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” It is generally felt in the water resources community that the most significant twenty-first century public works projects

> will be those undertaken to correct environmental damage caused by twentieth century projects. A second axiom is that

the switch from economic development to restoration and mitigation, what we call redemption, often will be precipitated
by disaster. Finally, it must be expected that the repair project will cost far more than the initial public investment but
also may have economic revitalization potential far exceeding anticipated environmental benefits. We examine this cycle
for the federally funded Mississippi River Gulf Outlet (MRGO) navigation project east of New Orleans, beginning with its
much heralded birth in 1963 as a 122 km long free-flowing tidal canal connecting New Orleans to the Gulf of Mexico and
ending with its recent de-authorization and closure. We track the direct and indirect effects of the project through its
commercial failure, and then on to the official denial, the pervasive environmental impacts, and finally exposure of its
role in flooding New Orleans during Hurricane Betsy in 1965 and more seriously during Hurricane Katrina in 2005. Post
de-authorization planning to curtail continuing environmental and economic damage now offers an opportunity to apply
lessons that have been learned and to reinstate natural processes that were disrupted or interrupted by the MRGO
during the half-century of its operation. One surprising outcome is that the restoration program may turn out to be more
commercially successful than the original navigation project, which was conceived as an agent of economic
transformation. The U.S. Army Core of Engineers still does not acknowledge, even in the face of compelling scientific
evidence, that the MRGO project was a significant cause of early and catastrophic flooding of the Upper and Lower 9th
Wards, St. Bernard Parish, and New Orleans East during Hurricane Katrina. A modeling effort that removed the MRGO
from the landscape, and restored the cypress swamps and marshes killed by the MRGO, reduced flooding from Hurricane
Katrina by 80%. We conclude that the MRGO spelled the difference between localized flooding, and the catastrophe that
killed 1464 people and inflicted tens of billions of dollars of property damages. If the MRGO-caused economic damages
associated with Hurricanes Betsy and Katrina are combined with those of construction, operation and maintenance, and
wetlands destroyed, then the total economic cost of the MRGO is in the hundreds of billions of dollars.
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Mississippi River Gulf Outlet, Hurricane Katrina, baldcypress, hurricane buffer, U.S.

Army Corps of Engineers, environmental disaster, saltwater intrusion, dead zone, storm impacts.
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INTRODUCTION

The Mississippi River Gulf Outlet (MRGO) is a 122 km long
deep-draft shipping channel constructed in the early 1960s
that connected thousands of hectares of storm-surge reducing
baldcypress swamps and fresh marshes directly to the Gulf of
Mexico. The navigation channel was constructed to shorten
the travel time from the Gulf to the Port of New Orleans and
its “levees” were originally thought to be suitable for
economic development.

The primary purposes of this review are to demonstrate (1)
that the environmental impacts brought on by the MRGO
were known and ignored by the U.S. Army Corps of Engineers
(USACE), prior to its construction, (2) that these impacts
were indeed a direct or indirect result of the MRGO, and
specifically, (3) that the MRGO was a substantial contribut-
ing factor to the destructive flooding in Orleans and St.
Bernard parishes during Hurricanes Betsy and Katrina.

Development of the Mississippi Delta

An understanding of the formation and functioning of the
Mississippi Delta is critical to appreciating the impacts of the
MRGO. During the twentieth century, there was a massive
loss of coastal wetlands, both marshes and forested wetlands,
in the delta. Most research has focused on marsh loss (i.e.,
Day et al., 2000; 2007), but more attention has recently been
focused on coastal forested wetland loss (Chambers et al.,
2005; Shaffer et al., 2009). To understand the causes of this
loss and plans for restoration, we will put these processes into
a conceptual framework of deltaic ecosystem functioning. The
Mississippi Delta formed over the past 5000 to 6000 years as a
series of overlapping delta lobes nourished by distributary
channels. Ridges associated with active and abandoned
channels divide the coast into interdistributary basins (Day
et al., 2000, 2007; Roberts, 1997). These ridges prevent
exchange between basins, but there was strong riverine input
into the basins. Historically, wetland area increased in active
deltaic lobes and decreased in abandoned lobes, but prior to
the twentieth century there was generally a net increase in
the area of wetlands over the past several thousand years
(Day et al., 2007; Shaffer, Hoeppner, and Gosselink, 2005).
The delta network efficiently retained about 25% of sediment
input (Kesel, Yodis, and McCraw, 1992; Tornquist et al.,
2007).

The MRGO study area (Figure 1) is part of the Pontchar-
train Basin, which is located between the Mississippi and
Pearl rivers with Pleistocene uplands north of Lakes
Pontchartrain and Maurepas. The current Mississippi chan-
nel in southeastern Louisiana first formed as part of the St.
Bernard delta complex between about 1000-3000 BP. Rem-
nant ridges of the St. Bernard complex occur in the New
Orleans metropolitan area, eastern New Orleans, St. Bernard
Parish, and the Lake Borgne area.

A number of factors served to enhance the growth of the delta
and retard its deterioration, including strong sediment and
water input to the delta plain via functioning distributaries,
overbank flooding, and crevasse splays. Significant parts of
most delta lobes have been incorporated into the current delta

as a system of overlapping and interwoven natural levee ridges
and barrier islands that formed a skeletal framework within
which the delta plain developed (Kesel, 1989; Kesel, Yodis, and
McCraw, 1992). This framework was critically important in
protecting baldcypress—water tupelo (Taxodium distichum—
Nyssa aquatica) swamps and other freshwater wetlands in the
study area from saltwater intrusion.

Delta Deterioration

An understanding of the causes of wetland loss is important
not only for a scientific appreciation of the mechanisms
involved, but also so that effective management plans can be
developed to restore the Mississippi Delta (for reviews of
these issues, see Boesch et al., 1994, 2006; Day et al., 2000,
2007; Tornquist et al., 2007). Human activity caused a
reduction in the forces that lead to delta growth and an
enhancement of forces that lead to delta deterioration. A
number of factors led to the massive loss of wetlands in
coastal Louisiana including flood-control levees and closure of
most active distributaries that eliminated most riverine input
to the delta plain (Boesch et al., 1994; Day et al., 2000, 2007).
Most river sediments are lost to deep waters of the Gulf of
Mexico. There also has been a reduction of at least 50% of the
suspended sediment load in the river (Kesel, 1988, 1989;
Meade, 1995). As a result of these activities, most wetlands of
the Pontchartrain Basin have been cut off from the river since
the early twentieth century.

Within the delta, about 15,000 km of canals led to
pervasive alterations of hydrology (Day et al., 2000; Turner,
Costanza, and Schaife, 1982). Canal spoil banks interrupt
sheet flow, impound water, and cause deterioration of
wetlands. Long, deep navigation channels lessen freshwater
retention time and allow greater inland penetration of salt
water. The MRGO offers a textbook example of this
destructive process.

-~ Bayou Bienvenue

Bayou Dupre

Figure 1. The MRGO Project from the IHNC lock in New Orleans to the
Gulf of Mexico. Reach 1 extends from the IHNC to the turn southeast at
the GIWW, and Reach 2 runs through the marsh southeast to the Gulf of
Mexico. Other features include the CWU largely destroyed by the MRGO,
the Bayou La Loutre and its ridge, the 40 Arpent levee, and Bayous
Bienvenue and Dupres.
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In summary, there is a broad consensus that wetland loss is
a complex interaction of a number of factors acting at
different spatial and temporal scales (Boesch et al., 1994,
Day and Templet, 1989; Day et al., 1995, 1997; Turner and
Cahoon, 1987). Day et al. (2000, 2007) concluded that
isolation of the delta from the Mississippi River by levees
was perhaps the most important factor for the delta as a
whole. In general, where deep straight navigation channels
affect the local hydrology, accelerated land loss in freshwater
wetlands is associated with dredging activities in the channel
(Day et al., 2000; Steyer et al., 2008).

Coastal Basins and Vegetation Zones of the
Mississippi Delta

Penfound and Hathaway (1938) studied wetland commu-
nities in the New Orleans vicinity and distinguished four
communities based on salinity tolerance: strictly freshwater
species, fresh or nearly freshwater species, brackish water
species, and saltwater species. They included both swamp
and marsh vegetation in their classification and, with
respect to baldcypress, they reported that “all available
evidence points to salt water ... as the destructive agent” for
ghost forests in the Lake Pontchartrain-Lake Borgne
region. Subsequently, a series of maps (Chabreck, Joanen,
and Palmisano, 1968; Chabreck and Linscombe, 1978, 1988;
Chabreck and Palmisano, 1973; O’Neil, 1949) classified
coastal marshes into fresh, intermediate, brackish, and
saline based generally on Penfound and Hathaway’s de-
scriptions. In general, plant species diversity increases from
saline marshes to fresh marshes and swamps. More
recently, Visser and colleagues have described these vege-
tation associations in more detail (Visser et al., 1998, 1999,
2000, 2002).

Freshwater forested wetlands or swamps contain a variety
of trees, shrubs, vines, and herbaceous species. Baldcypress
(Taxodium distichum) and water tupelo (Nyssa aquatic) are
two of the most common species. Although baldcypress occurs
in freshwater forested wetlands, it can tolerate salinities less
than 5 ppt (Chambers et al., 2005; Penfold and Hathaway,
1938).

Both Chabreck (1970) and Palmisano (1970) stated that
saltwater intrusion into fresh and brackish marshes resulted
in maximum loss of marsh, and a subsequent study concluded
that “when salinity is increased in areas underlain by thick
organic sequences, instead of being replaced by saline
grasses, the marshes simply break up and revert to open
ponds and lakes” (Coastal Environments, Inc., 1973). Prior to
construction of the MRGO, the environmental setting for
coastal wetlands in southeastern Louisiana was significantly
different than at the present time. The area affected by the
MRGO includes the Central Wetlands Unit (CWU), wetlands
around Lake Borgne, and north and south of the Bayou La
Loutre (Figure 1) natural levee ridge. Before the MRGO,
there were extensive baldcypress—water tupelo swamps in the
CWU and adjacent to the Bayou La Loutre ridge. Water
exchange between these freshwater areas and nearby
brackish Lake Borgne occurred through shallow winding
bayous. Local precipitation and runoff from adjacent uplands,

combined with the semienclosed nature of the area (offered by
the La Loutre ridge), maintained primarily fresh conditions
in the CWU and a gradual salinity gradient to Lake Borgne.
Aerial photographs taken by the USACE in the late 1950s
and early 1960s during construction of the MRGO document
thousands of hectares of baldcypress—water tupelo swamps,
oaks, and other trees along bayous, and extensive expanses of
dense, tall marsh vegetation, most likely characterized by
roseaucane (Phragmites australis), giant cutgrass (Zizaniop-
sis miliacea), and big cordgrass (Spartina cynosuroides)
(Penfound and Hathaway, 1938; Russel et al., 1936).
Although some wetland loss in the CWU would have occurred
without construction of the MRGO, had the MRGO not been
built, freshwater conditions, combined with sheet flow that
selects for the previously mentioned marsh vegetation, would
have been maintained.

Logging Old-Growth Baldcypress—Water
Tupelo Swamps

Large-scale commercial logging of baldcypress—water tupe-
lo swamps was driven by changes in legislation and
technology. When the Homestead Act of 1866 was repealed
and replaced by the Timber Act of 1876, swamps were
declared unsuitable for cultivation (Norgress, 1947). Large-
scale logging of old-growth baldcypress began in 1889 with
the invention of pullboat logging (Mancil, 1980; Perrin, 1983).
Pullboats used cables and winches to winch logs to open water
along logging “runs” spaced about 45 m apart. This carved
logging runs approximately 2 m deep, leaving either parallel
or wagon wheel-shaped markings that are still visible today.
Most cutover swamps in coastal Louisiana, including those
logged between 1912 and 1920 in the CWU (Figure 1)
(Nuttall, 1950), regenerated in second-growth forests (Win-
ters, Ward, and Eldredge, 1943).

Surge Buffering Effects of Wetlands

There was general knowledge prior to the construction of
the MRGO that wetlands buffer storm surge as evidenced in a
report of the Tidewater Channel Advisory Committee to the
St. Bernard Police Jury:

The upper reaches of the Parish heretofore have been
protected from excessive tidal waters due to the slowing
down action of the outer marsh areas. However, with the
existence of a channel 40 feet deep traversing the marsh
lands from the Gulf to the upper Parish, the full
fluctuation of the tide will be felt throughout the Parish.
The tidal action will have adverse effects on the entire
marsh area with consequent erosive action and the
intrusion of high saline content water into areas normally
fresh or only slightly brackish. During times of hurricane
conditions, the existence of the channel will be an
enormous danger to the heavily populated areas of the
Parish due to the rapidity of the rising waters reaching
the protected areas in full force through the avenue of
this proposed channel. This danger is one that cannot be
discounted. No matter how small a flood may be, or how
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small the area to which it is confined, to the families that
have water in their houses, it is a major catastrophe (St.
Bernard Police Jury, 1957).

Since the middle of the twentieth century, there has been
an understanding that wetlands buffer storm surge. The
USACE (1965) published a graph that showed that, on
average, land lying between the coast and human inhabitants
reduced storm surge by 6.9 cm/km (or 1 t/2.75 miles). This
regression is based on hurricanes hitting the Louisiana coast
from 1909 to 1957.

Baldcypress—water tupelo swamps are far superior to most
other wetland habitat types for storm-surge and wind-
damage reduction. Only live oak (Quercus virginica) and
palms (Palmae) are more resistant to wind throw (i.e., blow
down) than baldcypress and water tupelo (Williams et al.,
1999). Cypress—tupelo swamps fared far better than other
forest types in Hurricanes Camille (Touliatos and Roth,
1971), Andrew (Doyle et al., 1995), and Hugo (Gresham,
Williams, and Lipscomb, 1991; Putz and Sharitz, 1991). In
addition, fresh, intermediate, and brackish marshes suffered
vastly greater loss in Hurricanes Katrina and Rita than did
cypress—tupelo swamps (Barras, 2006). Katrina caused wind
throws of up to 80% of the bottomland hardwood forests of the
Pearl River Basin, while contiguous swamps remained
largely intact (Figure 2) (Chambers et al., 2007).

Emergent canopies, such as provided by forested wet-
lands, greatly diminish wind penetration, thereby reducing
the wind stress available to generate surface waves as well
as storm surge. Mangroves have been shown to reduce
wave heights by 20% over distances of only 100 m (Mazda
et al., 1997, 2006) and 150 m of Rhizophora-dominated
forest can dissipate wave energy by 50% (Brinkman et al.,
1997). More recently, Krauss et al. (2009) measured storm
surge reduction through a mixture of mangrove and marsh
(but mostly marsh) and storm surge was decreased by
9.45 cm/km. Perhaps the best estimate to date of storm-
surge reduction by marsh comes from USGS water-level
data taken during Hurricane Rita. On average, the
wetlands reduced storm surge by 13.5 cm/km (Kemp,
2008). Prior to the construction of the MRGO, there was
an average of about 10 km of wetlands between Orleans
and St. Bernard parishes and Lake Borgne. Therefore
these wetlands had the capacity to reduce storm surge by
about 1.35 m (4.5 ft). Because a considerable portion of
these wetlands was baldcypress—water tupelo swamp, the
reduction of storm surge would likely have been much
greater.

The sheltering effect of forested wetlands also affects the
fetch over which wave development takes place. Shallow
water depths attenuate waves via bottom friction and
breaking, while vegetation provides additional frictional
drag and wave attenuation and also limits static wave
setup. Extracting energy from waves either by breaking or
increased drag in front of levees would reduce the destruc-
tive storm wave action on the levees themselves. Indeed,
overtopped levees flanked by trees received little structural
damage from Hurricane Katrina (IPET, 2006; van Heerden
et al., 2007).

Figure 2. Aerial photograph of a forested area in the Pearl River Basin
that was located near the eye wall of Hurricane Katrina. Brown areas
depict fallen bottomland hardwood trees, such as oaks and sweetgums.
Green areas are contiguous baldcypress—water tupelo swamps that
suffered relatively little damage.

Effects of Saltwater Intrusion

The impacts of increasing salinity into fresh to low salinity
wetlands, including baldcypress—water tupelo swamps, are
threefold: direct osmotic imbalance, salt toxicity, and produc-
tion in the soils of highly toxic sulfides. The lethal effects of
salt water on freshwater wetland vegetation were known long
before the initial construction of the MRGO (Penfound and
Hathaway, 1938). Although baldcypress and water tupelo are
extremely resistant to wind throw and deep flooding, they are
far less resistant to saltwater stress (Penfound and Hath-
away, 1938 and many later references), and to stressors
coupled with salinity stress (Shaffer et al., 2009). Therefore,
they require a reliable source of fresh water for system
flushing following tropical storm events and during droughts.
The MRGO led to increased salinity in the CWU and adjacent
areas, which stressed and killed baldcypress and water
tupelo.

Water budgets for southeastern Louisiana show that about
one-third of rainfall remains after evaporation (Brantley,
2005; Shaffer and Day, 2007) (Figure 3). Thus, there was
sufficient freshwater input to maintain the baldcypress—
water tupelo swamps in the CWU because the system did not
have a direct input of salt water. These swamps typically
survived for centuries and certainly endured many periods of
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Figure 3. Average rainfall (blue), potential evapotranspiration (red), and
net surplus and deficit (black line) for the western area of Lake
Pontchartrain (from Shaffer and Day, 2007). Additional sources of
freshwater (such as treated effluent, upland runoff, river water from the
Industrial Canal lock or Violet diversion) can lower the impact of the
summer freshwater deficit.

drought. Extensive mortality of swamps in the CWU and
adjacent areas began shortly after the opening of the MRGO
when the channel cut through the natural ridge at Bayou La
Loutre and allowed saltwater intrusion into the CWU and
adjacent areas (van Heerden et al., 2007).

EVOLUTION OF UNDERSTANDING OF THE
MRGO IMPACTS

Beginning prior to the construction of the MRGO and
continuing up until the present, there has been a fairly
detailed understanding of the impacts associated with its
construction (Appendix I). In this section, we provide a brief
history of concerns about the MRGO.

Both the U.S. Fish and Wildlife Service (USFWS) and the
Louisiana Department of Wildlife and Fisheries warned the
USACE that construction of the MRGO could have detrimental
effects on the surrounding flora and fauna. “The Louisiana
Wildlife Biologists Association predicted the project would
create a 70-km long swath of destruction” (USFWS 1979 letter
references the 1957 letter). In a report to the USACE (the April
“1958 Interior Report”), the USFWS predicted that the MRGO
construction, “particularly by breaching the natural east-west
ridges between fresh/brackish and salt water” such as the
Bayou La Loutre ridge, would introduce salt water into the
wetlands and destroy tens of thousands of hectares of marshes
and mature baldcypress—water tupelo swamps. In a letter of
September 23, 1957, Secretary Seaton of the Department of
Interior made it clear that the USACE had not followed the
protocol put forth in the Wildlife Coordination Act of August 14,
1946 (60 Stat. 1080), and requested funds to model potential
impacts of the MRGO (van Heerden et al., 2007). In the 1956—
1957 Seventh Biennial Report of the Wild Life and Fisheries
Commission, T.B. Ford expressed extreme frustration and
disappointment at the dismissal of predicted environmental
impacts of the MRGO and emphasized the importance of
further study to assess trade-offs of the project. Modeling funds

were not granted, and when the USACE finally modeled
MRGO scenarios (USACE, 1963), a salinity increase of 4—6 ppt
(lethal to cypress—tupelo swamps) was found (van Heerden et
al., 2007). Furthermore, the USFWS (1958) recognized the
wetlands of coastal Louisiana as “perhaps the densest and
richest wild fauna in the world....[with a] flora [that] has
narrow salinity range; therefore, desirable production must
result from exacting conditions....[and] the 36-foot-deep cut will
result in direct changes of salinity....” The USACE ignored
their concerns and began the construction that lead to massive
wetlands destruction. After construction of the MRGO, the
USACE failed to consider consistent warnings and suggestions
that actions be taken to reverse the detrimental impacts of the
channel (Appendix I).

ENVIRONMENTAL IMPACTS OF THE MRGO

The construction of the MRGO resulted in a number of
pervasive and interacting environmental impacts ranging
from physical disruption of the landscape, hydrological
changes, and effects on the biota of the area. These impacts
are summarized here.

Dredging

The construction of the MRGO resulted in a 122 km deep-
water channel that directly connected offshore, high salinity
waters of the Gulf of Mexico with low salinity and freshwater
habitats in northern St. Bernard Parish and Orleans Parish.
The channel cut through a number of natural ridges, most
importantly that of Bayou La Loutre, that protected fresher
habitats from direct saltwater intrusion.

The Louisiana Wildlife and Fisheries Commission (1957)
detailed the predicted effects of the MRGO to the USACE.
Furthermore, the USACE (1976) detailed the following effects
in their own statements and reports:

(1) Initial loss of 16,183 acres of marshland for dredged
material deposition

(2) Negative effects on aquatic species in the 17,600 acres of
designated disposal areas

(3) Continued impacts with each dredge operation on
10,611 acres

(4) Increases in local water turbidity

(5) Deposition of dredged material over aquatic and terres-
trial organisms

(6) Disturbance of bottom dwelling biota in the dredge
operation

(7) Creation of disposal areas elevated above the adjacent
marshlands, thus disturbing the natural flow of water in
the wetlands

(8) Potential for resolubilization of chemicals causing local
and neighboring biota exposure

(9) Effects that would cause plant species at disposal sites to
remain in a pioneer stage of development

The USACE further stated:

From the single perspective of preserving the marshland,
effects of O&M could be classed as adverse human
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intrusions....O0&M work is part of on-going change in the
estuary environment. Preservation of resource quality
essential for shellfish production, trapping, fishing etc. is
more difficult with intrusion of O&M work....0&M work
is a human intrusion into a sensitive estuarine environ-
ment. Presence of the dredged material disposal areas
affects the northeast/southwest movement of water
(USACE, 1976).

Operation and Maintenance

The federal government has spent approximately $115
million on only the low-maintenance dredging of the MRGO.
The 1998 St. Bernard Parish Council resolution to close the
MRGO stated that Hurricane Georges cost $35 million in
emergency dredging on top of the average annual dredging
cost of $7-$10 million, and $3 million annually for rock
retention. Citizens of St. Bernard were led to believe that
dredge disposal areas would be suitable for urban develop-
ment and thus economic development. The reality, known to
the USACE, was that dredged material settles and does not
make good foundation material, thus limiting the usefulness
for urban development. Furthermore, a lack of access to the
area would restrict the ability of the parish to use the MRGO
spoil bank for urban development.

Ongoing operation and maintenance of the MRGO further
exacerbated environmental damages by constantly disrupting
bottom-dwelling biota and increasing turbidity. In general,
when water velocity decreases in a navigation channel, the
sediment carrying capacity decreases, causing sediment
deposition on the channel bottom. Furthermore, waves
caused either by wind or shipping vessels cause the shoreline
to erode (Figure 4) and dramatically increase sediment
deposition on the channel bottom. This was due to the
channel being originally dredged with 1:2 side slopes. The
local substrate is not capable of supporting this slope, causing
the sides to slump inward and erode, filling the bottom until
an equilibrium is reached (the angle of repose). In areas such
as the throat of Reach 1 (Figure 5), the channel eroded from
approximately 200 m wide to over 900 m wide. Deteriorating
wetlands were another major sediment source that was
transported to the MRGO by tidal action, storms, and
hurricanes. Thus, deteriorating wetlands, ship traffic on the
MRGO, and hurricanes exacerbated by the MRGO, created a
tremendous need for operation and maintenance, which
increased dredging operations and therefore continued to
increase environmental damages as well as the public’s
economic investment.

Volume of Dredge Material

From 1965 to 1976, not including work associated with
hurricanes, O&M dredging resulted in an average of
3,154,224 m® of material dredged from the inland section
per year, and 2,745,131 m?/y dredged from the offshore
section of the MRGO. Records from the period further
indicate that in actuality 12.8 million cubic meters per year
(mcemy) were moved, including the material used for flood-

Figure 4. Widening of the MRGO channel from 1959 to 2008 near Bayou
Mercier. Red dot marks the same location in both photographs.

works construction. The environmental statement for opera-
tions and maintenance (O&M) estimated that the overall
annual volume of material dredged on the MRGO would be
9.2 memy (USACE, 1976). This material is disposed on land
and in open water (USACE, 1976), smothering sessile
organisms as well as resuspending toxins (see heavy metals
section). This indicates that ongoing operation and mainte-
nance of the channel continued to have detrimental effects on
biota over the decades, up to 2006 when dredging ceased.

Impacts of MRGO on Hydrology

Before major human-induced physical alterations to the
landscape, the Orleans and St. Bernard Parish wetlands were
divided into three interdistributary basins formed by natural
levee ridges of former Mississippi River distributaries: Bayou
Savage, Bayou Terre aux Boufs, and Bayou La Loutre
(Wicker et al., 1982). The environment was stable because
of a general sheet flow of fresh water from rainfall, drainage
pump stations, and other sources, which was slowed and
stored by wetland vegetation. Furthermore, the Bayou La
Loutre ridge helped to retain fresh water and prevent salt
water intrusion from Breton Sound. In addition, salt water
from Breton Sound was (and is) freshened by influences from
the Pearl River and other local rivers that deliver fresh water
through Lake Pontchartrain into Lake Borgne. Therefore,
water levels and salinity changed very gradually with rainfall
and tidal conditions.
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Figure 5. Widening of the MRGO near juncture of the GIWW and the MRGO from 1961 to 2005.

The USFWS determined, prior to construction, that
detailed studies were needed to fully understand the effect
of the planned MRGO on fish and wildlife resources
(Appendix I and USFWS letters cited previously). The
USFWS became the coordinating agency for extensive and
detailed preproject hydrological and biological studies to
facilitate meaningful discussions with the USACE to mini-
mize channel effects on the environment and wildlife. Most of
the hydrological studies were under contract with the Texas
A&M Research Foundation. Some of the studies include
“Hydrological and Biological Studies of the Mississippi River-
Gulf Outlet Project” by El-Sayed (1961) and “Analysis of the
Salinity Regime of the Mississippi River-Gulf Outlet Chan-
nel” by Amstutz (1964). The studies addressed the interaction
and exchange between subareas, existing variations in
hydrology to enable forecasting of extremes in variation due
to the planned project, and sampling of aquatic fauna and
hydrology to consider the potential biological effects of
environmental changes due to the project.

One of the most detailed hydrologic studies is the
“Preconstruction Study of the Fisheries of the Estuarine
Areas Traversed by the Mississippi River-Gulf Outlet Proj-
ect.” This study was conducted from April 1959 to March 1961
to detail the pre-MRGO hydrology (Rounsefell, 1964). Salin-
ity, dissolved oxygen, water temperature, inorganic phos-

phate concentration, and turbidity were sampled several
times a month throughout the area. The conclusion of the
study was that very little saline water entered Lake Borgne
from Breton Sound, specifically because of the Bayou La
Loutre ridge acting as a barrier between Lake Borgne and
Breton Sound. This, in combination with the freshwater
surplus of the area now occupied by the CWU, kept salinities
low enough to allow the baldcypress—water tupelo swamps to
survive. Based on the Texas A&M studies, Rounsefell further
concluded that changes in salinity patterns and population
structure of estuarine organisms would result from the
construction of the MRGO.

Salinity

The MRGO provided a direct, steady inflow of highly saline
waters. Before construction of the MRGO, seasonal changes
and rainfall peaks were not immediately reflected in salinity
changes. After construction, the changes in hydrology
resulted in much more rapid water exchange allowing fresh
water to drain quickly during low tide and be quickly replaced
by saline waters at high tide (Figure 6) (Wicker et al., 1982).
As a result, there was increased salinity all the way up to the
Gulf Intracoastal Waterway (GIWW) and Lake Pontchartrain
(Table 1).
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