach 3 – Mississippi Main Stem South of ORCS 

 
o Consists of portion of the Mississippi River south of the ORCS 

 
o St. Francisville, Baton Rouge, New Orleans, Belle Chase, English Turn, Head 

of Passes (HOP) are representative of this reach 
 
o Could be further subdivided into the reach below New Orleans 

 
Hydraulic Characteristics 
 
 Mississippi River 
 

• Tarbert Landing, MS (1930 - 2005) (USACE) 
 

o Average Annual Discharge = 486,000 cubic feet per second (cfs) 
 

o Average Annual Minimum Discharge = 165,000 cfs 
 

o Average Annual Maximum Discharge = 1,081,000 cfs 
 

• New Orleans, LA to HOP (1972 - 1992) (UNO, Sogreah, CRC) 
 

o Maximum Average Discharge (April) = 810,000 cfs 
 

o Minimum Average Discharge (September) = 100,000 cfs at Simmesport, LA              
(1930 - 2005) 
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• How much water is available? 
 
o The maximum water available for simultaneous diversions is generally 

limited to 500,000 cfs in the winter, spring and early summer.  Late 
summer and early fall will generally offer limited to no availability (CPRA, 
2007).  

 
o Total flow for HOP must be maintained at no lower than 250,000 cfs for 

navigation and to control the salt water wedge (CPRA, 2007).  
 
 
 Atchafalaya River   
 

• Simmesport, LA (1930 - 2005) (USACE) 
 

o Average Annual Discharge = 200,000 cfs 
 

o Average Annual Minimum Discharge = 41,000 cfs 
 

o Average Annual Maximum Discharge = 483,000 cfs 
 

• Flow within the Atchafalaya (Mossa, 1990) 
 

o 69% from the Mississippi River 
 

o 31% from the Red River  
 

• Modeling (HEC-RAS) 
 

o HEC-RAS models show that diversion structures will have an impact on 
river gradients and velocities (Willson, 2008). 

 
Sediment Load within the Mississippi River? 

 
Sampling  
 
• 1930’s to Present  

 
o Sediment sampling has been conducted from the 1930’s to present 

throughout the lower Mississippi River system by multiple government 
agencies and research groups, including The Army Corps of Engineers 
(USACE) and the United States Geological Survey (USGS).  

 
• St. Francisville, LA  

 
o St. Francisville, LA sampling station (USGS) is the southernmost 

permanent long-term sampling location along the lower Mississippi River 
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Sediment Makeup 
 
• Two Types of sediments found in the river system 
 

o Coarse Grained Sediments (Sand, > 0.0625 mm) 
 

• Fine Sand (0.0625 mm – 0.25 mm) 
 

• Coarse Sands (0.25 mm – 1.0 mm) 
  

o Fine Grained Sediments (Silt & Clay, < 0.0625 mm) 
 
        Sediment Transport Types 
 

• Bed Load 
 

o This represents the component of total sediment load made up of 
particles moving in frequent, successive contact with the bed.  The 
particles making up the bed load are generally larger in diameter than the 
suspended load (mostly fine sand in Louisiana).     

 
• Suspended Load 

  
o This represents the portion of total load that consists of particles moving 

in continuous suspension within the water column.  The suspended load 
particles are generally smaller in diameter than the bed load. 

 
• Near-Bed Load 
 

o This portion of the total transport load consists of particles that flow 
immediately above the bed surface, but not in suspension.  These types 
of particles are coarser than the suspended load, except during high 
discharge periods.  This area of sediment load is sometimes referred to 
as “unmeasured load”, because of its perceived result of causing an 
underestimation in the actual sediment load.  

 
o Almost all sampling techniques produce either suspended or bed 

sediment transport results.  The near-bed transport has yet to be 
accurately quantified, which may lead to the overall underestimation of 
total sediment transport.   
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Total Sediment Transport Estimations 
 

• Cairo, Illinois to Gulf – 170,000,000 tons 
 

o 170,000,000 tons is transported from Cairo, Illinois to the Gulf of Mexico 
annually (Thorne, 2000) 

 
• Renewable Sediment Load – 124,000,000 tons 

 
o A renewable sediment load of 124,000,000 tons currently exists within 

the Mississippi River (Allison, 2006) 
 

• Approximately 20 % of total sediment load is sand (Allison, 2006). 
 

• Total Sand Load (Suspended + Bed) to Gulf is 20,000,000 tons/yr (Nittrouer, 
2006) 

 
    Suspended Sediment Load Estimations 

   
• Suspended Sediment Flux (Sand + Fines) = 87,000,000 tons/yr 

 
o Suspended sediment flux (Sand + Fines) at St. Francisville, LA from 1994 

through 2004 was 87,000,000 tons/yr (Horowitz, 2006) 
 

• 94.3 Million Cubic Yards Measured Suspended Sediment  
 

• 18 Million Cubic Yards Unmeasured Sediment 
 

• On average, approximately 94.3 million cubic yards of measured suspended 
sediments and an estimated 18 million cubic yards of unmeasured sediment load 
is available for diversion purposes (CPRA, 2007)    

 
• Total Average Suspended Load (Sand + Silt + Clay) is 129,671,000 tons/yr 

(USACE) (Tarbert Landing, MS ‘94/’95 – ‘03/’04) 
 

• Total Average Suspended Load (Sand + Silt + Clay) is 59,061,000 tons/yr 
(USACE) (Simmesport, LA ‘94/’95 – ‘03/’04) 

  
• Peak Suspended Sediment Discharges (March – May) 
 
• 665,000 tons/day – Tarbert Landing (USACE, 2000, 1963 – 1996) 

 
• Approximately 30 % of total suspended sediment load is sand (USACE, 2000) 
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• It is estimated that a suspended sand discharge per year is: 
 

o 22,600,000 tons/yr – St. Francisville (Nittrouer et al., 2008) 
 

o 17,600,000 tons/yr – Belle Chase (Nittrouer et al., 2008) 
 

o 4,000,000 to 6,000,000 tons/yr – H.O.P. (Allison, 2006) 
 

  Bed Sediment Load Estimations 
 

• It is estimated that a total bedform mass transport of 2,200,000 tons/yr exists in 
the Mississippi River (Nittrouer, 2008) 

 
• This equates to approximately 2.5% of the observed suspended-sediment 

discharge for the river (approximately 87,000,000 tons/yr) (Nittrouer, 2008) 
 

• It is also determined that bedform transport is a relatively small component of 
the overall sand transport budget. 

 
• A trend of overall thinning of sand sheet flow has been recognized below Venice 

(RM10), as a result of the shallowing and broadening of the river channel as well 
as the estuarine conditions that affect this reach during low-flow conditions.  
Another possible reason for the thinning is the removal of active sand from the 
active sand sheet and its storage in channel deposits such as point bars and 
battures.  It is hypothesized that of the two, that batture storage is the most 
likely mechanism.  Sand grains swept into the shallows are difficult to remobilize, 
particularly after the batture is stabilized by rapidly growing vegetation, such as 
willow trees (Allison, 2004).  
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Percentage of coarse (upper panel), medium (middle) and fine (lower panel) sand in 
each of the grab samples taken in November, 2003 and arranged by River Mile 
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Mean grain size (A), standard deviation of mean grain size (B) and graphic skewness 
(C) of each of the grab samples taken in November, 2003 and arranged by River 
Mile 
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• It has also been determined that some gradation of the sandy sediments occurs 
down the Mississippi River with a mean grain size that decreases from about 
0.230 mm at English Turn to about 0.160 mm at Head of Passes (Allison et al., 
2004). This is likely due to a combination of a decreasing ability to carry finer 
sand in suspension (decreasing bed slope) and the storage of coarse and 
medium fractions in upstream reaches.  More specifically, it is not a case of 
removal of sand from the actively migrating sheet, but simply dilution of coarser 
components by addition of fine sand.  

 
Bed Morphology/River Geometry 
 

• Varies by: 
 

o River Depth 
 

o River Geometry 
 

• River Depth 
 

o > 35 m (115 ft.) � Exposed older substrate 
o ~ 10 – 35 m (33 – 115 ft.) � Sandy dunes 
o < ~ 10 m (33 ft.) � Recent mud deposits  

 
• River Geometry 

 
o Straight Reach vs. Bends: 

 
• It has also been determined that larger deposits of sand beds are 

found in the straight reaches of the river, while the bends tend to 
have both cut and depositional banks.  The cut banks are found in 
the concave portion of the bend, while the depositional banks are 
on the convex portion. The scour portion is due to the increased 
flow energy that occurs in bends and therefore results in the 
suspension of the bed material.  Sandy beds migrate down the 
straighter portions of the river only to be suspended in the bends 
and then settle back down in the next straight segment (Nittrouer 
et al., 2008 & Allison et al., 2004). 

 
Changes in sediment load over time? 
 
 Mississippi River 
 

• Decreased over the last 100 years?  
 

o The renewable sediment loads within the Lower Mississippi River system 
have been reduced over the past 100 years.  Kesel et al. (1988) 
determined that the amount of sediment load declined since before the 
year 1900 by 43%.  He also concluded that the sediment load decreased 
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once again by 51% from the pre-dam period (1930 – 1952) to the post-
dam period (1963 – 1982). 

 
• Dams upstream of river: 

 
o It was also determined that an overall decrease in suspended sediment 

size occurred.  This is likely due to the addition of dams upstream of 
southern Louisiana, which only allows the finer sediments to escape.  
About 3% of the suspended material matter presently confined within the 
Mississippi River levees would be delivered directly to the wetlands 
through overbank flooding and crevasses if the levees did not prevent it 
(Kesel, 1988). 

 
 

• Changes in land use: 
 

o Land use changes in the 1800’s led to an increase in sediment loading. 
While these changes have taken place, sediment loads from this period 
may not be appropriate for comparison, because sediment loading could 
still be higher than it was 300 years ago.    

 
               Atchafalaya River 
 

• Decreased sediment at Simmesport, LA: 
 

o Data from Simmesport, LA shows a decline in suspended sediment 
concentration of 14 mg/l per year from 1952 to 1985 (Kesel and Reed, 
1995). 

 
• Increased sediment load in Atchafalaya: 

 
o However, the volume of sediment reaching Atchafalaya Bay has increased 

from 87,247,000 tons/year between 1967 and 1971 to 148,210,000 
tons/yr between 1973 and 1975 (Roberts et al., 1980).  The size of the 
sediment has also increased, from dominantly silt and clay to silt and fine 
sand since 1960. This is due to flow in the Atchafalaya being 
concentrated in a single channel in the lower basin, resulting in scour and 
reentrainment of bedload during periods of high discharge (Kesel and 
Reed, 1995).  
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What grain sizes are available to build marshes?       
 

• Mean sediment Size decreases down the river: 
 

o Mean sediment grain sizes decrease further down the river towards HOP.   
Mean grain sizes decrease from 0.230 mm to 0.160 mm from English 
Turn to HOP.  It has also been shown that mean grain sizes increase with 
depth with an average grain size of 0.200 mm in shallow water (0 – 24 
m) and increasing to about 0.265 mm in deeper waters (33 m or greater) 
(Allison et al., 2004).  

  
• What does this suggest?  

 
o This would suggest that coarser grained sediments are more abundant in 

the higher reaches of the river in deeper stretches. 
 
 

 
 
 
   

 
 

 
 
 
 
 
 
 
 
 
 

Mean grain size for all the grab samples collected during the upriver sampling 
survey in November, 2003 (Allison, 2004) 
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Mean grain size for all the grab samples collected during the upriver sampling 
survey in November, 2003 (Allison, 2004) 
 
What is reasonable to divert from the river?  
 

• Sand Load vs. Discharge: 
 

o Existing studies show that sand is a component of the suspended load of 
the Mississippi River at higher discharges, although the percentage of the 
suspended volume decreases downriver at a particular river discharge 
(Mossa, 1996).  Examination of discharge and coarse suspended 
sediment concentrations from St. Francisville, LA show that increases in 
coarse loads are positively correlated with increases in discharge (USACE, 
’78 – ’97)   

 
• Rising Limb: 

 
o It was also determined that suspended coarse load concentrations peak 

on the rising limb of the flood hydrograph, prior to the peak in discharge, 
and decreases rapidly during the falling limb (Thorne, 2000).  This can be 
explained by the fact that, for a given discharge, the energy slope is 
steeper on the rising limb of the hydrograph than it is during the falling 
stage (Knighton, 1998).      
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Where would be the best areas for river diversions? 
 

• Straight Reaches vs. Bends vs. Depth: 
 

o According to Allison, 2006, sediments associated with migrating dunes 
are propelled into suspension within bends before redepositing in the 
subsequent straight reaches of the river.  Areas of the river with depth in 
the range of 50 - 100 ft. tend to hold dunes that consist of fine to 
medium sands.  Therefore the most medium to coarse grained sand 
particles would be found in suspension in bends of the river located just 
downriver of a straight reach that is 33 - 115 ft. in depth.  In order to 
maximize the natural flow energy existent within the bends, a diversion 
would need to be placed on the concave portion of the bend.  Bends tend 
to exhibit more scour and therefore suspension in the concave portion 
while a slight amount of particle settling occurs on the convex portion 
(Nittrouer, 2008).   

 
• Flow periods?  

 
o It has also been determined that bed form transport ceases during low-

flow periods and increases during peak-flow periods.  This would suggest 
that the maximum amount of suspended sediment would be available in 
these bends during the high discharge months of March through May 
(Nittrouer, 2008).  
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Sand thickness map from CHIRP data for the section of the lower Mississippi River 
from River Mile 69 – 52 (Allison, 2004) 
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Sand thickness map from CHIRP data for the section of the lower Mississippi River 
from River Mile 26 – 14 (Allison, 2004) 
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Where would be the best place for mechanical dredging of the river’s sediments?  
 

• Bed material makes a good sediment source: 
 

o Sand in the lower river channel could also be useful as a potential sand 
source through mechanical dredging and placement via long-distance 
pipelines and hopper dredges (Allison, 2004) 

 
• Other potential areas of sediment: 

 
o Point bars within the river 

o Maintenance dredging operations 

o Sand deposits along the batture on the channel-side of artificial levees 

What method are available for river modeling? 
 

• HEC-RAS (Tony Thomas) HEC-6T 

o 1-D Hydraulic Calculations 

• FVCOM (UNO, ULL) 

o Finite Volume Coastal Ocean Circulation Model (3-D) 

o Momentum, Salinity, Temperature, etc. 

• ADH (2D) (Willson – LSU) 

o Adaptive Hydraulics (2-D or 3-D) 

o Open Channel Flow \ 

• Desktop Delta Model 

o Excel-based 

o 2-D Deltaic Sedimentation Model 

What data gaps exist? 

• Permanent long-term sampling below St. Francisville, LA: 

o No permanent, long-term, suspended sediment sampling stations exist 

below St. Francisville, LA. (Allison, 2004) 

• Further analysis of bed load: 
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o “We could argue that the location, design, and periods of operation for 
future river diversion structures that would capture the migrating bedload 
sand sheet and carry it to adjacent wetlands is limited due to our lack of 
understanding about the location and volume of sand stored on the lower 
Mississippi River and the rate that it is transported downstream” (Allison, 
2004) 

 
o If bed load in the Mississippi River also moves in pulses this could help in 

explaining spatial and temporal bed material trends in the data records. 
These records, therefore, provide huge research potential for identifying 
pulses and trends, but sustained and detailed analysis will be required to 
unlock the information the records contain (Thorne, 2000).   

 
 

o It is strongly recommended that consideration be given to a trial or pilot 
program to measure bed material load in the Lower Mississippi River in 
order to ascertain the contribution of bed load to bed material transport 
responsible for driving morphological evolution and response of the fluvial 
system (Thorne, 2000). 

 
• Lag between Peak Discharge and Peak Suspended Sand Load: 

 
o Further analysis of the lag between suspended coarse sediment 

concentrations and discharge peaks needs to be examined (Torne, 2000).      
 

• Are Long-Term Sediment Reductions Occurring?  
 

o The reduction in sediments over the past fifty years cannot be 
commented on because identification of a reduction depends on using 
data that predate the availability of measurements using current 
techniques (Torne, 2000).   

 
Recommendations? 
 
 General 
 

• Deepen Diversion Channels: 
 

o Deepening of the channel would only aid navigation, and upstream 
capture of a significant portion of the sand sheet moving toward the Gulf 
would decrease the frequency of dredging required from the distributary 
mouth bars at the Gulf passes. Channel deepenings necessary to capture 
the sand sheet (a few meters) would not significantly increase saline 
wedge penetration upriver (Allison, 2004). 
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• Further data collection: 
 

o It is therefore, imperative that data collection continues for the 
foreseeable future to support analysis and prediction of the morphological 
evolution of the river over periods of 50 to 100 years (Thorne, 2000). 

 
• Further collection technique analysis: 

 
o Changes to collection procedures must ensure that the data collected are 

suitable for the purposes for which the program is designed. 
 

Data collection should be organized to optimize the usefulness of the 
product and this infers regional coordination of sampling programs across 
the USACE Districts and USGS offices responsible for field measurements 
(Thorne, 2000). 
 

• Catastrophic or Extreme Events 
 

It has been recognized that catastrophic events such as floods and periods of 
high-discharge can be the primary influence in sediment transport and aquatic 
habitat.  These events tend to be highly episodic and relatively short in duration. 
Therefore it is recommended that sediment sampling of the river not only be 
emphasized on a periodic basis, but also at specific times, such as during the 
extreme environmental conditions in which sediment transport would be at it 
most abundant state.       

 
• Development of a strategic, advanced sampling program: 

 
o The existing records result from routine sampling of the river and 

consequently contain abundant data on average and intermediate 
discharges. However, rarely does a routinely scheduled measurement 
coincide with a high flow event. In fact, records based on routine 
measurements almost certainly underestimate the true transport of 
sediment, especially in the coarser size fractions responsible for driving 
morphological changes. It is recommended that serious consideration be 
given to development of an advanced, strategic sampling program for the 
Lower Mississippi River to replace the present routine sampling program 
(Thorne, 2000). 

 
• Gradation Analysis: 

 
o It is recommended that in the future, the size gradations of all measured 

suspended sediment load samples be determined. It is further 
recommended that sediment transport and bed material sampling records 
are re-examined to determine if gradation data for suspended load can 
be synthesized from bed material gradations. If this were to be possible, 
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the historical bed material gradation records for the Vicksburg District 
should be used to generate suspended load gradations (Thorne, 2000). 

 
 River Diversions  
 

• Mimic Natural Crevasses:  
 

o Existing river diversions (e.g., Davis Pond, Caernarvon) have been 
designed to divert water and suspended sediments, and hence, have a 
demonstrated a limited land-building capability. However, diversions 
could be designed to capture and divert significant amounts of sand 
outside the channel, utilizing the river’s energy to drive the transport. 
These sands could provide a stable substrate for marsh growth in shallow 
open water settings in Barataria Bay or Breton Sound. While extensive 
design testing would be necessary, several initial constraints can be 
provided from the results of the present study. Sediment diversions 
would likely perform best if they mimic the behavior of natural crevasse 
splays that occurred along the river prior to artificial levee construction. 
Natural crevasse exit channels are deep. This is necessary to capture 
significant sand, since the thickest portion of the sand sheet (moving as 
large bedforms) is in water depths >20 m. Natural crevasses have a 
relatively short life span (decades) due to shallowing of the exit channel 
as elevation increases progressively beyond the exit channel. The riverine 
end of the diversion would need to be oriented upriver or river-oblique to 
intercept significant sand moving in a downriver vector. Finally, the 
design would have to retain significant energy flowing through the river 
end of the sluice or tunnel (if roofed) to avoid settling of significant 
suspended muds (fluff) during the low discharge (low energy) period of 
the year (Allison, 2004). 
 

o On average, there are about 94.3 million cubic yards of measured 
suspended sediments and an estimated 18 million cubic yards of 
unmeasured sediment load available for LCCPMP purposes. Suspended 
sediment can be captured and used by diversions. However, diversions 
must have deep intakes and be located in sediment-rich areas of the river 
to divert the unmeasured bedload (CPRA, 2007). 
 

   
• Multiple Diversions: 

 
o Multiple diversions from the river must be coordinated so that maximum 

benefit from the available sediment and fresh water is obtained (CPRA, 
2007). 

 
o We need to consider the potential benefits of multiple smaller diversions, 

as opposed to a few larger ones.  Smaller diversions can be constructed 
quickly and may allow for added flexibility in terms of operation (Raynie, 
2002). 
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• Capacity: 
 

o There should be much more diversion capacity built than can be diverted 
at any given time to allow pulsing and timing of the diversions for land 
building and habitat benefits (CPRA, 2007). 

 
• Modeling: 

 
o SSPM can be used to qualitatively and semi-quantitatively investigate the 

bulk downstream transport of sand and the transport through diversions 
(Willson, 2008). 

 
o Desktop Delta Model can be a useful tool for estimating land building 

capabilities of diversions (Willson, 2008).  
 

o Advanced hydrodynamic and sediment transport models along with high 
performance computing should be utilized to for high-resolution spatial 
and temporal modeling (Willson, 2008). 

 
 Mechanical Dredging 
 

• Supply: 
 

o The most pressing “supply side” issue for pipeline or dredge removal of 
sand for coastal restoration is whether sufficient sand is available in the 
active sand sheet to make its use as a sand source for diversions or 
pipelines feasible. The results of the present study suggest that maximum 
volumes of sand available for pipeline or dredge collection in the lower 
Mississippi River are about 2,385 kg/m2 (3,137 short tons/yard2) 
assuming a layer of 2 m thickness and 55% porosity and a sediment 
grain density of 2.65 g/cm3. Sand volumes of this magnitude are likely 
insufficient for large-scale restoration efforts. In small-scale projects, 
dredging or pipeline work should be conducted at low discharges, when 
maximum volumes of sand are stored on the channel floor since little or 
no sand is in suspension at this time. Even if sufficient sand is available, 
projects such as barrier replenishment may be limited by the relatively 
fine-grained nature of the sand in the lower river (Allison, 2004). 

 
• Capture Areas? 

 
o To supply large-scale pipeline or dredging operations, it may be possible 

to design semipermanent concrete berms (earthen designs are used by 
the USACOE at extremely low discharge to limit upstream salt wedge 
migration) that could be laid on the channel floor to concentrate larger 
volumes of sand per unit area on the upstream side. Similarly, small 
depressions incised into the relict channel floor at mid-water depths (24-
36 m) might also be expected to trap sand. One problem with these 
concepts is that the rate of downstream transport of sand in the river by 
bedload and suspension advection, which was not addressed in the 



21 

present study, is virtually unknown for the lower Mississippi River. This 
makes it difficult to estimate how fast sand “traps” would be filled or 
replenished after sand is removed. However, studies are underway in our 
laboratory in Tulane University using repeat multibeam bathymetric 
surveys to examine rates of bedform migration in the lower river (Allison, 
2004). 

 
• Potential Areas for Mechanical Dredging: 

 
o The most effective way to utilize the bedload is by direct 

delivery/dredging or very large diversions near the mouth of the river.  
Analysis of river charts show potential reaches that may be considered for 
dredging. In many cases, however, barge and boat anchorages occur in 
the reach, which either eliminates the reach from consideration or 
shortens the length of the possible dredging areas, although it may be 
possible to do some limited dredging in some of anchorage areas at 
times. A number of potential reaches were identified. Information in the 
Table below notes the potential reaches identified by right or left 
descending bank and river mile. They are listed from upstream to 
downstream in direction, and an estimate in miles is shown for the length 
of each source. In total, four reaches on the right descending bank and 
six reaches on the left descending bank were identified. The total 
cumulative length of potential borrow reaches is 26.5 miles. Dredging 
could be conducted in each area annually, and the excavated area would 
refill during the next high water period. That scenario depends on the 
magnitude and duration of high water periods. Annual river maintenance 
operations would provide information that aid in establishing annual 
available magnitudes (CPRA, 2007).  

 
Potential Reaches for Mechanical Dredging 
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Lessons Learned from Existing Diversion and Siphon Projects (Raynie, 2002) 
 

• Security: 
 

o Additional security needs to be implemented to protect against vandalism.  
Vandalism on some diversion structures significantly affect the projects 
ability to operate at the specified requirements.  

 
• Benchmarks: 

 
o Specific project goals and benchmarks need to be quantified (land loss, 

salinity levels) in order to more accurately determine a diversion’s 
effectiveness. 

 
• Gated Structures: 

 
o Gated outlet structures need to be considered, when possible, due to the 

added control of water flow achieved.  Siphon structures tend to lose 
prime.  Controlled structures would allow for periodic flow during the 
optimal periods for diversion effectiveness.  

 
• Reference Areas need to be designated: 

 
o Reference areas need to be designated for all projects in order to 

quantify and qualify the effectiveness of all diversion projects.  
 

• Installation of Permanent Instrumentation Stations: 
 

o Permanent instrumentation needs to be utilized to gather flow data for 
existing diversion projects rather than data gathered by diversion 
operators on a non-regular basis.  

 
• Minimize the Opportunity for Litigation: 

 
o We need to try and minimize or eliminate the potential for litigation and 

conflict which leads to the failure to properly implement a proposed 
diversion project.   
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Sediment Accretion - Coastal Marsh 
 

• What are the subsidence rates? 

o Subsidence rates: 4 cm/yr birdsfoot delta (Cahoon et al., 2002), 1.8 
cm/yr (Ford, Cahoon, Lynch, 1999) 

o Chenier Plain =2 cm/yr (Sabine NWR, Ford pers. comm.) 
o Pearl River = 2.26 cm/ yr (Ford and Grace, 1998) 

 
• What grain size and amount is needed?  

o Sand, overbank sediment loads from 1927-48 = 0.25 mm/yr over 10,000 

sq km(estimated area of overbank flow downstream from Baton Rouge 

prior to 1900) (Kesel 1989b) 

o Based on water year 1990 - 1996, the average daily measured suspended 

sediment load at Tarbert Landing, MS is 380,000 tons/day; the daily 

measured suspended sediment load varies from 31,000 tons/day to 

1,400,000 tons/day. The suspended sand load is approximately 30 

percent of the measured suspended sediment load. (CWPPRA, 2000) 

o Grain size at West Bay are medium to fine silts (Andrus, 2007) 

• What are reasonable accretion rates to be expected? 

o Accretion Rates:   
• Birdsfoot delta:12 cm/yr (Cahoon et al 2002), 6.9 cm/yr (White, 

1989), 0.49 cm/yr to 1.25 cm/yr (Moerschbaecher, 2008), 6.4 cm/yr 
(Ford, Cahoon and Lynch 1999) 

• Pearl River: 2.5 cm/yr (Ford and Grace 1998) 
• Chenier Plain: 0.8 cm/yr (DeLaune, 1983), 0.79 cm/yr (Kesel, 1989), 

1.3cm/yr (Ford, pers. comm.) 
• Caernarvon: 0.55 cm/yr to 1.11 cm/yr (DeLaune 2002) 
• Coast wide average 0.8-1.1 cm/yr (Nyman, 2006) 

o Historically, prior to 1900, vertical accretion was 1.2 mm/yr (Kesel,1989) 
 

• Can accretion rates exceed subsidence rates? Sometimes, location and sediment 

source are critical factors: 

o At West Bay, no discernable increase in elevation from 2003-06 (Andrus 

2007) 

o Pearl River net gain 0.24 cm/yr (Ford and Grace, 1998) 

o Birds foot Delta: 8 cm/yr net gain at crevasse site (Cahoon et al, 2002), 

4.6 cm/yr (Ford, Cahoon, and Lynch, 1999) 
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• Can the net gain outpace sea level rise? Accretion outpaces SLR most places, based 

on accretion and subsidence data listed above. 

• Can we mitigate storm surge damage? Inconclusive 

 
Sediment Accretion - Coastal Freshwater Swamps 
 

• Subsidence and stagnation are major problems (Shaffer, pers. com.).  

• Need freshwater inflow for flushing and nourishment (Shaffer, pers. com.) 

 
Nutrient Filtration - Coastal Freshwater Swamps 
 
Input of secondarily treated municipal effluent into freshwater wetland ecosystems:  
 

• Productivity: 
o Mean net primary production at outfall was measured at 1202g/m2 

compared to control site at 799g/m2. (Brantley et al., 2008) 
 

• Filtration Capacity: 
o Nitrogen and Phosphorus removal efficiencies were as high as 75% and 

95%. (Brantley et al., 2008) 
o Effluent inflow to outflow (1600 m) removal efficiencies: 100% for 

nitrate-nitrogen and 66% for total phosphorus. (Day et al., 2004) 
o Forested wetland both Nitrogen and Phosphorus were reduced by more 

than 90%. (Day et al., 2004) 
 

• Accretion due to organic inputs: 
o Rates were double the rate of RSLS. (Brantley et al 2008) 
o Rate increased from 0.78 cm/yr to 1.14 cm/yr. (Day et al., 2004) 

 

Vegetation - Coastal Marsh 
 

• Need stable soils for establishment 

o Bulk Density must be greater than  0.11 g/cm3 , 0.30 g/cm3  desired 

(DeLaune 2002) 

• More marine – more inorganic, marine area need more inorganic substrate 

• Increase in bulk density will lead to increased productivity (Twilley & Nyman 2005) 

o Below-ground production was approximately seven-fold that of above-

ground production in the low fertility treatments, compared to 

approximately three-fold difference in the high fertility 

treatments.(Twilley and Nyman 2005) 
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o Live belowground biomass ranged from 17890 g/m2  to 1920 g/m at 

Caernarvon (Moerschbaecher 2008) 

o  There was a more decomposed substrate in Penchant marshes 

compared with Barataria  marshes (Swarzinski et al 2008) 

o At Brant’s Pass, 3 years post sub aerial emergence, vegetative standing 

crop was 1,194 gm/m2. 62 species had colonized. Below-ground biomass 

was 1,212 gm/m2.  (White, 1989) 

o Caernarvon: 3,818gm-2  to 12,020gm-2  upper sites, 3,965 gm-2 to 12,331 

gm-2 in the lower sites (DeLaune 2002), 423 g/m2/yr at mid to 1515 

g/m2/yr at far (Moerschbaecher 2008) 

Nutrient Filtration - Coastal Marsh 
 

• What are nutrient loads and removal rates? 

o Nutrient level in mineral sediments will affect production (Twilley and Nyman 

2005) 

o Removal from pulse event: 44% nitrogen, 57% nitrate, 23% phosphate (Day 

et al 2003) 

o Denitrification is primary removal pathway for nitrogen (Mitsch et al 2003) 

o Decrease in residence time keeps algal blooms down (Hyfield et al 2008, 

Wissel, Grace and Fry 2005) 

o Sulfide concentrations in porewater were twice as high in Penchant compared 

with Barataria marshes (Swarzinski et al 2008) 

o No loading or removal data prior to 1800 (Wissel, Grace and Fry 2005) 

• Elevation of sedimentation critical 

• Suggest: Sediment placement, then nourish with freshwater diversion. We can build 

marsh fast through beneficial use of dredged materials and piped sediments. These 

areas can be kept healthy long-term with diverted river waters. 
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Aquatic Resources – Fish, Wildlife, and Benthos 
 
Caveats 
 

• Most of the information on fish effects was found in papers and reports on the 
Bonnet Carré Spillway.  Some papers on Caernarvon containing pre- and post-
operation fish and wildlife information were found.  Pre-operation information on 
Davis Pond and a little post-operation information were found on fish and wildlife.  
Some information was derived from general diversion effects papers.   

 
Effects depend on: 
 

• Location of structure (e.g., if discharge opens into freshwater marsh versus brackish 
marsh 

 
• Duration of flow events-for structures that only discharge during certain months or 

certain years (Bonnet Carré Spillway, Caernarvon) 
 
• Amount of flow-related to size and type of structure-larger freshwater diversions can 

cause basin-wide fisheries redistribution (Bonnet Carré Spillway) 
 

• Time of year structure is open-later in the year may have more of an effect than 
earlier in year (Bonnet Carré Spillway, Caernarvon), water temperature effect, 
condition of organisms, during migration periods 

 
• Additional freshwater flow from nearby rivers concurrent with diversion discharge 

(e.g., Bonnet Carré Spillway plus the Pearl River) 
 

• Short-term versus long-term effects-Caffey and Schexnayder 2002  
 

• Lack of consistent discharge-creates variability 
 
Freshwater Fish 
 

• Freshwater from diversions may: 
 

o Freshwater from diversions may increase available habitat for largemouth 
bass, etc.- (e.g., Caernarvon)-LDNR 2002  

 
o May introduce exotic species from the Mississippi River (e.g., bighead carp, 

grass carp, silver carp, zebra mussels)-Bonnet Carré Spillway (LDWF 2009, 
Richard Boe 2008 pers. comm.) 

 
o May relocate endangered species from the Mississippi River (e.g., pallid 

sturgeon, etc.)-Bonnet Carré Spillway, proposed diversions (Kilgore, et al. 
2008) 
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o Excess nutrients from river water may result in algal blooms which may cause 
fish kills (e.g., Bonnet Carré Spillway, Caernarvon)-Lane et al. 2001, Rabalais 
1997) 

 
o Diverting freshwater down old distributaries and other streams and canals 

would benefit freshwater fish (e.g., Bayou Lafourche, Violet Canal, Bayou 
Manchac, etc.)  

 
Estuarine Fish & Crustaceans 
 

• Year-round resident species  
 

• Diversions may increase available low-salinity habitat 
 

• Additional vegetation may provide more cover for larvae, juvenile, and adults  
 

• Algal blooms from excess nutrients may cause fish kills  
 
Marine Fish and Shrimp 
 

• Transient species 
 

• Some marine species may be moved further out 
 

• Effect depends on species: 
 

o White shrimp, redfish, and spotted seatrout catches generally increasing 
post-operation at Caernarvon (e.g., brown shrimp may be more affected by 
diversions)-Roberts et al. 1992) 

 
o Another study showed spot populations shifted away from the structure, blue 

crabs shifted slightly towards the structure, white shrimp were slightly more 
abundant closer to and further away the structure 

 
o Some studies show Bonnet Carré Spillway had little to no effect on many 

species-USACE 1998, USACE 2009 
 

• Species migrating into the estuary during discharge may be more affected (e.g., 
brown shrimp)-Roberts et al. 1992 

 
 
 
 
 



28 

 
 
 
• Salinity preferences-white and brown shrimp, blue crabs go into low salinities-

Guillory 1999  
 
• Colder water may affect production of some species-cold river water will reduce 

brown shrimp production at Caernarvon-Roberts et al. 1992 
 
• When flow is reduced may move back into area to feed and benefit by increased 

food supply- Bonnet Carré Spillway, Caernarvon 
 
• Additional vegetation may provide more cover for larvae, juveniles, and adults 
 
• Algal blooms may cause fish kills-Bonnet Carré Spillway, Caernarvon 
 

Oysters 
 

• May have near 100% mortality in oyster beds near diversion-Bonnet Carré Spillway, 
Caernarvon-Caffey and Schexnayder 1999 

 
• Mortality of oysters away from diversion depends on oyster condition, time of year  

 
• Open, duration and volume of water, prior salinities, freshwater flow from nearby 

rivers- Bonnet Carré Spillway, Caernarvon 
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• Surviving oysters away from diversion, after closure, may benefit by increased food 

supply Bonnet Carré Spillway, Caernarvon 
 
• Thick growth of young oysters after diversion-Gunter 1952 
 
• Freshwater kills predators such as boring clams, boring sponges, mudworms, oyster 

borer, and likely the oyster parasite dermo -Bonnet Carré Spillway, Caernarvon 
 
• Variability in literature of low salinity tolerances of oysters 
 
• Reduction-displacement-enhancement scenario 
 

Blue crabs 
 

• Numbers may increase after diversion due to more available food -Bonnet Carré 
Spillway, Caernarvon 

 
• Heavy use of fresher parts of estuary -Bonnet Carré Spillway, Caernarvon 
 
• Crab landings appear to be correlated with high Mississippi River discharges and low 

salinities-Guillory 1999 
 

 
Landings 
 

• General trend for increased landings (6.4% per year since 1930): 
  

o This trend apparently contradicts coastal wetlands loss, but have: 
 

• Expansion of U.S. fishing industry over time 
 
• Fishing technique improvements over time 

 
• Expanding land-water interface which may increase landings (Browder 

et al. 1989)  
 

 
• Temporary reductions in landings may occur as some fish and crustaceans migrate 

to new zones of optimal productivity 
 

• Seaward shift of optimal harvest zones for some species 
 
• Development of new fisheries in tailwaters (e.g., shad dip net fishery Caernarvon) 
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Wildlife in General 
 

• Improved water quality and productivity in area may increase populations (e.g., 
Caernarvon, Davis Pond)-LDNR 2003 

 
• Wildlife is generally more abundant in the fresher habitats (swamp, fresh marsh, 

intermediate marsh) (e.g., Caernarvon, Davis Pond)-LDNR 2003  
 
Waterfowl 
 

• Year to year counts variable 
 
• May increase available area-generally prefer fresh to brackish areas (especially 

dabbling ducks) (e.g., Caernarvon)-LDNR 2003 
 

• Counts increased 100% Caernarvon post-operation 
 

• Post-operation 88% in brackish and intermediate marsh (67% pre-operation)  
(e.g., Caernarvon) 

 
• Generally decreasing trend post-operation Davis Pond but only limited operation-

LDNR 2005 
 
Muskrats 
 

• Numbers increased after Caernarvon operation-LDNR 2003 
 
Alligators 
 

• Number of nests have increased near Caernarvon-LDNR 2003 
 

• Mean numbers higher after operation of Caernarvon, near Davis Pond 
 

• Nests found in more southerly areas-Caernarvon 
 

• Numbers inversely related to salinity-won’t nest in marshes >10 ppt (e.g., 
Caernarvon) 

 
Stakeholder Interests 
 

• Goals and metrics vary amongst stakeholders? 

o Acres of marsh? 

o Balance ecosystem? 

o Create new isohaline lines? 

o Size of Diversions – small (10,000 cfs or less) vs. large (50,000 cfs and up) 
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• Small diversions may be quicker to evaluate, design, and build. 

(CWPPRA 2002) 

• Many small diversions may be better than one large one (five 5,000 

cfs diversions may be better than one 25,000 cfs diversion.  Have 

ability to get sediments and freshwater where it needs to go. 

o Understand Time Frame to Manage Expectations 

• Caernarvon 1991; Bonnet Carré Spillway 1931; small siphons for 30+ 

years. 

• Davis Pond 2001 

• Instant marsh vs. geologic time 

• Dredge material and placement will get the quickest marsh. 

o Best location for diversions? 

• From River point of view 

• From outfall area point of view 

• May need to fill in some data gaps and improve models 

o What is good for coastal forests may not work for coastal marsh, and vice 

versa 
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Planning Thoughts 
 
How much do we know? 
 

• In parts, technically maybe 75-90% of what we need to know.  

o Some basic technical information is still needed. 

• Collectively, in an organized view – maybe 45-75% of what we need to know. 

• Unbiased information synthesis is needed. 

•  Literature – Lot of information, but not necessarily fully focused to develop 

 restoration plans. 

• “Benchmark Data Points” – How solid are the points we need to use? Develop a 

method to validate or determine what data points and error bars we can accept.  

Planning Questions and Challenges 

• What is the goal?  What is the planning objective? Marsh Creation? Ecosystem 

Restoration? Isohalines? Fish and Wildlife?  

• Expectations?  How much is realistic? 

• Once goal is established, what are the alternatives, costs, constraints, and trade-

offs? 

• What grain size is needed for marsh creation? 

• Can accretion outgain subsidence? 

• Where and how to get it?  

• Benefits and Effects?  
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Path Forward 

• Develop a consensus-building process to determine the goal, to develop and 

evaluate alternatives to reach that goal, and to develop support to fund and 

construct.  

• Develop Science and Policy Advisory Group to build consensus 

• Focus Our State of Knowledge (3-6 months) 

• Focus stakeholders on detailed goals 

• Convene technical working groups to focus the “state of knowledge”, develop the list 

of needed data, model improvement, etc. for all interest areas.  Develop a concise 

focused product for policy makers to make a decision. 

• Critical for this technical group to have the authorization and sanction of the State, 

Governor’s Office, and Corps Chief of Engineers; credibility among peers. 

• Need experts to achieve validity. 

• Determine what “Benchmark” data points are needed, fill needed data gaps. 

• Develop Feasibility for Best Sizes and Locations for Diversions 
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