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DISCLAIMER NOTICE

The information in this document has been funded in part by Region 6 of the United States
Environmental Protection Agency, under contract number 68·04·6104, to the Louisiana Geological
Survey, Louisiana State University, Baton Rouge, Louisiana. It has been reviewed by Region 6
wetland staff and approved for distribution as a Region 6 document.

This document is provided as guidance for Clean Water Act (CWA) §404 permit applicants
involved in oil and gas exploration and production in coastal Louisiana. Due to increased emphasis
on other issues prior to contract completion, this document should not be considered to reflect every
concern Region 6 has with existing or proposed oil and gas exploration and production facilities in
wetland areas. It does, however, provide guidance to CWA §404 permit applicants regarding a
majority of concerns which CWA §404 applicants could expect Region 6 to express.



PREFACE

This handbook evaluates the impacts to coastal marshes in Louisiana related to the various opera­
tional methods used in oil and gas exploration and development projects (i.e., exploration, site access,
site preparation, drilling, production, pipeline installation, spill control and cleanup, and site closure) and
presents techniques for avoiding, minimizing, and restoring these impacts through the process of
regulatory review. The lead chapterdiscusses the values and functions ofwetlands. Subsequent chapters
discuss impacts to these values and functions by different operational procedures and refer directly to
the fIrst chapter.

The discussion of compensation for unavoidable environmental impacts (i.e., offsite mitigation) is
beyond the scope of this handbook. Compensation for impacts remaining after all regulatory steps have
been taken to avoid, minimize or restore can be determined only on a case-by-case basis. Factors that
must be considered include marsh type, local hydrologic regime, degree of avoidance, minimization,
restoration already achieved, technological limitations, suitable off-site locations for mitigative work,
and economics. More importantly, compensatory policy varies widely among agencies, depending on
the agencies' regulatory mandate. It is recommended that the reader review the offsite mitigation
literature for a fuller understanding of this issue.

Donald R. Cahoon
Louisiana Geological Survey

March 1989
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CHAPTER 1

WETLAND FUNCTIONS
AND VALUES

by
Donald R. Cahoon

1.1. STRUCTURE and SETTING
of COASTAL MARSHES

Coastal marshes develop in estuaries that are
the boundary between land and ocean. The terres­
trial (riverine) and marine processes impinging
upon the regional climate and geologic setting of
the estuary control marsh development. Conse­
quently, marshes exhibit characteristics of both
terrestrial and marine communities: their develop­
ment is plastic and highly influenced by water,
sediment, and vegetation. For example, in salt
marshes many organisms are terrestrial in nature,
especially the plants, and vegetational processes
can lead to the development of soils with horizons
similar to terrestrial soils (Wiegert et aI., 1981).
The same marsh displays aquatic attributes in that
water circulates throughout the system distributing
organic and inorganic matter, providing a medium
in which many organisms live. Wiegert et ai.
(1981) summarized the structure and function of
the water, sediment, and vegetation of a tidal salt
marsh, but the following generalities apply as read­
ily to brackish and fresh marshes: a) tidql creeks
and water flowing over the marsh-predominantly
aquatic organisms and aerobic processes; b) soils
and sediments-attributes of both terrestrial soils
(marsh surface) and aquatic sediments (water bot­
toms), and therefore both aerobic and anaerobic
processes occur; and,c) emergent vegetation­
predominantly terrestrial organisms and terrestrial
processes (i.e., primary production, mortality,
decomposition, herbivory) (Wiegert et aI., 1981).

1



WETLAND FUNCTIONS AND VALUES

1.1.1. Development of Louisiana's Delta
Marshes

In Louisiana's low energy Gulf coast shore­
line, the Mississippi River has created an extensive
deltaic system during the past 5,000-6,000 years.
Numerous delta lobes have been formed as the
river changed course and sought the route of least
resistance to the Gulf (Fisk and McFarlan, 1955;
Frazier, 1967). Each delta goes through a cycle of
growth, abandonment, and destruction. The se­
quential growth and abandonment of delta lobes
has led to the development of major interdistribu­
tary basins that now form the primary drainage
basins of the Lousiana coast (Figure 1.1). These
drainage basins constitute the basic functional unit
in the coastal landscape. The development of
marshes in these basins is controlled by and di­
rectly related to the delta cycle.

In early stages of development, the emergent
delta is composed of fresh marshes and mineral

dons its course, the seaward edge of the delta is
reworked by marine processes into barrier islands
and reefs that shelter the inland portions of the
delta. In addition, riverine hydraulic energy and
riverbome sediment load are greatly reduced. As
mineral sediment input declines, marsh develop­
ment depends increasingly on peat production by
vegetation, especially at the landward edge of the
delta far from the source ofreworked marine sedi­
ments. Thus, as the delta ages, fresh marsh soils
that were originally formed on riverbome mineral
soil become more organic, while salt marsh sedi­
ments maintain a fairly high mineral content from
marine reworking. In general, the mineral content
of the soil decreases with distance from the river
source in active deltas but in abandoned deltas
decreases with distance from the marine sediment
source. The development of a Mississippi River
delta lobe and its associated wetlands has been
summarized by Gosselink (1984).

,
. _J .-,
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Figure 1.1. Map of the Mississippi River Deltaic Plain showing the hydrologic units (adapted from Wicker, 1980).

soils as a result of the overwhelming influence of
the river. The marshes expand as the delta grows,
but that expansion is not uniform. Subdeltas be­
come isolated from stream flow, marine processes
become more important, and brackish and salt
marshes eventually develop. When the river aban-

1.1.2. Louisiana's Coastal Topography

In a deltaic landscape, the predominance of
river flow over marine inflow creates a gently
sloping terrain. For example, delta expansion in
the Barataria basin covers 50 miles from Gulf to

2
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upland with a mean water slope of only 0.08
inches/mile (Byme.et aI., 1976). The slope of the
wetlands is also very small since marsh elevation is
directly related to local water elevations (Sasser,
1977; Baumann, 1980). Within the gentle waters
of the GulfofMexico, the tidal regime is small (12
inches) and easily influenced by meterological
events. The gradual slope of the delta means that
wind and storm events can push flood waters far
inland and hold them over large portions of the
drainage basins for prolonged periods.

There is also a gentle slope within the marsh
starting at the edge of tidal streams and heading
inland. A natural creekbank levee (usually several
inches high) forms when water overflows the
streambank on flood tides and deposits most of its
coarse grain sediment near the streambank as it
loses velocity. Eventually, a tidal creek can only
flood the marsh when its water level exceeds that of
the marsh by several inches. This means that not all
water can flow directly back into the stream on the
ebb tide. Instead, it must flow across the marsh to
small natural channels of slighlty lower elevation

CHAPTER 1

that eventually take it through the natural levee
back to the creek. This slight slope is significant
notonly for its role in sediment distribution but also
because it causes a gradient in inundation that
influences water/soil chemistry and biotic produc­
tivity.

1.1.3. System Couplings

Louisiana's coastal marshes and the basins of
which they are a part are open systems that are
strongly influenced by surrounding systems be­
cause of their position in the coastal landscape
between upland and sea. This coupling means that
surrounding systems affect wetland development
through the hydrologic exchange of materials and
energy in the form ofbiota and gaseous, dissolved,
and particulate organic and inorganic matter. It
also means that the value of wetlands extends
beyond the boundaries of the basin. Therefore, a
full understanding of the role and value of marshes
and how best to manage them can only be achieved
by viewing marshes in the context of their sur­
roundings (Figure 1.2).

MARSH TO
ESTUARY

IINTERCONTINENTAL

r--------,

MARSH ZONE
TO MARSH ZONE

MARSH/ESTUARY
TO GULF

Figure 1.2. Conceptual diagram illustrating the coupling of delta marshes to other ecosystems (adapted from Gosselink,
1984).
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The development of marshes is controlled by
two major processes external to the coastal basin:
upland runoff (river flow) and marine inflow.
Annual orepisodic variation in these two processes
(Le., changes in riverflow, Gulf water level, and
salinity or channel switching by the river) can
strongly influence the function and structure of the
marsh. Gosselink (1984) describes four basic
couplings between the marsh and surrounding
ecosystems: marsh zone to marsh zone; marsh to
estuary; marsh/estuary to Gulf, river, and adjacent
uplands; and, intercontinental couplings. He clas­
sifies the first three into intra- and extra-basin
couplings (see Figure 1.2).

An example of intra-basin coupling is the
coupled subsystem of marsh, bay, and stream
(Gosselink, 1984). Basins are typically organized
along a gradient from fresh to saltwater-fresh
marshes arenearest to theupland or riverine sources
and salt marshes are nearest to tidal influences.
S~lt marshes are more typically dissected by chan­
nels because of the influence of tidal energy. Some
species of biota, such as waterfowl and nektonic
organisms, are restricted to specific portions of an
environmental gradient and therefore occupy only
a single subsystem or portion of the basin, while
others are capable of moving freely between sub­
systems despite differing conditions.

The coupling ofmarsh to estuary and marsh/es­
tuary to gulf, river, and adjacent uplands exempli­
fies extra-basin interactions. A recent study dem­
onstrating the dependence ofmarine-spawned fish
on estuaries for the completion of their life cycles
is an excellent example of a marsh-estuary cou­
pling (Turner, 1977). While almost all of the
commercially important fish in the GulfofMexico
are spawned and live as adults in the Gulf, their
juvenile development is completed in the marshes.
Many upland species, such as birds, deer, and other
mammals, use wetlands for feeding grounds. The
transcontinental migrations of waterfowl between
Louisiana and Canada/Alaska exemplify an inter­
continental coupling.

1.2. INFLUENCE of HYDROLOGY
on WETLAND ECOLOGICAL

PROCESSES

Hydrology plays a very important role in the
function of wetlands by influencing marsh biogeo­
chemistry and the rates of ecological processes,
such as vertical accretion (mineral soil deposition
and peat formation) and primary production. All
wetlands are characterized by saturated soils and
emergent vegetation adapted to growing in an
anaerobic environment. Wetlands differ, how-
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ever, in biota, species richness, productivity, rate
of organic matter accumulation, and degree of
coupling. These differences are caused by hydro­
logic forces (Gosselink and Turner, 1978).

A conceptual model of the role ofhydrology in
wetland ecosystems is presented in Figure 1.3.
Within the constraints of the local climatic regime
and geologic setting, hydrology indirectly influ­
ences the biotic response by directly influencing
characteristics of the substrate. The loop is closed
when biotic components of the wetland exert their
influence on hydrology. This is why marsh devel­
opment is plastic in nature.

1.2.1. Hydrologic Functions

The hydrology-substrate-biota relationship is
different for low and high energy systems (Le.,
different local climatic and geologic settings).
Tidal flood waters deliver and remove sediments,
nutrients, salts, and toxins to the basin (Box 1 in
Figure 1.3). The velocity of the tidal flood waters
determines the renewal rate or flux of these mate­
rials and thus directly influences basin physiogra­
phy. In high energy systems (Le., high tidal veloci­
ties), erosion usually occurs, which, in turn, influ­
ences hydrology and changes basin physiography.
In both systems, the hydrologic influences on basin
physiography modify and determine the chemical
and physical properties of the substrate.

1.2.2. Influence of Hydrology on Substrate

Flooding influences the rate and state (reduc­
tive or oxidative) of chemical transformations in
marsh soils (Box 2 of Figure 1.3 and Figure 1.4).
Anaerobic conditions develop in wetland soils
when water fills the pore spaces because oxygen
diffuses 10,000 times more slowly through water
than air. Such reduced soil conditions prevent
aerobic root respiration and strongly influence the
availability of plant nutrients and soil toxins. For
instance, phosphorus is more soluble under re­
duced than oxidized conditions (Delaune et aI.,
1981) and nitrogen, the primary limiting nutrient in
marshes, is reduced to the readily available ammo­
nium ion form. Some elements essential to plant
growth may be converted to toxins. The reduced
forms of manganese and iron are much more sol­
uble than oxidized forms and can accumulate to
toxic levels in the soil. Under strong reducing
conditions, sulfate (present in saline flood waters)
is reduced to highly toxic sulfide. Even plant
species specially adapted to anoxic conditions
experience reduced growth rates and even death in
highly reduced environments.
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Figure 1.3. Conceptual model of the direct and indirect effects of hydrology on wetlands (adapted from Wicker et aI.,
1982, after Gossellnk and Turner, 1978).
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02 Exchange
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Adaptations
to Anoxia

Figure 1.4. The influence of tidal flooding on marsh soil
transformations (adapted from Gosselink,
1984).

Marsh soils are not usually totally anaerobic. A
thin oxidized layer (often less than 0.4 inches)
usually forms at the soil surface where oxygen
diffuses from the overlying surface waters or at­
mosphere at low tide levels.. Also, a thin oxidized
layer is formed around the roots and underground
rhizomes (stems) of those plant species that have
developed aerenchyma tissue (tissue with large air
spaces) which allows the diffusion ofoxygen from
aerial plant parts into the roots. The presence of
this thin oxidized layer next to the reducing condi­
tions of the anaerobic layer is very important in the
chemical transformations and nutrient cycling that
occur in wetlands. The cycling of many of the
major plant nutrients, such as nitrogen, sulfur, and
carbon, depend on this close association of oxidiz­
ing and reducing conditions (see Mitsch and Oos­
selink, 1986, for a review).

1.2.3. Influence of Substrate on Biota

The chemical and physical properties of the
substrate have direct and specific impacts on the
biota of the ecosystem (Box 3 of Figure 1.3).
Major plant population attributes, which largely
determine the visual aspect of the coastal land­
scape (e.g., plant species composition, zonation,
and growth), are controlled by the substrate.

Species composition of a marsh can be modi­
fied by the influence of the hydrologic regime on
spatial diversity. Floodwaters may reduce spatial
heterogeneity by mixing dissolved or suspended
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matter and distributing it more or less uniformly
across the marsh through sheet flow. Indeed, many.
marshes are dominated by monospecific stands of
vegetation such as Phragmites australis orSpartina
alterniflora (Oosselink and Turner, 1978). Or
flooding can lead to variations in elevation and
substrate and, thereby, increase spatial diversity.
For example, water flooding tidal creeks loses
velocity and deposits sediment, creating a gradient
in elevation and sediment grain size. Plant zona­
tion occurs along that gradient and is generally a
function of flooding depth and duration. Thus,
depending on the local situation, hydrology may
lead to uniformity or diversity.

Hydrology and substrate characteristics have a
demonstrable effect on primary production. The
hydrologic regime enhances productivity in cer­
tain regions of the marsh and in some marshes more
than others. These effects are visually discernible
in the coastal landscape and are called the edge
effect and the tidal subsidy effect, respectively.

Plants growing on the edge of tidal streams
have higher growth rates than plants growing in
inland marshes, a phenomenon known as the edge
effect and the result of the natural topography and
substrate characteristics of the streamside habitat.
As described above in the section on coastal topog­
raphy, streamside locations experiencehigherflood­
ing velocities and therefore have greater andcoarser
sediment deposits than inland locations. This has
several consequences. A natural creek bank levee
is formed with a surface elevation higher than the
inland marsh. This levee substrate experiences
shorter periods of inundation and is better drained
(i.e., less anoxic) because of its coarser grain size.
It is also more dense and has a higher nutrient
content. It has a greater capacity to buffer redox
changes because of the higher mineral ion content,
as well as lower levels of toxins caused by less
reduced conditions and better flushing by tidal
action. All of these conditions favor plant growth
along the streamside.

Plant productivity is also directly correlated
with tidal amplitude (Steever et aI., 1976; Odum,
1978). The auxiliary energy input to the marsh in
the form of tidal circulation mixes nutrients, food,
and waste products within the system, thereby
maintaining more than adequate concentrations
and fluxes of nutrients while reducing the stress
associated with salts and waste products (Odum,
1978). Thus marshes with large tidal amplitudes
(energy subsidies) are more productive.

The biotic ecosystem response regarding the
cycling of nutrients between biotic and abiotic
components and organic matter flux is also con­
trolled by hydrology. Some marshes are trans-



fonners of nutrients (i.e, have closed nutrient
cycles), assimilating inorganic fonns, such as car­
bon dioxide and ammonium, converting them into
carbohydrates and proteins, and then re-mineral­
izing them in situ; marshes with open nutrient
cycles are either sources (exporters) or sinks
(importers) of inorganic nutrients, depending on
hydrologic and substrate conditions. At present, it
is difficult to classify general wetland types as
sinks, sources or transfonners because of conflict­
ing evidence. However, the following hypotheses,
based on the influence of hydrology, are in vogue.
Organic matter is deposited and builds up as peat in
low energy systems (Figure l.Sa). The re-miner­
alization of this matter into inorganic nutrients and
subsequent uptake again by the plants means these
systems could be viewed as nutrient sinks or, if
inputs were cut off, nutrient transfonners. Con­
versely, high energy systems exporting organic
matter (Figure I.Sb) can be viewed as sources of
nutrients. In either case, hydrology plays a domi­
nant role in the cycling of nutrients and organic
production of wetlands.

1.2.4. Influenc.e of Biota on Hydrology

Lastly, the vegetative component of wetlands
exerts considerable control over hydrology. The
build-up of peat and the trapping of sediment alter
basinphysiography and hence the flooding regime.
Increased stem densities cause more sediment to
fall out of the water column (Gleason et aI., 1979),
and plant roots anchor it in place. The nutrients
bound to the sediment enhance plant production.
High rates of organic matter (peat) production and
accumulation, combined with vertical accretion,
change the marsh surface elevation and contours.
Also, plant transpiration can influence water levels
in the marsh over a short time scale.

To summarize, hydrology controls the me­
chanics of marsh development by its influence on
the substrate (water content, oxygen availability,
nutrient availability, and accumulation rate of
toxins) and the degree of coupling between sys­
tems. Water is not directly limiting in flooded soils
but rather regulates plant growth by influencing
oxygen availability (Mendelssohn et aI., 1981),
which, in turn, affects nutrient availability and ac­
cumulation of toxins. In this way, the hydrologic
regime ofa marsh regulates or modifies the species
composition, rate of primary production, nutrient
cycling, and rate of organic flux (Gosselink and
Tumer, 1978). Apparently, structural and func­
tional integrity of a wetland may persist for many
years if the hydrologic pattern does not change
(Mitsch and Gosselink, 1986).
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Figure 1.5. Simplified diagram illustrating the influence
of hydrology on the source-sink nature of
nutrient cycling in wetlands. A. Sink of
organic nutrients. B. Source of organic
matter (adapted from Mitsch and Gosselink,
1986).

1.3. MECHANISMS of WETLAND LOSS

In a mature delta, wetland loss and gain occur
simultaneously: new deltas are formed, while
abandoned ones degrade through subsidence and
marine transgression. In the Mississippi River
delta, the balance between gain and loss histori­
cally has been positive. Recently the balance has
become negative. The sequence of delta cycles
during the pastS,OOO years has resulted in a gradual
net progradation of the deltaic plain because land
gain (marsh development) exceeded landloss.
During the past 100 years, however, landloss has
exceeded land gain, with the rate of landloss in­
creasing geometrically from 6.7 square miles per
year in 1913 to a current rate of approximately 40
square miles per year for the deltaic plaln region
(Gagliano et aI., 1981). Including the chenier
plain, the coastwide landloss rate is presently over
50 square miles peryear, or approximately 0.8% of
all Louisiana coastal wetlands, and it is increasing.
The only appreciable land building along the coast
occurs at the mouth of the Atchafalaya River.

Wetland loss is a complex process influenced
directly and indirectly by natural and man-induced
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activities. The tenn wetland loss refers to the
conversion of wetland habitat (marsh or forested
wetland) to a non-wetland habitat type, either open
water or upland (spoil bank) habitat. This conver­
sion occurs through the effects of: (I) natural and
man-induced erosion of shoreline or the banks of
waterways and canals; (2) dredging and filling of
marshes by man; and, (3) submergence of interior
marshes. Coastal submergence occurs when natu­
ral land building processes (sedimentation) lag
behind geologically mediated land sinking (subsi­
dence, compaction, consolidation). Man alters the
natural balance between land building and land
sinking indirectly by impacting on the mechanics
of both processes.

The loss of wetlands by erosion and dredge/fill
activities is caused by a direct disruption of the
substrate by natural or man-induced mechanical
stress (Le.,wave action, boat wakes, and bucket
dredges), resulting in either open water or spoil
bank habitat. The impact is immediately apparent.
·On the other hand, the loss of wetlands through
coastal submergence is caused by an indirect al­
teration of the substrate (Le., marsh surface eleva­
tion in relation to water level) and results in open
water habitat, which is only gradually apparent.

To understand coastal submergence of wet­
lands, consider that marshes develop at the land­
water interface. If the land sinks or the water level
rises, the marshes must adjust to these changes or
gradually become submerged. Marshes exist in
very dynamic environments and continue to exist
only if the rate ofadjustment can keep pace with the
rate ofchange. In other words, wetland loss can be
viewed as the inability of wetlands to maintain
themselves. In deltaic systems, subsidence (sink­
ing) of land surfaces is high, and the continued
existence of marsh depends in part on its ability to
maintain its elevation within the tidal range through
vertical accretion (Delaune et al., 1986). The struc­
tural and functional integrity of a wetland prevails
only if the downward displacement of the land
surface in relation to the water surface (relative sea
level rise) and vertical accretion (land building) are
in balance.

The marsh surface elevation can change in
relation to the surrounding water level for two
reasons: (I) the marsh surface sinks or (2) the water
level rises. The former results in isostatic sea level
rise (colloquially called subsidence) and is caused
by isostatic compensation. The latter is referred to
as eustatic sea level rise and is due to changes in the
volume of the ocean. The sum of eustatic and
isostatic sea level rise is termed relative sea level
rise. On the other side of the scale is vertical
accretion, which is the upward growth of a sedi-
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mentary deposit. The surface of a marsh accretes
by two processes, the deposition of sediment car­
ried in suspension in the water column and the
accumulation of organic matter in the substrate
through plant growth. Thus, the land building/
sinking relationship can be stated as follows:

Relative Sea Level Rise z Vertical Accretion
or

Eustatic + Isostatic Sea Level Rise z Mineral +
Organic Matter Accumulation

and, if the equation is in balance, marshes will
persist. However, if the rate of either of the four
processes changes dramatically, it could signifi­
cantly impact the ability of marshes to adjust and
maintain themselves. Oil and gas extraction activi­
ties in marshes can affect all of these processes
except for eustatic sea level rise.

Isostatic sea level rise can be directly affected
by drilling. Fluid withdrawal from oil and gas
wells contributes to the total process ofsubsidence.
The removal of groundwater from hydrocarbon­
bearing sands creates a void into which water from
adjacent clay layers moves. The dewatered com­
pressible clays become compacted. Subsidence
caused by fluid withdrawal makes up a small part
of isostatic sea level rise, but it may be very
important on a local scale, particularly in large oil
fields. It may also impact organic matter accumu­
lation by lowering the water table, which may
promote saltwaterintrusion and affectplant growth
(Gosselink et aI., 1979).

Oil and gas activities have a greater potential to
affect the other side of the equation, vertical accre­
tion. As stated in the previous section, hydrology
has a significant effect on ecological processes in
wetlands. Consequently, any activity (levee, road,
or canal construction) that affects local hydrology
influences mineral and organic matter accumula­
tion. For example, levees (spoil banks) affect the
duration and frequency of tidal inundation (Swen­
son and Turner, 1987), which, in turn, may affect
sediment and nutrient supply, as well as the availa­
bility of nutrients, oxygen, and toxins, which ulti­
mately influence plant growth and peat buildup.
This is particularly true for areas that inadvertently
become partially or totally impounded and no
attempt is made to manage (Le., manipulate) the
hydrological regime.

Land building-sinking processes are not in
balance in Louisana's wetlands. Relative sea level
rise varies between hydrologic basins, with the av­
erages ranging from 0.5 to 0.4 inches/year. Eu­
static sea level rise for the GulfofMexico averages
0.09 inches/year, while subsidence ranges from



0.32 to 0.42 inches/year. Thus, subsidence (isostatic
rise) is the major contributor to relative sea level
rise, particularly in the recently abandoned delta
lobes of the deltaic plain. As for 1andbuilding,
vertical accretion rates in Louisana's coastal
marshes generally are less than 0.4 inches/year and
most often fall in the range of.0.28 to 0.31 inches/
year, significantly less than what is required to
balance the rate ofland sinking. Thus, Louisiana is
experiencing an aggradation deficit, which means
that coastal (interior) wetlands are disappearing.
[See Penland et al. (1986), Delaune et al. (1986),
and Boesch et al. (1983) for reviews ofsubsidence,
vertical accretion, and landloss in coastal Louisi­
ana.]

The cumulative effect ofnatural and human ac­
tivities on wetland loss is often greater than the sum
of the individual impacts. For instance, canal
dredging has adirect impact on wetland habitats by
converting them to open water and spoil bank
habitats. However, if the canal influences local
hydrology (Le., alters surface water flow or intro­
duces saline water into the region), it can affect the
rate of coastal submergence of interior marshes.
Therefore, any evaluation of human activities on
wetland loss must consider all present and poten­
tial impacts within the basin.

1.4. WETLAND VALVES

Wetlands, like every ecosystem, have intrinsic
ecological values defined by the functional proc­
esses occurring within them, such as trapping
atmospheric CO2 through photosynthesis and
thereby providing the energy to drive all other
ecosystem processes within the marsh. In addition
to these ecological values, wetlands perform many
services for man, services derived from the func­
tional processes already described. It is these
values, the benefits that man derives from wet­
lands, that are reviewed here. The unique ability of
wetlands to perform these services should be a
leading principle in their management.

Wetland values can be considered at three
levels: (1) populations that depend on wetland
habitats for survival, Le. population values; (2) the
functional processes of ecosystems; and, (3) the
influence of wetlands on global ecological proc­
esses (Odum, 1978; Mitsch and Gosse1ink, 1986).

1.4.1. Population Values

The most readily perceivable and easily quan­
tifiablevalue ofwetlands is man's harvestofuseable
materials from populations that inhabit them. The
commercial value of wetlands expressed in terms
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of the annual harvest of furs, pelts, fish, shellfish,
waterfowl, timber, fibers, and hydrocarbons is
clearly established in the market place.

Thenatural resources ofLouisiana'svastcoastal
environment (5.3 million acres with 3.5 million
acres of wetlands) support an economic system of
national and global importance. Louisiana has
long been a leader in production ofnon-renewable
fossil fuels, ranking first in natural gas and second
in oil and total energy produced (Louisiana State
Planning Office, 1979), with nearly 75 percent of
this production coming from coastal parishes
(Maruggi and Hartl, 1981). Louisiana is also a
national leader in several renewable resources. In
1982, Louisiana's fishermen landed 1.7 million
pounds of fishery products, more than twice as
much as second-ranked Alaska (Horst, 1983).
Louisiana is first in wild fur production: 1.6 to 3.2
million fur pelts were harvested annually from the
coastal zone between 1974 and 1982, with a market
value ranging from $8.5 to 18.2 million (Louisiana
State Planning Office, 1983). Louisiana's wet­
lands also provide habitat for 66 percent ofthe Mis­
sissippi Flyway's wintering waterfowl. In all,
Louisiana provides a wide variety of natural re­
sources for human use, the utilization of which
requires proper management in order to avoid
conflicts in resource use.

1.4.2. Ecosystem Values

Ecosystem values are not as readily perceiv­
ablenor as easily quantifiable as population values,
but they may be more important (Odum, 1978).
Wetland ecosystems modify hydrological events
in ways that benefit man (Odum, 1978; Larson,
1982; Gosselink, 1984; Sather and Smith, 1984;
Mitsch and Gosse1ink, 1986). They mitigate flood­
ing of rivers and streams by intercepting storm
runoff and storing the storm waters. In this way,
they moderate runoff and attenuate storm dis­
charge over a longer period of time compared to
non-wetland sites (Figure 1.6). The water storage
capacity of wetlands provides an inexpensive
method ofprotecting human settlements from flood­
ing. Wetlands also protect man's property by
buffering the impacts of coastal storms-. When
storms firs tmake contact with the shore, the energy
of their impact is absorbed by the coastal islands
and marshes, thereby dissipating much of the
storm's energy before it reaches upland cities and
towns. In addition to flood and storm protection,
wetlands influence the groundwater supply by
intersecting groundwater flow. Research shows
that, in some circumstances, wetlands may re­
charge aquifers, but recent evidence indicates that
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wetlands are more likely to be discharge points for
groundwater (see Sather and Smith, 1984 for a
review).

Wetlands playa major role in improving water
quality through the removal or trapping of organic
and inorganic nutrients and toxins. Wetlands are
generally considered to be chemical sinks and have
a major influence on chemicals that flow through
them. Wetlands are sediment traps, accumulating
compounds bound to sediment particles. Large
quantities of nitrogen (N) and phosphorus (P) are
taken up by the vegetation and subsequently buried
in the sediments when the plants die. Louisiana
deltaic marshes have a high capacity for storing
nutrients because of the high rate of subsidence.
Through anaerobic processes, marshes release large
quantities of gaseous N to the atmosphere. In the
presence of saltwater, many chemicals flocculate
out of the water column when they reach the marsh

CD Runoff

• Rain

CD Runotr

CD Discharge trem WeUand...Jro-....::::-

Time

Figure 1.6. Diagram illustrating the general effect of
wetlands on stream flow (adapted from Mitsch
and Gosselink, 1986).

or estuary. This ability to assimilate wastes and
excess nutrients makes marshes valuable as terti­
ary treatment sources for sewage (Kadlec, 1979)
and other human wastes, such as waste from fish
processing plants (Meo et aI., 1975).

In addition to hydrologically based values,
wetlands are valued by man for their aesthetics
(Reimold et aI., 1980). They provide diversity in
the landscape, recreational and educational oppor­
tunities, and information on our cultural heritage
(e.g., sites of archaelogical significance). The
uniqueness ofcertain wetland environments makes
them valuable from a biological, geological, or
historical perspective, as well as potential sites for
research.

10

1.4.3. Global Values

The influence of wetlands on nutrient cycling
goes far beyond the boundaries of the ecosystem.
Wetlands present oxidizing and reducing environ­
ments in close proximity to one another. This,
combined with the fact that many are chemical
(nutrient) sinks, makes them important sites of
denitrification (the gaseous release of N from the
soil). Wetlands have recently been recognized as
a major source of gaseous N and therefore play an
importantrole in the globalN cycle. The anaerobic
substrate also traps atmospheric sulfur washed
down by rain in the form ofhydrogen sulfide (H,S),
making wetlands important sinks in the glObal
sulfur cycle. Also, the enormous quantities ofpeat
stored in wetlands around the world make wetlands
an important source-sink of carbon, depending on
the oxidative-reductive state of the world's peat
deposits. The draining of wetlands causes the
oxidation ofpeat deposits, which increases atmos­
pheric cal'

1.4.4. Management Priorities

The population value of marshes accrues di­
rectly to the landowner (often a private citizen or
corporation), while ecosystem and global values
provide public amenities that are external to the
market place and of no commercial value to the
landowner. Herein lies the source of conflict in
multiple resource use in wetlands. The issue is
compounded in that many uses of wetlands nega­
tively influence other values. For instance, dredg­
ing access channels with spoil banks for oil and gas
development in the wetlands provides the land­
owner with a direct population value (harvest of
organically derived petroleum products) but alters
other population values through habitat alteration
as well as ecosystem values through its impact on
hydrology. Thus, no use or activity in wetlands can
be viewed in isolation because of the interrelated
nature of wetlands values and functions.

The concept of resource use conflict between
private ownership and public service is particularly
germaine to wetlands for three reasons: (1) devel­
opment pressures are increasing in coastal areas;
(2) marshes are open systems that must be viewed
in theirregional setting and not as isolated systems;
and (3) alteration ofmarshes is essentially irrevers­
ible (Gosselink, 1984). Population values make up
a small part of the total value of wetlands (Odum,
1978), but, because they have obvious economic
value, initial attempts to manage wetlands focused
on them. Present attempts to manage or regulate
impacts to wetlands must consider all wetland



values, which means that management objectives
(i.e., enhancementofpopulation values, and main­
tenance of ecosystem and global values) must be
clearly established.

1.4.5. Management Objectives

Wetlands are managed primarily for three rea­
sons: (1) to enhance population values, such as
wildlife production; (2) to modify ecosystem val­
ues, as in using marshes as tertiary treatment
sources; or (3) to maintain the status quo of any
value by passive (i.e., preservation, such as state
parks) or active (i.e., restoration, such as diverting
fresh water through levees) methods. The type of
regulatory constraints employed in managing oil
and gas activities in Louisiana's wetlands will
depend on the objectives of the Environmental
Protection Agency (EPA) and Section 404(b)(I)
of the Clean Water Act (CWA), as amended 1980.
The stated purpose of the revised guidelines of the
CWA is "...to restore and maintain the chemical,
physical, and biological integrity of waters [by
definition this includes wetlands] of the United
States through the control ofdischarges ofdredged
or fill material" (USEPA, 1980: 85345). There­
fore, the recommendations in this handbook­
avoiding and minimizing impacts to wetland
values and functions associated with oil and gas
development-are designed to maintain the status
quo of any impacted value or function.
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CHAPTER 2

EXPLORATION
by Donald R. Cahoon

2.1. INTRODUCTION

The first step in developing petroleumresources
is to locate underground reserves by studying the
visual and physical characteristics of the earth's
crust. The search for petroleum includes broad
reconnaissance methods and site-specific surveys.
Broad reconnaissance methods, such as inspection
ofaerial and satellitephotographs and magnetome­
ter surveys, cover large regions of the earth's
surface and require little or no direct site contact.
These techniques have no significant effect on the
environment. Therefore, the following discussion
on selecting drilling site locations will deal with
site-specific exploration methods used to inten­
sively survey areas several miles long. The method
used most commonly today along the GulfCoast is
seismic exploration.

2.1.1. History

From 1901 to 1924, oil was discovered along
the northern GulfofMexico coast in the vicinity of
salt domes, indicated only by a slight change in
surface elevation on an otherwise very flat coastal
plain environment. When all these surface irregu­
larities were developed, it was presumed that the
oil had played out and the boom was over. How­
ever, by 1924, geophysicists had developed meth­
ods to "see" below the earth's surface, so that
during the next 10 years three times as many salt
domes (which had no surface expression) were
discovered as during the previous 23 years (Meyer
1934). Geophysical methods include analyses of
variations in the earth's magnetic and gravitational

13



EXPLORATION

fields, as well as seismic reflections created by
man-made explosions. The newly developed tor­
sion balance (gravitational method) and reflection
seismograph techniques worked equally well in
marsh or upland environments (Flude, 1936), but
surveying coastal habitats required unusual forms
of transportation to move equipment across the
unstable marsh substrates interlaced with water­
ways.

2.1.1.1. Transportation. Early exploration
crews used whatever means possible to traverse the
marshes, swamps, and bayous along the Texas and
Louisiana coasts. Since 1924, seismic crews have
travelled through the marsh and waterways by foot,
boat, mule, float plane, helicopter, raft, and marsh
buggy (Flude, 1936; The Lamp, 1948; Samuel,
1949; State Times, 1953). The marsh buggy was
originally developed in the late 1920's to carry
hunters across the marshes of Louisiana's Chenier
Plain, but geophysical crews quickly adapted it to
survey use. By 1936, marsh buggies were consid­
ered essential for marsh exploration (Plude, 1936),
with nine petroleum-related firms developing
models over the next 20 years. They have been
used extensively on Louisiana's Deltaic Plain,
however, since the end of World War II (Detro,
1977). During the 1940' sand 1950' s, they were
used often in conjunction with helicopters (Samuel,
1949; State Times 19.?3).

Initially, the marsh buggies used on the Che­
nier Plain were made from a truck chassis with
over-sized, wooden-slatted wheels. This made
them well-suited to crossing the frrm marsh sub­
strates of this geologic province. In the "trembling
marsh" of the Deltaic Plain, marsh buggies were
built with large balloon or flotation tires. These
buggies were capable ofcrossing marsh and water­
ways with equal ease, even when carrying a thirty­
man seismic crew and its equipment (approxi­
mately 9,600pounds) (Detro 1977). The large tires
tore up the soft marsh surface, leaving large, water­
filled ruts which were slow to recover. Modem
marsh buggies employ caterpillar tracks revolving
around flotation pontoons that distribute the weight
more evenly and cause less damage to the marsh
surface (Figure 2.1). They often tow heavy equip­
ment behind them on pontoon sleds.

2.1.1.2. Environmental Regulatory Policy.
Until the 1960's, the only environmental regula­
tions governing oil and gas development in
Louisiana's coastal wetlands were related to wild­
life and fisheries resources. When seismic explo­
ration became popular in the 1930's, Texas and
Louisiana required a conservation agent to accom­
pany each seismic crew to observe the effects of
explosions on fish populations (Flude, 1936). There
was no governmental regulation of the wetlands

Figure 2.1. A view of marsh buggies parked along the bank of a water:v~y during seismic survey operations. Note the
caterpillar-type tread wrapped around pontoons and the abIlity of the buggy to stay afloat on marsh and
water. (Photograph by W. Sikora.)
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buggies criss-crossing the marshes in ever-in­
creasing numbers or the impacts they exerted on
the marsh. Eventually, a "range war" broke out
between trappers (who claimed that the buggy
wheels badly damaged the marsh, destroyed their
trap sets, and crushed muskrat and nutria habitat)
and geophysical survey crews (Detro, 1977). To·
minimize damages, the geophysical companies
agreed to follow the same trails repeatedly. This,
however, usually led to the formation of deep,
continuous gullies that often became permanent
streams causing erosion, ponding, salinity changes,
and vegetation alteration.

The petroleum industry switched exclusively
to tracked vehicles by 1960 because of the severe
impacts of wheeled marsh buggies (Detro, 1977;
Sikoraet aI., 1983). This new technology lessened
the impacts but did not eliminate them, and the
practice of following the same trails is still used
today. As in the days when the buggies were first
developed, there are no governmental regulatory
policies specifically regarding the operation and
use of marsh buggies in coastal wetland habitats,
even though the impacts are clearly visible and
long-lasting. Therefore, it is essential that any
review of 404 permit applications identifies all
activities requiring the use of marsh buggies and
that the consequences of their use be considered in
all permit decisions.

2.1.2. Modern Seismic Survey Procedures

Reflection seismography calculates the atti­
tudes, configuration, and depth of subsurface rock
strata by producing sound waves belowground. In
wetland environments, dynamite is used to create
the sound waves, and the speed and angle at which
the wave is reflected back to the surface are meas­
ured with sensors called geophones (Figure 2.2).
Knowing this, and the typical velocity of waves,
subsurface structures can be accurately mapped.
These subsurface contour maps are used by the
petroleum geologist, in conjunction with existing
data from the region (e.g., well logs from other
wells in the vicinity, other seismic surveys, known
structures like salt domes, and surface features) to
determine where petroleum reserves may be lo­
cated and where best to position the drilling rig on
the surface. The final step in exploration is to drill
a wildcat well to see ifthere really is any hydrocar­
bon present. If so, development (production)
wells are drilled, and an oil field is established.

Seismic surveying is performed by "shooting
lines" many miles long in a straight path across the
earth's surface. First, the line is surveyed and
staked. Then, drilling crews drill shot-holes along
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the line in which to place explosive charges.
Sensing cables are laid along the line, leading back
to a recording station (Figure 2.2). When the
explosives detonate, the sound waves are recorded.
In upland areas, the cables are swung forward to
the next section of the line by trucks and the entire
process repeated. Specially adapted trucks are
used to drill the shot-holes (Figure 2.3), and the
recording equipment is kept in a van to facilitate
transit (Figure 2.2).

In coastal wetlands, the marsh buggy is used to
set up seismic surveying because it can travel in a
straight path across both marsh and open water.
First, the survey crew is transported along the line.
Two or three drilling crews, each using a marsh
buggy to tow a drill rig mounted on a pontoon sled
(Figures 2.4 and 2.5), follow the same path.
Then, another crew (or crews) traverses the line,
laying the cable from a pontoon sled towed behind
a marsh buggy. After each shot, the 1,320 foot­
long cable is swung by boat, rather than marsh
buggy, to save time and money. An experienced
seismic crew can survey approximately 2 miles
per day in Louisiana's coastal marshes. In all,
each segmentof the line is traversed a minimum of
three times by marsh buggies and heavy equip­
ment sleds.

2.2. IMPACTS on WETLAND VALUES
and FUNCTIONS

Seismic exploration by marsh buggies creates
long, linear scars in the marshes and swamps along
Louisiana's coast (Figure 2.6) that may remain
visible for decades. There is virtually no area of
the coast that has not been surveyed, and areas
with proven reserves have been heavily surveyed
(Figure 2.7). Whitehurst and Blanchard (1977)
analyzed aerial photography of a major oil field
and navigation channel in the saline marsh of
southern Lafourche Parish for signs of marsh
buggies. It was not possible to determine how
many times a route was retraced, but researchers
measured over 1,500 miles of tracks within a 6.11
square mile area. Assuming an average track
width of 4 feet, this means 18.5 percent of the
wetlandhabitatwas crushed by thevehicles (Sikora
et aI., 1983). The areal extent of marsh buggy
impacts on Louisiana's coastal zone has never
been quantified, but these long-lasting scars influ­
ence wetland values and functions through the
alteration of both marsh habitat and local hydro­
logic regime.
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Figure 2.2. A cross-sectional view of surbsurface geologic fonnations and upland seismic surveying procedures.
Operational procedures are the same for wetland habitats. only the trucks are replaced by marsh buggies and
pontoon sleds. An explosion creates shock waves that are reflected by subsurface geologic structures to
senSors (geophones) on the ground surface. The waves are recorded as lines on photographic paper in a
central. mobjle recording station (adapted from Petroleum Extension Service, 1981).

Figure 2.3. Truck-mounted rotary drill rig used for upland seismic survey operatious. (photography by D. Cahoon.)
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Figure 2.4. Pontoon sled-mounted rotary drill rig used for seismic survey operations in marshes. This is towed through
the marsh by a marsh buggy. (photography by D. Cahoon.)

Figure 2.5. Pontoon sled-mounted rotary drill rig used for seismic survey operations in swamps and other forested
wetlands. Note that this sled is narrower, with a heavily protected and pointed bow, in order to facilitate
travel through wooded habitats. (Photography by D. Cahoon.)
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Figure 2;7. Aerial view of marsh in the vicinity of a salt dome in southern Plaquemines Parish showing numerous
parallel marsh buggy tracks resulting from intense seismic surveying. Note, again, that the edges of natural
streams exhibit less damage. (photography by D. Cahoon.)

Figure 2.8. Close-up view of fresh (less than 4 weeks old) tracks created by a tracked marsh buggy in a salt marsh of
southern Lafourche Parish. A portion of the area in the center of photograph has been denuded of vegeta­
tion, and the remaining plant stems have been crushed and killed. (photography by W. Sikora.)

19



EXPLORATION

Figure 2.9. A ground view of marsh buggy tracks crossing a natural streamside levee. Note that the vegetation has been
crushed flat. (Photography by W. Sikora.)

Figure 2.1 O. Aerial view of the marsh showing fresh and old marsh buggy tracks. The upper set of tracks are the same
as those in Figures 2.8 and 2.9. The lower set of tracks are much older. Note that the impact of the tracks
on the streamside levee is still visible for the fresh (i.e., upper) tracks but no longer visible for the older
tracks. Also, note that the interior marsh has not recovered, even for the older tracks. (Photography by W.
Sikora.)
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Table 2.1. Observed and hypothetical impacts of marsh buggies on coastal marsh habitats
and wetland loss.

ACUTE ENVIRONMENTAL CONSEQUENCES

Habitat Alteration - Physical Impact .
Change in Marsh Surface Elevation (Gullies),

Including Breaks in Natural Hydrologic Barriers
Noise, Commotion during Exploration

Habitat Alteration - Ecological Impact
Immediate Loss of Marsh Vegetation

Impact on Biota
Destruction ofBiota (Vegetation and Sessile Organisms)
Crushing of Muskrat Houses
New and Different Habitat
New Avenue for Movement of Aquatic Organisms IniOut of Marsh

CHRONIC ENVIRONMENTAL CONSEQUENCES

Habitat Alteration - Altered Physical Process
Surface Hydrology and Drainage

Habitat Alteration - Physical Impact
Avenue for Water Exchange and Saltwater Intrusion

Habitat Alteration - Ecological Impact
Changes in Plant Growth, Organic Matter Accumulation, Sediment Distribution

wetland environments is directly related to timing
and the mode of transportation used. Outlined
below are some techniques for avoiding, minimiz­
ing, and restoring the impacts of marsh buggy
operations. As described in Chapter 1, the man­
agement objective of these techniques is to mini­
mize changes to the status quo of the wetland
system in question, in accordance with Section
404 regulations. As a general policy, the use of
wheeled marsh buggies should not be permitted.

2.4.1. Avoiding Impacts to Surface Features
and Functions

This section describes methods for avoiding
marsh buggy impacts through alternative trans­
portation methods and appropriately scheduling
field activities.

2.4.1.1. Alternate Transportation Methods.
Modes of transportation that do not impact the
marsh substrate should be considered for any
activity requiring regular transit across the marsh
because of the marsh buggy's potential for envi­
ronmental damage. Two alternatives exist, nei­
ther of which is currently in use, mainly for eco­
nomical reasons. However, the use ofthese more
expensive alternatives should b,e j17stifiable !f the
potential for ~amage to an are~ IS high. One,ls the
helicopter With pontoons, which was used 10 the

1950's for transporting survey crews and drilling
equipment, as well as swinging cables (Samuel,
n.d.; State-Times, 1953). All heavy equipment
was slung beneath the helicopter between the
pontoons. Helicopters were faster and more effi­
cient than marsh buggies, especially travelling
between the line and the base camp.

The other alternative is the air-cushioned
vehicle (ACV) or hovercraft, which can traverse
land and water as easily as a marsh buggy, but
which has, on average, only 14 percent of the
loading intensityofastandard marsh buggy (Sikora
etal., 1983). It can be transported toa work site by
truck or barge. Like a helicopter, it would have
little or no effect on the marsh substrate and speed
would most likely be a considerable advantage
over a marsh buggy. Even though ACVs have
been developed for numerous commercial and
military purposes and are capable of carrying far
more equipment andpersonnel than is required for
a geophysical survey, no research has been done
on their feasibility for seismic surveys in
Louisiana's marshes. They could be used for
surveying the line and swinging the cable without
having to be modified, and it is not hard to envision
one being modified for use in drilling the shot­
holes. At present, the major drawback of this
alternative is that there is no substantial ACV
industry in Louisiana.

21



EXPLORATION

The financial consequences of using either of
these alternative transportation methods could be
substantial, particularly for ACVs because there is
no commercial infrastructure in Louisiana. Ifused
in conjunction with a marsh buggy, both alterna­
tives involve an added piece of equipment and,
therefore, expense. To use either alone would
require tooling up a new use for two exisiting
industries, but the use of helicopters has already
been tested and proven feasible.

2.4.1.2. Timing of Exploration. The noise
and commotion associated with marsh buggy and
drilling operations are capable ofdisrupting breed­
ing and nesting activities of bird colonies. This

. coincident impact can be avoided if nesting areas
are avoided and surveys conducted during the non­
breeding season. The location ofshore and wading
bird nesting populations along the Louisiana coast
and their breeding schedule are presented in Keller
et aI. (1984). Scheduling surveys during the non­
breeding season should not be a difficult condition
for geophysical exploration companies to meet.
The financial consequences of avoiding this im­
pact should be negligible.

2.4.2. Minimizing Impacts to Surface Fea­
tures/Functions

If standard exploration and transportation
methods are employed, marsh buggy impacts on
wetland values and functions can be minimized
throughcareful route selectionand decreased marsh
buggy activity.

2.4.2.1. Route Selection. Although the loca­
tion and length of the shot-line may be fixed by
geological constraints, there are three ways to
reconcile transportation impacts with surface eco­
logical features. The shortest route possible should
be taken when approaching the line or bypassing
any obstacles along the line. Repeated use of the
same route should be avoided to the maximum
extent possible, and all sensitive habitats should be
avoided.

Shortest Route Possible. Marsh buggies
should be transported by truck or barge to an
embarkation point that will minimize travel in
wetlands. Once surveying begins, marsh buggies
should be kept to the line and take the shortest route
around any insurmountable features of the terrain,
such as pipelines, platforms, or any other man­
made or natural barriers. This is not only a wise
ecological decision but also a prudent financial
one.
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Avoid Repeated Use of the Same Route.
Every seismic survey requires at least three trips
along the line by a marsh buggy, often with a heavy
equipment sled in tow. Some of these trips can be
avoided if an alternative mode of transportation is
used, such as a helicopter (see Section 2.4.1.1.
above for the environmental and financial implica­
tions).

If alternatives are not available, each marsh
buggy trip along the line should not follow the
tracks left by the previous trip so as to avoid
creating deep ruts in the marsh surface. The finan­
cial consequences of this action should be negli­
gible.

Avoid Sensitive Habitats. Seismic lines should
be selected to minimize transportation impacts on
unique archaeological sites (e.g., shell middens),
shallow waterbottom habitats (e.g., oyster reefs),
nesting bird colonies, and any other unique habitat
resources located in the marsh. This includes
avoiding muskrat homes during marsh buggy
operations. These impacts can be minimized at
little or no additional financial expense to the
operator.

2.4.2.2. Minimize Marsh Buggy Activity.
Whenever possible, boats or helicopters should be
used to swing cables or carry equipment to the next
set-up. The use of boats for swinging cables in
wetland environments is common because it is
usually quicker and more efficient. Also, using
boats to carry equipment reduces marsh buggy
activity and, therefore, results in a cost savings to
the operator.

2.4.3. Restoring Impacts to Surface Features/
Functions

To date, the authors know of no attempts to
restore marsh buggy impacts on wetland values
and functions. Consequently, there are no tested
restoration methods. However, if marsh function
is to be restored to pre-project conditions, marsh
surface elevations in the tracks will have to be
raised to that of the adjacent marsh. If this is not
feasible, measures should be taken to restore local
hydrologic patterns. Techniques for doing both are
proposed below.

2.4.3.1. Filling Marsh Buggy Tracks. Along
the edges of navigable waterways, it is feasible to
deposit dredged material in marsh buggy tracks as
a means of restoring marsh surface elevations.
Suction dredges, which dispose of dredged mate-



rial by spraying it, would be well-suited to this task,
especially high-pressure spray dredges. This res­
toration method is restricted, however, to the edge
of waterways (a maximum of 250 feet). Restora­
tion of interior marshes would not be feasible. Any
attempt to restore interior marshes would probably
cause additional damage to the substrate. The
financial consequences for this type of restoration
would be substantial unless it could be combined
with an existing dredge job.

2.4.3.2. Barriers at Waterway Crossinl:s. If
restoring marsh surface elevations is not possible,
local hydrologic conditions can be restored and
saltwater intrusion prevented by blocking any
gullies that have breached the banks of waterways.
It appears that natural streamside levees are often
capable of recovering from the .passage of a marsh
buggy. However, if the levee is breached so that it
does not recover, placing a weir, earthen plug, rip­
rap or similar structural device at the waterway
crossing will close the long avenue to hydrologic
transport. The cost of construction in the remote
regions of the Louisiana coast can be substantial.

2.4.4. Suggestions for Implementing Manage­
ment Techniques

There are no existing federal or state policies to
regulate the mode of transportation employed by
seismic operators. The State ofLouisiana requires
that: (l) seismic operators apply for pennission to
work in the coastal zone; (2) all regulations of the
Departments ofWildlife and Fisheries and Natural
Resources be strictly adhered to; and, (3) all
unique ecological, archaeological, and cultural
resources be avoided during surveying. However,
the state does not review the transportation meth­
ods nor make any specific transportation require­
ments of the operators. The Anny Corps of Engi­
neers (USACE), makes even fewer demands on the
seismic industry. The USACE has waived its
requirement that seismic operators apply for per­
mission to operate in the coastal zone as long as
they meet the conditions for survey activities under
the Nationwide Permit (Federal Register, 1986). If
the conditions are met, the Nationwide Permit
satisfies the requirements of Section 10 of the
Rivers and Harbors Act of 1899, Section 404 of the
Clean Water Act, and Section 103 of the Marine
Protection, Research and Sanctuaries Act. Conse­
quently, neither federal or state agencies have
regulatory procedures specifically designed to avoid
or minimize transportation impacts of seismic
exploration activities on wetland.

CHAPTER 2

Regulatory mechanisms do exist (Le.,
conditioning a permit) to restore marsh buggy
impacts. The recommendations presented above
for restoring marsh buggy impacts can be imple­
mented by conditioning subsequent permits to
restore unavoidable wetland impacts associated
with previous oil and gas development activities in
Louisiana's coastal zone.
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