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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).
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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).

3



WETLAND FUNCTIONS AND VALUES

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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Export

Export

Erosion
due to

very high
energy

Faster renewal rate,
flux of materials,
nutrient cycle open,
wetland system kept
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o lIes

Modifies and
Determines

Ailowing
Specific

3. BIOTIC ECOSYSTEM RESPONSE

2. CHEMICAL AND PHYSICAL
PROPERTIES OF SUBSTRATE
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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).

5



WETLAND FUNCTIONS AND VALUES

02 Exchange

Direct Flushing of
Soli and Plant
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Toxins,

Nutrients

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

9



WETLAND FUNCTIONS AND VALUES

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.
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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
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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.

15



EXPLORATION

~ Shot Point 3

\ "" \' ": "\:

~ Shot Point 2

... ,'

Shot Point 1

. . , . .

..
~ : to
I' I'.
'.J. .,.:, ~ .

___j}.-1i;:.··.frT.:::~hffT.lf:·t--1 f-------1If----_
Explosive Charge

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.)
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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.
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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.
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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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CHAPTER 3

DRILLING SITE ACCESS
by

Donald R. Cahoon and Joseph C. Holmes, Jr.

3.1. INTRODUCTION

The advent of geophysical exploration tech
niques in 1924 enormously increased oil and gas
development in Louisiana's coastal marshes
(Meyer, 1934, Posgate, 1949). Oil and gascompa
nies were confronted with the problem of access
ing drilling locations in terrain where no one had
ever worked. Transportation techniques devel
oped for moving drilling equipment on land or
water were not suitable for this hybrid terrain.
Therefore, new methods ofaccessing drilling sites
in remote marsh locations were developed. The
techniques that evolved in south Louisiana have
become the industry standard worldwide. Today,
the oil and gas industry accesses wetland drilling
locations mainly by dredging canals or construct
ing board roads. In 1984, site access and prepara
tion accounted for 5-8 percent of the total cost of
drilling a well (IPAA, 1987).

This chapter presents an overview of the his
tory, construction methods, impacts on wetland
values and functions, and appropriate techniques
for managing the impacts of accessing wetland
drilling sites via canal dredging and board road
construction.

3.2. CANALS

3.2.1. Introduction

This section describes the standard and tradi
tional techniques used to construct the vast major
ity ofdrilling site access canals in south Louisiana
marshes during the past 50 years. The impact of
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these standard construction techniques on wetland
values and functions is reviewed, including an
analysis of the cause-effect linkages between canal
construction and wetland loss. The final section
explains appropriate techniques for managing canal
construction activities and thereby reducing their
impact, including discussions of alternative canal
construction techniques.

3.2.1.1. History. The upper portion of marsh
soils is very unstable because of its high water and
organic matter content and, thus, cannot bear the
loadofthe heavy equipment used to drill oil and gas
wells. In the early days ofpetroleum exploration in
south Louisiana, the first drilling sites in wetlands
were accessed by canals and natural waterways or
boardroads constructed from adjacent upland areas
(Williams, 1929). During the 1920's, access to
wetland sites was an expensive procedure regard
less of the method. Therefore, canals and roads
were both used; roads in firmermarshes and canals
where roads could not be supported. When ac
cessed by a canal, wetland drilling sites were con
structed on wooden mats on the marsh surfaceoron
pilings in open water sites. The expense associated
with this site preparation led to the invention of the
floatingbargerigin 1931 (Williams, 1934a,Posgate,
1949). This was quickly replaced by the submers
ible drilling barge in 1934 (Williams, 1934b). The
invention of the submersible barge platfortn
changed the industry'sperspective. Suddenly there
was a cheaper, more efficient, routine method of
accessing wetland drilling sites.

The submersible barge platfortn quickly be
came an industry standard. What was needed next
was an efficient method of dredging access canals
through the marsh for distant drilling sites. There
is some question of when the first petroleum
related canal was dredged (Davis, 1976, McGee,
and Hoot, 1963), but, in any event, by 1938 barge
mounted draglines were being used to dredge pe
troleum access canals in south Louisiana. The
following discussion ofdredging history in coastal
Louisiana is excerpted from Cahoon and Cowan
(1988).

Early dredge barges consisted of land-based
draglines temporarily mounted on the deck
(McGhee and Hoot 1963). These dredge barges
were not well-suited to working in all regions (Le.,
soil types) of the coast because of their small size.
In some areas, the spoil could not be deposited a
sufficient distance from the waters edge to prevent
the material from collapsing the canal bank and
sliding back into the water (Williams, 1944).
Consequently, hydraulic dredges utilizing suction
and spray disposal ofspoil also were used todredge
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drilling site access canals. During the 1930's and
1940's, hydraulic dredges were as, or more, com
mon than bucket dredges. Sometimes both dredge
types were used in combination in marsh areas
where the vegetation was too thick to remove by
suction dredge. The bucket dredge would remove
the vegetation layer and then the hydraulic dredge
would remove the underlying substrate (Williams,
1944). By the mid-1950's, however, conventional
bucket dredging technology had improved and the
machines enlarged to the extent that they became
more efficient than hydraulic dredges. New ma
chines with longer reaches, requiring less man
power to operate, became more cost effective and
by the early 1960's had nearly eliminated hydrau
lic dredging in south Louisiana. Conventional
bucket dredges and their associated spoil banks
remain common to this day in coastal Louisiana.

The combination of the submersible barge
platfortn and the barge-mounted dragline opened
the entire coastal zone of Louisiana to exploration
and production by the petroleum industry. The use
of canals to access drilling sites became the indus
try nortn in the 1930's and 1940's, and remains so
today.

3.2.1.2. Procedure. The modern submersible
barge platfortn is typically only 45 to 55 feet wide
so that it can pass through the system of locks in
south Louisiana. It is 180 to 220 feet long to
accomodate the narrow width and heavy weight of
the equipment and drilling tower and draws ap
proximately 8 feet ofwater (Figure 3.1). Lacking
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Figure 3.1. Modern submersible barge platform.



self-propulsion, it must be pushed to its location
by a tugboat. Today, the barge-mounted bucket
dredge is still the industry's workhorse for dredg
ing access canals for submersible barge platfo=s.
The bucket dredge works usually with a 6 to 10
cubic yard clamshell bucket and is capable of
dredging 7,000 to 15,000 cubic yards of material
a day (350 to 700 feet/day), depending on the
substrate.

Access canals are dredged with a bottom width
of 70 feet and to a depth 8 feet below mean sea
level to accomodate the drilling barge. The mean
tidal elevation in south Louisiana ranges between
+0.5 to +1.5 feet above mean sea level, so the
average water depth in the canal is approximately
9 feet. The top width of the canal can be greater
than 70 feet depending on the stability of the
substrate and the slope of the banks. The spoil is
piled continuously along the banks of the canal
and creates a spoil bank approximately 70 feet
wide on each side of the canal with a 25-foot be=
between the canal bank and the spoil (Figure 3.2).
At its terminus, the canal is 160 feet wide so that

. the drilling barge can be offset, thus leaving room
for work barges to tie up alongside to deliver pipe,
concrete, and drilling mud. Because of its shape,
the terminus is often nicknamed the keyhole
(Figure 3.3). The keyhole is typically 345 feet
long with a 90-by-90-foot wing to allow the drill
barge to be pushed into place and pulled off
location upon completion of drilling. Figure 3.4
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shows the typical configuration of a 500-foot slip,
illustrating the relationship of the drilling barge
and auxillary vessels.

When the proposed drilling site is located in a
waterway or old canal, the actual drilling location
must be offset to facilitate navigation. Thus, a slip
parallel to the waterway is constructed to accomo
date the drilling barge and auxiliary service ves
sels (Figure 3.5). It is typically 120 feet wide and
up to 375 feet long, although it can be as short as
200 feet.

The cost of dredging an access canal varies
widely depending on the distance the dredge and
its tug must travel, the type of substrate being
dredged (which determines the speed of dredg
ing), the volume of the job, the amount of clearing
involved (e.g., clearing forested wetlands to allow
the boom to swing from side to side), the ease of
ingress and egress (e.g., along existing waterway,
such as crossing sensitive water bottoms), the cost
of constructing a keyway and tie up clusters (a
keyway is a 7- by l6-foot timber protective struc
ture constructed around the wellhead), and many
other factors. The cost of dredging a l500-foot
canal, including daily rental for a dredge and tug
combined with construction and othercosts, could
run as much as $75,000 to $100,000 in the delta, or
more in the hard clays of the chenier plain or
forested swamp and bottomland hardwoods habi
tats. However, considering that the cost for com
pleting all eight operational procedures for a single

SPOIL

.....................
... ... ... A " ... A .......... ...... "'" ...

......................................................

lEI 25' E;) E

CANAL
70' IlO EI 25' IlO

SPOIL
... A A ...... ... ...
"' A

......................................................

......... ...... '" ...... ... ... ...
"" A ...

... '" A "" ...

SLIP
160'""<Jl-'72>fiS'-"'1>"' ..<J<l------'-""-------jI>". <3 25' D

0.0 MSL
A A... ... ... ... ......... " ...... ... ... ... ...... ... ... ... ... ... ... ... ... ...

Figure 3.2. Cross-section view ofa typical access canal and slip. Spoil width varies.
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Figure 3.3, Plan view ofa typical keyhole showiug the position of the drilling barge.

Figure 3.4. Aerial view ofdrill barge on location. Note configuration of keyhole, spoil banks, and auxiliary service
vessels (barges and work boats). (photography by D. Cahoon.)
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Figure 3.5. Cross-section and plan view of a typical parallel slip.

well runs into millions of dollars, even for a
shallow well the cost of site access is minimal «5
to 8percent) andoflittle importanceina company's
decision to proceed with the well. Conversely, the
use ofa more expensive alternative access method
orcanal construction technique would add propor
tionately little to the total cost of the well.

3.2.2. Impacts on Wetland Values and Func-
tions

In the nearly fifty years since canals have
become the traditional means of access to drilling
sites, Louisiana's coastal zone has been criss
crossed with an extensive network of access ca
nals situated oversubterranean petroleumreserves.
On the scale of a human lifetime, these canals are
permanent. Canals dredged for navigation in the
late 1700's and early 1800's are still an obvious
feature of Louisiana's landscape. By the late
1960's, there were over 4,500 miles of canals in
Louisiana's coastal zone (Barrett, 1970). Today,
canals cover 192,000 acres of coastal habitat
(Lindstedt and Nunn, 1985). Petroleum access
canals make up a large part of this total, particu
larly in areas of large petroleum reserves (Gagli
ano et al., 1973). This canal network influences
wetland values and functions through: (1) conver
sion ofmarsh habitat to open water and spoil bank
habitat; and, (2) alteration of the hydrologic re
gime of coastal marshes.

3.2.2.1. Alteration ofHabitat. The dredging
ofan access canal results in the immediate conver
sion ofmarsh habitat to open water and spoil bank
habitat. Of the total area impacted by a single
canal (channel and spoil bank area), the spoil bank
alters more than twice the area of marsh than the
channel (Table 3.1), and the ratio increases di
rectly with canal length. This is because spoil
banks alter an areamore than twice the width ofthe
canal, on both sides of the canal, resulting in a total
impacted area 5.5 times as wide (Monte 1978).
McGinnis et al. (1972) estimate that 48 to 56 acres
ofwetlands may be alteredfor every mile ofaccess
canal. Turner (1985) estimates that the total area
of all canals (I.e., navigation, pipeline, and access
canals), including spoil banks, equals the total area
of natural drainage channels in south Louisiana.

The conversion of marsh habitat does not end
when dredging is completed. Wave erosion con
tinuously widens canals. In the Leeville, Louisi
ana, oil fields, the rate ofwidening ofaccess canals
ranges from 3.1 to 7.4 feet/year, depending on the
frequency of boat traffic (Johnson and Go'Sselink,
1982). Estimates of widening rates for five major
canals in Louisiana range from 2 to 15 percent
annually (Turner, 1985), indicating a doubling of
the canal width every 5 to 35 years. Turner (1985)
estimates that enlargement of old canals nearly
equals the area ofnew canals addedeach year. The
direct conversion of marsh habitat to open water
accounts for 5 to 10 percent of the total coastal
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Table 3.1. Estimates of the amount of dredging and acres of marsh altered for access canals of various sizes. Values in
parentheses represent the percent of total acres altered.

Dredging Acres Altered

Length of Canal/Slip
Open Spoilb

Cubic Yards' Water Bank Total

375" 13,500 1.0 (35) 1.8 (65) 2.8
500" 22,000 1.6 (35) 2.9 (65) 4.5
1000' 32,400 2.4 (32) 5.0 (68) 7.4
1500' 42,800 3.2 (31) 7.1 (69) 10.3
2000' 53,200 4.0 (30) 9.2 (70) 13.2
3000' 74,000 5.6 (29) 13.4 (71) 19.0
5000 115,600 8.8 (29) 21.8 (71) 30.6

• Approximately 10,400 cubic yards of material is excavated per 500' segment of a 70' w x 8' d canal. The amount
dredged per slip varies according to slip design and dimensions.

b Calculations are based on a 95' wide disposal zone (25' berm, 70' spoil bank) adjacent to the canal
'Parallel slip (Figure 3.4).
'Figure 3.3

landloss rate each year (Turner 1985, Scaife et al.,
1983), and this rate may be doubled within the next
20 years by canal widening (Turner, 1985) .

The new habitats created by dredging differ
importantly from the surface features and drain
age channels originally existing at the site. The
natural channel berm orlevee is replaced by a spoil
bank or levee. This artificial levee has a lower soil
organic content, a higher bulk density, and is
typically as much as an order of magnitude wider
than the natural channel berm. Spoil banks begin
to shrink in bulk immediately after construction
because of dewatering and oxidation of organic
matter and may decrease in volume by 50 percent
within the flIst six months following deposition
(Nichols, 1959). Most importantly, in an environ
ment in which a half-inch change in surface eleva
tion can significantly influence hydrology and
plant succession, the final elevationof 1 to 3 feet
ofa continuous 75-foot wide spoil bankrepresents
a majorchange intopography(Figure3.6). These
new raised habitats are quickly invaded and domi
nated by terrestrial species, with plant succession
eventually climaxing in a bottomland hardwood
forest (Monte 1978) (Figure 3.7). In forested
wetlands, newly constructed spoil banks should
be planted with one-year-old seedlings after the
spoil bank has dewatered. Plantings must be done
during thedormant season (i.e., winter) and within
60 days of construction, if possible.

The wide, frrm substrate of an established
spoil bank is a fonnidable barrier to sheet flow and
drainage of surface waters across the marsh. The
drainage of the marsh surface on a falling tide
depends on small natural channels flowing around
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or through small openings in the natural levee (see
Chapter 1). Continuous artificial levees do not
pennit such drainage and therefore can delay or
prevent surface drainage from the surrounding
marsh. This results in prolonged inundation
(Swenson and Turner, 1987), which affects soil!
water chemistry and plant growth. In addition,
spoil banks affect subsurface waterflow and drain
age. The weight of the spoil compresses the
surface organic layer of the marsh to approxi
mately 60percentofits original thickness (Nichols,
1959). This means that the belowground flow of
water not only has a smaller cross-sectional area
through which to flow but the medium is much
more compressed, which further reduces the flow
rate. Lastly, besides blocking or altering water
flow, spoil banks interrupt the feeding and spawn
ing activity of fish and other aquatic life that
routinely move between the marsh and the natural
waterways.

The new open water habitat created by dredg
ing a 9-foot deep, straight canal differs impor
tantly from the habitat provided by sinuous natural
shallow channels. Natural and canal waterways
both allow migration of aquatic organisms, but
little is known about secondary production (e.g.,
fish and macrobenthic communities) in canals.
Water turnover rates and, hence, water quality can
differ drastically depending on alignment (e.g.,
dead-endversusopen-end) ofthe canal and whether
ornot the canals have been danrrned or closed with
a weir. Oxygen depletion resulting from lack of
water turnover and accumulation oforganic debris
has caused fish kills in semi-open or closed canals
(Adkins and Bowman, 1976). In the marshes of
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Figure 3.6. A view looking along the length ofa canal showing the relationship of canal, berm, and spoil bank. (photog
raphy by D. Cahoon.)

Figure 3.7. Aerial view of canal and keyhole with forested spoil bank. Note the contrast between marsh and spoil bank
habitat. (photography by D. Cahoon.)
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Terrebonne Parish, organisms in closed canals are
larger and fewer in numberthan organismssampled
at adjacent stations, but they also are effectively
taken out of commercial production because they
cannot be harvested (Adkins and Bowman, 1976).
Lindstedt (1978) demonstrated that the mean
number of macrobenthic organisms within a salt
marsh was 50percent lowerin canalsofthe Leeville
oil field than in control waterways. On the other
hand, May (1977) found no difference in mean
abundance of killifishes between canals of the
Leeville oil field and control sites, although the
total catches were substantially lower in the canal
sites.

3.2.2.2. Influence on Hydrology and Water
Quality. Hydrology is a dominating influence on
wetland structure and function. Itcontrols wetland
development, .regulates the rate and direction of
ecological processes, and forms the basis of most
wetland values. The construction of a criss-cross
ing network of access canals of the type described
above has severely altered the natural hydrologic
regime of the coastal marshes of the Mississippi
River deltaic plain. Straight canals deeper than the
sinuous natural channels have been superimposed
on the drainage systems of the coastal basins.
These canals are hydrologically more efficient
and, consequently, capture waterflow from the
natural channels and allow more rapid runoff of
freshwater.

This hydrological change has several conse
quences for water quality and the health of the
marsh. Nutrient and pollution-laden runoff is
shunted through the canals more quickly than natu
ral channels, and, thus, the cleansing processes of
the marsh are bypassed. This contributes to eutro
phication of the lower part of the estuary, which is
normally buffered from upland runoff by the
marshes. Also, the increased runoff efficiency
results in more rapid water level fluctuations and
lowers the water table. This causes more frequent
and prolonged drying of the marsh, which directly
influences the rate and redox state of soil/water
chemistry (see Chapter 1). The interconnected
channels also provide an avenue for saltwater to
move further inland, changing the marsh commu
nities to more saline types. These last two impacts
can directly influence organic matter production
and accumulation.

Intrusion ofsaltwater affects marsh and aquatic
communities by changing the type and resource
value of a habitat. The inland encroachment of
higher salinities is evidenced by the changing dis
tribution of vegetative communities and oyster
growing areas. As saltwater moves inland, the salt

32

marsh vegetation zone near the coast expands
landward at the expense of low-salinity and fresh
marsh communities. Freshwaterforested wetlands
(e.g., cypress swamps) and flotant marsh commu
nities are usually converted to open water while
fresh and brackish marshes change into brackish
and saline marshes, respectively. The associated
changes in wildlife and fishery habitat are impor
tant and must be considered when developing a
plan for managing hydrologic impacts.

Spoil banks block sheet flow and thus increase
flooding duration. Additionally, spoil banks de
crease the amount of tidal flooding ofmarshes and
hence may reduce sediment and nutrient supply to
the marsh. Therefore, spoil banks may affect the
rate of vertical accretion by influencing sediment
input and organic matter production and accumu
lation.

The dredging ofmarsh sediments to a depth of
8 feet returns many nutrients, noxious substances
(HzS), and pesticides to the marsh surface. This has
a direct effect on water quality in the marsh. The
potential impact of toxic or acidic substances
leached from the spoil bank on plant growth and
soil/waterchemistry within the immediate vicinity
needs to be investigated.

3.2.3. Influence on Wetland Loss

The dredging of oil and gas access canals
contributes to the wetland loss problem in south
Louisiana by directly converting marsh to open
water and spoil bank habitat (5 to 10 percent of the
total land lost each year). This contribution in
creases to perhaps 10 to 20 percent ifcanal widen
ing effects are included. However, canals have
been blamed for as much as 90 percent of the
annuallandloss (Craig et al., 1979, Scaife et al.,
1983, Turner et aI., 1981, Turner et aI., 1983) be
cause of their influence on coastal submergence.
Analysis of aerial imagery has revealed a high
correlation between canal development and subse
quentwetland loss in the immediate vicinity. Scaife
et al. (1983) demonstrated that where canal-spoil
bank density is high, landloss is high; where the
density is low, landloss is low; and where the
density is nearly zero, landloss is nearly zero. The
influence ofcanals and their associated spoil banks
on local hydrology has been proposed as the causal
mechanism to explain this statistical relationship.

3.2.3.1. Cause-Effect Relationships. Canals
can be viewed as a major indirect cause of wetland
loss because of the way they influence the rate of
ecological processes within the basin. In the rap
idly subsiding environment of Louisiana's coast,



any alteration which impairs the ability of the
marsh to maintain an adequate rate of· vertical
accretion contributes to wetland loss (see Chapter
1). Specifically, any canal impacts on hydrology
that limit or reduce the sediment supply and or
ganic matter production will negatively impact the
vertical accretion rate. Hence, the marsh will
gradually disappear. The impact can be cumula
tive. For example, marsh loss can be particularly
severe in areas of high canal density, such as in
major oil fields, where the web ofcanals and spoil
banks eventually leads to the formation of numer
ous impounded and semi-impounded areas inwhich
waterflow is totally or nearly totally impeded.
These marsh areas almost always show rapid dete
rioration to open water (Turner, 1985).

The cause-effect relationships for direct and
indirect mechanisms of wetland loss related to
canals are outlined in Table 3.2. Direct effects are
acute (perceived immediately) and the directresult
of a physical act. Indirect effects are chronic
(perceived gradually) and the result of a change in
an ecological process brought about by a physical
act.

The cause-effect linkages between canals and
someofthe ecological processespresentedinTable
3.2 cannot be fully explained in this manual. This
summary is an attempt to explain the relationships
between canals and wetland loss in light ofcurrent
scientific knowledge, methodology, andprinciples.
The cause-effect linkages often are complex and
almost certainly synergistic. For example, no one
doubts that saltwater is deleterious to the growth of
freshwater plants. But how does one explain the
deterioration ofLouisiana's salt marshes? Saltwa
ter intrusion cannot be the only cause. One hy
pothesis suggests that stresses on the vegetation
caused by the combination ofincreasedinundation
that leads to increased anaerobiosis and ~S pro
duction, coupled with a decrease in sediment sup
ply that leads to a reduction in the supply of Fe
capable of neutralizing the I\S, result in the die
back of the vegetation. This decrease in organic
matter production, combined with the already
reduced sediment supply, makes it more difficult
for this region of marsh to maintain its elevation
through vertical accretion. The marsh eventually
will sink below the water surface (caused by the
naturally high rates of subsidence) making future
recolonization by the orginal marsh-building spe
cies impossible. The degree to which canals influ
ence the critical processes of inundation and sedi
mentation, and, hence, the biotic response, is not
fully understood in all cases and is the subject of
current investigations.
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3.2.4. Managing Impacts Through the Regula
tory Process

Managing the impacts of canals is a matter of
reconciling subsurface drilling objectives and
constraints with surface environmental features.
In the 1920'sand 1930's, wetlands were viewed as
wastelands that made no important economic
contribution to society. Consequently, drilling site
locations and access methods were designed to
facilitate achieving subsurface features with little
or no consideration of the ecological value of
surface features. The recently recognizedvalues of
wetlands warrant that they be considered during
the siting and accessing ofdrilling locations. There
are numerous means of reducing surface impacts
during site access that are technically feasible and
allow appropriate safety measures for industry
personnel. Many of these methods involve stan
dard industry techniques that, when scheduled
differently or used in conjunction with existing
man-made or surface features, protect the environ
ment at no extra cost (or even less cost) to the
industry.

Outlined below are some techniques for avoid
ing and minimizing impacts associated with oil
gas access canals. Many of these techniques can be
used in combination, resulting in further environ
mental protection and perhaps a cost savings to the
industry. As described in Chapter 1, the manage
ment objective of these techniques is to minimize
changes to the status quo of the wetland system in
question, in accordance with Section 404 regula
tions. The issues related to restoring functions
during site closure are discussed in Chapter 9.

3.2.4.1. Ayoidin\! Impacts to Surface Fea
tures/Functions durin\! Site Access. This section
describes methods for avoiding the construction of
a canal by drilling from an existing slip or using an
alternative access method. It also discusses tech
niques for avoiding coincident impacts related to
canal construction. Even when road dump/board
road access is used, their impacts to surface fea
tures and wetland functions can be avoided. The
following discussion suggests various avoidance
techniques.

Alternate Access Methods. The most obvi
ous method of avoiding canal impacts is not to
dredge a canal but instead to use an alternative
access method. A detailed description of alterna
tive methods for accessing drilling sites (board
roads, hovercraft, and helicopters) is presented
later in this chapter. However, each of these
methods, like canal construction, has advantages
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Table 3.2. Observable and hypothetical cause-effect relationships between canals and marsh alterations and loss.

ACUTE ENVIRONMENTAL CONSEQUENCES

Construction Impact
Channel Excavation Spoil Deposition

Habitat Alteration - Physical Impact
Direct Conversion to Open Water -J
Direct Conversion to Spoil Bank Habitat
Return of Nutrients, Toxins to Marsh
Noise, Commotion during Construction -J

Habitat Alteration - Ecological Impact
Immediate Loss of Marsh/Shallow Water Habitat -J
Immediate Gain of 8-foot Deep Open Water -J
Immediate Gain of Upland Wildlife Habitat
Changes in SoillWater Chemistry (increased COD); Changes in Plant Growth

Impact on Biota
Destruction of Biota -J
New and Different Habitat -J
Burial of Biota
Potential for Interrupting Fish Spawning and Feeding in Marshes
Potential Negative Impact on Plant Growth
Potential for Disturbing Avifauna Nesting by Noise

CHRONIC ENVIRONMENTAL CONSEQUENCES

Habitat Alteration - Altered Physical Process
Wave Action
Water Circulation and Turnover: Stagnant Water
Deeper than Natural Channel with Greater Hydrologic Efficiency
Intercepted Freshwater Flow
Interaction of Saltwater Intrusion
Increased Drainage ofMarsh
Surface Hydrology and Drainage
Subsurface Hydrology and Drainage
Sediment Distribution
Interaction ofSurface/Subsurface Hydrology and Sediment Distribution

and drawbacks and therefore may not be a suitable
alternative in every instance. In such cases, dredg
ing a canal may be unavoidable, although the
impacts associated with canals are not always
unavoidable. The remainder of this section dis
cusses how to manage these impacts.

Timing of Construction. The noise and
commotion associated with canal construction are
capable of disrupting breeding and nesting activi
ties of bird colonies. Such coincident impacts can
be entirely avoided simply by altering the com
mencement date of dredging to coincide with the
nonbreeding season or by moving the drilling loca
tion. The financial consequences ofavoiding these
coincidental impacts can range from zero to sub
stantial. There will be no financial consequences if
construction is scheduled during the nonbreeding
season. If, however, the company is faced with a
lease deadline that falls within the breeding season
then the financial cost to the company can be great.
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[A lease deadline is the date by which the company
must commence drilling in order to avoid a lease
payment, usually a substantial sum ofmoney.] The
company will be faced with a choice of either
waiting until the nonbreeding season and paying
the lease royalty or moving the drilling site loca
tion.

Existing Access Routes. Use of existing wa
terways, natural and manmade, eliminates the need
for dredging. In very few instances, however, is the
subsurface location directly overlain by a water
way. More often, an existing waterway may be
used to get part of the way to the desired surface
location. In such cases, dredging a canal still may
not be necessary if this technique is used in combi
nation with directional drilling from an existing
drill site or an alternative access method. Using
existing waterways avoids environmental impacts
at no additional cost.



Directional Drilling. Canal construction can
be completely avoided ifdrilling can be perfonned
from an existing dtedged slip, upland, or other
suitable location accessed through existing water
ways. It is not necesary for this alternative drilling
site to be located directly over the subsurface
objective in order to avoid dtedging a new access
channel because it may be possible to achieve the
subsurface objective by drilling the well at an
angle. The process of intentionally drilling a well
thatdeviates from a straight (vertical) hole is known
as controlled directional drilling (Kennedy, 1983).
This is done by intentionally changing the direc
tion of the drill bit so that the bottomhole location
is offset from the tophole location. The technique
of directional drilling, including risks, limitations,
and costs, is described in detail in Chapter 5,
Section 5.1.3. Various applications of directional
drilling technology are illustrated in Figures 5.3.,
5.4., and 5.5.

Reconciling subsurface drilling objectives with
surface environmental features depends on a thor
ough understanding ofeach. Therefore, in addition
to having a biologist review surface features, each
application for permission to drill a well is re
viewed under the Geologic Review Procedure
(Johnston and Rives, 1985) with the assistance of
a qualified petroleum engineer and petroleum ge
ologist to detennine: (l) if the objective can be
achieved via a vertical hole from an alternative
surface location, thereby minimizing surface im
pacts; and, (2) the efficacy of directional drilling.
It may be possible to achieve the subsurface objec
tive via a vertical well from an alternative location,
depending on the lateral extent of the reservoir. In
this way, surface environmental impacts and the
technical difficulties and expense of directional
drilling are avoided. On the other haud, it is not
always feasible to directionally drill a well, de
pending on the subsurface geologic constraints.
This can be detennined only by expert review. If
directional drilling is technically feasible, the deci
sion of whether or not to drill directionally should
be based on a comparison ofthe increased cost, risk
to life and property, and potential economic gain
and need versus the value and need of the surface
feature or habitat that would be impacted. Under
current policy, the USACE considers directional
drilling a viable alternative if the added cost is less
than one-third of the cost of a straight hole.

Combining Avoidance Techniques. As al
ready statedin the section on existing access routes,
using various techniques in combination can pro
vide the greatest environmental protection, often at
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little extra cost to the industry. The use of existing
access routes or alternative access methods in
conjunction with directional drilling is a very
common and successful way to avoid the impacts
associated with canal dtedging and spoil deposi
tion. In cases where dtedging is unavoidable, these
techniques can also go a long way toward minimiz
ing these impacts.

3.2.4.2. Minimizing Impacts to Surface
Features and Functions during Site Access. This
section describes methods to be used when the
dtedging of a canal with a slip cannot be avoided.
Drilling site access impacts can be minimized by
using different construction techniques, particu
larly when used in conjunction with the avoidance
techniques described above.

Canal Dimensions. Minimizing impacts
through regulating canal dimensions is a matter of
ensuring that the minimum feasible dimension is
used. The depth, width, and keyhole dimensions
are controlled by the equipment used. If the deci
sion is to permit drilling site access by standard
canal techniques, there is little that can be done to
reduce the dimensions below the minimum dic
tated by the dimensions of the equipment. Of all
the dimensions, canal length is most subject to
regulation, depending on surface features and
subsurface constraints.

Length. Unlike the dimensions ofcanal width
and depth, which are determined by the size of the
vessels used, canal length varies and depends on
the point of origin of dtedging and the subsurface
drilling constraints. The use ofvarious avoidance.
techniques, such as alternate access routes and
directional drilling, can greatly shorten the canal.

Before legislation designed to protect and pre
serve wetlands was passed (e.g., National Environ
mental Policy Act, 1969; Clean Water Act, 1972;
Coastal Zone Management Act, 1972), the length
and extent of dtedged access canals was not regu
lated by any level of government. During such
time, access canals ranged from 500-foot canal!
slips to several miles in length. Today, applica
tions for canals greater than one mile long'afe the
exception, not the rule. The average length ofcanal
in pennit applications made to the state of Louisi
ana between 1980and 1985 ranged from 1,100 feet
to 1,750 feet (Louisiana Department of Natural
Resources, Coastal Management Division, unpub
lished data). An increase in the number ofexisting
access routes and effective governmental regula
tion are the reasons for this reduction in canal
length.
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The social consequences or financial impacts
to the industry resulting from employing various
avoidance techniques can be minimal (see above),
particularly when viewed in light of preserving
wetland functions and values. The environmental
advantages to shortening a canal can be great,
however. Besides minimizing the direct (acute)
impacts, many chronic impacts can be lessened.
For instance, every attempt should be made to
shorten canals if they cross hydrologic basin
boundaries, connect the edge of a basin with the
center, connect more saline areas with less saline
areas, intersect natural streams, or impound an area
(see canal alignment below).

Depth. Canal depth is determined by the sizeof
the drilling barge' used to drill the well. The
standard canal depth in Louisiana is 8 feet below
mean sea level (see Figure 3.2). If the proposed
canal cannot be shortened and intersects a natural
channel so that it could intercept freshwater flow or
connect saline with nonsaline areas, use ofa shal
lower canal that is closer to the depth of the natural
waterway may be appropriate. In addition, if the
drilling barge must cross sensitive waterbottoms
en route to the access canal, use of a shallow draft
barge is recommended.

There is no such thing among standard drilling
equipment as a drillingbarge specifically designed
for shallow draft (Le.:'designed to carry the same
weight on a smaller hull). The depth of the hull of
a drill barge, and therefore the amount of water the
barge draws, is determined by the weight ofdrilling
equipment it must carry. Drill rigs designed to drill
to depths>15,000 feet usually have hulls of 12-14
feet and draw 7-8 feet of water. These dimensions
are typical ofdrill barges used to drill wells in south
Louisiana. Drill barges could draw less water if
they could be built wider, but then they could not
pass through the system oflocks in south Louisiana
and access canals would have to be dredged wider.
In coastal Texas, most oil/gas reservoirs are lo
cated at <12,000 feet. Consequently, drill barges
used in Texas estuaries are generally smaller (e.g.,
8 foot hulls) and draw 4.5-6 feet of water.

There are two ways to get a drill barge into very
shallow water, both of which require modifiying a
standard drill barge. Pontoons can be attached to
the barge to float it over shallow areas (the pon
toons can be placed in the keyway ifattaching them
to the sides would make the barge too wide) or,
more commonly, the barges are lightened of their
load by removing equipment, water, fuel, and
emptying the submersible hull ofall silt and water.
The equipment and supplies are then transported to
the drill barge by other vessels.
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Even though no specialized equipment is used,
lightening the load requires additional labor and
vessel operation and, thus, additional expense for
the operator. This alternative has limited mitiga
tive abilities in Louisiana because, while it is tech
nically feasible, even an unloaded drilling barge
capable of drilling>15,000 feet draws approxi
mately 6 feet of water. In Texas, the smaller rigs
can be lightened to draw only 3-4.5 feet of water.
However, in such situations, the tug boat used to
push the drill barge onto location usually draws
more water than the barge and becomes the limit
ing factor in accessing the site. Nevertheless,
lightly loaded drilling barges have been used to
cross sensitive water bottoms, such as oyster and
grass beds, along the Gulf coast.

Width. The width of the canal is determined by
the size of the drilling barge and need not be any
greater than 70 feet wide at the bottom. In special
situations, such as sweeping out natural waterways
to reach a drilling site, a bottom width of 60 to 65
feet can be used to avoid widening the natural
channel. However, the cross-sectional dimensions
ofthe standard access canal dredged through marsh
(8 feet x 70 feet) cannot be reduced much below 6
feet x 65 feet and still accomodate standard drilling
equipment with a reasonable safety margin.

Keyhole. Many petroleum companies have
theirownparticulardesign for thekeyhole, ranging
from the traditional design in Figure 3.3 to a rec
tangle. Consequently, the dimensions can vary
considerably, with the keyhole being up to 500 feet
long. For normal operations, there is no need for
the keyhole to be any larger than the traditional
design. Ifdrilling is anticipated to be exceptionally
difficult orto great depths, the company may desire
a larger than normal slip to accomodate extra
equipment, but these instances should be rare and
treated on a case-by-case basis.

Canal Alignment. The alignment of the pro
posed canal in relation to local drainage patterns,
existing canals, and surface features can signifi
cantly alter the hydrology of the basin. Canals with
their associated spoil levees that run perpendicular
to the drainage pattern of the basin can obstruct
surface sheet flow across the marsh, increasing
inundation on the upstream side and decreasing it
on the downstream side. Canals that create partial
(2- or 3-sided) or total (4-sided) impoundments by
connectingwith existingcanals can totally ornearly
totally isolate a region of marsh from natural hy
drologic flows (Figure 3.8). In these leveed areas,



periods of both inundation and dryness are pro
longed. In total impoundments, the marsh will
quickly convert to open water because of cumula
tive chronic impacts unless the water level is
managed (manipulated) by man. Therefore, place
ment and alignment of the canal should not be
based solely on the subsurface objective, but also
on the major surface features of the basin. Avoid
ance techniques (e.g., use of existing waterways
and directional drilling) can be used to reduce the
degree ofimpoundment or obstruction ofdrainage
patterns.

Canal Type. Canals can be classified into
different categories, depending on their alignment
in relation to neighboring waterways. The degree
of associated chronic impacts depends on their
position in the hydrologic landscape. For example,
canals can be classified as dead-end or open-end.
One is not necessarily less environmentally dam
aging than the other. Dead-end canals generally
have a slower water renewal rate and thus are more
likely to become stagnant and anoxic, particularly
if the mouth of the canal is closed with a plug or
weir. On the other hand, a canal that connects two

Spoil Bank_-+

No Scole

Figure 3.8. An interconnected system ofcanals resulting
in a partial (3'sided) impoundment.
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water bodies (open-end) could seriously impactthe
marsh if it crosses basin boundaries or salinity
zones, connects the center and edges of a basin, or
intersects a natural stream. Therefore, each canal
type must be analyzed independently each time it is
proposed in light of the specific local surface
features and potential cumulative impacts.

Canal slips, or keyholes, also can be classified
into different categories: parallel slips and perpen
dicular slips (see Figures 3.3 and 3.5). Parallel
slips are generally smaller and hence result in the
conversion ofless marsh. However, if restoration
ofthe drilling site is ofprimary concern, ids easier
to plug a perpendicular slip than a parallel slip,
because parallel slips usually are located on more
heavily trafficked waterways and subject to more
wave action. Thus, the selection of slip type also
should be predicated on local surface features,
social patterns, and potential cumulative impacts.

Dredging-Spoil Disposal Method. There are
four alternative spoil disposal techniques designed
to minimize the impacts of spoil banks, for use in
open water and marsh habitats. They have evolved
from initial attempts to minimize hydrologic im
pacts into standard industry techniques commonly
used today. Hence, there is no standard reference
source describing these techniques. Rather, each
technique is applied to suit the particular environ
mental features of the site. The following descrip
tions are based on a general knowledge of these
techniques, as employed by the dredging industry.

Discontinuous Spoil Bank. The spoil can be
deposited so that gaps are created at regular inter
vals along the length of the canal and particularly
at locations of small surface drainage channels to
minimize or avoid the hydrologic impacts associ
ated with continuous spoil banks (Figures 3.9 and
3.10). In addition, all waterways intersected by the
canal should be left open to maintain as near
normal drainage patterns as possible. If there is a
chance the canal will allow saltwater intrusion or is
significantly deeper than the natural channel it
intersects, it may be appropriate to construct a weir
at the mouth of the intersected waterway in order to
prevent saltwater intrusion or excessive drainage
of the marsh, or to create a continuous spoil bank,
rather than a discontinuous one. Both techniques,
gapping the spoil and constructing water control
structures, are technically feasible and in use to
day.

The fiscal consequence to the industry ofplac
ing gaps in the spoil is negligible, and the environ
mental benefits can be substantial. The gaps leave
segments of the original marsh surface unburied
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and uncompacted, allowing free exchange of sur
face and subsurface waters between the canal and
the marsh. This means the ebb and flow of tidal
waters will remain basically the same, thus avoid
ing the usual problems of altered drainage regimes
and irregular flooding cycles associated with con
tinuous spoil banks.

On the other hand, the construction of a water
control structure at the intersection of a major
waterway could cost a few thousand to more than
$50,000 dollars, depending on the size and type of
water control structure. Again, the environmental
benefits can be substantial if the structure prevents
saltwater intrusion or excessive drainage of the
marsh.

Haul Spoil A way. The impacts of spoil banks
can be completely avoided if the spoil is loaded
onto barges arid hauled from the site and deposited
elsewhere. This technique is technically feasible
but requires additional vessels, an alternative dis
posal site that may have to be leased or purchased,
and more time to complete dredging (especially if
the disposal site is far away)-all of which com
bined can add greatly to the cost of dredging.
Acquiring an alternative suitable disposal site,

..

preferably in open water or upland habitat, within
reasonable distance of the dredge site, may be
technically difficult, as well as expensive. Dispos
ing of the dredged material at an offsite location
also may be technically difficult. Depending on the
disposal site and type of barge used, it may be
necessary to dredge an access channel to the dis
posal site and to use a dredge to offload the spoil
material. Employing two dredges, one at the ac
cess site and another at the disposal site, along with
running barges with tugboats back and forth, can
more than double the cost of dredging the access
canal. Consequently, this method should be em
ployed when it is absolutely necessary to avoid the
creation of a spoil bank or if no suitable disposal
site exists in the vicinity of the proposed canal.
This technique probably would not be suitable in
an area where the potential for saltwater intrusion
is high.

Open Water Disposal. There are two basic
techniques for disposing of dredged material in
shallow open water habitats in wetlands. If the
surrounding open water habitats are considered
sensitive because of valuable oyster beds or other
important benthic organisms, the spoil can be piled

Figure 3.9. Aerial view of canal (foreground) with discontinuous spoil banJe. (Photography by D. Cahoon.)
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Figure 3. 10. Basic spoil bank configurations. Discon
tinuous spoil banks typically have 50-foot
gaps spaced every 500 feet.

up along the edge of the open water channel,
thereby covering as little of the waterbottom as
possible (Figure 3.11). To prevent the spread of
sediment suspended in the water column and the
smothering of the oyster bed, turbidity screens can
be placed around the dredge site. Also, gaps can be
placed in the spoil piles to allow water circulation.
The major detriment to this method of disposal is
that the piles can hinder navigation, especially if
they lie just below the water surface. If the sur
rounding benthic communities are not considered
unique or valuable, but the lake or pond has a high

.recreational value, then spreading the spoil as thinly
as possible over the bottom could be suitable, as
this presents the least hindrance to navigation.
Alternatively, the material could be placed in shal
low water adjacent to the marsh to create new
marsh (Figure 3.12).

Each technique is technically feasible and in
use today. The difference in cost between the
techniques is negligible. The only limitation to
spreading the spoil is the length of the boom.
Routing channels in open water near the marsh

Continuous Spoil

No Scale

Discontinuous Spoil
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edge of ponds will encourage use of the spoil for
marsh creation.

An alternative method often used by industry
to access shallow open water areas is called prop
washing or wheel-washing. This involves clearing
a channel through shallow water by forcefully
plowing through the area with a tug boat and
pushing the soft substrate aside or churning it up
with the propeller. This method is preferred by
industry because it avoids the necessity ofmobiliz
ing a dredge or minimizes the time required by a
dredge to access a site. This can result in substan
tial savings on tug and drill barge rentals. How
ever, prop-washing also results in uncontrolled re
suspension andre-deposition ofbottomsediments.
This can be very damaging to oyster beds or sub
merged vegetation communities in the vicinity.
The use ofprop-washing should be permitted only
if it can be demonstrated that impacts to sessile
bottom communities will not occur.

Hydraulic Dredging. Alternative dredging
devices suitable for constructing access canals
exist that work on the principle of suction. These
machines cut and suck up the marsh substrate,
grind it up, and spray it over the marsh. As
explained earlier, the use of hydraulic dredging
technology is far less common today than bucket
dredging. However, there are two basic methods of
hydraulic dredging in use today: (1) conventional
low pressure disposal that has been in use for
several decades; and (2) high pressure spray dis
posal that has evolved during the past decade.

Hydraulic Dredging - Jet Spray-Water Vac. A
swinging ladder hydraulic dredge that utilizes high
pressure spray to dispose of dredged material was
developed in the late 1970's and was named Jet
Spray" (Deal, unpublished data). [The use of
commercial or brand names is for illustrative pur
poses and does not constitute an endorsement by
the U.S. Environmental Protection Agency]. This
machine has a depth-adjustable cutterhead attached
to a swinging ladder and is capable of accurate and
precise horizontal and vertical movement. The
rotation of the cutterhead slurries the spoil which is
pressurized by a dredge pump. As the material
enters the pump it is further slurried at the pump
impeller by internal shear-action knives. Thepres
surized slurry is sprayed across the marsh by an
acceleratornozzle (4-6 inches in diameter) at a rate
of 175 to 800 cubic yards/hour. The material is
well mixed (Le., not segregated by grain size) and
sprayed as a fine rain-like mist 180 to 250 feet over
the marsh, depending on the clay content of the
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substrate. It accumulates as a broad, thin (less than
12 inches), and not necessarily continuous, layer
(Figures 3.13 and 3.14).

The advantages of this technique over tradi
tional dredging methods are numerous. The pri
mary benefit is that no traditional spoil bank is
created. The material is not deposited as a dense
bank that deforms the organic substrate. After
dewatering and oxidation, the final elevation is 4
7 inches (Cahoon and Cowan, 1988). Revegeta
tion of the disposal site is by intertidal marsh vege
tation. The spray can be directed to avoid particu
lar areas of the marsh, such as natural drainage
channels, leaving portions of the canal bank in a
natural state (Figure 3.15). Thus, the density,
height, and continuity of the spoil bank are greatly
reduced. This likely will lessen spoil impacts on
surface and subsurface hydrology.

This technology also presents other benefits.
For example, turbidity is kept at a minimal level by
the rapid removal of turbid waters. Runoff of
sediment-laden disposal waters back into the canal

also is minimized by the broadcast effect of the
spray. Also, the spray can be selectively directed or
the spoil piped across the marsh and sprayed onto
upland, open water, distant marsh, or other suitable
disposal sites ifthere are environmentally sensitive
habitats in the vicinity. The dredge's small size,
shallow draft, and lack of dependence on fixed
terrain attachments make it easy to access shallow
water habitats with minimal environmental distur
bance. The dredge can be disassembled and trans
ported to the site by truck. However, at current
market prices, Jet-Spray® is at least twice as ex
pensive as traditional bucket dredging (Cahoon
and Cowan 1988).

Hydraulic Dredging - ConventionalLow Pres
sure Disposal. Conventional hydraulic dredges
also have a depth-adjustable cutterhead attached to
a swinging ladder capable of accurate and precise
horizontal and vertical movement. However, the
dredged material is pumped at low pressure, usu
ally through a pontoon-supported pipeline (gener-

Figure 3.11. Aerial view ofchannel dredged in open water with gapped subaerial spoil banks. (photography by D.
Cahoon.)
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Figure 3.12. Channel alignment and spoil placement in an open water habitat designed to promote marsh creation.
(photography by P. Keney.)

ally 12 inches or greater in diameter) to a fixed
disposal point. The pipeline is moved repeatedly in
order to avoid the formation of large spoil mounds
at each disposal point. The material is sprayedonto
the marsh by use of a spreader head attached to the
end of the pipeline (Figures 3.16 and 3.17) that
deflects the material upward. The material usually
segregates by grain size when travelling through
the pipeline (the largerparticles settling toward the
bottom) and after deposition (finer particles float
ing away from the larger grains).

Compared to Jet-Spray®, conventional hydrau
lic dredges spread the material more thickly over a
smaller area. The material is often not as well
mixed and not spread as far away from the water
way. The potential for increased turbidity from
sediment laden runoff is high. Operation of a
conventional hydraulic dredge is labor intensive
(e.g., repeated movement ofpipeline) and is, there
fore, as or more expensive than Jet-Spray®.

Hydraulic dredging technology can perform
well in virtually any coastal habitat with the pos
sible exception of forested swamps. [Bucket
dredges can remove tree-stumps whereas a second

barge with a crane would be required for an hydrau
lie operation in a wooded swamp to remove the
stumps.] In environments with very soupy sub
strates, hydraulic dredging may be better suited
than mechanical dredges. However, hydraulic
dredges may not be best-suited in areas where a
substantial spoil bank is needed to check saltwater
intrusion or control some other aspect ofthe hydro
logic regime. The major drawback of hydraulic
dredging (both low and high pressure) is the in
creased expense.

3.2.4.3. Ayoidinv and Minimizinv Tech
niques Combined. The most effective means of
managing the cumulative chronic impacts associ
ated with canal construction is to combine the
various techniques described above whenever
possible. Forexample, alternate topholelocations,
canal alignment, and alternative spoil disposal
methods can result in significant rednctions in
acute and chronic impacts greater than anyone
technique could provide. The best access route
(and even drilling location) from an environmental
and industrial point ofview can be detennined only
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-
Figure 3.13. Jet-Spray® swinging ladder dredge excavating a keyhole. (photography by D. Cahoon.)

Figure 3.14. Jet-Spray® swinging ladder dredge spraying dredged spoil across a marsh. (photography by D. Cahoon.)
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Figure 3.15. View of the bank of a canal dredged by a Jet
Spray® swinging ladder dredge. Note that
only a portion of the bank has spoil sprayed
upon it, and the spoil occurs as a thin layer
through which plant stems are protruding.
(photography by D. Cahoon).

after a careful review of all surface and subsurface
features and consideration of all alternative con
struction techniques.

3.2.4.4. Suggestions for Implementing
Management Techniques. A general procedure
to follow in reviewing permit applications for
accessing drilling locations in wetlands is pre
sented in Table 3.3.

3.3. ROAD DUMP

3.3.1. Introduction

A land route to access a drill site in a
wetlandsenvironmentis normally constructed using
dredged fill material as a base, surfaced by boards.
The simplest description of the process is that a
dragline dredges fill from the wetland surface and
"dumps" it to create a linear surface raised above
the surrounding wetlands. Layers of boards are
hand-placed atop the road dump to produce a road
capable of supporting drilling equipment. Initial
costs of road/dump board road access are greater
than canal access costs, but service to a producing
well with board road access is cheaper in the long
run. Land access is preferred by the industry over
a canal if the drill site is located near uplands or
existing boardroads. The safety factoris worthy of
consideration when weighing road versus canal
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Figure 3.16. Spreader-head attachment used to deflect
pumped spoil upward on conventional
hydraulic dredge. (photography by D.
Cahoon.)

access as transportation to hospitals and access for
fire fighting equipment is quicker by road than by
canal. Mixed operations (boardroads built offof a
canal, hence a mixed land-water operation with
trucks barged to the site) are more expensive and
less safe than land operations.

Standard construction techniques and typical
cost variables are described below. Design re
quirements for NOD-13 General Permit sanction
from the USACE also are discussed. The acute and
chronic impacts on wetlands are examined along
with methods to reduce impacts.

3.3.1.1. History. As stated previously, early
prospects for oil and gas exploration in the coastal
wetlands of Louisiana focused initially on topo
graphic highs or "islands. These areas, created
from the uplifted sediments ofdiaperic salt move
ment (i.e., salt domes), were recognized as promis
ing sites for oil and gas. One ofthe earliest areas of
interest was Hackberry Island, on the south bank of
Black Lake, in Cameron Parish, where exploratory
drilling begin in 1902. Access to this dome was by
land and water, and the dome was developed from
both barges and roadways.

Early accounts of the development of the old
Hackberry Dome state that both shell and plank
roads were used to access well sites on the edge of
the marsh. These plank roads consisted of 2-by-8
inch or 2-by 12 inch boards placed across 6-by 8-
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Figure 3.17. View of dredged material being deflected upward by spreader head and sprayed onto marsh. (Photography
by D. Cahoon.)

inch timber stringers laid directly on the marsh
(Williams, 1930). Accounts ofdevelopment in the
Lockport field in Calcasieu Parish prior to 1930tell
of "...miles of board roads, supported by plank
matting resting on the unbroken marsh carpet
connecting allparts ofthe field..." (Williams, 1930).
Neither of these early methods of site access util
ized dredging of the marsh to construct a road
dump base as is the common practice today. In fact,
in the Lockport field preserving the marsh root mat
was recognized as necessary for site access byland.

An additional access method of a
piling-supported board road was used in some
areas, often to reach a drill site in open water from
nearby land. By far most drill sites were accessed
by water, at first in and along natural streams and
then more frequently by dredged canals. Written
accounts of land access. methods are lacking.
However, early photographs ofdrilling operations
showplanks supportedbylogs laying on the swamp
surface (Franks and Lambert, 1982). Aerial photo
graphs of Cameron Parish from 1953 (the earliest
set of Agricultural Stabilization and Conservation
Service aerial photographs with marsh coverage)
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show that a dredged road dump/board road access
method much like the type in use today had been
used for some time.

3.3.1.2. Procedure. Drilling rigs and all
ancillary equipmentused for hydrocarbon explora
tion and development on land can be dismantled
and transported on federal, state, and parish high
ways to the marsh locale. Movement off existing
roadways usually requires preparation of a tempo
rary road, commonly referred to as a road dump
with a board road. In upland areas, particularly on
the Pleistocene terrace surface or on chenierridges,
preparation may involve only placing a shell or
limestone base and/orboards to access thedrill site.
In marsh areas where water access is not used, a
road dump is constructed of material "borrowed"
(i.e., dredged) from the adjacent marsh or swamp
and surfaced with boards.

There are very few locales (lout of 100) along
the Louisiana-Texas coast where soil conditions
are too poor to permit construction ofa road dump.
The specific site conditions rather than the general
marsh type are the controlling factors of construc-
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Table 3.3. Suggested procedure for implementing management techniques during permit review.

(A) Receipt ofApplication to Dredge Standard Canal

Review surface features/ascertain potential environmental impacts
Methods- inhouse review of data bases

- field investigation of site

Review - environmental/hiological features (natural resources)
- cultural features (archaeological sites)
- social infrastructure (roads. waterways. etc.)

(B) Determination that Potential for Impacts Is High

Reconcile impacts to surface environmental features with subsurface objectives
Method -meeting with applicant

Review - subsurface objectives and constraints (geologic data)
- techniques for avoiding and minimizing impacts
- techniques for restoring ecological habitat or function. if necessary
- techniques for compensating for unavoidable impacts (impacts
remaining after avoiding. minimizing. and restoring measures have
been taken). ifnecessary

(C) Permit Decision
Review Benefits and Impacts In Context of Authorizing Legislation

Methods- ifdecision is made to issue. incorporate changes in project design
from step B into permit

tion and. ultimately, the cost of this method of site
access. Specific site conditions (Le., depth to an
underlying clay layerandpercentorganic matterof
the sediment), dictate the completed dimensions of
the road dump, borrow pits, and size of disturbed
area. Standard construction procedure uses a
dragline moving over themarsh surface on wooden
mats placed under the dragline treads as temporary
supports. These mats consist of timbers generally
1 by 16 feet long wired together to form a mat 4 to
6 feet wide and 16 feet long.

As the dragline progresses along the route, it
moves the mats forward and "walks" across the
marsh. The dragline generally dredges marsh
material from one side and deposits it on the other
to form the road dump. Usually one dragline is
used, but if conditions for construction are "poor"
(i.e.• little clay and high water and organic matter
content), two draglines may dredge, one on either
side of the route.

Currentdraglinerental commonly costs $1.000
per day. Ifconditions are favorable for road dump
construction. work may progress at 300 feet per
day. In poor conditions. construction may proceed
at 100 feet or less per day, thus increasing the cost
of this phase of construction threefold. If two

draglines are required, costs for road dump con
struction generally double.

The fill is piled to create a road dump 5 feet
above the surrounding marsh level. The width of
the crown or level road dump surface on which
boards will be placed is 20 feet (Figures 3.18 and
3.19). The borrow ditches generally are 30 feet
wide, 5 feet deep, and a maximum of300 feet long.
alternating on either side of the road dump (Figure
3.20). The marsh surface between the borrow ditch
and the toe of the road dump is called the berm and
is necessary to prevent the newly deposited fill
material from slumping into the just created bor
row ditch and to maintain a stable foundation for
the road dump (Figure 3.20). The berm area is
normally the location over which the dragline
moves during construction. The quality (€lrganic
content. water content. and particle size) of the fill
or dredged material determines the angle of the
side slopes and the final width of the road base. In
areas with good (favorable) conditions, typical
side slopes may be 1:2. (Le., 1 foot of elevation
increasefor every 2 feet ofwidth), whereas in poor
conditions slopes may be 1:6 or 1:8 (Figure 3.21).
In such poor soils, the overall width of the road
dump may greatly exceed the width of the 20-foot
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The route from outside borrow ditch to outside
borrow ditch is hand-logged. Stumps in the bor
row ditch site must be removed prior to dredging.
The stumps on the road dump site are left in place
to help support the fill and board road.

After dredged fIll has been deposited to form
the road dump, fIlter cloth that allows water but not
sediments to pass through, or plastic sheeting, is
placed on the fill (see Figure 3.19). It is desirable
to allow the newly deposited road dump time to de
water and form a hard "crust" before board instal
lation.

Several layers of boards are hand-placed at
right angles on the crown of the road dump to
provide a firm surface for equipmentpassage (Fig
ures 3.23, 3.24, and 3.25). The boards are gener
ally 4 -by 8- inches by 16 feet. The first layer (the
mud boards - laid directly on the fill material) is
placed lengthwise to the direction of travel and
may be staggered. The next layers of boards are
placed at right angles to the underlying layer.
Three or four layers are normally used before the
top layer (the runners or tread boards) is placed in
the direction of travel. The tread boards are nor
mally positioned five to a side where the truck tires
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Figure 3.18. Cross-section of road dump and
borrow ditch.
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crown. Additionally, the width and depth of the
borrow ditches increases as more fIll is required for
road dump construction. It should be noted, how
ever, that the dimensions described in this para
graph are standard design criteria and may vary
substantially depending on local conditions.

Construction in a forested wetland is slightly
different from a marsh because the access route
must be cleared of standing trees (Figure 3.22).

Figure 3.19. Dredged material piled to create road dump through open water area. Note filter cloth in the
foreground (Photography by D. Clark.)
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Crown
20'

Figure 3.20. Plan view of typical road dump
and staggered alternating
borrow ditches.

lumber rental is generally doubled to cover the
increase in transportation costs.

When watercourses are encountered, theymust
be re-routed or culverts installed through the road
dump to maintain natural flow. If larger streams
must be crossed, bridges may be required (Figure
3.26). Bridgeconstruction costs vary, withcostper
linearfoot decreasingas length increases. A"short"
bridge, 40 to 50 feet long, costs approximately
$600 per linear foot, while at current market prices,
longer bridges may cost $500 to $475 per foot.

Perhaps themost significantconsiderationwhen
evaluating road dump/board road versus canal
access is the restoration process. Boardroadaccess
is designed to be removed in the event ofa dry hole
or site abandonment. Financial incentives exist for
both the drill site operator/owner and the road
dump/board road construction company. For the
former, paymentofrental fees for the boards ceases,
and for the latter an additional contract to remove
and restore the site will be negotiated in addition to
having the boards available for another contract.
Boards are commonly reused three or four times.

A road to a producing well is made permanent
by placing shell or limestone directly on top of the
boards. Additional deposits of shell or limestone
are laid down as needed for routine maintenance
during the life of the welL

3.3.2. Impacts on Wetland Values and Func
tions

3.3.2.1. Alteration of Habitat. Road dump
construction results in the immediate conversion of
marsh habitat to open water and potential spoil
habitat. Unlike canal spoil banks, the ratio of area
altered by the borrow ditches equals the area al-

Access routes to drill sites using road dump
construction prior to 1953 are visible on aerial
photographs from Cameron Parish. These earlier
routes normally used a continuous borrow ditch, a
technique that promotes mixing between hydro
logic regimes. Abandoned sites from this time
show littleevidenceofrestoration ofthe road dump
or borrow ditches; however, the routes are re
vegetated. While some of the continuous borrow
ditches may have developed into boat routes and
remain evident in the landscape, many road dumps
have re-vegetated and are identifiable only as an
elevated linear vegetation anomaly. Road dumps,
like access canals, influence wetland values and
functions through: (I) conversion of mars.h habi
tats to open water and upland habitat; and, (2)
alteration of the hydrologic regime of coastal
marshes.
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Figure 3.21. Examples of road dump side
slopes. The bottom width of
the road is determined by the
width of crown plus side slope
(1:1 = 30-foot bottom width;
1:2 = 40-foot bottom width).

will traveL The final number of layers of boards
depends on the soil conditions and the size of the
drilling rig, Consequently, costs increase as more
boards and labor are required. The boards are
rented by the drilling company for a 90-day period
with three 30-day renewal options. If the operation
extends beyond 180days before a site is abandoned
or the road is made permanent, there is no addi
tional cost for board rental. However, the boards
remain thepropertyofthe rentalcompany. Typical
costs (at current market prices) for a board road
with three layers is $8.50 per linear foot. Addi
tional layers of boards incur additional expense
because of the greater amount of hand labor re
quired for placement as well as the total number of
boards used. If four layers, plus the runners, are
required, board rental and placement costs may be
$12.00 per linear foot. If the location requires a
"mixed" operation, Le., the site is accessed by
barge and a road dump/board road, the cost for the
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Figure 3.22. Aerial view of board road and ring levee/drill pad in forested wetland. Note width of cleared area: ring
levee is larger than 400 by 400 feet (photography by D. Cahoon.)

Figure 3.23. View of road dump in Figure 3.19 with boards recently put in place. Note bundles ofplanks in foreground
ready to be installed. (photography by D. Clark.)
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Figure 3.24. Completed board road, ground view. (photography by P. Keney.)

Figure 3.25. Completed board road, aerial view. Note
configuration of road, staggered borrow
ditches, ring levee, and drill pad. (photogra
phy by D. Cahoon.)

tered by the road dump. The standard road design
produces a borrow ditch equal in area to the road
dump even though the borrow ditch alternates
along the road dump route. The borrow ditches and
the road dump may be larger than the standard
design dimensions, butpond environments created
by the borrow ditches are shallower (5 feet vs 8
feet) and not as continuous as the deeper, linear
channels created by canal construction. Using the
dimensions of a road dump as described in Section
3.3.1.2 (3D-foot wide road dump and 30-foot wide
borrow ditch) every 100 feet of road dump alters
0.137 acres of marsh. For a 1,100 foot access road
(the maximum length allowed under the USACE
General Permit NOD-13, see Section 3.3.4.4),
approximately 1.5 acres of marsh are altered to
provide access to a drill location. With the addition
of the area altered by the ring levee/drill pad (400
by 400 feet) the altered area increases to 5.2 acres.
When compared with the 10.3 acres altered by a
1,500-foot canal/slip, (Table 3.1), the area altered
by a road access is about 50 percent less (Figure
3.27). [NOD-13 dimensions were revised during
re-authorization of the general permit in 1988.
Maximum ring levee size is 400 by 400 feet, with
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Figure 3.26. Board road with bridge crossing. (photography by P. Keney.)

300 by 300 feet preferred. This will reduce sub
stantially the impacts of an NOD-13 authorized
boardroad. All board roads and ring levees ~ 300
by 300 feet will require a geologic review.] Also,
the difference in impacts increases with the length
of access. Therefore, a 5,000-foot canal/slip alters
30.6 acres, while a road dump/ring levee of the
same length alters only 10.0 acres, or 67 percent
less.

3.3.2.2. Influence on HydroJo2Y. Impacts to
adjacent marsh surfaces may continue through the
alteration ofexisting hydrologic regimes afterroad
dump construction has been completed. Such
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alterations are chronic rather than acute. Thenewly
created road dump acts much like a canal spoil
banle as a linear, elevated feature it is a barrier to
sheet flow across the marsh. Orientation of the
road dump affects the degree to which this occurs,
but unlike canal spoil banks, a road dump is not a
continuous solid barrier to water movement. The
required installation of culverts at periodic inter
vals insures water movement across the marsh
surface. Such movement probably creates new
channels because water becomes funneled to these
sites. Also, natural channels crossed by the road
dump remain connected by culverts or, if naviga
tion is required, by bridges. Even with these gaps,



some interruption of the natural hydrologic regime
is inevitable. If the road dump is perpendicular to
water movement, a hydrologic head may develop
altemately on either side in response to rising and
falling tides. The periodicity of inundation and
drainage may be altered, thus impacting plant and
animal species inhabiting the marsh (see Section
1.2).

Subsurface water flow and drainage are altered
by the weight of the road dump compressing the
underlying organic layer. The reduction in sub
surface, cross-sectional flow area and the increase
in the density of the substrate reduce flow rate.

Feeding and spawning habits ofaquatic organ
isms are likely to be interrupted because of the
linear barrier of the road dump, but this is probably
less severe than with canal spoil banks because the
barrier is not continuous. Excavation and deposi
tion alter turbidity and water quality. Silt veneers
may bury sessile organisms and cause death or
hinder recolonization. Reintroduction of toxic
substances and nutrients in runoff from the road
dump may impact the surrounding marsh and or
ganisms.

3.3.3. Influence on Wetland Loss

The consrruction of road dump access routes
for oil and gas exploration and development con
tributes to wetland loss in south Louisiana primar
ily by the direct conversion of marsh habitat to
shallow open water ponds and biologically non
productive industrial sites with upland shrub/scrub
vegetation. The alteration of hydrologic regimes
caused by improper route selection or construction
techniques potentially impacts a much greater area
than the actual road dump.

No quantitative data are available on the total
areadirectly convertedfrom wetlands toroaddump/
board road and borrow pits; however, scars of
active, abandoned, and partially restored sites are
distinct on aerial photography ofcoastal wetlands.
This is particularily true in the Chenier Plain of
western Louisiana.

No data are available for the actual number of
road dump/board road access routes that have been
restored. Partial restoration is more common than
complete restoration. Even when total restoration
of an access route has been attempted, impacts to
the wetlands remain. The presence ofrestored sites
visible on aerial imagery indicates that impacts to
wetlands have been lessened but are still present.

3.3.3.1. Calise-Effect Relationships. Like
canals, road dump/boardroad access rOlltes disrupt
ecological processes and, thus, indirectly cause
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significant wetland alteration or loss (Table 3.4).
As a barrier to water movement, road dumps alter
inundation and sediment distribution patterns.
Borrow ditches that connect differing salinity re
gimes may promote saltwaterinrrusion into fresher

30 ,---------------,
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Figure 3.27. Canal versus road dump!board road-acres
altered (adapted from Vinzant, 1986).

marsh areas. These impacts reduce organic pro
duction and therefore vertical accretion and local
marsh submergence. Table 3.4 presents the cause
effect relationships for direct (acute) and indirect
(chronic) wetland loss related to road dump/ring
levee construction.

3.3.4. Managing Impacts through the Regula
tory Process

Various techniques developed to minimize
change to the wetland system can be employed
during the construction of a road dump/board road
and ring levee. Encouraging land access rather
than canal access can reduce impacts by tens of
acres of wetlands for a small increase in the initial
financial investment. If exploration is successful,
expenditures during the life of the well will be less
if land access is chosen. Furthermore, acute and
chronic environmental impacts of road dump ac
cess are less than those of canal access.

3.3.4.1. Avoidine Impacts to Surface Fea
tures and Functions. This section discusses
methods for avoiding impacts associated with road
dump/boardroad construction by using an existing
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road dump route, a natural elevated access route,
existing public or private roads, or an alternate
access method.

Road dump access is the standard alternative to
canal dredging. Direct impacts (acute) to a wetland
site are reduced substantially by using this method
(see Figure 3.23). Indirect impacts are also re
duced. Although generally unpopular for logisti
cal and financial reasons, "mixed" land-water
operations can be used as a viable alternative
access method in selected locales. Even when road
dumplboard road access is used, impacts to surface
features and wetland functions can be avoided.

Timing of Construction. The noise and
commotion associated with road dumplboard road
construction may bedisruptive tonesting and breed
ing bird colonies. Timing construction activities to
occur during nonbreeding seasons avoids such
impacts. See Timing of Construction in Chapter
3.2.4.1 for financial impacts.

Existing Access Routes. The necessity of
dredging the marsh surface to provide fill for road
dump construction can be avoided or reduced by
using existing road dumps, public or private roads,
orotherelevatedroutes, such as cheniers, levees, or
existing spoil banks. This can also result in sub
stantial cost savings to the operator. If combined
with relocation of the drill site and directional
drilling techniques, the useofexisting access routes
may totally avoid additional site access impacts.

Alternate Drill Site. Relocation ofthe drilling
site location may result in: (I) reducing the length
of the necessary access route; or, (2) using a drill
site or upland site with existing access from outside
the wetland area. The use of an alternative drilling
location, coupled with directional drilling tech
niques, may thereby reduce or avoid entirely ac
cess impacts. See Section 3.2.4.1 for financial
implications.

Directional Drilling. Road dump/board road
construction impacts may be reduced or com
pletely avoided by directional drilling from an
existing drill site or an upland site. See Section
3.2.4.1 for a discussion of directional drilling.

Combining Avoidance Techniques. By us
ing road dump rather than canal access, several
direct and indirect impacts to wetlands can be
avoided. The only way to avoid further impacts is
to use an existing drill site or upland location.
Combining road dump access with existing access
routes and drill sites, alternate drilling sites, and
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directional drilling techniques significantlyreduces
and may even avoid completely access impacts in
wetlandS, often at little or no additional cost. Even
if the costs are greater, the increased potential for
restoration of a road dump access route may out
weigh them.

3.3.4.2. Minjmizi"ll Impacts to Surface
Features and Functions. Road dumplboard road
access has less impact on wetland values and
functions than canal access. Furtherreductions can
be achieved through the combination of minimiz
ing techniques with the before-mentioned avoid
ance techniques.

Width. The width ofroad dumps is dictated by
the size of the heavy equipment trucks that carry
the dismantled drill rig to the site. A crown width
of 20 feet is necessary and an industry standard.
The height of the road dump base may be estab
lished by tidal range. Keeping the elevation of the
road dump base as low as feasible reduces the
width of the side slopes. This in tum reduces the
amount of required fill, and the size of the borrow
ditches, and thereby minimizes impacts. Any
request for a board road crown width of more than
20 feet should not be considered without signifi
cant justification.

Length. Total length of the road dump may be
reduced by selecting an alternate drill site or by
directional drilling. Although decreasing road
dump length does not reduce impacts as greatly as
decreasing canal length, some lessening ofimpacts
is achieved, 0.137 acres of wetlands for every 100
feet.

Minimizing road dump length to 1,100 feet has
been encouraged since the inception of the NOD
13 General Permit in 1981. The Louisiana Depart
ment ofNatural Resources (unpublished data) has
recorded more than 600 instances in Louisiana's
coastal zone where road dumplength was designed
to comply with the General Permit requirements.

Road Alignments. Impacts to local drainage
patterns, both channel and overland sheetflow, are
minimized through road dump alignment. Align
ment parallel to sheetflow lessens changes in the
hydroperiod of the area and prevents excessive
inundation or drainage. Maintaining the status quo
of the hydrology of the area enables natural sedi
mentation rates, subsidence, and organic produc
tion rates to continue. Also, fewer culverts may be
required to move water through the road dump,
thus reducing construction costs.

Road dumps that result in enclosed orpartially
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Table 3.4. ObserVable and hypothetical cause-effect relationships between board roads and marsh alteration.

ACUTE ENVIRONMENTALCONSEQUENCES
Habitat Alteration - Physical Impact

Direct Conversion to Open Water
Increase in Turbidity (Lecal Scale) .
Less of Forested Wetland
DirectConversion ofMarshlSwamp

to Biologically Non-Productive Induslrial
Site/Potentlal Upland Shrub/Scrub Created
by Linear Feature in Landscape

Return ofNulrients, Toxins to Marsh Surface
(in Form of Road Dump)

Noise, Commotion during Construction
Habitat Alteration - Ecological Impact

Immediate Less ofMarshiShallow Water Habitat
Immediate Gain of Open Water Ponds
Redeposition of Particulates/Lecal Increase

in Suspended Sediment Lead
ReducedPhotosynthesis .
Possible Suspended Pollutants/Hydrogen Sulfide/HeavyMetals/

Excess Nutrients
Immediate Loss of Forested Wetland Habitat
Potential for Upland Spoil Bank Habitat
Disruption of Natural Surface Drainage Pattern
Changes in Soil/Water Chemistry
Changes in PlantGrowth

Impact on Biota
Destruction of Biota
New and Different Habitat
Silt on Water Bottom Reduces Interstitial Oxygen,

Reduced Water Circulation
Interferes wilh Behavior/Physiology ofAquatic Organisms,

SUbmerged Vegetation
Burial of Biota
Habitat Diversity
Potential for Interrupting Fish Spawuing and Feeding
Interferes with Movements of Estuarine Organisms
Potential Negative Impact on PlantGrowth
Potential for Disturbing Avifauna Nesting

CHRONIC ENVIRONMENTALCONSEQUENCES
Habitat Alteration - Altered Physical Process

Sediment Distribution
Forest Succession
Surface Hydrology and Drainage
Subsurface Hydrology and Drainage
SedimentDislribution

Habitat Alteration - Physical Impact
Sediment-NulrientTrap
Potential for Rapid Colonization by Invader Species
No Chronic Impact due to Levee Construction!

Subsequent Hydrologic Isolation for Surrounding Wetlands
Changes in HYdroperiod and Surface Drainage Patterns
Less of Hydraulic Head Downslope due to Altered Sheetflow
Potential Increased Frequency ofSaltwater Intrusion

due to Less of Hydraulic Head
Potential Increased Upflow Water Levels
Compacted Marsh Surface and Reslricted Subsurface Flow
Diminshed and Irregular Sediment Distribution Regime

Habitat Alteration - Ecological Impact
Reduced Vertical Accretion in Surrounding Marshes
Potential Succession to Shallow Water Wetland Community
Potential for Different Ecological Community

(e.g., cypress replaced by willow)
Changes in Soil/Water Chemistry
Changes in Vegetation Dynamics: Species, Composition,

Organic Matter Production!Accumulation
Changes in Mineral Accretion and Soil Nulrition
Changes in Vertical Accretion Rate

ConstructIOn Impact
Excavation Deposition

Road Ring Road Ring
Dump Levee Dump Levee
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enclosed areas should be avoided. The combined
synergistic impact of such barriers heightens ad
verse impacts to the enclosed marsh surface and
results in marsh breakup and conversion to an open
water environment. Surface features, i.e., natural
streams, forested wetland areas, cheniers, lakes,
levees, roads, andupland areas must be considered,
as well as the desired top hole location and existing
access routes when planning route alignment.

Culverts and Bridges. Every attempt should
be made to minimize disruptions to the existing
hydrologic regime along the access route. Culverts
with at least a 24-inch diameter should be installed
through the road dump at the proper marsh eleva
tion for all natural streams crossed by the route. If
that diameter is insufficient to maintain normal
flow, larger culverts should be used. Additionally,
24-inch diameter culverts should be installed at
least every 500 feet along the route to maintain
sheetflow across the marsh. Culverts must not
connect alternating borrow pits.

Borrow Pit Alignment. Continuous borrow
pits may connect areas having different salinity
regimes. Intrusion of saline water into a fresh
marshresults in species dieback and marsh breakup.
Additionally, continuous borrow pits provide ave
nues for boat traffic to enter wetlands. Wake action
widens the borrow pit;cresulting in additional marsh
loss and increased maintenance of the road dump
route. Borrowditches 300 feet in length alternating
along the road dump route minimize the intercon
nection of different salinity regimes and hinder
boat travel. See Figure 3.19. If alternating or
staggered borrow ditches are not possible, there
should be a minimum of 50-foot gaps between
successive pits.

Re-routing Streams. Flow in streams and
natural channels is normally maintained by cul
verts or bridges. If this is not feasible, a water
course may be re-routed around the end of the road
dump and associated ring levee drill site by dredg
ing. Dredged material should be incorporated into
the road dump andlor ring levee and not deposited
as a spoil bank along the re-routed stream. The
artificial water course should reproduce the width
and depth of the original stream to the extent
possible.

3.3.4.3. Avoidine and Minimizine Tech
niques Combined. As an alternative to canal
dredging, road dumplboard road access to wetland
oil and gas drilling sites is an effective impact
management technique when coupled with avoid-
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ance and minimizing measures. Alternate drill site
locations, directional drilling possibilities, and
alignment of access route must be considered for
each site. However, the combination of these
variables can achieve reductions in the acute and
chronic impacts of oil and gas access methods.

Some situations exist where canal access is
more suitable and may have less impact than road
dump access. For example, in a developed canal
network, dredging a parallel slip has less adverse
impact and is more economical than constructing a
lengthy road dump access across the wetlands.

3.3.4.4. Sueeestions for Implemeutine
Manaeement Techniques. Access by road dump/
board road should be promoted as the preferred
method because it is designed to be restored and
also has less accute and chronic impact than canal
access. The implementation of management tech
niques as outlined in Table 3.3 is also applicable in
road dump/board road permit applications.

The NOD-13 General Permit is an administra
tive vehicle that lessens adverse impacts and re
duces applicant costs by decreasing the time be
tween application and receipt of a construction
permit. The following section discusses the design
requirements for conformance with the NOD-13
General Permit.

NOD-13 Standards. A standardconstruc
tion design for road dump/board road access has
been adopted in the USACE, New Orleans District,
General Permit NOD-13, implemented in March
1981. USACE permission may now be obtained
without the public notice process by using the
standard size dimensions as described in the NOD
13 and conforming to the other requirements. The
dimensions of this permit represent an idealized
standard. As stated earlier, final road dump dimen
sions are determined by the quality of the fill
material at the site.

The standardized design (Figure 3.21) con
sists ofa road formed by placing dredged fill on the
marsh surface to create an elevated road dump 5
feet above the surrounding marsh with a crown
width of 20 feet and side slopes a maximum of 5
feet wide. The completed road dump then has an
overall width of 30 feet. Fill to construct the road
dump is excavated from adjacent borrow ditches
staggered on either side of the road (Figure 3.21).
The borrow ditches are excavated 20 feet from the
edge of the road dump and may be a maximum of
300 feet long, 20 feet wide, and 5 feet deep. If the
borrow ditches are not staggered on alternating
sides, they must be discontinuous with gaps at least
50 feet long between the segments. Culverts,
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usually corrugated metal pipe with at least a 24- their use to access drill sites should be recom
inch diameter, must be installed through the road mended only in situations where the use of current
fill at the original surface level at least every 500 technology is not acceptable.
feet in addition to all crossings of streams, ditches,
and sloughs and must be of sufficient diameter to
maintain existing flows in all water bodies.

Overall length of the road dump and the ring
levee which surrounds the drill site may not exceed
1,500 feet (See Chapter 4.3. for a description of
ring levee construction procedures.) [NOD-13
dimensions were revised during re-authorization
of the general permitin 1988. Maximumring levee
size is 400 by 400 feet, with 300 by 300 feet
preferred. All board roads and ring levees;:: 300 by
300 feet will require a geologic review.] Variations
in this design are permitted in special circum
stances. Other requirements regarding location
and required restoration must be met in order to use
this general permit.

3.4. HOVERCRAFT and HELICOPTERS

. The United States military has developed
hovercraft and helicopterscapableofcarrying heavy
loads overrelatively.inaccessible terrain. The use
of hovercraft as an alternative to marsh buggies in
exploration activities has been preliminarilyevalu
ated (Sikora et aI., 1983; Sikora, 1988). The trans
portation of heavy drilling equipment across the
marsh and water surfaces of coastal Louisiana by
large hovercraft has been discussed but has not
received serious consideration by industry as a
viable alternative to canals and boardroads because
technological developments are lacking. How
ever, there are hovercraft capable ofcarrying loads
heavierthan land-based drill rigs (Sikora, 1988). It
is not difficult to imagine hovercraft being adapted
to drilling purposes. Incentives should be provided
to the oil industry to develop this technology.

Presumably, hovercraft have little impact on
the marsh surface because their loading ratio is low
and any impacts that do occur are apparently not
permanent (Sikora et ai., 1983; Sikora, 1988).
Therefore, their use as an alternative to canals and
boardroads should be evaluated. However, trans
porting drilling equipment to the drill site by hov
ercraft or helicopter has never been tried. Hence,
the cost of these site access methods is not known
and their feasibility not tested. Still to be deter
mined is how best to establish a stable foundation
for the drilling equipment while keeping costs
competitive. At the moment, the cost of both of
these methods appears to be prohibitive. Until
technological improvements are developed that
make the use ofhovercraft and helicopters routine,

55



56



CHAPTER 4

SITE PREPARATION
by

Donald R. Cahoon and Joseph C. Holmes, Jr.

4.1. INTRODUCTION

The evolution of technologies for preparing
drilling sites in wetland environments closely par
allels that for accessing those sites. In the 1920's
and 1930's, oil and gas companies were confronted
with the problem of supporting enormously heavy
equipment (the derrick, boilers, mud tanks, and
drilling equipment) on marsh soils with only one
tenth the load-bearing capacity of upland soils
(Herbert and Anderson, 1936) or providing plat
forms for drilling in open water. Again, new
methods were developed that became the industry
standard worldwide for drilling in coastal environ
ments. Today, the industry employs a submersible
drilling barge for all sites accessed by a canal and
a boarded drill pad surrounded by a ring levee for
all sites accessed by road dump.

This chapter presents an overview of the his
tory, construction methods, impacts on wetland
values and functions, and appropriate techniques
for managing impacts of site preparation tech
niques related to canal and board road access.

4.2. CANAL·KEYHOLE

4.2.1. Introduction

This section describes the standard techniques
used to prepare a wetland drilling location ac
cessed by canal. The history, procedures, environ
mental impacts, and techniques for managing
impacts are discussed.

4.2.1.1. History. Prior to the development of
the barge rig in 1931 and the submersible drilling
barge in 1934, drilling derricks were constructed
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4'

Top View

4.2.2.1. Alteration of Habitat. The dredging
of a slip and the deposition of spoil directly con
verts marsh to open water and spoil bank habitat.
The extent of the impact of this site preparation
activity on coastal marsh habitats is described in
Chapter 3, Section 3.2.2.1. The construction of a
keyway and shell pad, associated with installation
of a submersible drill barge, should have no detri
mental impact on wetland habitats. The construc
tion of a shell pad may even provide an environ
mental benefitby creatingpotential shell reefhabitat
in shallow water areas.

Most operations associated with preparing a
drilling site have little impact on wetland values
and functions. Some may even provide an indirect
environmental benefit. The majorexception to this
is the impact ofdredging a keyhole at the end of the
canal.

forms became more and more unstable (i.e., top
heavy). Hence, in 1933 the submersible drilling
barge was invented (Williams, 1934b). It re
sembled the floating drilling barge, except that it
could be submerged at the site to provide better
stability. The submersible drilling barge revolu
tionized coastal drilling and quickly became the
industry standard for drilling in man-made canals
and open-water lakes and ponds.

4.2.1.2. Procedure. The first step in preparing
a modem drilling location in wetlands that have
been accessed by a canal is to dredge a keyhole at
the end of the canal. The keyhole (see Chapter 3
for description) provides room for the drill barge
and auxiliary service vessels at the end of the canal
(see Figures 3.3 and 3.4). Mats or pile-supported
structures are not required because the drill barge
provides a suitable foundation for all equipment.
The only structure that must be constructed is the
keyway, which surrounds the wellhead and fits
within the slot on the drill barge (Figures 3.1 and
4.1). The keyway protects the wellhead and guides
the drill barge. If the waterbottom is soft or
unstable, it may be necessary to construct a shell
pad for the submersible barge to rest on (Figure
4.2). The shell may be placed directly on the
bottom or the bottom may be dredged to provide a
level base for the shell pad and to lower the eleva
tion of the barge. Once the drill barge and auxiliary
vessels are on location, site preparation is com
plete.

4.2.2. Impact on Wetland Values and Func·
tions

·8' MSL
I I
I I

Cross·Section

10' x30'
•Pilings

I I
, I

O'MSL
-: -Ytll-'-,c_,:_ -: -: - - - - - --
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Figure 4.1. Illustration ofkeyway showing plan and cross
section views.

on pilings in open water (Williams, 1929) or on
wooden mats in shallow water (Williams, 1934c)
and marsh locations (Williams, 1929, 1930; Her
bert and Anderson, 1936). Even when accessed by
a canal, the actual drilling location was situated on
the marsh sutface and supported by wooden mats
(Williams, 1929). The expense of constructing
piling and mat foundations, coupled with the diffi
culty in getting the rig equipment to the location,
led to the development of the barge rig in 1931
(Williams, 1934a; Posgate, 1949). The barge rig
consisted of a derrick and other drilling equipment
permanently affixed to a floating barge. The barge
had a 4-foot wide slotor"bay" in the center to allow
the barge to be removed from around the well head.
As heavier equipment was required to drill wells of
ever-increasing depth, these floating drilling plat-
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Figure 4.2. Illustration of typical design of foundation pad for a drill barge or production platform made from shell or
limestone. The dimensions may vary up to 250 feet in length to 225 feet wide under the NOD-13 general
permit.

4.2.2.2. Influence on Hydrolo~;yand Water
Quality. The only site preparation activity that
significantly influences hydrology and water qual
ity is dredging the slip at the end of the canal. The
impact of this activity on hydrology and water
quality is fully described in Chapter 3, Section
3.2.2.2. All other site preparation activities have a
negligible impact on hydrology and water quality,
although dredging associated with shell pad con
struction may cause short-term local turbidity
maxima. This could create a problem at open water
sites in the vicinity of oyster reefs or other impor
tant bottom communities.

4.2.3. Influence on Wetland Loss

The dredging of a keyhole, or slip, directly
contributes to wetland loss. The cause-effect rela
tionship between dredging and wetland loss is
described in Section 3.2.3. All other site prepara
tion activities have no appreciable influence on
wetland loss.

4.2.4. Managing Impacts through the Regula
tory Process

Methods for managing impacts associated with
dredging a keyhole are explained in Section 3.2.4.
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Impacts to nesting birds can be avoided by appro
priate timing ofconstruction (Section 3.2.4.1), and
wetland loss can be reduced by minimizing slip
dimensions (Section 3.2.4.2). Turbidity associ
ated with shell pad construction can be minimized
if the shell pad dimensions are kept to the smallest
practical size.

4.2.5. Suggestions for Implementing Manage
ment Techniques

The procedure for reviewing canal/slip dredg- .
ing applications is reviewed in Table 3.3. As for
shell pad construction, regulatory review has been
streamlined by the development of a general per
mit. The New Orleans District of the USACE has
developed General Permit NOD-3, authorizing
construction of foundation (shell or limestone)
pads (up to 250 feet in length and 225 feet wide) for
drilling barges and oil and gas production facilities
in open water bodies and man-made oil field ca
nals.

4.3. ROAD DUMPIRING LEVEE

4.3.1. Introduction

This section describes the preparation of a
wetland drilling site accessed from land by a road
dump /board road. ,Construction of the pollution
control levee (Le., ring levee), drill pad, andreserve
pit are described. The acute and chronicimpacts to
the construction site and surrounding wetlands are
evaluated, as well as methods for minimizing
impacts.

4.3.1.1. History. Drill site locations in marsh
environments were accessed initially by boat or
barge from natural water bodies or canals. Wooden
drilling derricks were erected on 2-to 3-foot high
wood cribbing on wood mats placed on the marsh
surface. Such mats may have had as many as three
criss-crossed layers of timbers 12 inches wide and
30 feet long and occupied a 40-square foot area.
Largerderricks andgreater loads required fordeeper
drilling changed this earlier practice. By the
mid-1930's drilling rigs in the marsh areas of
coastal Louisiana were commonly constructed on
pilings elevated above the marsh surface. Access
to the drilling location was by a canal dredged
specifically to the site or an access road constructed
on mats on the marsh surface oron elevated pilings,
depending upon the local conditions. Levees were
often constructed around the drilling site to protect
them from flooding. Today's drilling equipment
consists ofportable land drilling rigs, pumps, power
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generators, and mud shakers, and usually requires
an area ofoperation of 160,000 square feet (nearly
4 acres). A portion of this area is a ringing levee
designed to prevent flooding of the drill site and
contain any potential pollution within the area of
operation.

4.3.1.2. Procedure. The dragline used to
prepare the road dump/board road is retained to
prepare the drilling sites at the end of the road
dump/board road route (Figure 4.3). The pro
posed drilling depth and required drilling rig size
are factors that affect the overall size ofthe drilling
site (Figure 4.4 and 5.6). The minimal area re
quiredfor a drilling rig capableofdrilling to 10,000
feet is 250 square feet. Rigs capable of attaining
depths of 20,000 feet need a larger drilling site.
(See Chapter 5, Section 5.3.2 and Figure 5.6.)

Staggered
Borrow Ditch

1300' ........
........ Road

Dump

~

Figure 4.3. Road dump access route with ring levee drill
site.

During the last decade, standard construction
design has been a 400 by 400 foot perimeter ring
levee with a 2-foot wide crown elevated 3 feet
above the adjacent marsh leveL Recently, how
ever, theEnvironmental Protection Agency (EPA),
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Figure 4.4. Board road accessed drill site. Note boarded drill pad area, drill rig support equipment, and ring levee (far
left). (Photography by P. Keney.)

USACE, Louisiana Department of Natural Re
sources (LDNR), and industry have been moving
toward smaller ring levee dimensions. New ring
levee dimensions of300 x 300feet to 350 x 350 feet
are currently being recommended by the regula
tory community with a maximum of 400 by 400
feet.

The overall width of the levee is commonly 8
feet (Figure 4.5). Fill for the ring levee is exca
vated from a continuous borrow ditch within the
surrounding ring levee. Within the ring levee, a
reserve or mud pit is excavated to a depth of 3 feet
below the marsh surface. The pit, surrounded by a
pit levee, commonly occupies up to one quarter of
the area within the ring levee. The remaining area
is the actual drill pad and typically occupies about
45,000 square feet. The pad is normally elevated 3
feet above the natural ground level by fill removed
from the mud pit. The drill pad is covered with
boards (placed by hand) to form a stable supporting
base for the drilling rig. Natural wood pilings are
usually driven into the marsh under the drill pad to
provide additional support for the drilling rig.

An alternative construction method is employed
if soil conditions at the drilling location are suit-

able. After the ring levees are constructed, water is
pumped from the site, filter cloth is placed on the
marsh surface, and boards are placed on the filter
cloth.

4.3.2. Impacts to Wetland Values and Func
tions

Evidence of ring levee drill sites is easily dis
cernable on aerial photographs ofwetlands. Active
drill sites often appear as square or rectangular
plots at the termination of linear features (road
dump! board road access routes). Abandoned drill
sites often look like geometric variations in vege
tation surrounded by solid or broken marsh, for
ested wetlands, or open water. Restored or par
tially restored ring levee drill sites may appear as
rectangular open water sites or as rectangular areas
of solid or broken marsh. Aerial photographs from
as early as 1953 in Cameron and Terrebonne Par
ishes confirm these sites. As with canal drilling
slips and both canal and road dump access routes,
ring levee drill sites influence wetland values and
functions by (l) the direct conversion of wetlands
from productive wetlands into initially non-bio-
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Figure 4.5. Cross-section and plan view of typical ring levee/drill pad.

logically productive industrial sites and potential
upland shrub/scrub sites; and, (2) alteration of the
hydrologic regime of the area.

4.3.2.1. Alteration of Habitat. The construc
tion of a perimeter ring levee effectively removes
all the land within it from the wetland ecosystem.
Although a loss to the total area of wetlands and
thus a loss to the total potential biomass produc
tion, the ringing levee serves a beneficial function.
It offers protection to the surrounding wetlands
from toxic substances, (e.g., diesel fuels and lubri
cants, acid muds, and hypersaline waters) associ
ated with drilling operations (Chapter 5). This
benefit is actually a by-product ofsite construction
since the original purpose of the levee was to
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isolate and alter the enclosed wetlands to accom
plish drilling. Legislation to preserve wetlands and
waters has contributed to the evolution of the ring
levee into a pollution containment structure.

Within the ring levee, deeper pits that contain
drilling muds and saltwaterproduced from the well
are lined with an impermeable material to prevent
seepage and contamination of subsurface water.
After construction, the area occupied by and con
tained within the ring levee ceases to be wetlands.
This loss may be short lived if the site is non
productive and promptly restored, or permanent
(20 or more years) ifexploratory drilling results in
a producing well. Productive wetlands may be
totany or partially re-established at a restored site.



4.3.2.2. Influence on Hydrology. The ring
levee drill site is an extension of the partial barrier
to the existing hydrologic regime created by the
construction of the road dump access route with
three significant differences: (1) the ring levee is a
much wider (generally 400 feet) barrier; (2) unlike
the road dump, there are no passage ways to allow
uninterrupted flow in natural' channels that cross
the site; and, (3) sheetflow is impeded by the site.
Like canal spoil banks and road dumps, the weight
of the dredged sediments resting on the marsh
surface compresses the underlying materials and
reduces the sub-surface, cross-sectional flow area.
During excavation and deposition of the marsh
surface to create the ring levee, local turbidity can
increase beyond (i.e., outside) the ring levee. Natural
streams located at the drill site have to be re-routed
around the ring levee.

4.3.3. Influence on Wetland Loss

As the ring levee drill site is an extension of the
linear access road dump, the acute and chronic
impacts on wetland loss can be considered essen
tially the same. Table 3.2 details the cause and
effect relationships of the impacts of ring levee
construction.

4.3.4. Managing Impacts through the Regula
tory Process

Adverse impacts to wetlandecosystems caused
by ring levee drill site construction can be reduced
by combining avoidance and minimizing tech
niques. Many of the alternate techniques for access
route construction are applicable.

4.3.4.1. Ayoiding Impacts to Surface Fea
tures and Functions. This section describes the
potential offour techniques for avoiding impacts to
wetland values and functions.

Alternate Access Methods. Because a ring
levee is constructed at the termination of the access
route, use of an alternative method to access the
selected drill site is not a method of reducing
impacts unless the drill site is removed from the
wetlands to an existing or an upland location.

Timing of Construction. The same impact to
avifauna is likely to occur from ring levee con
struction as with canal or road dump construction.
Consequently, the same avoidance techniques are
applicable. See Section 3.2.4.1.
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Existing Access Routes. The use of existing
access routes, while highly recommended, has
little impact on ring levee construction unless the
drill site location has been judiciously located.
Dredging and area impacts may be reduced by
incorporating an access route as one side of the
boundary of an existing ring levee.

Directional Drilling. Wetland alteration may
be completely avoided through directional drilling
(see Section 3.2.4.1 for a discussion of directional
drilling techniques). If the down-hole objective
can be obtained by a deviated hole from an existing
or upland drill site, no alteration of wetlands need
occur. Additionally, the impacts associated with
accessing the drilling site may be reduced or
completely avoided.

4.3.4.2. Minimizing Impacts to Surface
Features and Functions. The construction of a
300 by 300 foot ring levee/drill site results in the
direct alteration of 2.1 acres of wetlands. A larger
ring levee/drill pad may be justified if the planned
depth requires an abnormally large drilling rig, or
in cases of geo-pressured formations or geologic
abnormalities, or if safety or pollution potential are
considerations. Larger ring levees may be permit
ted under the NOD-13 General Permit if the overall
length (access route and ring levee) does not ex
ceed the maximum allowable and sufficient data
are presented to the USACE District Engineer to
justify a large ring levee. A NOD-13 General
Permit is not granted for ring levees larger than 400
by 400 feet.

The size of a ring levee/drill pad may be re
duced by using an existing or abandoned drill site,
decreasing the areal size of the mud and/or reserve
pits, or using a containerized mud pit. (See Section
5.3.2). Short of using an existing or abandoned
drill site or moving the drill site to an upland
location, a reduction of the 300 by 300 foot stan
dard ring levee is difficult and may be technically
impossible. If a natural stream course is inter
ruptedby the location of the ring levee/drill site, the
stream must be re-routed. This results in the
alteration of additional wetlands, but maintaining
the hydrologic regime probably reduces chronic
impacts and therefore is less destructive'than the
additional acute impacts that result from the dredg
ing to re-route the stream. Impacts associated with
the re-routing of a natural stream around the ring
levee/drill site can be held to a minimum by: (1)
making the artificial channel the same dimensions
as the natural channel; and, (2) placing the dredged
material on or within the ring levee.
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CHAPTERS

D1{ILLING
by

Brian J. Harder and W. Kent Webb

5.1 INTRODUCTION

The process of petroleum exploration ends
with drilling. New drilling technology, which is
constantly being improved, allows wells in wet
land areas to be directionally drilled. Environ
mental concerns have caused the development of
technology designed to limit discharges of waste
materials and to reduce the area disturbed by drill
ing activities. This chapterpresents an overview of
the history of drilling technology, modern and di
rectional drilling methods, impacts on wetland
values and functions, techniques for managing
impacts, and suggestions for implementing man
agement procedures.

5.1.1. History of Oil Drilling

Early wells were drilled with a primitive cable
tool rig, one of the first types ofdrilling rigs. Cable
tool rigs had one major impact on the environ
ment-the disposal of drill cuttings removed from
the hole and dumped in an open pit. This pit also
served as the refuse pit for the drilling location and
all foreign material (e.g., human refuse, hydraulic
fluids, oil, machinery) was disposed ip it. In
wetland areas the cuttings were discharged directly
into open water bodies, and rig refuse was also
placed in open water or marsh next to the drill site.
Released drill cuttings and oils caused localized
contamination of drinking water resources and
destruction of wildlife habitat. However, because
the total amounts of fluid produced at cable tool
locations was small the impact on surrounding
habitat was minimal.
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Spindletop, the first well to use modern rotary
drilling, caused major changes in how oil and gas
wells would impact surface habitat. Because wells
around the salt dome at Spindletop were under
substantial pressure, new drilling methods were
needed to control this pressure. Drilling mud was
used in a new process called rotary drilling to
control the downhole pressure and prevent a blow
out that could affect human safety and the sur
rounding environment. These drilling muds were
disposed into an open pit or a body of water. The
fact that rotary drilling was more effective and
more economical in wetland areas increased its use
in the Gulf Coast Region. Modern drilling opera
tions at board road locations still use open pits to
contain drill cuttings and mud. At open water and
canal drilling sites, cuttings and mud are stored on
shale barges. However, closed loop systems are
being used increasingly to prevent environmental
contamination caused by drilling fluids.

'5.1.2. Modern Drilling Methods

and lubricating the bit, and conditioning the walls
of the hole.

As the mud exits the well, it flows into a series
of solids control equipment. This equipment con
sists of shale shakers and other devices to remove
inert solids from the mud. A diagram of the mud
circulating system is shown in Figure 5.2. The
inert solids include such minerals as sand, silt,
limestone, feldspar, and barite. With the exception
of barite which is added to increase mud density,
these solids are considered undesirable in mud and
need to be removed from the drilling mud (Bour
goyne et aI., 1986).

The shale shaker, the primary solids control de
vice, can remove the larger solids from the mud but
is unable to remove very small particles called
colloidal solids. Failure to remove colloidal solids
causes stuck pipe, excessive pipe drag, and loss of
circulation. These problems can seriously affect
the safety of the drilling operation. Ifcontrol ofthe
well is lost, serious adverse impacts to the sur
rounding surface habitat may occur.

Blt.........a-J..\-

Figure 5.1. The rotary drilling process (adapted from
Bourgoyne, 1986).

Mud properties deteriorate with the increase of
inert solids that cannot be removed. A dilution
process is performed to reduce the solids concen
tration, which requires discarding some ofthe mud
to the reserve pit. The remaining mud is diluted
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Modern wetland drilling operations use two
different types of rigs: the standard land rig (Fig
ure 4.4) and the barge-mounted rig (Figure 3.4).
All the rigs used in wetland areas use a rotary
drilling system. These rigs, the space they need and
the surface environmental impacts associated with
drill-site preparatioil are described in Chapters 3
and 4.

Modern drilling operations should have minor
environmental impacts on habitat, provided that
the drilling contractor follows current environ
mental regulations. An illustration of the rotary
drilling process is shown in Figure 5.1. The major
impacts on wetland environments are caused by
the storage and discharge of cuttings and drilling
fluids and the noise associated with operations.

The fluid circulated throughout the wellbore is
called drilling mud, which is a fluid made by
suspending weighting agents (particles of mate
rial) in a base fluid. The weighted material cortsists
of a variety of natural and man-made materials.
Some examples are lignite, lignosulfonates, hema
tite, bentonite and barite. These materials are
agitated into solution with the base fluid. Chemical
additives and extenders are added to help the base
fluid entrain more solids and keep the present
solids in solution. Chemicals are also used to
control downhole mud properties. The base fluid
in most cases is fresh water, although salt water and
oil are also used as base fluids. This fluid serves
several other functions besides removing cuttings:
cleaning the drill bit, exerting sufficient hydro
static pressure to contain formation fluids, cooling
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Figure 5.2. Schematic of exampte rig circulating system
for drilling fluids (adapted from Bourgoyne et
aI.,1986).

with water or the base fluid. Then more chemicals
and weighting material must be added to restore the
desired mud properties.

Present industry practice uses an open pit to
contain waste fluids and solids for all board road
locations. This pit is dredged inside a ring levee
when the location is built (see Figure 4.5), The
average size for reserve pits in wetland areas varies
from 150 by 100 feet to 340 by 100 feet for a
location, depending on ring levee size. ~arge

mounted rigs use a shale barge to contaIn all
drilling by-products. .

The size of the reserve pit depends on the
number of dilutions by the mud system. The
deeper the well the mor~ material t~at will J:le
discarded in the reserve pIt. For a typIcal well m
south Louisiana, 10,000 to 30,000 barrels (i.e.,
1,930 to 5,790 cubic yards) of material will be
dumped in the pit. (Note: one barrel equals 42 US
gallons.) One reason for this large volume is the
"swell" effect. Drilling solids, such as clays, are
originally deposited in a marine environment, and
after compaction by geologic pressure and tem
perature they undergo mechanical destruction by
the bit. While being transported by the mud col
umn to the surface the clays absorb water and
swell. More water is absorbed when dilution
material is added to the open pit. This can cause a
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600 to 900 percent increase in particle volume
(Neidhardt, 1985).

During drilling operations, various planned
stoppages in operations occur. The most impor
tant is the setting of surface casing to protect
shallow fresh water sands from contamination by
the drilling fluids. Surface casing is heavy steel
pipe cemented to the walls of the hole. If the
downhole pressure should exceed the mud
pressure, surface casing and the blowout preven
tors will not allow the formation fluids to reach
the surface. The minimum depth for surface
casing is set by the state governmental agency
that oversees drilling operations.

5,1.3. Directional Drilling

Directional drilling is a process that directs the
wellbore along some trajectory to a planned target
area. Some of the reasons for drilling a kicked or
directional well include avoiding population cen
ters, saltdomes, and surface environmen.tal f~atur~s.
Figure 5.3 illustrates the numerous sltuatlons m
which controlled directional drilling is applied.
Directional drilling is technically more difficult,
and the risks associated with directional drilling
are greater than with a vertical hole, especially
when drilling through high or ~ow p:essure. The
increasedtorqueanddrag, combmedWIth the greater
probability of losing mud circulation, experienc
ing differential sticking of pip~, and kickba~k

(blowout), result in greater potentlal for loss oflife
or property. Also, directional drilling usually takes
longer than a vertical well. Consequently, con
trolled directional wells can cost 15 to 75 percent
more than a vertical well or, on average, approxi
mately 30 percent more.

Directional drilling is different from standard
rotary drilling. There are two basic types of angled
well bores: simple kick and S-shaped kick. The
most common type is the simple in which the
deviationiscontrolled, and the wellbore approaches
the objective on an angle to the vertical plane
(Figure 5.4). For wells e:valuated unde~ t~e Geo
logic Review Procedu!e m c~astal Lo:tlSIa~a the
maximum angle of a SImple kick well IS 30 from
vertical achieved at a rate of no more than 2· per
100 feet. The horizontal radius (Le., the maximum
distance the surface location can be offset from the
subsurface objective) of a simple well depends on
the total depth and thepoint at which deflection can
begin. .

The second type of directional well is the S
shaped well shown in Figure 5,5. S-shaped wells
are used when the bottomhole location is offset
from the surface location, but subsurface geologic
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Figure 5.3. The numerous applications ofcontrolled directional drilling (adapted from Petroleum Extension Service,
1981).
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Figure 5.4. Simple kick directional well. Figure 5.5. S-shaped directional well.



constraints require that the objective be achieved
via a vertical borehole. These wells require two de
viations, and the maximum angle is limited to 20·.
The build angle is limited to 2· per 100 feet, and the
drop angle is limited to l.so per 100 feet for these
wells. These limitations cause the horizontal dis"
placement for the S-shaped well to be much less
than for a simple kick well. The horizontal radius
(Le., the maximum distance the surface location
can be offset from the subsurface objective) is
dependent on the depth at which the well must be
vertical and thepoint at which deflection can begin.

5.2. IMPACTS on WETLAND VALUES and
FUNCTIONS

Themajorimpacts on wetlandvalues are caused
by (l) discharge of drilling mud into open water;
(2) open pit storage of toxic material and migration
of these materials into the ecosystem; (3) noise and
commotion during operations; (4) alteration of the
hydrologic regime; and, (5) conversion ofmarsh to
open water or uplands. Evidence of past drilling
operations is found in aerial photographs and at
existing production sites. An estimated 12,000
open pits exist in Louisiana from past drilling and
production operations (Osterman et al., 1987). No
accurate count ofpits in wetland areas is available,
but a significant number exist.

5.2.1. Alteration of Habitat

The major alterations to habitat from drilling
operations are caused by building the drillsite, the
storage and disposal of drilling mud and cuttings,
and noise during operations. The alterations caused
by construction of the drillsite are described in
Chapters 3 and 4 of this manual. The noise and
commotion generated by drilling operations can
disrupt the breeding and nesting activities of bird
colonies. The impacts of drilling operations on
coastal wetland habitats are summarized in Table
5.1.

Drilling by-products are stored in open pits at
land locations (e.g., board roads), while water
locations (e.g., barge locations) contain the drill
cuttings on a shale barge. Drilling mud chemical
additives and contaminants are the main source of
EPA priority pollutants in drilling mud. These pol
lutants include heavy metals (arsenic, barium,
cadmium, chromium, lead, mercury, selenium,
silver and zinc), organics (oil and grease), and
soluble salts (EPA, 1987a). Also included are
other waste materials, such as hydraulic fluid lubri
cating oils, pipe dope, and rig wash water, which
are disposed of in the open reserve pits.
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Migration of drilling mud chemicals into the
ecosystem through the soil is possible from open
reserve or waste pits. Studies done in New Mexico
using production pits (characteristic of pits used
throughout the natural gas industry for disposal)
show contamination by long-chained hydrocar
bons to a depth of four feet below the original pit
bottom (Eiceman et al., 1986). Closer to the
surface an increase in more volatile hydrocarbons
was shown. The samples were taken from five
different geologic regimes, from uplands to wet
lands. This fact is significant because in south
Louisiana the water table ranges from three to six
feet. Because most pit material (e.g., heavy metal
ions, chloride ions, and hydrocarbon residuals) and
mud additives are highly mobile in a water envi
ronment, movement into groundwater aquifers is
possible. Chlorine and sodium ions are the most
mobile faction in drilling waste, with migrations of
several hundred feet recorded. Elevated levels of
metal concentrations were also present in soils and
plants near disposal sites. However, the actual
migration distance by the metal ions was small
(Moseley, 1983).

Besides soil migration, pollutants may enter
the environment directly via runofffrom drill sites.
Reintroduction oftoxic substances and nutrients in
run-off may directly impact surrounding marsh
and organisms on a local scale. This may result in
direct impacts to vegetation, fish, and wildlife
outside the ring levee (Moseley, 1983).

5.2.2. Influence on Hydrology and Water
Quality

The present practice of discharging drilling
mud into waterways is the major impact ofdrilling
operations on local water quality. Present regula
tions for pit closure and cleanup in wetland areas
allow the treatment of non-toxic muds and the dis
charge of their liquid portions into waterways.
Current Louisiana Department of Environmental
Quality policy permits whole mud and cuttings
discharge into brackish open water areas and large
water bodies with direct hydrologic connection to
the Gulf of Mexico. No discharge is allowed
within 1300 feet of an oyster bed. No oil based
muds may be discharged. No cuttings from oil or
water based systems may be discharged if a visible
oil sheen is present (L. Wellman, Louisiana De
partment of Environmental Quality, 1988, per
sonal communication)..

Even though water based mud is non-toxic, dis
charge of this material alters water quality. The
major impact of suspended solids is the loss of
fisheries habitat. Fish yields are impaired when
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Table 5.1. Observable and hypothetical cause-effect relationships ofdrilling operations on coastal marsh habitats and
wetland loss.

ACUTE ENVIRONMENTAL CONSEQUENCES

Habitat Alteration - Physical Impact
Reduction in Water Quality
Return of Nutrients, Toxins to Surroundings
Inhibition of Rainfall Penetration
Noise, Commotion during Drilling

Habitat Alteration - Ecological Impact
Increase in Suspended Solids
Changes in Soil/Water Chemistry
Changes in Plant Growth

Impact on Biota
Destruction of biota
Potential for Interrupting Fish Spawning/Feeding in Marshes
Potential for Disturbing Avifauna Nesting by Noise

CHRONIC ENVIRONMENTAL CONSEQUENCES

Habitat Alternation - Altered Physical Process
Alteration of Surface Hydrology and Drainage
Subsurface Hydrology and Drainage
Sediment Distribution
Interaction of Saltwater Intrusion

Habitat Alteration - Physical Impact
Suspended Solids Lead to Decreased Nutrient Availability
Increased Sediment Distribution from Discharges
Anoxia "

Mud Storage
Activity

Fluid Discharge DriUingActivities

Habitat Alteration - Ecological Impact
Loss of Marsh Habitat
Altered Soil/Water Chemistry:

Possible Negative Influence on Aquatic/Benthic Organisms
Changes in Mineral Accretion and Soil Nutrition

levels of suspended sediments are high (Hall et aI.,
1987).

One of the few studies relating shellfish mor
tality directly to suspended solids tested survival
rates of two crab species exposed to the discharge
of 9.1 pounds per gallon of lignosulfonate mud
(Bookhout et al. 1982). The results showed sur
vival rates ofapproximately 4 percent in 50 percent
suspended solid particulate phases (SSP), and 31
percent survival rates in 5 percent SSP mud.

The major chronic impact to wetland habitat is
the alteration of the sheet flow ofcoastal marsh en
vironments. Subsurface water flow and drainage
are altered by the weight ofthe boarded area and pit
that compress the underlying organic layer. This
reduction in cross-sectional flow area causes an
increase in substrate density and a reduction in
flow rate. Over time this effect alters vegetation
and causes changes in habitat. Areas downstream
from the location are impacted by the leveling of
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seasonal flows. The alteration of these flows can
alter the composition of the present vegetation.
Channelization of flow around the drillsite alters
seasonal flows, causing drier conditions that are
more favorable for upland vegetation. In forested
wetlands these factors may cause loss of shellfish
and finfish habitat (Hall et aI., 1987).

Drilling mud pits are a long-term liability. The
potential for contamination of surrounding areas
always exists ifopen pits are used. The pit material
should be totally removed as soon as possible after
completion of drilling.

Contrary to popular opinion,drilling mud is essen
tially sterile and contains little or no plant nutrients,
although it has some calcium. Since it is essentially
very fine clay, it inhibits rainfall penetration ifspread
over soil. Its two agricultural valuesarein increasing
water holding capacity of very sandy soils and in
sealing leaking pond dams. (Taylor, 1983)



5.3. MANAGING IMPACTS through
the REGULATORY PROCESS

Drilling operations are the essence of petro
leum exploration and production. Operational
impacts on the wetlands are directly related to the
location size, time spent on location, and regula
tions that govern waste disposal.

5.3.1. Avoiding Impacts of Drilling Operations

The only way to totally avoid the impacts of
drilling operations is to not drill the well. Because
this is not a reasonable alternative, other avoidance
techniques have been developed. These include
the use of alternate access routes (Chapter 3) and
directional drilling from outside the marsh. In
cases where the well needs tobe drilled in a wetland
area, impacts toknown birdcolonies canbe avoided
by altering operation schedules during breeding
and nesting activities.'

The use of a closed-loop or containerized mud
system should be required to prevent possible
contamination of water resources. These systems,
ifproperly used, cancompletely contain pollutants
used in drilling operations. In addition, closed loop
systems reduce the total volume of waste pro
duced. The liquid discharge for a closed-loop sys
tem is clean water that can be discharged depend
ing on its salinity. This system removes the direct
impact to water quality and turbidity if discharge
rates are kept low. High discharge rates cause
short-term turbidity problems (National Research
Council, I983).

5.3.2. Minimizing the Impacts of Drilling
Operations

Enforcement of existing noise regulations for
drilling rigs would reduce the noise associated with
drilling operations and, in turn, would reduce the
impact of noise and commotion on wildlife.

The use of a closed-loop mud system reduces
environmental impacts in wetland areas. A well
designedclosed loop systemrequires less total area
than a standard open pit well. A comparison of two
sets of well configurations is shown in Figure 5.6.
A closed loop systemrequires a site 400 by 350 feet
for wells over 15,000 feet deep (Figure 5.6b). For
wells less than 15,000 feet, the configuration is
shown in Figure 5.6a. The savings for the deep
well is 0.46 acres over the standard 400 by 400-foot
location and 1.26 acres for the 1O,000-foot well.
This translates to a significant savings in valuable
wetland habitat and reduces the direct impact of
this location by 12.5 percent for the deep well and
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34 percent for the well of intermediate depth. See
Chapter 4 for discussion of drill site preparation.
The reduced area translates into reduced impacts
on habitat and sheet flow. Sheet flow is impacted
by the weight of the location compressing the
subsoil and preventing natural flow. If the direc
tion of sheet flow can be determined, the short side
of the location can be placed perpendicular to the
flow to minimize impacts.

The best method to minimize impacts of drill
ing operations on water quality is to discharge only
clean water. Closed loop systems run drilling mud
through a high-speed centrifuge or, on some sys
tems, a pressure filter system. The resulting liquid
should be available forre-use in drilling operations
or discharge as clean water. The resulting damp
solids are stored until disposal. Some companies
stabilize the solids with cement, potash or lime
stone and bury this stabilized product on location.
This procedure immobilizes the chemical constitu
ents andprevents migration offreeions into ground
water. There is no environmental impact because
the material's physical and chemical properties are
essentially the same as its downhole properties
(Hinds et aI., 1986; Neidhardt, 1985).

Proper treatment and disposal of drilling waste
have been addressed by current regulations. Lou
isiana Statewide Order 29-B sets specific guide
lines for pit closure and waste disposal. Specifi
cally operators shall prevent the placing of pro
duced brine, waste oil, refuse, or any material that
could adversely affect the clean-up of the pit or the
surrounding environment (Section XV 2.4 B. 3.).
Pits must be closed to protect soil, surface, and
groundwater resources. Prior to closure, the pits
must be tested for properpH, heavy metals content,
percent oil and grease, soluble salt and cationic
distribution (Section XV 2.6). If the pit material
tests under guidelines,pitclosuremay be attempted,
depending on the type of surface environment, by
one of the following methods: burial or trenching,
solidification, subsurface injection or land farm
ing. If the pit material exceeds guidelines, the
options are to treat the waste for onsite disposal or
offsite disposal at an approved site (Section XV
2.7)

,
5.4. SUGGESTIONS for IMPLEMENTA·
TION of MANAGEMENT PROCEDURES

The federal government has recently increased
emphasis on enforcementofexistingenvironmental
regulations pertaining to oil and gas activities. The
U.S. Army Corps of Engineers (COE) and the
Environmental Protection Agency (EPA), two
agencies charged with responsibilities for these
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Figure 5.6. Comparison of two sets ofwell configurations.
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activities, have increased their scrutiny of current
wetlands operational techniques under Section404
of the Clean Water Act.

The agencies need to review each project and,
using present regulations (l) control and eliminate
mud discharges; (2) reduce location size under the
regulatory powers granted over dtedge and fill
operations; and, (3) reduce noise and commotion
associated with drilling operations by cooperation
with OSHA in inspecting drilling rigs for noise
violations. The authority to reduce these impacts
exists under the Coastal Zone Management Act,
which controls activities in the coastal zone and
Sections 402 & 404 of the Clean Water Act. En
forcement of present regulations and increased
interagency cooperation will reduce the impacts of
present and future drilling operations.

The Geologic Review Procedure is an example
ofinteragency cooperation that works. This proce
dure was begun in 1982 at the request of the
director of the Coastal Management Division
(CMD) of the Louisiana Department of Natural
Resources. The Louisiana Geological Survey
developed the procedure, in conjunction with the
CMD, for a case-by-case review of oil and gas
permit applications involving environmental
damage, within thejurisdiction ofeither the Coastal
Management Division of the State of Louisiana or
the New Orleans District of the Army Corps of
Engineers. In the Geologic Review Procedure, a
thorough evaluation is performed on lease and
regulatory information, geologic, engineering, and
economic data, and future plans that relate to the
permit application. There are three possible out
comes to this procedure. The well may be direc
tionally drilled from an existing site, an upland site
or from a less environmentally damaging site. In
cases where directional drilling is unsafe, the well
may be moved to a geologically equivalent loca
tion that is less environmentally damaging. If the
first two options are unfeasible, efforts will be
made to minimize impacts through the use of
alternate access routes (Chapter 3) and reduction
oflocation size by using a closed loop mud system.

CHAPTERS
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CHAPTER 6

PRODUCTION
by

Brian J. Harder and W. Kent Webb

6.1. INTRODUCTION

Production is implemented after the successful
completion of exploration activities. Production
involves getting the oil and gas product out of the
ground, processing it, and then transporting it to the
buyer. Sophisticated techniques have been devel
oped to minimize environmental damage caused
by production facilities, and they are being im
proved constantly.

This chapter presents an overview of oil and
gas production techniques and how they impact
wetland habitat values and functions, techniques
for managing habitat impacts, and a briefsummary
of future trends.

6.1.1. History of Oil and Gas Production

Early production was allowed to blowout the
well in a gusher and the hydrocarbon was collected
by placing a levee around the location. Produced
hydrocarbons were stored in earthen levees called
stock tanks. This early method ofstoring produced
hydrocarbons was unsafe and directly altered
wetland habitat. Open pits allowed oil to seep from
the pits into groundwater aquifers, allowed.spills to
contaminate the surrounding vegetation and cre
ated a fire hazard to the surrounding environment
(natural gas was considered a nuisance and burned
in a flare resulting in numerous grass and forest
fires). Hydrocarbon production in wetland envi
ronments was hampered by the inability to create
sufficient leveed areas for storage. Consequently,
wooden barrels and tanks were used in wetland
areas to store products until steel and iron tanks
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came into use in the early 20th century. The
wetland area required for storage was leveed and
pumped dry.

Early oil producers used the force of gravity to
disassociate produced water and oil. The well
product flowed into a separator where the oil, gas,
and water were allowed to separate. The oil then
flowed to the storage tanks, the gas was flared, and
the salt water was discharged into the nearest body
of water. Modern production operations use steel
tanks to hold production and dispose of salt water
according to applicable regulations.

6.1.2. Modern Techniques of Production

Modern production depends on many factors,
the most important ofwhich is the type ofreservoir.
There are three major types ofreservoirs, classified
by their reservoir drive mechanisms: gas cap
expansion drive, solution gas drive, and water
drive. The envrionmental concerns related to
hydrocarbon production differ with the type of
reservoir.

6.1.2.1. Reservoir Types. In a gas cap reser
voir, free gas exists above the oil layer. As oil is
produced, the gas expands, pushing the oil up the
wellbore. Because the gas cap is under tremendous
pressure, drilling into this type of reservoir can
result in a controllectkick or an uncontrolled blow
out. A controlled kick requires that high concentra
tions of chemical weighting agents (barite) be
added to the drilling mud. Under these conditions,
concern is for human safety and the environmental
effects ofhigh concentrations ofdrilling chemicals
(Chapter 5) and a blowout and subsequent spill
(Chapter 8). Environmental concerns of a solu
tion gas drive (i.e., the gas is mixed with oil) are
similar to those of a gas cap expansion drive.

In a water drive reservoir, the inflow of water
provides the needed energy to produce the oil and
gas. When the oil is produced, the water level rises
and fills the voided space. Reservoir pressure
remains high as long as the removed oil and gas are
replaced with water. Water drive reservoirs affect
the surface features in a very different way than a
gas cap drive. Chances of a fiery blowout are
remote. The greatest concern is a massive saltwa
ter flow. This is much li1ce a blowout but, instead
of gas, salt water is flowing out of the well into the
reserve pit. Such an occurrence would be a major
environmental concern if the pit levee is breached
or topped by this massive amount of fluid. Under
maximal production conditions, a water drive res
ervoir typically produces for a long time and re
quires that surface facilities be in use for many
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years. Thus, the well will produce large amounts of
salt water that need to be disposed in an environ-·
mentally safe manner.

6.1.2.2. Stimulation Techniques. Toproduce
reservoir fluids at a maximum flowrate, stimula
tion techniques may be employed. The first mod
ern stimulation technique was called shooting a
well and involved detonating an explosive charge
in the oil formation to increase the flow of oil and
gas. This type of stimulation technique had little
surface environmental effect unless the charge
went off prematurely on the surface. Because of
the unconsolidated nature of the geologic forma
tions this technique is not widely used in the Gulf
Coast.

Other stimulation techniques use acid or water
sand mixtures to fracture the formation and allow
more hydrocarbons to be produced. The affects of
acid and water stimulation activities on surface
habitats is covered in section 6.2.2.

6.1.2.3. Processing Techniques. Once the
fluid reaches the surface it must be processed.
Sales contracts for oil and gas require the product
in a marketable condition. Surface production
facilities remove impurities, separate oil, gas and
water, provide storage for the product, andmeasure
the quantities produced. Production facilities are
designed to conform to the field conditions present.
The types of facilities used in wetland areas fall
into two general categories: oil production equip
ment and gas processing plants.

Oilproduction equipmentis designed to handle
all the fluids produced from an oil well. These
fluids are oil, gas and salt water (brine). Flowlines
(pipelines :s; 4 inches in diameter) carry crude oil
from the wellhead to theprocessingfacilities. These
flowlines vary in size but usually do not exceed
four inches in diameter unless extremely high
flowrates are present. They are laid on top of the
marsh surface by hand to prevent damage to the
vegetation. Fluid flow to the processing facilities
occurs by gravity drainage, gas expansion, and
high pressure from the reservoir or pumping.

At the facility the flow enters a staged process
to remove the impurities and to malce the oil mar
ketable. The first stage in the separation process
involves a free water knockout or a heater treater.
These pieces ofequipment use the force of gravity
or heat to remove salt water and solids from the
flow stream. In marsh locations the heater-treater
is at the wellhead as shown in Figure 6.1. The
hydrocarbon-water emulsion and the free gas are
piped from the free water knockout to the second
stage of the separation process. This is usually a



vertical or horizontal separator where the free oil
and gas are removed. The emulsion that will not
separate in this phase is piped to a third stage
separator, which is another type of heater-treater
that breaks the emulsion using heat or chemicals.
The result is a further breakdown into free oil, gas,
and water. .

The oil is placed in metal storage tanks called
stock tanks untilitis sold (Figure 6.2). Stock tanks
serve two main purposes: to store the oil and to
allow the volume produced to be measured. The
complete oil processing facility is shown in Figure
6.3. The gas is compressed and sent through a
meter to a gas processing plant for further process
ing. The salt water is re-injected into a disposal
well or discharged in offshore and brackish areas.
In a limited number of cases, fresh water is pro
duced with the oil and usually discharged into
natural water bodies. This discharge of produced
fluid is the main impact on the surface environment
caused by oil or gas processing facilities.

A staged process is also used at natural gas
wells to separate the gas, crude oil, condensate
(condensable hydrocarbons), saltwater, and impu
rities that are produced. Gas treatment is normally
required to prevent hydrate formation, to dehy
drate the gas, and to remove any undesirable
components. Hydrates can cause blockages in
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flowlines andpipelines, which cart cause flowlines
to break and allow oil to flow onto the marsh. To
reduce hydrate formation, the gas is dehydrated
prior to transporting. Liquid desiccants, such as
triethylene glycol (TEG), absorb the moisture from
the gas. Solid desiccants attract the water mole
cules and remove them from the gas. This type of
desiccant is usually activated alumina (bauxite) or
silica gel. The liquid TEG is toxic to most vegeta
tion, and proper use and storage of this fluid is
essential if environmental contamination is to be
minimized.

Natural gas can contain other impurities, such
as hydrogen sulfide (H S) and carbon dioxide.
Both of these gases can ?arm acids in the presence
of water; therefore, they must be removed. In
addition, 14S is extremely toxic and will cause
death in humans and other mammals at concentra
tions above 20 ppm. An alkanolamine process is
used with heat stripping to process these two
component gases, which are retained for sale be
cause they are used in many industrial processes.
The hydrogen sulfide will be processed to produce
sulfur and fresh water, and the carbon dioxide will
be sold if a market exists.

Condensable andrecoverable hydrocarbons are
also removed from natural gas (Gerding, 1981).
The separated crude oil and condensate are sent to

Figure 6.1. Heater treater at the wellhead. (photography by D. Cahoon.)

77



PRODUCTION

Figure 6.2. Stock tanks for oil storage. (photography by D. Cahoon.)

Figure 6.3. Oil processing facility. (Photography by D. Cahoon.)
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an oil processing facility and processed as de
scribed above. A diagram of field operations is
shown in Figure 6.4; this gives a general illustra
tion of the surface impacts that wellheads, flow
lines, and production facilities have on a wetland
environment. Table 6.1 summarizes the environ
mental effects ofthe different phases ofproduction
that should be reviewed during processing of the
permit application.

6.1.2.4. Workovers. Periodic maintenance
and servicing is needed as wells continue to pro
duce over long periods of time. Maintenance may

Gas Processing Plant

CHAPTER 6

involve pulling sucker rods, tubing, changing
subsurface equipment, and recompletion. These
projects normally require a workover rig on loca
tion' which means room to maneuver this equip
ment is always needed at a wellhead and affects the
location sizeofa producing well. These operations
use a number of specialized fluids toxic, in many
cases, to marsh vegetation and wildlife. Proper
containmentofthese fluids and properdisposal are
necessary to prevent marsh contamination.

6.1.2.5. Secondary and Enhanced Recovery
Techniques. Over time the primary recovery

,...-,...- Natural Gas Pipeline

cdmpressor ~tation Solid-Desiccant Dehydrator

Liquid Products

Impurities Gaseous Products

Natural Gas Gathering System

Compressor

Stock Tanks Water Dis osal

'<M~~~~~A;{}}~}
Water

Meter

,.....l.-"1-- Condensate
.~.,..,...,J::"" Water

Figure 6.4. Diagram of field operations (adapted from Berger and Anderson, 1980).
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Table 6.1. Possible leaks and discharges in production operations (see Figure 6.4).

Production Activitiy Types of' SpillSlDischarges Affected Environment

Wellhead

Wellhead Processing Facility

Gas Processing Facility

Oil
Gas
SaltWater
Acid
Surfactants
Inhibitors
Polymers
Paraffm
Sand

Oil
Gas
SaltWater
Glycol
Polymers
Paraffm
H~

Gas
SaltWater
Alumina Silica
CO2
Sulfur

Vegetation
Wildlife and Fish
Water Quality

Sub-soil

Vegetation
Wildlife and Fish
Water Quality

Humans

Vegetation
Wildlife and Fish
Water Quality

Sub-soil

Figure 6.5. As water is injected into the water bank, the
water bank expands outward and pushes
petroleum ahead toward offsetting production
wells (adapted from Skinner, 1981).

tional oil and gas recovery processes (van Poollen,
1980).

Three categories include the many processes of
enhanced oil recovery: thermal, chemical, and
miscible displacement. Thermal recovery tech
niques include steam stimulation, steam flooding

processes remove a portion of the known oil and
gas in areservoir. Depending on the reservoir drive
mechanism, oil and gas amounts exceeding 80
percent may still remain. When the reservoir
pressure begins to decline, a pressure maintenance
program may be implemented, involving secon
dary and tertiary (enhanced) recovery techniques.

Secondary recovery includes gas re-injection
and water flooding depending on the type ofreser
voir. Pressure maintenance programs may involve
drilling new wells to allow injection offluids. This
will adversely affect marsh habitat because, as
shown in a typical5-spot pattern (Figure 6.5), four
injection wells are needed for each producing well.
An environmental benefit is that produced salt
water is injected back into the reservoir, thus solv
ing the problem of salt water disposal.

Enhanced recovery techniques have as their
objectives: (l) to increase recovery from reservoirs
considered depleted by secondary recovery meth
ods of water flooding or gas injection; and, (2) to
increase recovery from reservoirs that did not re
spond to conventional water flooding or gas injec
tion. Processes developed to meet the first objec
tive are called tertiary recovery projects, but the
name is ill-suited for all other methods. Thus, the
term "enhanced oil recovery" (EOR) is now the
generally accepted designation for all unconven-
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and in-situ combustion. These types of recovery
are less environmentally damaging to the surface
features of the marsh since the injection fluid is
fresh water. However all enhanced recovery proc
esses require additional well locations forinjection
and monitoring. Chemical recovery processes
inject a water-chemical mixture to reduce the natu~

ral resistance to flow. The major types ofchemical
processes are surfactant-polymer injection and
polymer flooding. These chemicals are usually
toxic to surrounding marsh habitat. The long-term
effects of enhanced recovery operations on marsh
habitat is impossible to determine at this time, but
it is likely that a significant area of marsh will
eventually be exposed to EOR activities as the
large number of wells in coastal Louisiana pass
their peak of primary production.

6.2. IMPACTS on WETLAND VALUES
and FUNCTIONS

The major impacts on wetland values from oil
and gas production are caused by (1) permanent
change in marsh elevation and habitat; (2) produc
tion pit storage of toxic materials and migration of
these materials into the ecosystem; (3) noise and
commotion during construction and operations;
(4) alteration of surface and subsurface hydrologic
regime; and, (5) effects on water quality. The
relationship between production activities and
wetland impacts is summarized in Table 6.2.

6.2.1. Alteration of Habitat for Production
Facilities

Production processing facilities alter habitat in
a permanent manner. As with the drilling location,
an area must be prepared to station the production
facilities. During the construction phase noise can
disrupt nearby wildlife. After construction is
completed, the noise from oil and gas processing
facilities will continue to affect the character of the
habitat near the plants.

In most cases, it is uneconomical to station a
complete processing facility next to each wellhead.
Companies create a central facility, commonly
called a tank battery, where production from all
nearby wells is sent. By laying flowlines from each
wellhead to the processing facility, the facility can
be situated anywhere. Flowlines are small diame
ter pipe laid by hand on the surface to move fluids
between locations. Therefore, flowline construc
tion impacts are minimal. In contrast, pipelines are
larger diameter pipes buried three feet below the
ground and have potentially greater impacts asso
ciated with construction (Chapter 7).
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The facility site must be able to support the
weight of the processing equipment and storage
facilities. When operating in marsh surroundings,
it is desirable to locate the tank battery on higher
ground or a platform in open water or a canal. This
minimizes or avoids habitat alteration caused by
dredging and filling, which is needed to build a
tank battery site. Furthermore, the use of central
ized production facilities allows a reduction in the
wellhead location size to a pad just large enough to
service the well.

As discussed earlier, secondary and enhanced
recovery techniques may be applied to increase
hydrocarbon recovery. These methods inject many
different types of fluid into the reservoir. Addi
tional wells and equipment are needed to imple
ment these techniques. This equipment may in
clude additional pumps, compressors, and storage
tanks, all of which prompt a need for additional
space and may require wetland habitat areas to be
altered.

6.2.2. Influence on Water Quality

Salt water is almost always associated with
production ofoil and gas. Because of its detrimen
tal effects on benthic organisms (e.g., oysters) and
vegetation, handling and disposal ofsalt water is of
utmost concern. The usual techniques for salt
water disposal include evaporation, discharge, and
re-injection. The evaporation technique stores the
produced salt water in an open pit, allowing the
water to evaporate and leave the salt behind. This
method is ill-suited for wetland areas of the Gulf
Coast because the high humidity slows evapora
tion rates and abundant rainfall causes the pit to
overflow into the surrounding areas. However,
evaporation pits still exist in South Louisiana at
this time. Presently no new evaporation pits are
being built, and the old pits are being phased out
under Statewide Order 29-B.

Discharge ofproduced brine is presently an ac
cepted method of disposal in "tidally affected
waters, brackish waters, or any other waters unsuit
able for human consumption or agricultural pur
poses" (Louisiana Department of Natural Re
sources, 1986). No brine discharges are alJowed in
freshwater marsh areas. In 1986, 1 billion barrels
of produced waters were discharged in coastal
Louisiana (LouisianaDepartrnentofEnvironmental
Quality, 1987).

Discharged brine has minute quantities of pe
troleum hydrocarbons, organics, and heavy metals
and may have high levels of radioactive contami
nants, such as radium. In addition, chemicals used
in corrosion inhibitors, such as surfactants, organic
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Table 6.2. Observable and hypothetical cause-effect relationships of production operations on coastal marsh habitats and
wetland loss. .

Actiyity
ProductionFluidFluid Flowline

of Fluids Storage Discharge Construction
ACUTE ENVIRONMENTAL CONSEQUENCES

Habitat Alteration - Physical Impact
Noise, Commotion during Construction
Flowlines in the Marsh
Production Pits - Toxins to Surroundings
Change in Marsh Elevation
Reduction in Water Quality

Habitat Alteration - Ecological Impact
Saltwater Disposal- Salt Kills
Acid Spills/Oil Spills
Potential for Disturbing Avifauna Nesting by Noise

Impact on Biota
Destruction ofBiota
Potential for Interrupting Fish Spawning/Feeding in Marshes
Potential for Disturbing Avifauna Nesting by Noise

CHRONIC ENVIRONMENTAL CONSEQUENCES

Habitat Alteration - Altered Physical Process
Noise ofProcessing Plants
Surface Hydrology and Drainage
Subsurface Hydrology and Drainage
Saltwater Intrusion
Changes to Plant Environment - More Saltwater Species

Habitat Alteration - Physical Impact
Anoxia
Increased Localized Subsidence

Habitat Alteration - Ecological Impact
Loss ofMarsh Habitat
Altered Soil/Water Chemistry:

Possible Negative Influence on AquaticlBenthic Organisms

polymers, and ethylene diamine tetracetic acid
(EDTA), can be discharged with the produced
brine (EPA, 1987b). Produced oilfield brine has
high concentrations of chloride (CI), sodium (Na),
calcium (Ca), magnesium (Mg) and potassium (K)
ions in decreasing amounts (Collins, 1975).

Stimulation techniques, such as acidizing and
fracturing, may adversely affect wetland habitats.
Concentrated acids, such as hydrochloric and
hydrofluoric, are used to open the pore-spaces in
the formation. Fracture acidizing uses large vol
umes of these fluids, and small spills occur during
operations. These acids can mix with waterpresent
on the location and be transported into the sur
rounding marsh habitat. Major spills of these
chemicals are possible but unlikely. A major acid
spill would contaminate the surrounding water
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habitat and destroy localized fauna and wildlife.
This adverse effect would continue until dilution of
the acids or bases by rain water brings soil condi
tions back to a level that could support growth.

Fracturing uses a base fluid, water, acid or oil,
and sand pumped at high pressure to fracture the
formation and prop the the fractures open to in
crease well production. The high pressures used
increase the risk of accidental discharge during
fracturing operations. The environmental effects
of fracturing are determined by the composition of
the base fluid. The effects of a water frac are
minimal. When acid is used as a base fluid and a
spill occurs, the effects on habitat are similar to
those described above. The most damaging type of
spill that can occur is if an accident or unplanned
release ofmaterial occurs while an oil frac is being



perfonned. The high pressure can cause dispersion
over a wide area, thus increasing the potential for
environmental impacts

6.3. INFLUENCE on WETLAND LOSS

Hydrocarbon production may influence wet
land loss through subsidence caused by fluid re
moval and salt water impacts on vegetation that
holds the soil together.

6.3.1. Influence of Subsidence Caused by
Drawdown

Fluids occupy space between sand grains,
cracks, and other areas of subsurface fonnations.
Production of this fluid and depletion of the reser
voirpressure cause surface subsidence. The weight
of the overlying rock compacts this empty space
and lowers the surface elevation. (Bourgoyne et al.,
1986). .

The Minerals Management Service (U.S. De
partment of the Interior) has developed a subsi
dence prediction model for oil and gas production.
Fluid withdrawal from oil and gas reservoirs ap
pears to have a localized influence on subsidence,
amounting to as much as 80 centimeters (2.62 feet)
of settlement directly above the reservoirs (Suha
yda, 1988). Subsidence is the major long-tenn
component of relative water level rise in the wet
lands. The conclusion is that most oil and gas
production does not seem to have significantly
influenced subsidence.

6.3.2. Influence of Brine Disposal

Little research has been done on the effects of
brine on wetland loss. However, most plant spe
cies and benthic organisms will not survive direct
exposure to hypersaline brine (120 to 140 ppt).
Therefore, every attempt should be made to pre
ventbrine from contacting marsh vegetation. Brine
should not be directly discharged into vegetated
marsh because it can directly contribute to wetland
loss (USFWS, 1978). However, brine is much
denser than low salinity water and hence sinks to
the bottom ofwaterways. The effect ofopen water
disposal ofbrine in well-flushed estuarine areas on
wetland loss remains to be determined. The Min
erals Management Service is presently conducting
an investigation of the environmental effects of
produced waters and their role in. wetland .loss.
This study also addresses the potentIal for radIOac
tive contamination associated with brine disposal.
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6.4. MANAGING IMPACTS through
the REGULATORY PROCESS

The regulatory process can manage most envi
ronmental impacts associated with production.
Production impacts are directly related to location
size and discharge regulations for that area. By
instituting a review process for production facili
ties and by enforcing existing regulations, impacts
to wetland habitat can be decreased.

6.4.1. Avoiding Impacts

Major facilities impacts can be avoided by
moving production facilities from the marsh to
upland sites when feasible. The use ofa Production
Review process, modeled on the Louisiana Geo
logical Survey Geologic Review procedure, would
allow wetland managers to make an informed
decision on these matters. Stationing processing
facilities on higher ground eliminates the need for
dredging and filling.

Flowlines to move the production to the central
orupland facilities can be laid along the spoil banks
or board roads to avoid impacting virgin marsh.
Currently, flowlines are laid straight across the
marsh to the production facilities; however, a proc
ess to combine the number of flowlines laid in a
single corridor may be beneficial.

The impacts to surrounding marsh from spills
ofacid and frac fluids is minimal, but locations can
be designed to prevent almost all spills from im
pacting surrounding marsh. Almost all of the
acidizing and fracturing occurs during the initial
phase of production and completion. Therefore,
the impact of these dangerous fluids is minimal.
Once the initial production and completion work is
finished, the drilling ring levee is leveled. How
ever, in some cases, it is necessary to acidize or frac
the well after the drilling ring levee is removed.
This means that any spilled material can enter the
restored areas and connect with the un-impacted
marsh. To prevent run-off of completion fluids, a
1- to 2-foot benn around the production pad should
be constructed. This also protects the surrounding
habitat from leaks of produced fluids at the well
head. The construction of these small. dikes is
already common around most production facili
ties. Extending this practice to each wellhead
should not be difficult or unreasonably expensive.

Thegreatest impacts on marsh habitat are caused
by the discharge of produced fluids. Salt water is
the major fluid associated with production of oil
and gas. Because of its detrimental effects on the
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environment, handling and disposal of salt water
need to be carefully regulated. In south Louisiana
discharge of salt water into streams, bayous, lakes,
and the Gulf of Mexico is standard practice; how
ever, discharge ofsalt wateris an impact thatcan be
totally avoided. Technology exists and is used in
every oil producing state to re-inject produced
waters into the ground. Re-injection costs more
than discharging but has less environmental im
pact.

6.4.2. Minimizing Impacts

Impacts ofproduction facilities on the environ
ment can be minimized through the proper choice
oflocation, layout, and size. Reducing the location
size for the processing facilities reduces adverse
effects associated with building a site. These
effects were discussed in Chapter 4. Utilizing the
central facility concept, which most companies
implement, allows wellhead areas to be reduced
dramatically. Construction of dikes around the
production and wellhead facilities can minimize
impacts to the surrounding areas. Efforts to con
solidate flow lines and prevent them from being
placed in un-impacted areas would minimize
impacts, as would limiting production facilities to
the minimum number needed. It may be possible
to reduce facilities through a Production Review
process. As the wetland oil and gas fields mature,
more reworking of wells will be needed to keep
production rates at reasonable levels, and careful
review on a case-by-case basis can produce dra
matic results in minimizing impacts.

In cases where the wellhead and production fa
cilities must be in a wetland area, care can be taken
to avoid known bird colonies, and operations may
be restricted during breeding and nesting phases.
This reduces the impact ofnoise andcommotion on
wildlife.

6.4.3. Combining Regulatory Programs

The U.S. Army Corps ofEngineers (COE), the
EnvironmentalProtection Agency (EPA), National
Marine Fisheries Service (NMFS), and the United
States Fish and Wildlife Service (USFWS) are
federal regulatory agencies concerned with wet
landresources. These federal agencies, in coopera
tion with state agencies concerned with wetland
resources, such as Louisiana Department of Natu
ralResources/Coastal ManagementDivision, Lou
isiana Geological Survey, Louisiana Department
of Environmental Quality, and Louisiana Depart
ment of Wildlife and Fisheries, could begin a
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ProductionReview modeled on theLouisiana Geo
logical Survey Geologic Review procedure. This
process would identify methods to avoid and mini
mize environmental impacts associated with oil
and gas production activities. The regulatory
agencies could use this process to eliminate pro
duced water discharges, reduce location size, con
solidate flowlines, and implement construction
requirements that minimize damage caused by
production operations. The authority to reduce
these impacts exists under current state and federal
regulations.

6.5. FUTURE TRENDS

The Gulf Coast region of the United States is
becoming a mature producing region, which will
have great impact on future operations in this area.
Although oil and natural gas are still plentiful,
finding new reserves will be increasingly more
difficult. Future trends include drilling deeper
wells in an attempt at new discoveries, horizontal
wells (i.e., 90· wells) in existing fields to prevent
decline, increased secondary recovery activity,new
evaluation technologies for abandoned fields, and
enhanced recovery techniques for the oil still in
place. These trends have one common theme-in
creased access in wetland areas. How the regula
tory agencies allow this access is the question for
the future.

New technologies in the drilling and produc
tion fields will allow increased access to undiscov
ered oil and gas reserves. Successful projects just
completed have shown increased oil and gas re
serves at deeper depths. Since the present trend in
the United States is to use natural gas as an energy
source, demand for gas will continue to grow, and,
therefore, the trend for deeper wells in the Gulf
Coast will continue to grow. The increased pres
sures found at these depths can prohibit horizontal
and directional drilling on safety grounds. The
need to explore for these reserves will put in
creased pressure on our coastal wetland surface
features and resources.

6.5.1. Future Need for Increased Processing
Facilities

The gas recovered from these deep formations
will cause a demand for increased gas processing
and production facilities. Once produced, oil and
natural gas must be treated, but processing facili
ties need not be located at the immediate well site.
These fluids could easily be transported via flow
lines to facilities that are located in a more suitable



area. Cooperation between regulatory agencies
and theproducing companies can lead to decreased
impacts caused by these facilities.

6.5.2. EOR-The Future Impacts on Habitat

After the partial depletion of reservoir energy,
secondary and tertiary recovery or pressure main
tenance techniques may be initiated. In addition, as
oil and gas become increasingly harder to find,
techniques to improve recovery of known and
abandoned reserves will be initiated. The future
use of secondary recovery, enhanced recovery and
enhancedevaluation techniques in southLouisiana
is dependent on the price ofoil. The lower the price
the less activity that will occur in the near future.
Some of these activities will occur regardless of
future price trends for oil and gas. The higher the
price the more activity that will occur in the near
term.

These enhancedrecovery methods requiremore
equipment and consequently more area. Efficient
use of existing prepared sites or impacted sites, re-

. injection of salt water, and optimal stationing of
central facilities can avoid or reduce unnecessary
effects of these recovery techniques. Efficient
utilization of existing drilling and production sites
can minimize habitat alteration.

CHAPTER 6

85



86



CHAPTER 7

PIPELINE INSTALLATION
by

Robert H. Baumann and Donald R. Cahoon

7.1. INTRODUCTION

The pipeline system along the Gulf Coast of
Texas and Louisiana is the most intensive oil and
gas transport system in the world. To date, the
region has provided over 90 percent of the Outer
Continental Shelf (OCS) hydrocarbons produced
(Slitor and Wiese, 1988),40 percentof the nation's
natural gas supply (EIA, 1988), and nearly 33
percent of the nation's refinery capacity. The only
deep water offshore receiving terminal (LOOP) in
the U.S. is located here, as well as the vast majority
of the nation's Strategic Petroleum Reserve (Bau
mann,1988). Pipelines are the primary means of
transporting natural gas, crude oil, petroleum prod
ucts, and sulphur within the region and to the rest
of the nation. This chapter describes the means for
transporting hydrocarbons via pipelines (:2: 4-inch
diameter) from the production field described in
Chapter 6 to points of refining and distribution.

A substantial portion of the pipeline system in
frastructure must, by necessity, traverse the coastal
wetlands. The required construction techniques
combine marine and terrestrial practices and are
among the more expensive techniques because of
the logistics involved in both construction of the
line and restoration of habitat. Some of the more
recent projects have approached or exceeded $1
million per mile in total costs (True, 1987). This
chapter discusses the state-of-the-art knowledge
concerning standard pipeline construction tech
niques in wetlands, impacts on Gulf Coast wet
lands, and methods to avoid, minimize, and restore
wetland habitats. With respect to costs, we have
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included such data where reported or provided by
operators so that others may attempt their own
analyses to evaluate some benefits versus costs
when deemed appropriate.

7.1.1. History

At the start ofWorld War II the pipeline infra
structure within the coastal wetlands of Louisiana
was limited to 300 miles of line, primarily for oil
(LOS, 1941). By 1947 the system had grown
slightly to 460 miles in length (LOS, 1947) as new
onshore fields were discovered and developed in
the coastal zone. The Truman Proclamation of
1947, in which the U.S. claimed rights to resources
of the seabed subsurface of the continental shelf,
was the catalyst for offshore development. By
1953 the total length of the system had grown to
1,570 miles within the coastal zone (LOS, 1953)
and included the fIrst lines originating in the off
shore region beyond the territorial sea limit. From
that period to 1979, the number and total length of
lines grew tremendously as the Louisiana coastal
zone and federal Outer Continental Shelf (OCS)
hydrocarbon and sulfur resources were developed.
Virtually all of the estimated 12,000 miles ofpipe
lines in the Louisiana coastal zone (LOS, 1983)
were constructed prior to 1980. Since that time
pipeline construction has decreased markedly,
especially onshore. '"Most of the lessened activity
has been limited to feeder lines in the OCS (Slitor
and Wiese, 1988; True, 1988). It is widely re
garded that existing infrastructure is largely suffi
cient for future resource development. Thus, even
with future technological advances to exploit deep
water OCS, extensive use of the onshore compo
nent of the existing system is expected, as much of
it has been constructed for additional capacity. In
addition, as older fields mature, some pipeline
capacity will be made available. It is, of course, in
industry's interest to make use of existing systems
and thereby forego new construction costs. Still,
some new major lines should be expected as new
fields come on-line and as some pipelines are
abandoned because of age, safety or other factors.

Technological advances in construction tech
niques since the early 1970s have made a major
contribution in reducing impacts of pipelines on
wetlands. Before 1970, canals had to be dredged
wide enough and deep enough through the marsh to
accommodate large work barges. However, by the
early 1970s, the technology existed to construct
and push-pull a pipeline through much narrower
ditches. Although the large work barges are still
used as work platforms and pipe carriers, they no
longer go through the marsh (Section 7.1.2) except
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in unusual circumstances. The smallerpush ditches
through the marsh were made possible by the
innovation of marsh buggy mounted draglines and
backhoes (Figures 7.1 and 7.2).

Other advances that have contributed to reduc
ing direct impacts from pipeline construction in
clude: advances in mitigating marsh buggy tracks;
greater use of helicopters in right-of-way survey
ing (as opposed to using marsh buggies); general
advances in construction productivity that reduce
the time the canal spoil is exposed to the air
(Section 7.3); and, closer coordination with permit
agencies to optimize pipeline routing while reduc
ing impacts.

7.1.2. Pipeline Construction Techniques

Pipeline construction through the coastal wet
lands requires a combination of equipment for
marine and terrestrial environments, as well as
some specialized equipment. The primary method
used today to lay the pipe is the push-pull method.

The types of equipment required vary with the
types of habitats the pipelines traverse. The pipe
line right-of-way is surveyed using a combination
ofhelicopters, boats, marsh buggies, and terrestrial
equipment and, in some instances, aerial photogra
phy. In the marsh, helicopters are being used more
frequently as they have become more cost-effec
tive and, at the same time, they have little or no
environmental impact.

In general, it is less expensive for operators to
establish a work yard to store pipe, flotation buoys,
and other supplies, as well as the equipment, on a
terrestrial site that can support heavy loads and is
accessible by roads. Approximately 2 acres ofland
adjacent to the right-of-way are necessary for a
work yard (University of Texas and Pipeline Con
tractors, 1980). The alternative is to provide stor
age and work space on barges. In many cases, both
barges and dry land sites are used as staging areas.
Barge operation is generally more expensive as
barges have to be leased, some dredging of pre
existing canals or natural waterways may be re
quired to get the barge on location, crews must be
transported by boat or helicopter, and pipe must be
barged to the work area. On the other hand, barges
have the advantage of being transportable, and a
considerable amount of pipe can be carried on a
single barge. This latter aspect can result in cost
savings over a dry land operation, especially when
dealing with large diameterpipe, where trucks may
only be able to transport as little as a single section
of pipe per trip.

The push ditch is dredged through the marsh
usually with a dragline or backhoe mounted on a
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Figure 7.1. Dragline mounted on wide-track marsh huggy. (photography courtesy ofUnited Gas Pipe Line Company.)

Figure 7.2. Backhoe dredge mounted on wide-trackmarsh buggy. (photography courtesy ofUnited Gas Pipe Line
Company.)
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marsh buggy (Figures 7.1 and 7.2). Theresulting
ditch (Figure 7.3) is narrower (8 to 10 feet) and
shallower (4 to 6 feet) than the older method of
dredging a flotation canal (40 to 50 feet wide and 6
to 8 feet deep) for the pipeline (McGinnis et aI.,
1972). The push ditch advancement substantially
reduces the amount of dredging, the operator's
costs, and the short- and long-term direct impacts
on the marsh (Section 7.2).

miles (University of Texas and Pipeline Contrac
tors, 1980). Most pushes are for much shorter
distances because other lines are encountered and
crossings must occur that require different equip
ment. The flotation devices are then removed and
the ditch is backfilled. The slip is also frequently
backfilled and a dam (bulkhead) may be con
structed along (Figure 7.6) or set back from the
shoreline (Section 7.1.4).

Figure 7.3. Typical push ditch canal prior to backfilling. (photography courtesy of United Gas Pipe Line Company.)

The work barge is towed to sites along the
right-of-way. A short slip (Chapter 3) is dredged
into the bank of the marsh to help keep the barge
stationary. Once sited in the slip, the barge may be
partially flooded to rest on the bottom and spuds
project from the barge to the bottom to help stabi
lize the barge's position (University of Texas and
Pipeline Contractors, 1980). If the pipeline is to
cross the waterway, a second slip is dredged on the
opposite bank to enable the barge to relocate and
push pipe in the opposite direction (Figure 7.4).

The pipe is treated with a protective corrosion
control coating either in the field or just before
barge loading. The pipe is welded, inspected, and
coated on the work barge. Flotation devices are
placed on the pipe and the pipe is then pushed or
pushed and pulled through the ditch (Figure 7.5).
Theoretically, pipe can be pushed for 10 to 15
miles; however, the longest reported push is for 7
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A larger work area is required in cases where
existing pipelines are crossedin the marsh. Cradles
to raise and align pipes are required (Figure 7.7),
and suction or jet dredges (Figure 7.8), rather than
backhoe or draglines, are frequently needed to
make crossings under otherpipelines. A minimum
vertical separation distance between the two cross
ing pipelines is normally specified.

In forested wetlands, the right-of-way needs to
be cleared by cutting before the laying ofpipe. The
Louisiana Department of Transportation requires
that the right-of-way be maintained free of trees
because of the potential damaging impact of tree
roots on the pipeline and also to provide access for
maintenance, inspection, and emergency repairs.

A backhoe or dragline cannot be used to lay
pipe across lakes, bays, and other relatively large
water bodies greater than 2 to 3 feet in depth. Large
lay barges are used (Figure 7.9), and thepipe is laid
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Figure 7.4. Pipeline crossing a waterway, with two slips on either side of the waterway. (photography courtesy of
Tennessee Gas Pipeline.)

joint by joint (typically in 40-foot lengths). Weld
ing and coating is conducted on the lay barge, and
the pipe is launched off the rear end of the barge.
The dredging is nonnally conducted by a separate
dredge ahead ofthe lay barge. A second dredge can
be located toward the rear of the barge to backfill
the line or the front end dredge, after completing its
passage across the water body, returns to the rear to
backfill. Alternatively, a pipeline may be "jetted
in" to a waterbottom by a jet barge that excavates
a ditch using a high pressure stream of water. The
ditch is allowed to backfillnaturally through slough
ing of the ditch walls and sediment from the turbid
water.

Major river crossings, such as the Atchafalaya
or Mississippi Rivers, require a custom-designed
approach. Each crossing represents a different set
ofengineering problems dependent upon the width,
depth, strength ofcurrent, and other factors associ
ated with the waterway (Taylor, 1957). Several
case studies are reported in Taylor (1957). A
common current practice is to directionally drill
the pipeline across the river (Hair, 1989).

7.1.3. Right-of-Way Restoration Techniques

7.1.3.1. Marsh Habitat. A pipeline right-of
way through marsh is restored usually by back
filling. In some special or experimental cases,

Figure 7.5. Push method of pipe installation. Note
flotation devices. (Photography courtesy of
United Gas Pipe Line Company.)
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Figure 7.6. Bulkhead dam near shoreline intersection. Note shell on barge that will be placed as a cap over the bulk
head. (Photography courtesy ofUnited Gas Pipeline Company.)

double ditching and/or vegetative plantings are
used.

Figure 7.7. Pipeline lifted by a cradle so that anew
pipeline can be laid under it. (photography
courtesy ofTennessee Gas Pipeline.)
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Backfilling. Backfilling is now the common
and usually required practice for minimizing
damage from pipelines. In the older flotation
canals, wherepipe was laidjointbyjoint, the canals
were frequently left open. It is, of course, expen
sive to backfill. The older flotation canals, with
their large cross sectional area in relation to the
current push-in method, generated considerably
more spoil and, thus, more expense in both dredg
ing and backfilling. In Louisiana and the upper
Texas coasts, a typical backfilled pipeline canal
results in a 75 percent reduction in direct impacts to
the marsh, as opposed to an unbackfilled canal
(Baumann and Turner, in press). Because back
filling has such considerable potential for reducing
direct impacts, some attention has been given to re
fining and experimenting with different methods
of backfilling.

The current common practice for backfilling
push ditches is to backfill with a dragline mounted
on a wide-track marsh buggy. The care with which
the dredge operator scoops the spoil from the
marsh back into the ditch is considered an impor
tant factor (Figure 7.10). The GulfCoast marshes
occupy a very narrow elevation range, even in
relation to other coastal marsh areas of the U.S. and
world (Baumann, 1980). This is largely because
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Figure 7.8. Jet dredge, which pushes material away from existing intersecting pipeline. Note compressed airhoses at
front of barge. (photography courtesy of United Gas Pipe Line Company.)

Figure 7.9. Lay barges being pushed across a waterway. (photography courtesy ofTennesse Gas Pipeline.)
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Figure 7.10. Example of a properly backfilled and restored pipeline right-of-way. Note limestone in foreground which
helps prevent shoreline erosion. (photography courtesy of Tennessee Gas Pipeline.)

the tidal range is so small. Thus, if the dragline
operator digs just a few inches below marsh grade
in scooping the spoil, the scooped area may never
again support emergent vegetation. Similarly, in
placing the spoil bacldnto the ditch, care must be
taken to properly grade the backfill. Krone et al.
(1987) believe this latter aspectcan be more impor
tant in ultimate recovery than the actuai construc
tion technique used. As Krone et al. (1987) point
out, the success of the restoration can hinge on
properly educated equipment operators.

Double Ditching. Double ditching is a com
mon excavation method used in terrestrial environ
ments. The top 6 to 12 inches of topsoil and
vegetation matter is removed and placed on one
side of the ditch, and the material excavated below
thatlevelis placed on the other side. In backfilling,
the process is reversed. It has been suggested, and
some implementation has occurred, that the double
ditch method be used in the wetlands. This method
adds about $1 to $1.50 per linear foot ofexcavation
to the total costs (Woodson Construction, Lafay
ette, LA., Dec. 1988, personal communication).
For comparative purposes, the average cost for
excavating a pipe ditch with a backhoe type dredge
through the marsh is $3 to $4.50 per linear foot
The range in price depends on the diameter of the
pipe. For a swamp forest, an additional $3 to $4 per
linear foot must be added for tree removal costs.
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Thus, double ditching is a significant additionai
cost to the excavation component of pipeline con
struction.

Of greater relevance to maintaining habitat in
tegrity is whether double ditching provides any
benefits to wetland environments. The edaphic
conditions encountered in the wetlands are differ
ent in just about every aspect from dry-land soils.
An obvious difference is the lack ofa topsoil in the
marsh. In two reported uses of double ditching in
the marsh, Chabreck (1979a) had inconclusive re
sults in comparing doubleditch to single ditch spoil
backfill in some Texas and Louisiana marshes. In
southeastern Louisiana, Krone et al. (1987) found
no statistical differences in marsh recovery be
tween the two methods. Krone et al. (1987) were
hesitant to use the statistical findings in a conclu
sive manner as other environmental differences
between the double ditch and single ditch areas
may have affected statistical results.

In summary, theknowledge concerning double
ditching in Gulf Coast wetlands is:

(1) The scientific and practical consensus is
that double ditching is not as beneficial in wetland
soils as in dry land soils because ofinherent differ
ences in the development of their respective soils;

(2) Experimental results in the field have pro
duced inconclusive results regarding recovery dif
ferences, probably because it is extremely difficult
to isolate environmental conditions in the field and



to have bona fide .controls to validate statistical
comparisons; and,

(3) double ditching is substantially more ex
pensive than current excavation practices.

Plantings. Planting, planting and fertilizing,
transplanting, and seeding are additional methods
thathave been employed to enhance and accelerate
right-of-way restoration along the GulfCoast. For
emergent marsh vegetation, planting in or trans
planting into the right-of-way accelerates marsh
recovery for a growing season (Chabreck, 1979a).
Recovery differences between natural and planted
areas diminish over time and become insignificant
after approximately three-year periods (Chabreck,
1979a; Hinchman and George; 1987; Krone et aI.,
1987).

To our knowledge, planting or transplanting
has only been conductedin afew isolatedcases, ex
perimentaily, on very short segments ofindividual
pipelines. The costs for planting are extremely
high with operators paying in excess of $100,000
per acre planted. This cost estimate, however,
includes longer-term monitoring studies and the
development costs associated with establishing
methodologies for' planting or transplanting.
Clearly, costs will decrease if planting becomes a
more regular occurrence; however, it remains a
very labor-intensive effort and the benefits of
enhancing recovery are short-lived.

While we haveno knowledge ofmassive plant
ings, there are specific habitat areas where planting
is increasingly being requested. These so-called
sensitive areas include the foredunes along coastal
barriers and seagrass beds.

7.1.3.2. Beach Habitat. The beach, inclusive
of foredunes, serves a very important wetland
.system function as the barrier absorbs much of the
impactfrom storm wave and surge energies. It thus
protects the landward habitats from the more ero
sive storm energies. The vegetative coveron dunes
is widely considered to be ofcritical importance to
help bind sediments and maintain dune integrity.
Odegardet al. (1984), followed by Hinchman and
George (1987), working along the Gulf Coast of
South Texas, planted and fertilized the foredunes
ofa disturbed pipeline crossing afterrebuilding the
foredune back to its predisturbed elevations.
Monitoring was conducted for more than 1 year
and again after a 5-year post construction period.
Despite the plantings and fertilization there was
significantly less cover on the right-of-way fore
dunes than on the control foredunes just after the
start of the next growing season. Later, during the
same growing season, a major hurricane directly
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impacted the areaandvirtually destroyed the wind
ward portion of the foredunes at both sites. Sam
pling conducted four years later indicated no sig
nificant difference in the percentage of cover be
tween the two sites; curiously, both sites had sig
nificantly greater coverage than their respective
pre-hurricane condition. Working on a low-level
barrier in Louisiana, Mendelssohn and Hester
(1988) found that natural revegetation density of
foredunes was equal to planted foredunes within 6
to 12 months. It is clear, however, that vegetated
dunes withstand storm energies better than non
vegetated dunes as has been proved time and again
along developed barriers. Thus, if a storm occurs
soon after a dune is denuded, we would expect the
dune to have a lessened ability to dissipate energies
and the landward marsh may be more severely
affected by erosional processes. Thus, the prudent
action is to require planting of the foredune area.
Finally, the Louisiana coastline is generally sand
deficient and lacks natural barriers along many
sections of its coast. Therefore, the exact onshore
siting location is important for recommendations
on coastline restoration. A method thatcan be used
in some instances to avoid disturbance of the beach
habitat is directional drilling.

7.1.3.3. Seaerass Beds. Seagrass beds are
another sensitive habitat. Most of the work on
seagrass restoration was initiated in Florida and
has been transferred to Texas and other areas. The
restoration success, other than natural, can be
generally characterized as mixed and expensive.
Partoftheproblem has been developing successful
transplanting, laboratory growth and seed collec
tion techniques of the several species involved.
Discussionofsome oftheseproblems and progress
being made are included in Fonseca et al. (1982,
1985) and Holtz (1986). In the attempts of the
1970s and early 1980s in Florida, costs per acre
ranged from $64,000 to $439,000. These figures
represent total planting costs but the success of
plantings was very modest and the cost per area of
permanent recovery was correspondingly higher.
For example, the cost of restoring 36 acres in
Biscayne Bay in 1982 was $781,425; however,
only 6 acres were successfully restored ($J30,237
per restored acre). In Texas, a verbal bid to a
pipeline operatorin 1985 estimatedcosts at$15,000
to $20,000 per acre, with up to 5 years for total
recovery with no guarantee (per operator written
correspondence to these authors dated November
11, 1988). By 1986, techniques in Florida had
improved and Holtz (1986) estimated restoration
could be conducted for $3,760 to $8,000 per acre,
still a very sizable cost factor. More importantly,
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we do not know if the effort produces any better or
fasterrecovery than natural recovery. The authors
are unaware of any published field data on natural
recovery rates after pipeline construction. Aerial
photographs of the Texas coast show areas where
disturbance effects appear to have remained for
many years; however, there are many examples
that donot show any difference in the seagrass beds
within the pipeline right-of-way versus nearby
areas.

7.1.4. Dams (Bulkheads)

The general functions of dams are to retard
public access into the right-of-way (for safety
reasons) and into privateproperty, retard erosion of
the landward shoreline, and provide barriers to
saltwater intrusion and other water control func
tions. The lattertwo aspects areparticularly impor
tant for the older open canals that have not been
backfilled. Dams are a commonplace structure
along the pipeline routes through the coastal wet
lands. The dams and other similar structures, such
as fixedcrestweirs, arequite variable inconstruction
(Figures 7.6 and 7.10) and design. They are most
frequently encountered at or near land-waterbody
boundaries along the pipeline route. There are
hundreds and perhaps a few thousand of such
structures in the Louisiana coastal zone. They are
fairly expensive to c:onstruct, they frequently re
quire extensive maintenance, and it is not uncom
mon for them to undergo complete reconstruction
and relocation. Many of the larger operators have
several employees whose jobs are devoted to re
connaissance of these structures and maintenance
scheduling.

Despite this considerable infrastructure invest
ment, there are no true standards for exact implace
ment or what type of structure to build under a
particular set of conditions. In discussions with
operators as to why there appears to be such a
chaoticmix ofstructures, itis clearthat the operator's
decision on what to build where is largely influ
enced by the individual landowner's preference
within a fairly broad set of regulatory guidelines
for dams along pipeline routes. In general, few of
the structures appear to be very efficient in the
long-term (>10 years). Natural shoreline erosion
results in some structures being located several
hundred feet out from the shoreline in as little time
as a decade. Washouts along the sides of the dam
are commonplace and result from both natural
causes (water level differences on either side ofthe
dam causing pressure build-up and washout of
unconsolidated sediments) and man-made causes

96

(vandalism or hunters and fishermen wanting ac
cess to wetlands).

Because erosion is so commonplace and many
structures become non-functional within the span
ofjusta few years, there has been arecent tendency
to recommend that the structures be placed some
distance landward from the current shoreline. In
some cases, however, the most important function
of the structure is short-term, and the landowner
wants the structure placed at the current shoreline.
For example, a slip that is backfilled along a well
travelled waterway will be subjected to the erosive
potential of boat wakes to a greater extent than the
nearby vegetated shoreline that contains a root
system to help retard erosion. A major function of
the structure is toprovide erosion protection for the
first few years until the backfilled area revegetates
and develops a root system.

7.1.5. Ancillary Facilities

There are a number of ancillary facilities that
are required along the pipeline system. These
include small areas for compressor and pumping
stations and larger areas for processing, fractiona
tion plants, and refineries. These facilities range in
size from less than a small standard urban lot to
many acres for some of the larger plants that
include condensate strippers, dewatering devices,
and hydrocarbon storage areas. Most of the larger
plants service multiple lines; thus, the construction
of new pipelines may not require new plants.

A number of factors influence facilities siting.
Distance is one factor, and many of these facilities
(especially for natural gas liquids) are located very
near the coast. Dry land sites easily accessible by
road are preferred, and, in some cases, wetland
areas are filled or leveed and drained to provide the
necessary siting areas. The total impact on wet
lands for these facility sitings in relation to the total
wetland loss problem is extremely small. For
example, Baumann and Turner (in press), in look
ing at the direct impacts of OCS pipelines on
wetland loss, found that ancillary facilities repre
sentedonly 6percentofthe total directwetland loss
attributable to the pipelines, which, in tum, ac
counted for less than 5 percent of the total wetland
loss in coastal Louisiana.

A majorenvironmental concern associatedwith
the larger facilities is the disposal of production
and processing related wastes. Separation of liq
uids from offshore production is frequently con
ducted by onshore facilities via pipeline transport.
In some cases, brine disposal is permitted to be
directly discharged into surface waters. The issues



concerning waste disposal practices are currently
very much in debate in Louisiana and are undergo
ing review (Chapter 6).

7.2. IMPACTS on WETLAND VALUES
and FUNCTIONS

In the previous discussions we have described
the construction process and have included some
of the types of wetland impacts that result. In this
section, we will examine what those total impacts
are and what factors affect the degree of impact.
Impacts and degree of restoration vary both spa
tially and temporally. Understanding these vari
ations is important in planning and projecting fu
ture pipeline construction.

7.2.1. Direct Impacts

The primary direct impacts of push-pull pipe
line construction are the direct conversionofmarsh
to open water and the loss of forested wetland
habitat (Table 7.1). However, the degree ofimpact
is much less than that for a drilling site access canal
(Chapter 3) because the pipeline canal is narrower
and is backfilled. In fact, restoration of marsh
habitat by backfilling may approach 100percent in
some wetland regions of Louisiana. The ecologi
cal impacts associated with habitatalteration (Table
7.1) are similar to but usually less severe than those
for an access canal.

The total direct impact on marsh habitatofany
given pipeline depends upon a large number of
factors. Baumann and Turner (in press) have
shown that age of pipeline (when constructed),
pipeline diameter, geologic region ofconstruction,
construction method (backfIll vs. non-backfill) and
habitat type all have a statistically significant rela
tionship with the degree of direct impact on a per
unit length of pipeline basis.

Direct impacts from OCS pipelines accounted
for over 4 percent of the total wetland loss that oc
curred in coastal Louisiana from 1955 to 1978. If
we assume that all pipelines in the Louisiana coastal
zone have proportionately the same degree of di
rect impacts per unit length as OCS pipelines, then
direct impacts from all pipelines would account for
about 10 percent of the wetland loss from 1955 to
1978.

Direct impacts from OCS pipelines averaged
9.9 acre per mile through wetland habitats exclud
ing open bay and lake areas (Baumann and Tumer,
in press). Pipelines constructed after 1972 have
had less impact, and the preceding average in
cludes the older flotation canals. Backfilled canals
averaged 75 percent less direct impact than the
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open flotation canals (Baumann and Turner, in
press). Thus, the 9.9 acres per mile is a high value
in relation to a pipeline constructed today.

The geologic region in which the pipeline is
constructed is an important factor. Direct impacts
in the Chenier Plain (from Galveston, Texas to
Freshwater Bayou in Vennilion Parish, Louisiana)
are significantly less than in the Mississippi Del
taic Plain. The Chenier Plain is inherently more
stable, geologically, than the Deltaic Plain, and
recovery of the marsh from backfilling is more
successful. For backfilled pipeline canals crossing
a typical habitat mix, we can expect an average
direct impact of 2.7 acres per mile in the Chenier
Plain and 4.2 acres per mile in the Deltaic Plain
(Baumann and Turner, in press).

The diameter of the pipe is a significant factor
affecting direct impacts. Larger diameters result in
greater impacts, the relationship is non-linear, and
the effects are statistically less important than other
factors in accounting for variability (Baumann and
Turner, in press). These results are not surprising
as larger equipment is required to lay large diame
ter pipe.

Among the wetland habitat types, there are dif
ferences in expected direct impacts in backfilled
pipeline canals. Forested wetlands are more ad
versely affected because there is an intentional
effort to prevent the forest from recovering in the
pipelinecorridorforpipelinesafetyreasons. Among
marsh habitats, salt marsh is impacted less than less
saline habitats. It is unclear why, but it is suspected
that because salt marsh soils contain a higher
inorganic component there is greater potential for
successful recovery. Stated another way, because
fresher marsh soils contain a high organic content
there is more potential for oxidation of the soil
during the period when the soil is exposed to the air
(as spoil). As oxidation occurs, there is corre
spondingly less material to use for backfill. Con
sequently, right-of-way may notbe returned to pre
excavation elevations, andplant recovery potential
will be diminished.

Pipeline age is also positively related to the
degree ofdirect impact because older lines used the
flotation method. Separating out the backfilled
pipelines, Baumann and Turner (in press) found
that age was not a factor in the Chenier Plain but
was in the Deltaic Plain. Thus, in the ChenierPlain,
a properly filled pipeline is not expected to have
any additional impacts through time. In the Deltaic
Plain, however, backfilled canals may experience
some additional consolidation of the backfilled
sediments through time resulting in elevations too
low to support emergent vegetation along some
sections of the line.
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Table 7.1. Observable and hypothetical cause-effect relationships between pipeline construction and habitat alteration
for push-in pipelines.

ACUTE ENVIRONMENTAL CONSEQUENCES
(shon-term)

Habitat Alteration - Physical Impact
Direct Conversion to Open Water
Increase in Turbidity (local)
Loss of Forested Wetland
Noise, Commotion during Construction

Habitat Alteration - Ecological Impact
Increased Susceptibility to Storm Damage
Immediate Loss ofMarsh Shallow Water Habitat
Immediate Gain of Open Water Ponds
Disruption ofNatural Surface Drainage
Release ofNuttients and Toxins
Soil Oxidation
Change in Plant Species Composition, Diversity,

Percent Cover

Surveying

Construction Impact
Excavation/ Backf'I1lingi

Construction Restoration

Impact on Biota
Nesting Disturbance
New and Different Habitat
Disturbance of Fish Spawning and Feeding
Positive/Negative Impact on Plant Growth
Destruction/Disturbance ofBenthos

CHRONIC ENVIRONMENTAL CONSEQUENCES
(long-term) "

Habitat Alteration - Altered Physical Process
Surface Hydrology (drainage patterns, water

quality, sediment, and nuttient flow patterns)

Habitat Alteration - Physical Impact
Bank Erosion
Compacted Marsh Surface
Direct Habitat Conversion

Habitat Alteration - Ecological Impact
Forest Succession
Change in Plant Species Composition. Diversity,

Percent Cover
Shoreline Bank Stability

7.2.2. Indirect Impacts

There is consensus among the scientific com
munity that canals, in general, result in indirect
impacts that affect wetland loss (Chapter 3). In
theory, the spoil banks retard water exchange,
inorganics and organics· between the marsh and
natural drainage ways and the canals themselves
alter the natural hydrology, and the eventual syner
gistic impact can be the loss ofemergentvegetation
(Table 7.1). Field experimentation to monitor and
quantify these theoretical effects have had little
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success, largely because there are so many opera
tive factors in the natural environment that it has
been extremely difficult to isolate the effects of
canals and spoil banks (Cahoon et aI., 1987).

Many studies have been conducted with statis
tical comparisons between canal densities and wet
land loss rates over varying geographic scales
(Chapters 19-22,TumerandCahoon, 1987). These
efforts almost universally cdnclude that statistical
relationships exist between canal densities and
wetland loss rates, but the cause andeffect relation
ships remain unclear, and the results are highly



variable. This field· of inquiry is, at present, a
highly debated scientific issue that has been cata
lyzed by considerable public interest.

Older, open flotation canals are of concern
from the perspectives of scientific inquiry and
management implications. The modem backfilled
pipeline canal is of much less concern and, in fact;
these have been omitted from the above statistical
analyses of canal densities. Thus, from the per
spective of reviewing permits for future construc
tion, the debate is not currently of major concern,
unless a non-backfilled canal is being proposed.

7.3. MANAGING IMPACTS through
the REGULATORY PROCESS

The development of the push-pull method,
along with the development of smaller dredging
equipment, has resulted in a cost savings to indus
try and a 75 percent reduction in direct impacts to
wetland habitats. Because the spoil banks are
removed and the ditches are filled using the push
in method, indirect impacts on wetland habitat loss
associated with the old flotation canals should also
be reduced or eliminated. The current construction
standards should continue and efforts should be
directed at improving and refining the basic con
struction process.

Knowledge regarding pipeline installation and
wetland impacts has markedly grown over the past
decade, but a numberofgaps remain. Forexample,
we have discussed the problems and questions
relating to the use of dams (Section 7.1.4), but we
have omitted discussion of impacts on habitats,
such as benthic communities. Approximately 40
percent of the length ofa typical pipeline will be in
bay-lake bottom environments. The assumption is
that the bay bottoms recover to normal conditions
over some time period. We have yet (despite
considerable efforts) to document as cause and
effect, implied indirect land loss relationships with
human activities, such as canalization.

There are few construction techniques or miti
gation procedures that are universally successful in
avoiding, minimizing, and restoring impacts. The
wetland systems affected are diverse and the im
pacts are highly variable. Clearly, some tech
niques have a better history of success than others
over a wide range ofhabitats, but each pipeline has
its own set of problems. The relative state of
scientific knowledge is by no means sufficient to
provide "cookbook" solutions for each set of
circumstances. Many unanticipated problems and
changes occur during construction and after initial
permits are issued. For example, routing changes
may occur because of safety considerations, and
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there are cases where this occurs at the expense of
the wetlands. The ultimate impacts of these devia
tions are often affected by the practical and techni
cal knowledge of the regulatory agencies' field
personnel and how they assess the deviations.
Also, the actual field implementation for avoiding,
minimizing, and restoring impacts may depend on
those same field personnel. This is extremely
difficult to document in a quantitative manner;
however, the perception among many in the scien
tific community, regulatory agencies and the oper
ating private sector is that the developmentofgood
professional working relationships among these
staff members can make very substantial differ
ences in impacts and costs.

7.3.1. Avoiding Impacts to Surface Features

7.3.1.1. Route Selection: Upland. A large
scale planning aspect is to route pipelines in a
manner that minimizes the area of wetlands trav
ersed. This includes maximizing the use of to
pographically higher lands, such as natural levees,
cheniers andPleistocene outliers. This could lower
construction costs as less expensive dry land con
struction techniques can be used over longer seg
ments of the system. These positive attributes
notwithstanding, upland pipeline routes also pres
ent some disadvantages. The dry land areas al
ready contain a large number of pipelines in many
areas. In addition, these areas tend to be populated
and contain water lines, consumer gas lines and
electric lines. Space and safety factors may pro
hibit pipelines from many of these areas. In the
case ofnatural gas lines, regulations require reduc
tions in maximum allowable operating pressures
through populated areas. This can result in engi
neering design problems for the system as a whole.
Finally, these populated areas have many land
owners, and right-of-way acquisition is frequently
a problem. In order to avoid impacts to wetlands,
pipelines should be routed through uplands if pos
sible, but this requires weighing many variables. In
addition, the laying of pipelines in the coastal
wetlands of this region is frequently unavoidable
as the oil and gas reservoirs are often located
beneath the wetlands.

7.3.2. Minimizing Impacts to Surface Fea
tures

7.3.2.1. Route Selection: Wetland. Route
planning should include at least a cursory review of
some historic aerialphotographs ofthe route. There
is good historic photographic coverage of at least
the Louisiana and Texas Gulf Coasts. These pho-
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tos have been found to be valuable in identifying
wetland areas that are prone to deterioration and
may be particularly sensitive to construction im
pacts (Krone et aI., 1987).

7.3.2.2. Pipeline Corridors. There are two
aspects of the corridor approach that have been
offered as favorable attributes. First, by limiting
pipelines to a few corridors, the impact area is
limited to only a few areas of the coastal wetlands.
This is a somewhat idealistic approach in that most
of the infrastructure has already been built, and it is
too late to use this approach for most of the Louisi
ana and Texas coasts. It may be a valid approach
for other areas that are presently undeveloped or
minimally developed (e.g., Alabama or the west
ern Florida coast). Second, there is a belief that the
total of direct impacts of two or more pipelines in
a corridor is less than that of the same pipelines
constructed in random locations. For open flota
tion pipeline canals this was found to be true by
Baumann and Turner (in press), but there was no
statistically significantdifference in direct impacts
between random single lines versus corridor ap
proach for backfilled pipelines.

In as much as we strongly recommend back
filling, the corridor approach provides no addi
tional environmental advantage. There are, how
ever, disadvantages. The corridor may be far from
the best route in termS'of distance (cost) and avoid
ance ofwetland habitats. In addition, the construc
tion of one pipeline alongside one or more addi
tionalpipelines can present safetyproblems. When
it comes to safety, prudence is the rule, and wider
rights-of-way that result in greater potential dam
age may be required as a safety margin against the
disturbance of pre-existing pipelines.

7.3.2.3. Equipment Usa~e. Agreements
reached during the planning process to reduce,
avoid and minimize impacts must be monitored
during the construction process. For example,
permanent damage by marsh buggy tracks has
been cited by several researchers (Chapter 2).
This problem may be avoided orreduced by having
vehicles travel within rather than alongside the
construction zone (e.g., vehicles could travel on
top of spoil rather than on the undisturbed marsh
adjacent to the spoil). This is not always practical,
but the vehicle operators need to be educated about
impact avoidance. Similarly, dredge and dragline
operators need to be aware ofhow to properly place
and grade fill material. This can make a substantial
difference in wetland habitat recovery.
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7.3.2.4. Construction Techniques. There
have been several experiments conducted to en
hance the natural wetlandrecovery process. Double
ditching is a common and beneficial practice in
upland environments and has been transferred on
an experimental basis to the wetlands. There is no
evidence that double ditching enhances wetland
habitat recovery overeither the short- or long-term.
Proper grading of the fill is regarded as a more
critical factor. In fact, it is possible for double
ditching to reduce recovery potential. In double
ditching, spoil is placed on both sides of the ditch.
When backfilling, the dragline operatormust scoop
from both sides, and, thus, there is twice the poten
tial to scoop too much ornot enough in comparison
to placing all the spoil on one side of the ditch.

7.3.2.5. Pipeline Diameter. There is a posi
tive, non-linear relationship between pipeline di
ameter and direct impacts. This factor is of less
importance than others discussed (Section 7.2.1);
therefore, as a general strategy, it is better to install
larger diameterpipelines to allow for future expan
sion ofproduct flow rather than a repetitive smaller
diameter installation (Le., reduce the number of
lines rather than the size of individual lines)
(Baumann and Turner, in press). This strategy is
quite compatible with operator economics, and the
chosen diameter is based on the best available
information regarding future production volumes.
This strategy, however, cannot always be followed
for interstate pipelines. The Federal Energy Regu
latory Commission (PERC) may not allow build
ing a larger diameter pipeline to avoid building
future pipelines. The cost of the pipeline is in
cluded in the rate base. A larger pipeline will cost
more; therefore, the rate base will be higher in the
short term. ThePERC wants to minimizerates and
will not allow the building of any facilities (or
larger diameter-higher cost pipelines) in excess of
those required to supply current needs.

7.3.3. Restoring Impacts to Surface Features

7.3.3.1. Plantin~s. Planting, transplanting,
seeding, and fertilizing has been shown to acceler
ate emergent wetland recovery but at great ex
pense. Natural recovery rates equal induced recov
ery rates within one to three growing seasons. The
suggested benefits versus economic costs appear to
be very marginal. However, in cases where rapid
recovery may be of critical importance, the bene
fits versus costs may be more reasonable. For
example, while natural recovery rates for dune
vegetation are equivalent to control sites in one to



three years, it may be considered important to have
vegetation restored "before the next tropical storm
season, thus justifying a modest planting or seed
ing effort in the foredune area.

Seagrass. There have been several attempts to
artificially induce seagrass bed recovery through
transplanting, planting, and seeding. Although
recovery results arenot impressive, improved tech
niques could reduce costs. The authors are un
aware of any scientific studies that clearly docu
ment any difference in natural recovery versus
induced recovery for seagrass beds. Many scien
tists believe that artificial transplantation is a vi
able alternative to conservation (avoidance of
seagrass beds in project design), and more efforts
should be devoted to technique refinement and cost
reduction (Fonseca et al., 1982).

7.3.4. Suggestions for Implementing Manage
ment TeChniques

Proactive cooperative efforts need to be en
couraged among operation planning and environ
mental personnel and the regulatory and academic
sectors during the project planning stage. Krone et
al. (1987) have pointed out that there is consider
able potential to minimize impacts through route
planning (e.g., avoid crossing water bodies with
irregular shorelines because these areas are in the
process of erosion that spreads to the right-of
way).

In summary, some general procedures for per
mit review for pipeline installation are as follows:

• Establish working relationships with opera
tors and regulatory field personnel.

• Review general route plan as early in the
process as possible, preferably prior to official
permit review. Use historic aerial photography to
initially ascertain if any particularly sensitive
habitats or cultural resources will be potentially
impacted.

• Review shoreline crossings. Are any areas
particularly prone to erosion included?

• Are non-wetland areas available forright-of
way? What potential pipeline safety problems
would accrue by use of non-wetland areas? Are
there any system pressure maintenance problems
associated with use ofnon-wetland habitats (popu
lated areas)? Are there any right-of-way acquisi
tion problems in non-wetland habitats that could
result in unusually long project delays?

• What is the diameter of the pipeline? What
types of equipment will be required for construc-
tion? .

• How many existing pipelines will be crossed
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and where? How many staging areas will occur in
the wetlands? Can the number or size of staging
areas be reduced?

• What is the projected method of backfilling?
How long an interval will occur between excava
tion and backfill? Can this time element be reduced
especially in fresher marsh areas (oxidation prob
lems)? Are there any sections ofpipeline proposed
that will not be backfilled? If yes, why? What
assurances are there that dredge and dragline op
erators will take care in backfilling? Note: opera
tors want to maintain good corporate relations and
will impress upon their contractors the importance
of proper backfilling.

• How will shorelines be restored? Are dams
anticipated? Will they be set back from the shore
line or placed at the shoreline? What is the
landowner's preference and why with respect to
location and material of construction?

• To what extent will marsh buggies be used in
surveying, excavating and backfilling, and as
general service vehicles? Can they operate within
the working and spoil zone areas and avoid the
outer boundaries of the right-of-way?

• Are there any innovative experimental ap
proaches proposed? Will the experimental design
provide useful data to the review process? Require
a copy ofreported results for use in future permits.

• Depend on practical knowledge and experi
ence of regulatory and management field person
nel for recommendations, field implementation
and modifications.
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CHAPTERS

SPILL CONTROL AND CLEANUP
by

Donald R. Cahoon

8.1 INTRODUCTION

This chapter presents an overview of habitat
protection and cleanup procedures for spills of
toxic materials that result from petroleum opera
tions in coastal wetlands and the environmental
impacts associated with these procedures. Al
though numerous types ofsubstances may be spilled
during petroleum production (Table 6.1), this
chapter focuses almost exclusively on petroleum
hydrocarbons (Le., oil) because oil has the poten
tial to severely affect large tracts of coastal wet
land/shallow water habitats. The purpose for pre
senting this information is to allow the permit
analyst to make an informed decision about the en
vironmental consequences of current habitat pro
tection and cleanup techniques when confronted
with a spill emergency. Emergency response pro
cedures (e.g., who to contact when a spill occurs
and bureaucratic responsibilities of the oil com
pany during and after spill cleanup) are not dis
cussed in detail as these requirements are fully
outlined in the Region 6 Oil and Hazardous Sub
stances Pollution Contingency Plan (USEPA,
1986). Protection and cleanup techniques devel
oped for spills in marshlands and associated water
ways (e.g., bayous, canals, and ponds) are de
scribed with particular emphasis on Louisiana and
northern Gulf of Mexico coastal wetlands. Re
sponse techniques for offshore spills are discussed
only indirectly and not in great detail.
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For more detailed d.iscussions of spill control
and cleanup procedures in both inshore and off
shore environments, the reader is referred to sev
eral manuals prepared for the U. S. Environmental
Protection Agency (Maiero et al., 1978; Foget et
al., 1979a and b; and Byroade et al., 1981).

8.1.1. Petroleum Spills

A spill is defined as the accidental (i.e., unin
tentional) leakage or discharge ofpetroleum prod
ucts orproduction by-products (e.g., brine) into the
environment. There are two immediate concerns
for petroleum spills in coastal environments: the
toxicity of the material spilled and the potential for
the substance to spread by currents and tides. In
this chapter, we present a brief discussion of the
toxic effects ofpetroleum, followed by a review of
the common procedures for controlling the spread
and cleanup of petroleum spills. The environ
mental impacts of spill control and cleanup proce
dures are evaluated in detail.

The majority of our knowledge about oil spills
comes from analyses of spills in the marine envi
ronment (e.g., shipwrecks and offshore blow-outs)
and theirirnpacts on nearby shorelines and fringing
salt marsh and mangrove communities. However,
coastal Louisiana is notonly vulnerable to oil spills
in the marine environment from extensive offshore
drilling and production operations but also to spills
in wetlands and their intricate network of water
ways from extensive petroleum operations in all
wetland types (e.g., saline, brackish, intermediate,
and fresh marshes, and swamps). Because of the
close proximity of petroleum operations to wet
lands in Louisiana, the potential impact to those
environments is more immediate for more wetland
habitats in that state than in any other region of the
U. S. coast, with the possible exception of Alaska.
Therefore, spill control and cleanup procedures for
use in the wetland environs (e.g., canals, bayous,
and small open water bodies) described in Chap
ters 1, 3 and 4 are emphasized, while response
techniques for offshore spills are discussed only
indirectly. Also, we describe, to the extent the
literature permits, potential impacts to wetland
habitats other than salt marshes and mangroves.

8.1.1.1. Sources. On a worldwide basis,
approximately 39 percent of the petroleum hydro
carbons entering the marine environment are de
rived directly from oil and gas production and
transportation (National Research Council, 1985).
Greater than 45 percent originates from other ship
ping, industrial, municipal, and urban activities
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andriverrunoff(National Research Council, 1985).
The majority of petroleum entering Outer Conti
nental Shelf (OCS) waters in the northern Gulf of
Mexico comes from onshore activities. River
runoff accounts for 78 percent of the annual petro
leum input, while accidental spillage from oil and
gas related facilities (including production) con
tributes less than 0.01percent (less than 50 barrels)
(MMS, 1983). However, the low percentage con
tribution for offhore oil and gas related activities is
a minimum estimate of the number and volume of
spills in wetland environments because not all
wetland spills reach OCS waters. Also, regulation
and surveillance in onshore environments is more
difficult and more infrequent than in offshore ar
eas. If the amount of oil spilled offshore during
production operations (about 12,000 barrels per
year) (MMS, 1983) is any indication of the amount
spilled during the same operations in onshore ar
eas, onshore spills still make up a small percentage
of the total contribution but represent a significant
impact to local environments just the same.

In the coastal environmentofLouisiana, petro
leum hydrocarbons can enter the wetlands from
several different sources. The most common
sources for petroleumoperations in wetlands are at
the point of production and storage (Chapter 6)
and the well-head (Chapter 5). Other sources
include spills during transportation operations (i.e.,
pipelines-Chapter 7) or from sources external to
the wetlands (e.g., spills offshore orin major rivers
and tributaries).

8.1.1.2. Substances. Petroleum is composed
of toxic compounds that can have serious adverse
effects on local environments, often persisting, in
some cases unaltered, for decades. The term petro
leum defines a broad spectrum of compounds (i.e.,
oils). Knowledge of the physical and chemical
properties of a spilled oil is essential to evaluating
its potential environmental impact and to selecting
appropriate protection and cleanup measures
(Maiero et aI., 1978). An oil classification basedon
field-observable properties has been developed to
aid in diagnosing a spill and determining response
procedures (Table 8.1). Four types of oils are
described: light volatile, heavy sticky, waxy, and
nonfluid (Maiero et aI., 1978). It should be noted
that a spilled oil can change behavior and, there
fore, classification if the temperature changes or
the oil becomes weathered.

Light Volatile Oils. These are fuel oils and
l~ght crude oils that are highly toxic,. flammable
(I.e., dangerous to handle), spread rapIdly, evapo-
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Table 8.1. Oil classification, diagnostic properties, and control/cleanup potential (from Maiero et aI:, 1978).

Clas.s. Designation Typical Oil Spills Diagnostjc Properties Response Properties
A Light Oils Distillate fuel and Highly fluid, usually transparent May be flammable, high

light crude oils or opaque, strong odor, rapid evaporative loss of toxic
(all types) spreading, can be rinsed from when fresh, tend to form

plant sample by simple agitation unstable emulsions, may
penetrate substrates,
respond well to most
control techniques

B Heavy Sticky Oils Residual fuel oils; Typically opaque brown or black High viscosity, hard to
medium to heavy asphaltic sticky or tarry, viscous, cannot remove from surfaces
and mixed base crudes be rinsed from plant sample tend to from stable

by agitation emulstons, high S. G.
and potential for sinking
after weathering, low
substrate penetration,
low toxicity-biological
effects due primarily to
smothering, will
interfere with many types
of recovery equipment

C Waxy Oils Medium to heavy paraffm Moderate to high viscosity, Generally removable
base crudes waxy feel from surfaces, soil

penetration variable,
toxicity variable-may be
high in fresh oils, de-
creased tendency to
form stable emulsion

D Nonfluid oils (at Residual and heavy Tarry or waxy lumps Nonspreading,cannot
ambient temperature) oils (all types) be recovered with most

equipmen4 cannot be
pumped without heating
or slurrying, relatively
nontoxic, may melt and
flow when stranded in sun

rate quickly, may penetrate substrates, and usually
are easily removed by flushing. They are desig
nated Class A oils (Table 8.1).

Heavy Sticky Oils. These areresidualfuel oils
and heavier crude oils that are less toxic than Class
A, not easily flushed, less likely to penetrate sub
strates, but capable of smothering benthic organ
isms and plants and adhering to birds and wildlife.
They often interfere with cleanup equipment. They
are designated Class B oils (Table 8.1).

Waxy Oils. These are medium to heavy paraf
fin-based oils that have a waxy feel. They adhere
to vegetation, but these viscous oils are moderately
removable by flushing. Their toxicity varies with
the percentage of volatile components, and their
tendency to penetrate substrates increases as tem
peratures rise. They are designated Class Coils
(Table 8.1).

Nonfluid Oils. These are residual and heavy
crude oils and weathered oils that are solid or
nonfluid at spill temperatures. They are essentially
nontoxic when solid. They may melt and flow if
heated by the sun. They are designated Class D oils
(Table 8.1).

8.1.2. Impacts of Petroleum Hydrocarbons on
Estuarine Biota

There is an enormous body of literature on the
impacts of petroleum spills on estuarine ilnd ma
rine flora and fauna (National Research Council,
1985; Getter et aI., 1984; Vandermeulen, 1982;
Breuel, 1981). The two key properties of oil that
most influence its impact are toxicity and viscosity.
The higher the concentration of low-boiling com
pounds, unsaturated compounds, and aromatics,
the more toxic the oil (Baker, 1970). Class A oils
are the most toxic and therefore have a severe
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short-term impact. However, they dissipate read
ily and leave relatively little residue. Heavy vis
cous oils (Class B) also have a severe short-term
impact because large volumes of the oil are re
tained (i.e., stick to surfaces); however, they cause
mortality not through toxicity but through smoth
ering. Also, heavy viscous oils are more persistent
than Class A oils and therefore exert a long-term
impact, as well as resulting in a slower recovery
rate (Getter et al., 1984).

8.1.2.1. Impacts on vegetation and Fauna.
Severe ecological damage to the ecosystem is
probable from any spill confined in shallow,
nearshore or wetland environments. Vegetation is
killed both by smothering and the toxic effects of
the oil. Smothering reduces transpiration, respira
tion, and photosynthesis. Absorption of toxic oil
fractions may poison the plant by disrupting cell
membranes and cellular organelles (Getter et al.,
1984). Benthic organisms, and intertidal inverte
brates are susceptible to lethal and sublethal toxic
effects ofoil and to smothering by heavy oils. Fish
can be directly affected by ingesting oil or oiled
prey, through uptake of dissolved petroleum com
pounds through the gills, effects on eggs and lar
vae, and changes to its habitat (National Research
Council, 1985). Birds die when coated with oil
because the oil clogs the fine structure of the
feathers that provide water repellancy and heat
insulation. Consequently, the birds absorb water
and drown. Birds also ingest oil when preening
themselves and suffer toxic side effects. In addi
tion to all these specific effects on estuarine spe
cies, spilled oil effects population structure and the
overall health ofthe ecosystem (National Research
Council, 1985).

A detailed explanation of the physiologically
toxic effects of oil on the numerous sensitive estu
arine species is beyond the scope of this manual.
The reader is referred to the reviews cited above for
an introduction to the extensive literature on field
and laboratory research into this subject.

8.1.2.2. Factors Affecting Impacts. Although
the type of oil spilled is a primary factor in deter
mining a spill's impact, the toxic and smothering
effects of spilled petroleum can be modified di
rectly by environmental factors, some of the more
important being oil dosage and impact area, mete
orological conditions, season, marsh physiogra
phy and substrate, and species sensitivity. These
factors determine whether a spill causes severe,
long-term damage or comparatively little or no
damage to wetland environments.
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Oil Dosage and Impact Area. For a given
volume and type ofoil, damage is greater ifthe spill
occurs in a small, confined area from which the oil
cannot escape than in a relatively open area of the
coast (National Research Council, 1985). Spills in
confined areas result in nearly uniform oiling ofthe
entire area with considerable damage to flora and
fauna. The wetland environments described in
Chapter 1 must be considered confined areas in
terms of an oil spill because they are so extensive
(up to 30 to 40 miles from beach to upland). The
small tidal amplitude and meandering nature ofthe
waterways in Louisiana's extensive wetlands re
stricts the flushing action of the water when com
pared with areas along the shore. A spill in a
drilling site access canal in wetlands 10 to 30 miles
inland from the shoreline will not likely ever be
flushed into the Gulf of Mexico.

Low level chronic doses of petroleum hydro
carbons have a different impact on biota than
sudden accidental releases oflarge volumes ofoil.
Accidental spills eventually dissipate because of
physical/chemical processes and biological degra
dation (National Research Council, 1985). How
ever, chronic releases of hydrocarbons are a con
tinual stress to which the ecosystem must adjust
and adapt.

Meteorological Conditions. Severe weather,
such as storms, can have either a beneficial or
detrimental influence on the environmental effects
of a spill. Increased wave action and wind speed
can accelerate evaporation of lower molecular
weight and volatile (i.e., toxic) compounds. On the
other hand, the storm can drive the oil up into the
marsh where, if it is a Class B oil, it may cause
severe damage. Also, storms can resuspend oiled
sediments into the water column and spread them
over a wider area.

Season. Season is important because of the
types and life stages of biota that might be present
at the spill site. If a spill occurs during waterfowl
migratory or nesting periods, bird populations are
highly vulnerable to contamination. If a spill is
coincident with fish spawning, hatching, and larval
developmental stages, higher than normal mortal
ity rates are likely to occur. Damage to marsh
habitats can add to the severe effects on fish and
bird populations.

Impacts to marsh vegetation are highly de
pendent on season. During the winter, many plant
species have little live above-ground tissue ex
posed to a spill, but new shoots and germinating
seedlings present during the spring and summer are
especially susceptible to the toxic effects of oil.



Flowering and seed production can be reduced if a
spill occurs just before or during flowering (Getter
et al., 1984). This has a long-term impact for
populations of annual plant species.

Physical environmental conditions that influ
ence the severity of the spill often change on a
seasonal basis. Climatological and meteorological
conditions change throughout the year as do water
circulation patterns and other hydrologic proc
esses. All of these factors influence the spread of
a spill.

Marsh Physiography and Substrate. Size of
the marsh, slope of the substrate, and sediment
characteristics influence the amount of damage
from a spill. Narrow fringing marshes may be
completely covered by a spill, while extensive
marshes may not be completely covered even by a
massive spill. In the latter case, damage is concen
trated along the sides of creeks and drainage chan
nels (Getter et aI., 1984). The extent of movement
of the oil into the marsh depends on the volume of
the spill, the slope of the substrate, the density of
the vegetation, and local flooding patterns. Areas
away from creeks often are protectedby the tall and
dense vegetation along the creeks, which traps a
large portion of the oil. Unaffected areas are
important sources of propagules for revegetating
damaged areas.

Sediment characteristics of particle size and
drainage patterns affect oil retention. Sandy soils
are more freely drained and more easily penetrated
by oils than fine-grained, water-logged muds. Ifoil
accumulates in anaerobic soils, weathering is re
ducedor stops. Such oil may remain unchanged in
the sediment for a long period of time and conse
quently reduce or prevent plant growth (Getter et
al.,1984).

Species Sensitivity. The amount ofdamage to
biota caused by an oil spill depends in large part on
the sensitivity of the affected species to the oil. It
seems that most important coastal species ofplants
(e.g., Spartina) and animals (e.g., birds) are sus
ceptible to oil spills in at least a minor way. The
sensitivity varies widely and is strongly influenced
by the type and persistence of the oil. However,
some species of plants (Baker, 1971) and inverte
brates (Dicks and Hartley, 1982) are resistant to
even high dosages or repeated dosages of oil.
Resistant plants are often perennial species with
large root systems that permit regrowth of aerial
parts (Getter et aI., 1984).

The sensitivity of a species also is influenced
by its geographic location. If a species is growing
at the limits of its geographical range thatis in aless
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than optimal physical setting, existing environ
mental stresses may predispose the species to
damage from oil that it otherwise would not suffer.
The black mangrove is an example of a species in
coastal Louisiana that is living at the northern limit
of its geographical range. This species' slower
growth rate and smaller stature in Louisianaproba
bly predisposes it to more severe damage from
spilled oil.

8.1.3. Emergency Response Procedures

Emergency response procedures for reporting
an oil spill are outlined in the U. S. EPA and U. S.
Coast Guard Region 6 Oil and Hazardous Sub
stances Pollution Contingency Plan. If a spill
occurs in Louisiana, call the LouisianaDepartment
of Environmental Quality (504-342-6363 during
duty hours and504-342-1234 after hours), theU. S.
Coast Guard Regional Response Center (8th Coast
Guard District, New Orleans: 504-589-6296 dur
ing duty hours and 504-589-6225, 24-hours; or
FTS 682-6296), or the U.S. Coast Guard National
Response Center (1-800-424-8802, 24-hours toll
free). Rules and regulations for oil spill reporting
and response are fully described in this document.

8.1.4. Protection Measures

The first and most immediate concern with any
oil spill is to protect the environment, which means
controlling the spill by preventing it from spread
ing. Until the spill is under control, protective
action takes precedent over concerns about clean
ing up the spilled oil. This does not mean that
cleanup is unimportant. Cleanup is essential to
minimize impacts at affected areas, butevery effort
should be made to control the spill first in order to
limit the extent ofits effect before substantial effort
is expended to clean it up.

A wide array of technological innovations and
techniques have been developed for controlling
spilled oil in coastal environments (Schulze, 1985).
Few of these techniques are specifically designed
for use in marshlands but most can be adapted to
this environment (Maiero et aI., 1978). Those
techniques suitable for use in wetland environ
ments are described below. The information pre
sented in this section is summarized in large part
from a procedural manual prepared for the U. S.
Environmental Protection Agency by D. J. Maiero
et al. (1978). The reader should refer to Maiero et
al. (1978, Appendix B) for detailed implementa
tion instructions for the techniques discussed be
low. Engineering specifications and designs for
protection devices are summarized in Schulze
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Figure 8.1. Schematic of a typical boom (adapted from
Schulze, 1985).

8.1.4.4. Improyised Booms. Improvised
booms are generally constructed at the spill site
from any floating material. The type of material
used determines the manpower needed to deploy it
andits effectiveness. Ingeneral, improvised booms,

transport and much manpower. In general, small,
shallow booms are most effective in marshes.
Figure 8.2 shows a small boom surrounding a
production platform in a canal from which a brine
storage tank has collapsed. The boom was as
sembled at the platform and then deployed. The
small boom is adequate to control the spill because
only a small amountofoil was mixed with the brine
(approximately 2 barrels) and water movement is
restricted in the canalnetworkin the marsh interior.
Proper deployment methods for booms are de
scribed in Maiero et al. (1978, Appendix B).

All booms must be used in conjunction with an
oil recovery system (e.g., skimmers, vacuum sys
tems, sorbents) to be effective. These are described
in Section 8.1.5., Cleanup Measures.

8.1.4.3. Sorbent Booms. Sorbent booms are
made of loose sorbent materials encased in a mesh
sleeve with no skirt or fence. Sorbent booms ride
high in the water because of their low density and
are effective only in calm waters. They collect oil
through absorption and are thus well-suited for
light oils. They should not be used for diverting
flows or blocking channels. Their best application
is probably to contain existing shoreline contami
nation by recovering oil as it comes out of the
marsh.

Total Draft

Tension Member

r t
S~rt

1 1

(1985).
There are eight blisic protective devices or

techniques that can be used effectively in marsh
habitats: (1) existing control features; (2) skirt and
fence booms; (3) sorbent booms; (4) improvised
booms; (5) earth and rigid barriers; (6) permeable
barriers; (7) sorbents; and, (8) wildlife deterrents.
The use of chemical agents (e.g., chemical disper
sants used for offshore spills) in wetland environs
is not recommended because of their potential
toxic effects on marsh biota.

8.1.4.1. Existi",; Control Features. Water
levels and flows in Louisiana marshes are often
controlled by man through the use of water control
structures, such as variable-crest weirs, flap-gated
culverts, and siphons. The spread ofan oil spill can
be limited by closing watercontrol structures in the
immedia~e vicinity o.f the spill. The i.mpacts f~om
reduced tidal crrculationneed tobe weIghed agamst
the potential impact of the spilled oil when deter
mining a schedule for closing and reopening the
structures. In general, closure of the structures for
a few days should have little impact on the marsh
while, at the same time, keeping out potentially
very damaging oil.

8.1.4.2. Skirt and Fence Booms. A boom is a
floating barrier placed in the path of a spill to
control its spread. Although there is a wide variety
of booms available, most have some common
characteristics. Booms have a flexible or solid
barrier (curtain or skirt) extending vertically into
the water to inhibit oil from flowing under the
boom (Figure 8.1). Some also have a barrier (i.e.,
fence) extending vertically above the boom to
control the splash of water and oil over the boom
(Figure 8.1).

The effectiveness of a boom in controlling an
oil spill is influenced by current speed, possible
stranding at low tide, current reversals, and vessel
traffic wakes. Most booms fail in currents exceed
ing 1.5 knots (Maiero et aI., 1978) and may fail at
lower rates. Angling the boom to the direction of
the flow can improve boom effectiveness. Booms
are most effective when free-floating. In shallow
water tidal marsh areas, booms may become
stranded at low tide. When resting on the bottom,
skirt booms usually leak around the sides and fence
booms fall over. Therefore, shallow booms (skirts
~ 12 inches) are most useful in marshes..

From a logistical standpoint, the two factors
most limiting the use of a boom at a spill site in the
marshes of Louisiana are availability and ease of
handling. Large booms are very heavy and diffi
cult to manipulate, often requiring mechanical
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Figure 8.2. Small flotation boom deployment at production platform to contain minor spill caused by collapse of brine
storage tank. (photography by D. Cahoon.)

like skirt andfence booms, are ineffective in winds,
waves, and currents. There are several types of
improvised booms: (1) wooden (e.g., railroad ties);
(2) pipe (e.g., watertightplastic or aluminum pipe);
(3) ftre hose; (4) rubber tire; (5) float (e.g., cork or
synthetic floats); and, (6) U. S. Navy boom (55
gallon drums strapped to marine plywood).

8.1.4.5. Earth and Ril:id Barriers. The
movement of oil through narrow channels into the
marsh interior can be prevented through the con
struction of earth and rigid barriers across the
waterways. Tidal height must be considered dur
ing construction. The barriers should not be con
structed across deep channels or high flow areas
and must be removed as soon as they are no longer
needed. Earthen plugs, logs, and sandbags are
typical rigid barriers that are relatively easy to
construct.

8.1.4.6. Permeable Barriers. In areas where
water flows should notbe interrupted butoil should
not be allowed to enter, the use of permeable

barriers should be considered. Permeable barriers
consist of building two parallel fences across the
waterway and filling the space between the fences
with sorbent material. The sorbent material is
allowed to float on the water surface. It must be
replaced at regular intervals. The major advantage
of this type of protection is that it allows water
exchange but limits oil movement and can be
designed for use in streams with one-way and two
way (i.e., tidal) flows. Disadvantages are that the
sorbent material must be changed and that they
cannot be used in areas with heavy boat traffic.

8.1.4.7. Sorbents. Sorbent materials can be
used to protect marshes by either being deployed
ahead of the spill to form a barrier or applied
directly on the spill to immobilize it. There are two
general forms ofsorbents-granularandrolls. Both
can be applied to the edge of a marsh as a barrier to
absorb and stop the migration of the oil into the
marsh. They should be used in low-flow, low
energy environments and only granular sorbents
should be applied directly to a spill. Because of the
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difficulty in recovering granular sorbents, biode
gradable granular sorbents should be used when
ever possible.

8.1.4.8. Wildlife Deterrents. When a spill
occurs in the vicinity of a large concentration of
waterfowl or wildlife, action can be taken to keep
the animals away from the spill. Wildlife deter
rents are classified as two types-loud noise or
animal distress andpredator call. Loud noises (fire
crackers, shotgun blasts, or automated noise mak
ers) scare wildlife away from the site. Tape record
ings of animal distress calls or predator calls will
also cause wildlife to flee the area. The effective"
ness ofthese techniques is limitedin severe weather
and high winds. Numerous noise or call devices
should be deployed so that the sounds overlap and
thus cover a contiguous area.

8.1.5. Cleanup Measures

, If the oil spill reaches and contaminates the
marsh, cleanup procedures are required to amelio
rate the impacts of the oil. However, because
cleanup procedures take place immediately on or
in the marsh, the potential for damage caused by
cleanup procedures is high. Consequently, a no
action alternative (i.e., allow natural cleansing to
occur) must be considered. If natural cleansing is
not deemed feasible;' cleanup operations should
begin as soon as possible.

Cleanup techniques can be divided into three
general categories: (1) removal and collection of
oil; (2) handling of contaminated materials; and,
(3) bird cleaning (Maiero et aI., 1978). The success
of any cleanup procedure depends on adhering to
three basic principles: (1) the marsh is fragile,
therefore restrict physical actions to only those that
are absolutely essential; (2) physical conditions in
a marsh may change rapidly and unpredictably,
therefore monitor cleanup procedures closely and
adjust equipment accordingly; and, (3) many
cleanup techniques require removal of oil or oiled
materials at regular intervals, therefore regular
maintenance and monitoring of equipment is es
sential (Maiero et aI., 1978). The reader should
refer to Maiero et al. (1978, Appendix C) and
Schulze (1985) for detailed implementation in
structions for the techniques discussed below.

8.1.5.1. Natural C1eaninl:. The two most
important factors determining the feasibility of
natural cleaning are the mobility and type of oil.
Natural cleaning is most feasible for oils of low
mobility and low toxicity spilled in areas with a low
degree of contamination and high tidal and current
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energies. Natural cleaning also is best suited for
highly weathered oils. This technique should not
be employed in areas with high waterfowl concen
trations or in marsh areas that have been previously
damaged. The use of microbes to degrade the oil
should be considered when using natural cleaning.
The acceptability ofnatural cleaning is determined
in part by the efficiency of active cleanup meas
ures, particularly in lightly contaminated areas.

8.1.5.2. Removal and Collection of Oil.
Numerous technological innovations have been
developed to remove spilled oil from the surface of
the water or the marsh once it has been controlled
or collected. Oil can be removed from the marsh
surface in some instances by low-pressure flush
ing, while many techniques exist for removing oil
from the wate'r's surface (e.g., sorbents, skimmers,
and vacuum systems).

Low-pressure Water Flushing. A flood of
water sprayed under low pressure across the marsh
from hoses and portable pumps can be used to
loosen oil from the marsh substrate and the vegeta
tion and to float it out ofthe marsh. Flushing should
be carried out from the highest elevation towards
the lower, from upstream to downstream, and can
be performed from land or a boat. Water should
not be sprayed directly and forcefully at the sub
strate to avoid soil erosion. Flushing works best
with lighter oils.

Once the oil is flushed out of the marsh, it
should be herded toward collection points. Booms
may be necessary to do this. Organic debris washed
out of the marsh with the oil should be removed
manually (e.g., with dip nets, seines, and rakes) to
prevent clogging the collection devices. Protec
tion measures should be considered to prevent re
contamination of flushed areas.

Sorbents (formed products). Oil on the sur
face of water can be readily removed by use of
commercial sorbent materials produced in a vari
ety of shapes (e.g., pads, blankets, rolls, sweeps,
pillows, booms, and snares). The use of sorbents
on the marsh surface is limited because oil/sorbent
contact is difficult to achieve. In general, sorbents
should not be used if other options exist because
they require more manpower, more disposal opera
tions, and recovery can severely disrupt and dam
age the marsh surface. Of all the sorbent forms,
pads, snares (oleophilic strands - "spaghetti"), and
rolls are the most suited for marshes. Nevertheless,
the use of pads and rolls in wetlands is limited
because they can only be used in areas devoid of
vegetation. Moreover, their use requires consider-



able surface activity during application and recov
ery, and they are difficult to handle when oiled.
Therefore, their use in marshes should be limited to
situations where no better options exist.

Snares are often used to fill sorbent booms and
permeable barriers. Sorbent pads are very suitable
for removing oil from water.. Pads were used to
remove the oil in the spill depicted in Figure 8.1.
The pads were thrown onto the spill by hand from
the storage platform and later removed by hand
from a boat.

Sorbents (loose). Two advantages of loose
sorbent materials for removing oil are that they can
penetrate around plant stems and they respond to
changes in water level. They can be applied by
hand or mechanically andremoved by flushing and
recovered by vacuum systems or nets. Along
shorelines they can be recovered by conveyor
systems or aquatic weed cutters. They should not
be raked and foot traffic should be kept to a mini
mum to avoid damaging the marsh substrate.
Whenever possible, biodegradable sorbent gran

.ules (e.g., bark) should be used because total recov
ery of granular sorbents is not possible. Granular
sorbents are impractical in areas with high tidal
energy or water flow.

Absorbent Skimmers. Once oil has been
contained in a confined area, it can be removed
from the water by devices made from oleophilic
materials. Examples of such devices are the disc,
rotating drum, conveyor-belt, and endless rope
skimmer. The oil that adheres to the oleophilic
surfaces is squeezed into a holding tank or scraped
off by a blade or squeegee. All but disc skimmers
recover little water and are unlikely to be fouled by
debris.

The endless rope skimmer consists of an oleo
philic rope, floating pulleys, a wringer, collection
bin, and power source (Figure 8.3). Therope is de
ployed into the spill and is continually pulled
through the wringer and collection system. It can
be easily adapted to whatever configuration neces
sary to fit the geometry of the site. The disc,
rotating drum, and conveyor-belt skimmers pass
oleophilic discs or belts through the oil. They are
best used in a stationary deployment in conjunction
with booms. Performance with debris is poor for
disc skimmers and fair for belt skimmers.

Weir Skimmers. Weir skimmers float on the
water and separate oil from the water by gravity
(Figure 8.4). They must be used in conjunction
with directing and concentrating systems.. Their
use in marshes is limited because of susceptibility
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to fouling by debris and necessity to float in order
to function. The advantage of weir skimmers is
their small size and ease of deployment. They are
best-suited for areas with high concentrations of
oil, adequate water depth for operation, access to
large-scaleremoval/collection equipment, and little
or no debris.

Vacuum Systems. Oil can be removed from
confined areas by using vacuum suction skimmers
(Figure 8.5). Floating skimmers on a hose con
nected to a septic tank pumping truck can remove
large quantities ofoil from a confined space. Pump
suction draws the oil to the skimmer and the oil is
separated from the water by gravity. Skimmers are
simple to operate, have shallow draft, and can be
used in nearly any location. However, suction
skimmers are easily clogged by debris and are
effective only in calm waters.

8.1.5.3. Handling of Contaminated Materi·
llls.. The impact of oil on a marsh ecosystem may
be minimized by the removal ofoiled marsh vege
tation and soil. The three main techniques for
handling contaminated materials are cutting, burn
ing, and soil removal.

Cutting. Removal of oiled vegetation can be
accomplished by hand cutting or mechanical cut-

Tank Truck

Figure 8.3. Rope mop skimmer and vacuum pump
assembly (adapted from Schulze, 1985).
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Figure 8.4. A. Weir skimmer attached to vacuum pump (adapted from Schulze, 1985). B. Boom skimmer-combination
ofpressurized chamber boom and weir skimmers (adapted from Schulze, 1985).

ting. A boom system should be deployed at every
cutting operation to contain the possible spread of
oil and debris. All cutting operations should start
at the upstream end and work downstream. Factors
to be considered when choosing a cutting method
include the extent of contamination, marsh traffi
cability, tidal variation, shoreline slope, and water
depth.

Hand cutting is labor intensive and .requires
large crews to cut andhandle the debris. Hand-held
cutting devices are used at low tide, starting at the
low tide mark and working inland. Hand-cutdebris
should not be stockpiled at the site but removed to
a disposal area by the best means possible (e.g.,
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boat, land vehicle or helicopter). The advantage of
hand-cutting is that all areas of the marsh can be
accessed if necessary. The major disadvantage is
the damage done to the marsh substrate by exten
sive foot traffic.

Commercially available aquatic weed harvest
ing machines cut, pick up, and temporarily store
oiled debris. Because these machines float, they do
not impact the marsh substrate. However, they are
limited to use in shoreline marshes because they
cannot be used much beyond the high tide mark. If
the load bearing capacity of the soil is high, it may
be possible to use agricultural harvesting equip
ment to collect and remove the oiled debris.



Suction Hose

Skimmer Head

Figure 8.5. Weir skimmer attached to vacuum pump
(adapted from Schulze, 1985).

However, damage to the marsh substrate is likely to
be high with this type of equipment.

Burning. It is possible to remove some oil
from the marsh surface without disturbing the
surface by burning. Not all oils will support com
bustion; therefore, a test bum should be conducted
to determine the feasibility of this handling tech
nique. Disadvantages of this technique are that
fires are often difficult to control, burning permits
have to be obtained from the US EPA, and state/
local wildlife and air pollution agencies, and risks
to personnel are high. Burning of the marsh is a
routine practice by local trappers in south Louisi
ana during fall and winter months. Burning during
the growing season (Le., spring and summer) is
difficult because ofhigh water levels and predomi
nance of green tissues. Therefore, summer burns
are not advisable. A local "burn expert" (Le., trap
per or land manager) should be consulted before
designing or beginning any burning operations.

Soil Removal. Physical removal through dig
ging or dredging operations is the only treatment
for contaminated soil, and there is no standard
procedure for soil removal. However, soil removal
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operations should be limited to the smallest area
possible because of the severe environmental
damage that can occur. If at all possible, manual
methods (Le., shovels) should be used instead of
dredging equipment (e.g., dragline) to minimize
damage to the marsh. Any area from which the
substrate has been removed will have to be re
stored. At a minimum, this requires restoring the
original marsh surface elevation.

8.1.5.4. Bird Cleanin::. If a substantial num
ber of birds become oiled, a local bird-cleaning
center should be established in the vicinity of the
cleanup operation. Bird-cleaning operations should
be supervised by professional veterinarians and
wildlife management personnel. Surveys of con
taminated areas should be conducted at regular
intervals to detect oiled birds, even after the area
has been cleaned because birds can become oiled if
recontamination occurs.

8.2 IMPACTS on WETLAND VALUES
and FUNCTIONS

8.2.1. Impacts Associated with Protection
Measures

When weighed against the potential impacts of
spilled oil, the impacts ofoil spill protection meas
ures on marsh ecosystems are minimal. Protection
measures take place for the most part in open water
or tidal channels and, therefore, have little direct
effect on marsh biota and marsh ecosystems in
general. Most impacts are short-term and will
cease when the protection activity ceases. The
impacts of protection measures on marshes are
summarized in Table 8.2. The use of booms has
virtually no impact on the marsh. However, foot
and vehicular traffic in the marsh during construc
tion of booms and rigid barriers or deployment of
sorbents and wildlife deterrents can be damaging
to the marsh substrate and vegetation. Barriers can
interrupt tidal cycles and hence alter normal marsh
processes. Construction of earthen barriers from
local marsh material converts the habitat to open
water. Nonbiodegradable remnants of sorbent
materials can cause injury to marsh animals, Wild
life deterrents can disrupt nesting activities of
waterfowl and shore birds.

8.2.2. Impacts Associated with Cleanup
Measures

Cleanup measures, by definition, occur on the
marsh surface and, therefore, have the potential to
directly affect the marsh. Some cleanup tech-
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Table 8.2. Observable and hypothetical cause-effect relationships of protection techniques.

Technique
Existing

Water Control Rigid Permeable Wildlife
Structures Booms Barriers Barriers Sorbents Deterrents

ACUTEENvmONMENTAL CONSEQUENCES

Habitat Alterations-Physical Impacts
Interruption ofTidal Cycle
Direct Conversion of Marsh to Open Water
Trampling of Vegetation

Habitat Alterations-Ecological Impacts
Immediate Loss of Marsh Habitat
Temporary Interruption Aquatic Organism

Migration and Flux of Matter

Impact on Biota
Injury to Birds and Wildlife
Disrupting Avifauna Nesting

CHRONIC ENVIRONMENTAL CONSEQUENCES

Habitat Alterations-Ecological Impacts
Loss of Marsh Habitat

Impacts on Biota
Injury to Birds and Wildlife

. Table 8.3. Observable and hypothetical cause-effect relationships ofcleanup techniques.

Technique

Flushing Sorbents Traffic Cutting

ACUTE ENVmONMENTAL CONSEQUENCES

Habitat Alterations-Physical Impacts
Potential Disruption of Substrate
Removal of Vegetation

Stems-Leaves
Roots-Rhizomes

Habitat Alterations-Ecological Impacts
Immediate Loss ofMarsh Habitat
Decrease in Biological Production

Impacts on Biota
Destruction of Vegetation and Benthic

Organisms
Disruption ofPlant Habitat
Potential Negative Impact on Plant Growth
Potential Injury to Wildlife

CHRONIC ENVIRONMENTAL CONSEQUENCES

Habitat Alterations-Physical Impacts
Loss of Marsh Habitat

Impacts on Biota
Injury to Birds and Wildlife
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niques, such as skimniers, do not impact the marsh
although there may be occasional foot traffic asso
ciated with their use. On the other hand, some
cleanup techniques (e.g., soil removal) can cause
severe damage to the marsh. The potential impacts
of cleanup operations on marsh systems are sum,
marized in Table 8.3. Traffic is included as a
separate category because of fts damage potential
even though traffic damage is generally considered
a secondary impact of many of the cleanup meas
ures described in this manual. Impacts associated
with the following cleanup measures are discussed
below: traffic, flushing, sorbents, cutting, and soil
removaL

8.2.2.1. Traffic. Damage caused by foot and
vehicular traffic can be greater than the damage
caused by oil contamination. Disruption of the
marsh substrate with concomitant destruction of
plant root and rhizome systems may require long
recovery periods, particularly ifoil becomes mixed
with the upper sediment layers. Once oil is mixed
into the substrate, root systems and organisms not
previously exposed are contaminated, the rate of
oil degradation through weathering is likely to
decrease, and cleanup becomes more complicated
(Maiero et aL, 1978). Except for boat operated
skimmer systems and burning, most cleanup op
erations involve at least some foot traffic (e.g.,
flushing, sorbents, cutting) and some require heavy
equipment (e.g., soil removal, and some sorbents
and cutting operations). Heavy traffic may accel
erate erosion of the marsh surface. Foot and
vehicular traffic should be avoided whenever pos
sible, especially in oiled substrates and should be
considered only when other alternatives have been
rejected.

8.2.2.2. Flushin\:. Flushing causes little dam
age to the marsh when performed properly except
for associated foot traffic. Ifflushing is directed at
the substrate instead of the vegetation, or if high
pressure flushing is used, soil erosion may result.

8.2.2.3. Sorbenls. The use of sorbent pads and
snares requires a large group of personnel and can
result in heavy foot traffic. If personnel are not
properly trained, oil may be further mixed with the
substrate during recovery of the sorbent material.
Also, recovery of all the sorbent material is a
problem. Fonned sorbents often are encased in a
plastic mesh. If all of the sorbent material is not
recovered, this plastic mesh can ensnare birds and
other wildlife. Unoiled granular sorbentmaterial is
also a potential wildlife hazard if not recovered.
Oiled sorbent material not recovered may result in
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recontamination of the area from the oil contained
within them. Unrecovered sorbent material can
smother large areas of the marsh, thus decreasing
overall productivity of the marsh system. For this
reason, biodegradable sorbent materials should be
used whenever possible.

8.2.2.4. Cuttin\:o Cutting requires the physical
destruction of plant tissues and usually entails a
great deal of foot traffic. In a Spartina marsh,
plants should not be cut if they are not completely
oiled because air will still be able to diffuse from
the stem down to the roots. Cutting in this situation
exposes the internal portions ofthe plant to damage
from the oiL On the other hand, if the plants are
completely oiled, it is necessary to cut the plants to
allow air diffusion. There is a risk of internal
contamination of the plant but the plant will die
anyway if it is not cut. Spartina and other grass
dominated marshes are tolerant of cutting. Man
groves should never be cut.

8.2.2.5. Soil Removal. Removal of the marsh
substrate eliminates plant and benthic organism
habitats and should be avoided if at all possible.
This technique leads to direct marsh loss. How
ever, in substrates heavily saturated with toxic oil
and with little chance ofnatural cleaning, it may be
the only option available. The potential for oil
related damage must be great to consider this
cleanup technique.

8.3 MANAGING IMPACTS through
the REGULATORY PROCESS

There are no special regulatory techniques for
managing the impacts described above through the
404 permitting process because the occurrence and
location ofoil spills are not planned. All protection
and cleanup operations must abide by applicable
federal, state, and local regulations. Because a spill
cannot be predicted, the only steps a permit analyst
can take in reviewing a 404 application for a petro
leum operation in wetlands is to insure that the
applicant will use the highest quality equipment
and personnel available for the operation and abide
by all applicable rules and regulations concerning
the control and cleanup of a spilL

lIS



116



CHAPTER 9

DRILLING SITE
AND ACCESS ROUTE CLOSURE

by
Donald R. Cahoon, R. Eugene Turner, and

Joseph C. Holmes, Jr.

9.1. INTRODUCTION

Once the decision is made to cease production
and close-in the well, closureofthe drilling site and
access route begins. When a well is abandoned,
every step should be taken to restore any impacted
wetland values or functions to as near pre-project
conditions as possible. This is in keeping with the
regulatory mandate of the Clean Water Act (see
Chapter 1). Fulfilling this mandate may not be
easy, as restoration depends in large part on the age
of the impact. Ifa well is anon-producer (i.e., a dry
hole), restoration takes place within a few weeks of
site access and preparation. In this situation, the
potential for restoring both pre-project hydrologic
conditions and lost habitat is greater than in wells
that have produced for 10 to 20 years or more.
Restoring hydrologic regimes at old well sites is
generally easier than restoring lost marsh habitat.
Historically, restoration efforts at old well sites
have concentrated on re-establishing natural hy
drologic functions, while off-site compensation
(often called mitigation) is sought for what is irre
trievably lost marsh habitat.

This chapter presents an overview of the meth
ods used for on-site restoration of hydrology and
marsh habitat altered by canals androad dump/ring
levees. [A discussion of the methods and policies
for off-site compensation of unavoidable wetland
impacts is beyond the scope of this handbook. The
reader should consult the wetland habitat creation
literature for an explanation of this issue.]
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9.2. ON·SITE RESTORATION
of IMPACTED WETLAND VALUES

and FUNCTIONS upon ABANDONMENT
of WELL - CANAL/KEYHOLE

In theory, re-creating marsh habitat from spoil
bank and canal habitats is the best form ofrestora
tion because not only is the marsh acreage regained
but normal hydrologic functions are re~tored. In
practice, however, the success rate of this r7stora
tion method varies widely depending on SOli type,
age of canal, technology, and ti~e ~ince re~tora

tion. If conversion to marsh habItat IS not sUItable
or possible, management efforts should focus on
restoring hydrologic functions.

The same procedures are used to restore a
keyhole and a canal route because of the similarity
of construction. Therefore, the restoration tech
niques described in this section apply equally to the
drill site and the access route. Upon abandonment
.of the drill site, the wellhead with its protector may
be left in place. However, it may be necessary to
cut the wellhead off at the mudline if it is a hazard
to navigation o,r ifthe can~1 is to be back~lled. Any

.shell pad existmg at the site can be left m place. It
will provide additional fill ifthe site is backfilled or
hard-substrate habitat if the well is only plugged.
All pits constructed in the spoil bank adjacent to the
keyhole should be closed in accordance with fed
eral and stateregulations concerning oil field wastes
and water quality.

9.2.1. Restoring Spoil Bank and Canal Habi·
tat to Marsh

following discussion on backfilling is based on
four published studies on backfilling in Louisiana:'
Neill and Turner, 1987a; Turner et aI., 1986; Swen
son and Turner (1987); Neill and Turner (1987b).
These studies examined, to various degrees, all of
the estimated 35 backfilled sites in Louisiana. The
objections to backfilling are (l) it costs money to
backfill (similar to dredging costs because a dredge
is used); (2) there may not be enough spoil ~aterial
to immediately fill the canal; and, (3) spOIl banks,
which are removed during backfilling, may be part
of a planned water management or upland wildlife
habitat program.

9.2.1.1. Typical Backfilled Canal. Back
filled canals vary in size, age, and success of
restoration as measured by depth and marsh
re-establishment. The general characteristics of
an average backfilled canal are: (1) a high percent
ofspoilreturned to the canal; (2) an age ofless than
10years; (3) incomplete restoration.ofcanal deP.th;
and (4) incomplete but developmg vegetative
rec~very (Table 9.1). The median ~anal ~epth
after backfilling is 3.6 feet. The median estimate
(percent) for re-establishing marsh on the old

Before Backfilling

~

Canal

Figure 9.1. Schematic representation of a typical oil and
gas drilling site canal before and after back
mling.

Filling canals back in, or "?ackfilling", is c.ar·
ried out on-site for canal/spOIl bank restoration
after well abandonment. Backfilling is performed
by a barge·rn<;>Unted buck~t dred&e or dragli!!-e
using the prevIOusly deposited spoil banks to fill
the existing canal. The spoil bm;ks are regraded ~o
as near marsh elevation as possible, and the fill IS
placed uniformly over the bottom of the canal
(Figure 9.1). Aerial views ofbackfilled c~nals are
presented in Figure 9.2. RemovlI~g spOIl banks
and filling in canals are the most drrect means to
restore the detrimental effects of canal access as
described in Section 3.2.2.

The intended benefits of backfilling are (l)
re-establishment of marsh vegetation in the .canal
and on the regraded spoil bank; (2) restoratIOn of
marsh soils on the regraded spoil bank; (3) res.to
ration of natural hydrologic conditions, includmg
re-establishing the original dr~n~ge patt~rns; and
(4) restoration of fish and wtldltfe habItat. The
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Figure 9.2. Examples of backfilled canals in south Louisiana. A. No emergent marsh is yet established (+2 years) in the
Buckskin Bayou backfilled canal despite the use of most of the available spoil material as fill. B. Marsh re
establishment and creation of shallow open water habitat at the Mallard Bay West canal bear a physical
resemblance to natural marsh ponds and have a high habitat value for fish and wildlife. (photography by R.
E. Turner.)
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Table 9.1. Characteristics of a typical backfilled canal.

Characteristic

Length (m)
Canal area (ha)
Spoil area (ha)
Percent spoil returned
Years between dredging and

backfilling
Depth (m)
Percent marsh cover in canal
Percent marsh cover on spoil
Percent spoil cover on spoil
Percent open water cover on spoil

Median Maximum Minjmum :t1

400.0 1859.0 120.0 33
1.3 3.6 0.6 33
3.0 8.2 1.0 33

94.0 100.0 45.0 31

2.1 40.1 0.0 31
1.1 1.8 0.1 26
0.7 40.1 0.0 26

51.6 98.5 0.0 31
22.2 92.8 0.0 31
21.4 100.0 0.1 31

Table 9.2. Restoration of depth, vegetation, and soil
properties at backfilled canals. The confidence
interval ( ) is two standard errors of the mean,
corrected for sampling a finite population. "N"
is the number of backfilled canals sampled.

canal site is 11 percent; marsh on the original spoil
bank is 52 percent; and open water on the regraded
spoil bank is 21 percent.

Soils. Compared to neighboring marshes, the
average backfilled spoil bank soils have a soil bulk
density of 41 percent, an organic matter content of
23 percent, a water content of 51 percent, and
vegetation cover at regraded spoil bank sites of 46
percent. Recovery of vegetation in backfilled
canals averages only 5 percent (Table 9.2).
Site-to-site differences occur and are generally
explained on the basis of spoil bank micro-relief.
Elevation differences within a site are largely de
termined by dredge operator skills. Marsh soils dry
when deposited on spoil banks, and oxidation of
organic matter leaves soil predominantly com
posed of mineral material. Lowering spoil bank
elevation by regrading probably accounts for an
observed increase in the water content of the soil.
To achieve a water content similar to that ofthe soil
in natural marsh wouldprobably require increasing
both organic matter content and the water-holding
characteristics of the inorganic matter. Recovery
of soil organic matter also depends on

Percent Restored :t1Characteristic

Depth 59
Percent cover of marsh in canal 5
Percent cover of marsh on spoil banks 46
Soil water content on spoil banks 51
Soil organic matter content on spoil banks 23
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(4) 26
(I) 31
(2) 31
(10) 18
(9) 18

re-establishing vegetation, depositing organic
matter and incorporating organic matter into the
soil structure. The time needed for complete recov
ery ofmarsh soil organic matter is not known but is
apparently longer than five years.

Vegetation. Backfilling does not rapidly
generate marsh vegetation in canals because it does
not immediately fill canals to the elevation of the
natural marsh surface. Consequently, the back
filled substrate remains too waterlogged for any
emergent vegetation to establish or survive. Once
the canal fills to an adequate depth by natural
sedimentation processes, revegetation of an area
may quickly occur. Canal revegetation with emer
gent plants is statistically related to canal depth
after backfilling. The threshold depth for emergent
plant regrowth appears to be about two to three
feet. Canals deeper than three feet experience no
marsh re-vegetation. However, not all backfilled
canals less than two feet deep experience signifi
cant amounts of marsh re-vegetation. The lack of
re-vegetation in the canal is attributed to the short
time for recovery (less than 10 years) and to spoil
dewatering and oxidation (which reduces the vol
ume of the dredge spoil) between dredging and
backfilling. Only 6 out of 35 locations had more
than 10 percent of the canal revegetated with marsh
species. The partial filling of the canal itself,
however, does promote the growth of submerged
grass species, such as widgeongrass, Ruppia mari
tima, in the shallow parts of a backfilled canal. The
growth of submergent species is encouraged by
installing a plug (Table 9.3).

Marsh revegetation of spoil banks is more
successful than in the canal. More than 50 percent
of the area of the backfilled spoil bank was revege
tated in 17 of 31 canals. In general, 49 percent of
the spoil was covered by vegetation when com
pared with an average of6percent in the canal. The



Table 9.3. The influence ofplugs on the presence of
aquatic vegetation.

primary factor detemiining marsh re-vegetation of
a spoil bank is its elevation after backfilling. Spoil
banks with elevations too high or too low for
normal growth of marsh species are not quickly
recolonized. Generally, the optimum elevation for
rapid recolonization is within 6 inches above or
below mean sea level.

The presence of a spoil bank has an indirect
effect on the streamside marsh adjacent to the
unfilled canal (see Section 3.2.2). Increased wa
terlogging in the streamside marsh at unfilledcanal
sites may result in higher soil sulfide levels, insuf
ficient root oxygen .and decreased nitrogen me
tabolism. Soil waterlogging may result from the
weight of the spoil bank causing the streamside
marsh to subside andlor the relatively stagnant
waters and poor circulation in deep unfilledcanals.
Removing the spoil bank from the berm zone at the
backfilled canal may help reduce the intensity of
soil waterlogging in the streamside marsh and
prevent the deterioration of this zone.

A significant factor influencing backfilling
success is the skill ofthe dredge operator. Operator
skills vary widely, but spoil banks can be com
pletely removed to the original marsh level. Re
vegetation success also depends on canal location.
Backfilled canals in the Chenier Plain in westem
Louisianahave higherrevegetationrates than those
in the Mississippi RiverDeltaic Plain. The reasons
for this difference are discussed in Section 9.2.1.2.

Benthos. Backfilling a dead-end drilling site
access canal creates benthic habitat. The density of
benthic organisms in a backfilled canal does not
differ greatly from that of a natural bayou. In
contrast, the mean annual abundance of macro
fauna and meiofauna in an unfilled canal may be
only one-half and one-sixth, respectively, than a
natural waterway or backfilled canal. Diversity
measures indicate that an unfilled canal is a highly
disturbed habitat.

There may be extremely high sulfide levels in
the bottom sediment of an unfilled canal, possibly

Plug Status

Plugged

Unplugged

Number of Canals with
AQuatic Vegetation

Present A.llwIt

12 1

6 8
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caused by highly reduced conditions and the accu
mulation of toxic sulfide in the bottom sediments.
Even partial backfilling creates a productive, shal
low water benthic habitat that provides postlarval
and juvenile estuarine-dependent organisms food
and shelter, provided they have access to it.

Fish. Backfilling canals improves fish and
shrimp habitat through the increased wetland habi
tat and number of benthic prey organisms, the
expanded area of shallow zones, and the restora
tion of natural hydrologic patterns. Increased
wetland vegetation resulting from backfilling sup
ports fisheries by providing refugia for fish and
shrimp to escape from predators and increased
detrital production (i.e., food). The shallower
depth of backfilled canals also increases the "edge
effect" (Le., increased productivity at the marsh!
water interface) that presumably results from in
creased hiding spaces from predators. Where spoil
banks are removed afterbackfilling, fish and shrimp
have access to wetlands via routes that were previ
ously inaccessible.

Water Quality. There is very little data on
water quality in backfilled canals. However, the
shallower depth of a backfilled canal probably
results in fewer instances of anoxic conditions
because of improved vertical mixing in the water
column. Evidence supporting this conclusion is
the increased benthic biomass in canals after back
fiming.

9.2.1.2. Factors Affectine Backfilline Suc
~. Backfilled canal depth is significantly shal
lower in intermediate marshes than in brackish or
fresh marshes. Insufficient data on canals in salt
marshes makes it difficult to compare them with
other marsh types. Also, the great variation of
vegetation prevents any prediction of backfilling
success on the basis of marsh type. The average
percent of restored marsh in the canal is low in
intermediate marshes and high in fresh and salt
marshes. The average percent of re-established
marsh on the regraded spoil banks is high in inter
mediate marshes and low in fresh and salt marshes.

How well backfilling works in different marsh
types depends, in part, on how success is measured.
Intermediate marshes are high in the total amount
ofmarsh restored on the spoil banks but low on the
amount of marsh restored in the canal and in the
amount ofcanal backfilled. Fresh marsh canals are
shallow, have high marsh restoration in the canal,
but low marsh restoration on the regraded spoil
banks. Bracklsh and salt marshes tend to fall into
the middle, having fairly shallow depths and
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moderate amounts of marsh in the canal and on the
backfilled spoil banks. It should be noted, how
ever, that restoration of water depth and marsh
elevation need not be 100 percent successful in
order to improve the quality of fish and wildlife
habitat in the canal. See sections on Fish above and
Backfilled Canals as Habitat for Fish and Wildlife
below for further details.

Hydrologic Unit. Coastal Louisiana is com
posed of two depositionary environments: the
eastern Mississippi River Deltaic Plain, formed by
direct deposition ofriver-borne sediments; and the
western Chenier Plain, formed by deposition ofre
worked deltaic sediments. The Chenier Plain
sediments typically contain more mineral material
and have lower rates of compaction and land sub
sidence. Backfilling success does not differ be
tween hydrologic units within the Deltaic Plain
(Barataria, Terrebonne, and VermilionParish), but
the average backfilled canal water depth in all
deltaic hydrologic units is significantly greater
than in the Chenier Plain.

The average marsh revegetation in the canal is
greater in the Chenier Plain than in the most suc
cessful Deltaic Plain hydrologic unit. Onepossible
reason for the success of backfilling in the Chenier
Plain is a difference in operator performance. The
amount ofspoil returned to the canal in the Chenier
Plain is high. The area of re-graded spoil banks
remaining covered by spoil vegetation is lower in
the Chenier Plain than in deltaic hydrologic units.
Superior backfilling success in the Chenier Plain
most likely is the result ofhigher marsh elevations,
lower subsidence rates, and decreased erosion.

Time Between Dredging and Backfilling.
When dredged spoil is deposited on the marsh in
spoil banks, it dries, and the organic matter in the
spoil oxidizes, mostly within thefirst yearofdredg
ing (Monte, 1978; Okey, 1918; Turner and Neill,
1984). Spoil shrinkage has been cited as a reason
why backfilling would never be successful (Mat
thews, 1983). Although soils do shrink, it is
apparent that significant amounts of spoil remain
for backfilling.

CanalSize. Canal size (length, volumedredged,
or area disturbed) exhibits no clear relationship to
any measure of backfilling success.

Soil Organic Matter Content. Soil organic
matter content is inversely related to canal depth.
Canals in marshes with highly organic soils showed
poor backfilling success. Organic mattercontent is
not related to the amount ofmarsh or open water on
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the spoil banks after backfilling. The percent of
marsh soil organic matter varies widely among
sites withno clear trends between hydrologic units.
Thus, soil organic matter cannot account for the
more successful backfilling in canals in the Che
nier Plain. Soil organic matter content generally
decreases from fresh to salt marsh.

Plugging the Canal. The status of the plug
(present, absent, or deteriorated) at the mouth of
backfilled canals is not related to backfilled canal
depth (Neill and Turner, 1987a). Plugged and
semi-plugged canals are, however, more likely to
support a denser cover of emergent vegetation in
the canal than unplugged canals (Table 9.3). The
need for a plug is often cited by landowners and
permitting agencies as necessary to prevent spoil
material from washing out of the canal after back
filling and to reduce erosion. Although plugs may
help contain spoil material in the canal and reduce
erosion, plugs do not appear to have any effect on
backfilled canal depth. Plugs slightly increase the
amount ofmarsh in the canal, perhaps by reducing
erosive water movement.

The amount of marsh on regraded spoil banks
is higherfor plugged and semi-plugged canals than
for unpluggedcanals. Plugged canals have a greater
amount ofopen wateron the spoil banks than semi
plugged or unplugged canals. It may be that by
creating an impediment to drainage, plugs result in
higher water levels and more open water on back
filled spoil banks.

Plugs greatly increase the likelihood of estab
lishing floating or submerged aquatic vegetation in
a backfilled canal (Table 9.3). Aquatic vegetation
has been observed in 12 out of 13 plugged back
filled canals. More than half (8 of 14) of the
unplugged canals examined had no aquatic vegeta
tion. All plugged canals with vegetation contained
large amounts of vegetation of several species.
These results agree with the higher frequency of
submerged aquatic vegetation in shallow ponds,
lakes, and bayous behind weirs (Chabreck and
Hoffpauir, 1962; Chabreck, 1968; Larrick and
Chabreck, 1976).

Dredge Operator Performance. Dredge
operator skill is an important factor influencing
how well the objectives of backfilling are met.
Regrading spoil banks to the elevation of the sur
rounding marsh is crucial for marsh
re--establishment. A skillful dredge operator can
remove spoil banks very close to marsh level,
provide a maximum amount of spoil for canal fill,
keep gouge scars and open water areas on the old
spoil bank to a minimum, and increase marsh



cover. If the dredge operator fails to return most of
the spoil bank to the canal, spoil vegetation will
remain and reduce the re-establishment of marsh.
If the spoil bank is dug too deeply, the re-graded
spoil bank remains unvegetated mud or open wa
ter. ~here are not enough cases of high quality
dredgmg to clearly demonstrate that the goal of
leveling spoil banks to marsh elevation can be
achieved using current bucket dredge techniques.

The amount of re-established marsh on the
regraded spoil banks is significantly related to the
percentage of spoil material returned to the canal.
The more spoil material returned, the lower the
spoil bank elevation and the greater the cover of
marsh re-established. When too much spoil is
returned, dredge gouge scars and areas of open
water form. Elevation appears to be the key to
plant re-establishment, as has been shown for
planting programs (Kadlec and Wentz, 1974).

Factors encouraging backfilling success.
Table 9.4 is a summary of the various major
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factors affecting the success of backfilling. In
general,

(1) restoration of marsh and shallow aquatic
habitat is more effective in the Chenier Plain
than in the Deltaic Plain;

(2) creation of shallow aquatic habitat is
more effective if backfilling is performed in
marshes with low soil organic matter content;

(3) backfilling is at least somewhat effective
in all marsh types and for all sizes of canals;

(4) backfilling success will be greater if the
canals are less than 5 years old or greater than 20
years old;

(5) canals should be monitored during
backfilling to insure optimal dredge operator
performance.

Backfilled Canals as Habitat for Fish and
Wildlife, The increased elevation of a spoil bank
results in decreased soil moisture and salinity,
which, in turn, allows invasion by terrestrial plant
species and elimination of marsh species. AI-

Table 9.4. Factors encouraging backfilled canal restoration for seven marsh components. The percent
recovery (after less than 10 years) is the estimated return of the component to the original con
ditions. Positive factors are those which are positively related to higher recovery (N = sample
site number; NA =not applicable). (Adapted from Turner et aI., 1986).

Component Avera2e % Recoyerv

Soils (N = 18)
Organic matter 23
Water content 51
Bulk Density 18

Vegetation (N = 31)
Marsh in Canal 5
Marsh on Spoil Bank 46

Submerged and NA
Floating Aquatics

Hydrology NA

Depth (N = 26) 59

Bird Habitat NA

Fish Habitat NA

Sedimentation NA

Factors Encoura2in2 Recoyery To Date

Time; revegetation
Time; revegetation
Time. revegetation

Depths less than 2-3 feet
Operator skill; % spoil removed; lack
ofgouge marks; elevation
('1- 0.5 ft MSL); in Chenier rather than Deltaic Plain

Plugs in canals

Spoil Bank removal

Spoil removal; longer time between
dredging and backfilling if older than I year;
in Chenier rather than Deltaic Plain; operator skill;.
mineral soils; good sediment supply; isolation from
boat traffic

Shallow depths; aquatic vegetation

No plugs; vegetation

Belowground and overland water movement;
lack of spoil banks
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though the terrestrial plants on the spoil banks
provide habitat for birds and mammals, it is at the
expense of the marsh vegetation that provides
habitat and food for animals and produces food
(detritus) for benthos, finfish and crustaceans.

Even though re-vegetation within a canal does
not usually occur before 10 years, backfilling is
quite successful in reducing the depths of the
canals and forming high quality shallow water
habitat. Therefore, it is important to note that
vegetative restoration need not be complete for
backfilling to provide effective benthic habitat
creation and fish use. For example, backfilling
creates shallow open water areas in the former
canal that support large numbers of small fishes,
including juveniles of species that use shallow
marsh water bodies as nurseries (Neill and Turner,
1987a). Backfilled canals resemble natural marsh
ponds, have similar dimensions, support aquatic
vegetation, and have a high amountofmarsh-water

.edge. Such shallow marsh ponds have been widely
shown to be excellent habitat for estuarine fishes
and macroinvertebrates (perry, 1976; Weinstein,
1979; Bozeman and Dean, 1980).

Backfilling often results in the inadvertent
creation of shallow open water areas on the old
spoil banks where the dredge scraped the spoil too
deeply. While this prevents reestablishment of
emergent marsh vegetation, the shallow aquatic
areas created may serve as valuable habitat in their
own respect.

Backfilled canals also have the potential to be
high quality habitat for waterfowl. There is consid
erable evidence that waterfowl use these areas for
resting sites, feeding or both. Species of aquatic
vegetation known to be eaten by waterfowl have
been observed in backfilled canals, including
widgeongrass (Ruppia maritima), dwarfspikerush
(Eleocharis parvula), floating waterprimrose
(Ludwigiapeploides), coontail (Ceratophyllum de
mersum), southern naiad (Najas quadalupensis),
fanwort (Cabomba carotiniana) , and duckweed
(Lemna minor). Shallow open water areas in
backfilled canals or on backfilled spoil banks are
often less than 20 inches deep, a depth that can be
used by dabbling ducks for feeding (Chabreck,
1979b; Fredrickson and Drobney, 1979).

Plugging canals encourages the growth of
submerged aquatic vegetation, but restricts the
access of migratory estuarine fishes (Neill and
Turner, 1987b). An alternative strategy for manag
ing backfilled canals for fish and wildlife is to plug
canals to promote the growth of aquatic vegetation
in fresh marshes or in preferred waterfowl areas,
but to leave canals in brackish and saline marshes
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open or semi-plugged to allow access by juvenile
migratory fishes.

9.2.2. Restoring Alterations to Hydrology and
Sediment Distribution

If restoring marsh habitat by backfilling the
canal or removing the spoil banks is not feasible,
every effort should be made to restore the hydro
logic regime (see Section 3.2.2.2 for a review) to as
near pre-project conditions as possible. This re
quires hydrologically isolating the 8-foot deep
canal from natural waterways to eliminate saltwa
ter intrusion and captured water flow. It also
requires minimizing barriers to surface water flow
across themarsh andopening any small tidal streams
that were blocked by spoil placementin order to
restore normal inundation (i.e., flooding) patterns
and tidal exchange. These management techniques
can be very effective in restoring hydrology at the
site to near pre-project conditions, especially if
used in combination.

9.2.2.1. Plug Canal with Earthen Dam. The
standard method for isolating an access canal from
adjoining waterways is to construct an earthen plug
at the mouth of the canal (Figure 9.3). This dam is
constructed from earth dredged from the bottom of
the canal or the spoil bank (Figure 9.4) and is
usually capped with shell or a similar
erosion-retardant material. It is set back from the
adjoining waterway to minimize erosionfrom waves
and water currents (Figure 9.5). The success rate
of plug construction depends on the quality of the
fill material, the suitability of plug design to local
hydrologic conditions, and the skill of the dredge
operator. Plugs often wash out very shortly after
construction in situations where one or more of
these factors is lacking.

Plug construction requires the mobilization of
a dredge and/or shell barge to the site and the
purchase of shell or limestone. The cost to the
company varies depending on the distance equip
ment must travel and the time and volume of
material used for construction. In any case, this
method of restoration can add substantially to the
total cost of site abandonment.

The source of fill material can become an
environmental concern if the bottom sediments are
not suitable and the supply of spoil material is
insufficient. The dredge operator may have no
choice but to use marsh material for fill; this,
however, is counter-productive to the purpose of
marsh restoration. This especially may be a prob
lem for canals dredged with spray technology
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Figure 9.3. Illustrations of a typical plug design used in closing a drilling site access canal, showing plan and cross
section views of the plug, canal, and borrow area.
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Figure 9.4. Earthen plug installed at mouth of canal. Note vegetation debris from spoil banle (photography by D.
Clark.)

(Cahoon and Cowan, 1988). The use of marsh
material for fill can be avoided if the quality of fill
material is identified prior to plug construction
and, consequently, fill material is hauled to the site.
This adds to the cost of restoration because an
upland source of fill must be located, the fill pur
chased, and then loaded onto a barge and shipped
to the site.

Because plugs hydrologically isolate canals
from adjoining waterways, they may exacerbate
hydrologic problems in highly impacted (e.g.,
leveed) areas. For example, they may restrict
migration ofestuarine fishes and crustaceans to the
canal and adjacent marsh. Therefore, in such
situations, installation ofaplug should bereviewed
on a case-by-case basis. One alternative to the
standard plug described above is to construct a
culvert in the plug to allow ingress and egress of
migratory aquatic species. This restoration meas
ure does not require any new technology, but it
does entail more expense than ordinary plug con
struction because of increased labor and material
costs.

126

9.2.2.2. Construct Gaps in the Spoil Bank. If
the spoil bank is continuous and not backfilled into
the canal, the next best method for restoring spoil
bank impacts on local hydrology is to construct
gaps in the spoil bank. To restore surface water
flow patterns, 50-foot gaps should be dredged
every 500 feet in the spoil bank, the same as for the
discontinuous spoil disposal method illustrated in
Figures 3.9 and 3.10. This requires mobilization
and demobilization of a bucket or dragline dredge
and, therefore, represents a sizable expense for the
company. Iflocal hydrologic conditions are such
that the potential for erosion of the canal banks or
saltwater intrusion is high, gapping of the spoil .
banks should not be done unless the canal is first
plugged.

Gappingprobably will not be needed for canals
dredged by high pressure spray disposal technol
ogy because of the thinness of the spoil deposit.
However, further research is needed to verify this
assumption.
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Figure 9.5. Aerial view of plugged 7analJslip, showing the relationship hetween the canal, slip, berm, spoil bank, and
plug. Note that the spOll banks and plug are vegetated with trees and shrubs. (Photography by P. Keney.)

9.2.2.3. Open Blocked Waterways. Restora
tion of local hydrologic conditions can be quickly
enhanced by opening all waterways blocked dur
ing spoil deposition. This can be easily achieved
by existing dredging technology. Again, this
method requires the mobilization and demobiliza
tion of a bucket or dragline dredge, but, if it is
performed in conjunction with plugging or gap
ping operations, the additional expense is low. The
necessity ofopening any waterways can be avoided
if the canal is dredged by high pressure spray
technology.

9.2.2.4. Combinations of the Above. The
most effective means of restoring chronic hydro
logic impacts is to use the above techniques in
combination. Backfilling canals is more effective
at meeting certain objectives if a plug is also
constructed, while restoring hydrologic functions
at a non-backfilled canal is most complete when
the canal is plugged, the spoil bank gapped, and all
blocked waterways opened (Figure 9.6) Also, the
cost of each operation is less when they are per
formed in conjunction with one another.

9.2.2.5. Su::gestions for Implementing Man
a::ement Techniques. As indicated in Table 3.3,
measures required to restore the impacted habitat.
to pre-project status quo should be identified dur
ing permit review before the project is imple
mented. This means the objectives of the restora
tion need to be clearly defined. For instance, when
backfilling is considered, the soil type, geologic
setting, and vegetation type must be evaluated
along with the final habitat objective (i.e., water
fowl, fish, or marsh). However, this is often very
difficult or impossible to do before the project is
implemented because no one knows how long the
well will produce or what the environmental set
ting will be years from now. For example, the
quality of fill material for backfilling or plug con
struction may change considerably over the years,
especially spoil bank materiaL

To this end, it is often useful to put two sets of
restoration conditions on a permit: one aimed at
current environmental conditions in case the well
is a dry-hole and the other tempered by the fact that
the well may produce for many years. Because
backfilling is more effective in young canals, it
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Figure 9.6. Aerial view'bf a plugged canal/slip with gaps dredged every 500 feet in the spoil bank. Note that the plug is
off-set from the mouth of the canal and has been capped with shell to retard erosion. (Photography by P.
Keney.)

would always be appropriate to recommend this
restoration method for any dry-hole situation.
Conversely, it is prudent to recommend that fill
material for plug construction be hauled in for any
well that produces for more than several years in a
canal with soft-soupy substrates. In general, resto
ration measures should be matched to the local
environmental setting, or predicted environmental
setting, as closely as possible. To be effective in
any way, they also must be incorporated into the
permit that authorizes site access.

9.3. ON-SITE RESTORATION
of IMPACTED WETLAND VALUES

and FUNCTIONS upon ABANDONMENT
of WELL - ROAD DUMP/RING LEVEE

When a drilling site is abandoned, either as a
dry hole or after the productive life of a well, action
must be taken to return the access route and drill
site to pre-project conditions. This section dis
cusses the steps necessary to achieve a reduction in
chronic impacts at the locale.
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9.3.1. Restoration of Habitat

All practical actions should be taken to return
a land-based drilling site to as near pre-project
habitat conditions as possible. Such restoration
may occur only months after the initial activity at
the site if exploratory drilling results in a dry hole,
or it may occur years after construction if the well
has produced. Restoration in either case should
strive toward the same result: removing all foreign
materials, regrading all earthen construction, and
returning the material to the borrow pits.

9.3.1.1. Regrade Drill Site to as near Pre
Project Conditions as Possible. Material exca
vated to fonn the ring levee, drill pad, and any pit
levees should be regraded to as near original eleva
tions as possible and the fill placed back into the
borrow pits (Figure 9.7). Oxidation and compac
tion probably will reduce the volume ofmaterial to
an insufficient amount to fill the pit. Compaction
of the marsh surface within the ring levee lowers
the surface elevation. Aerial photographs ofboard
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Figure 9.7. Aerial view of restored road dump and ring levee in coastal fresh marsh. (Photography by T. Michol.)

road sites reveal numerous rectangular ponds in
wetlands indicating that regrading the existing
structures was not sufficient to restore elevations to
a level where marsh species could recolonize. A
time limit for completion of restoration should be
included in all permits issued for ring levee drill
sites.

9.3.1.2. Removal of Drill Pad Material. If
the exploratory drilling results in a dry hole and
.abandonment of the well, the site must be restored
to as near pre-project condition as practical. Such
restoration includes removal of all boards which
have formed the drilling pad. All plastic sheeting
or filter cloth must be removed, including any pit
liners. Any muds or fluids present in the mud or
reserve pits must be removed (see Section 9.3.2.3
Pit Closure). The pad must be regraded to as near
marsh level as possible. In forested wetlands, the
regraded drill site should beplanted with one-year
old tree seedlings, spaced 20 feet apart. Bald
cypress should be planted in swamp environments,
and water oak or nuttal oak in bottomland hard
wood habitats. It may be necessary to place preda-

tor guards (e.g., wire cages) around the seedlings to
protect them from nutria grazing. In marsh habitat,
plantings most likely will not be needed because
natural vegetative recolonization will occur rap
idly.

9.3.1.3. Removal ofRoad Surface. The steps
involved and the success rate of road restoration
depend on whether the well was a producer or a
dry-hole.

Dry-Hole - Temporary Access Road. Upon
abandonment of an exploratory drilling site, all
boards should be removed. Filter cloth, plastic
sheeting, and all other foreign material are trans
ported from the access route.

Producing Well- Permanent Access
Road. If the road dump/board road has been in
use for many years as an access route to a pro
ducing well, the surfaces of the route and drill
site likely have been made permanent, i.e., the
boards have been covered with shell or lime
stone. Over a period of years several layers of
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on the route as maintenance. Often a field willhave
been developed and the access route may serve
other locations. Consequently, such a route
normally is not restored.

Restoration of a permanent road is difficult.
Removal of the shell or limestone and boards may
not be practical because the narrow width of the
road dump/board road prohibits movement of
draglines, bull dozers, and dump trucks. Also, the
shell or limestone has usually been worn into small
particles and the underlying boards may ormay not
be intact.

Landowners often want to maintain access
routes onto their land orpreserve theuplandhabitat
site created by the elevated linear feature. Such a
site provides a haven for upland wildlife species
not normally found in the marsh and are regarded
by some landowners as a beneficial environment
not previously present in the wetland. To restrict
access to the wetlands, the route may have any or
all of the cuIverts or bridges removed or a 10- to 20
foot gap in the elevated route dredged at its begin
ning or take-off site. Such actions create linear
"islands" which are rapidly colonized by upland
shrub/scrub species.

9.3.1.4. Remoyal of Road Dump Oinear
feature). After removing the boards and other
foreign materials, the excavated material that forms
the road dump is regraded and deposited in the
borrow pits from which the material was exca
vated. Usually, oxidation and compaction of the
excavatedmaterial results in insufficientvolume to
completely refill the borrow pits. Shallow water
ponds are often created in the borrow pit sites and
often along the road dump route. Figure 9.7 shows
a restored board road and ring levee site. Access to
this fresh marsh site required a 2,807 foot road
dump route. A 30-foot bridge was needed to cross
a stream. This unsuccessful well location was
accessed,drilled andabandoned, andrestoredwithin
eight months. Note that the ring levee and road
dump have been regraded and water flow restored
to as near pre-project conditions as possible in the
impacted waterways.

Permit conditions should specify that degrad
ing the road dump and restoring the site must be
completed within a specified time after abandon
ment. If the activity was performed in accordance
with the NOD-13 General Permit, the site must be
regraded as agreed. If the site was constru~ted in
accordance with a regular USACE perrrut, the
access route will have to be restored according to
the specific conditions of the permit.
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9.3.2. Restoration of Surface Hydrology and
Maintenance of Water Quality

The regrading of the road dump and ring levee
back into the borrow pits promotes re-establish
ment of the pre-project surface hydrology. Re
moval of culverts and restoration of re-routed
streams also promote the return to former condi
tions. Proper disposal of drilling muds, cuttings,
and other pit wastes is necessary to maintain water
quality.

9.3.2.1. Open Blocked Streams. Culverts
placed in the road dump at any natural water
courses are removed to re-establish natural flows.
Streams which had been re-routed during construc
tion are returned to the original location, and the
dredged artificial channel is filled with previously
excavated material.

9.3.3. Suggestions for Implementing Manage
ment Techniques

As in the case of canal restoration, measures
required to restore the impacted habitat to pre
project status quo should be identified during per
mit review before the project is implemented and
incorporated into the construction permit. The
objective should always be to completely restore
all impacted wetland values and functions.
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CONVERSION TABLE

Metric to U.S. Customary

Multiply .fu: To Obtain

millimeters (mm) 0.03937 inches
centimeters (cm) 0.3937 inches
meters (m) 3.281 feet
kilometers (kID) 0.6214 miles

square meters (m') 10.76 square feet
square kilometers (kID') 0.3861 square miles
hectares (ha) 2.471 acres

liters (I) 0.2642 gallons
cubic meters (m') 35.31 cubic feet
cubic meters 0.0008110 acre-feet

milligrams (mg) 0.00003527 ounces
grams (g) 0.03527 ounces
kilograms (kg) 2.205 pounds
metric tons (t) 2205.0 pounds
metric tons 1.102 short tons
kilocalories (kcal) 3.968 British thermal units

Celsius degrees 1.8 (CO) + 32 Fahrenheit degrees

U.S. Customary to Metric

inches 25.40 millimeters
inches 2.54 centimeters
feet (ft) 0.3048 meters
fathoms 1.829 meters
miles (mi) 1.609 kilometers
nautical miles (nmi) 1.852 kilometers

square feet (ft') 0.0929 square meters
acres 0.4047 hectares
square miles (mi') 2.590 square kilometers

gallons (gal) 3.785 liters
cubic feet (ft') 0.02831 cubic meters
acre-feet 1233.0 cubic meters

ounces (oz) 28.35 grams
pounds (lb) 0.4536 kilograms
short tons (ton) 0.9072 metric tons
British thermal units (BTU) 0.2520 kilocalories

Fahrenheit degrees 0.5556 (po - 32) Celsius degrees
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GLOSSARY

The following glossary identifies technical terms
used in the handbook. Definitions are based primarily
upon terms in: Environmental Impact Statement Glossary.
A Reference Source for EIS Writers. Reviewers, and
Citizens, 1979; Dictionary ofEnvironmental Terms, 1976:
A Dictionary ofEcology, Evolution, and Systematics,
1982: Wetlands Thesaurus, A Vocabulary ofCoastal
Wetlands Research, 1983; Topics and Terms in Environ
mental Problems, 1977: The Illustrated Petroleum Refer
ence Dictionary, 1982; Protection, Cleanup andRestora
tion ofSalt Marshes Endangerd by Oil Spills-A. Proce
dural Manual, 1978; and Glossary ofGeology, 1980.
Italicized synonyms and related key words follow each
defmition where applicable.

Accretion - the upward growth of a sedimentary deposi~

e.g., settling of sediment from suspension in a
stream subject to overflow.

sedimentation, deposition, delta, vertical accretion

Acute effect - caused by the action and occurring at the
same time and place as the action; effects include
ecological (effects on natural resources and on
components, structures, and functions of affected
ecosystems), economic, social, and health impacts.

short-term or immediate impacts

Aerobic -living or active in the presence of free oxygen: a
process taking place in the presence of oxygen.

aeration, oxygen, wetland chemistry

Aggradation - the building up of the earth's surface by
deposition, specifically the upbuilding performed by
a stream in order to establish or maintain uniformity
of grade or slope.

upgrading

Air-cnsbioned vehicle (hovercraft) - a vehicle employing
the hovercraft principle ofdown-thrusting airstream
suppo~ developed to transport equipment and
supplies. The air cushion protects the surface from
being cut by wheels or treads ofconventional ve
hicles.

hovercraft

Alluvium - a general term for clay, silt, sand, gravel, or
similiar unconsolidated detrital material deposited
during comparatively recent geologic time by a
stream or other body of running water as a sorted or
semi-sorted sediment in the bed of a stream or on its
floodplain or delta, or as a cone or fan at the base of
a mountain slope, especially deposited during time
offlood.

deposition, sediment. soil, sedimentation.
floodplain, river, gravel, sand, silt, clay, stream,
terrace, geological deposits, delta
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Anaerobic - living or active in the absence offree oxygen;
a process taking place in the absence of oxygen; an
oxygen-independent type ofrespiration.

soils, wetland chemistry, anoxic

Annnius - the space between the dtillstring and the walls
of the wellbore.

Aquatic - living in or near water; used of organisms
adapted for a partially or completely submerged
life.

marine, riverine

Aquatic weed cutter - specially designed mechanical
device used to cut aquatic vegetation.

Aquifer - an underground water reservoir.

Aromatic - organic compounds containing any of a series
of benzene ring compounds. They are unsaturated
organic ring compounds with low boiling points and
are generally toxic to aquatic life.

toxic compound

Artificial levee - an artificial embankment, usually of
random earth fill, built along the banks of a water
course or an arm of the sea and designed to protect
land from inundation or confme streamflow to its
channel; spoil material placed along a dredged
canal.

,,~

spoil bank, control structure, dike, flood wall,
revetment, shore protection

Artificial life - a means of supplying energy to a reservoir
in an attempt to recover oil and gas.

Backfill - the process ofrefilling an excavation; to replace
the earth dug from a ditch.

mitigation, dredging, canal

Bailer. a unit in cable tool drilling, a bailer is a tool that
was lowered to the bottom of the hole to remove
cuttings and fluid from the hole.

Barge-mounted dragline - a reVOlving shovel mounted
to a barge; the shovel carries a bucket attached only
by cables and digs by pulling the bucket toward
itself.

dredging, oil and gas exploration, dredge

Barrel- a unit of measure equal to 42 U.S. gallons.

Bayou - a creek or secondary water course that is tributary
to another body of water, especially a sluggish or
stagnant stream that follows a winding course
through alluvial lowlands, coastal swamps, or river
deltas; an effluent branch, especially sluggish or
stagnant, of a main river, e.g., a distributary flowing
through a delta, also the distributary channel that
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carries floodwater or affords a passage for tidal
water through swamps or marshes; the term is
variously applied to many local features in the
lower Mississippi River Basin and in the Gulf Coast
region of the United States, especially Louisiana.

marshes, creeks, deltas, swamps, wetlands

Bentbic - bottom dwelling organisms. Aquatic organisms
that live in or on waterbottoms, usually not mobile.

sessile

Bearing strength - resistance of soil to pressure. This is
an important consideration in accessing wetland
areas where spills have occurred.

soil,trafficability

Berm - the area between a canal bank and the edge of the
spoil bank; a slightly elevated area along man-made
and natural waterways and beaches having an
abrupt fall and formed by deposition of materials by
wave action.

beaches, canals, embankments, spoil banks

Blowout - when high pressure formation fluids force the
mud and/or the drillstring out of the wellbore.

Blowout preventors - safety valves attached to the
wellhead, used to shut-in a well or control the well
flow in an emergency situation.

Board road - wooden planks placed on the surface of the
marsh or road dump to allow access of vehicles and
equipment to wetland areas.

Boom - a linear floating device used to contain oil spills in
aquatic environments.

skirt,fence, sorbent

Borrow ditch (pit) - A ditch dug along a roadway or canal
to furnish fill for another location.

Brackish - a term used to describe water which contains
some salt in solution, but less than is contained in
sea water; brackish waters are usually regarded as
those containing between 500 and 30,000 parts per
million (ppm) sodium chloride.

marsh, salt marsh, tidal marsh, estuary, saltwater
intrusion, wetlands

Bucket dredge - an open container attached to the
movable arms of a wheeled or tracked vehicle to
spread solid waste and cover material and to
excavate soil.

dredge, spoil, clam shell

Build-angle - the rate at which a turn in a directional well
is increased. This term is expressed in degrees of
build (increase per one hundred feet).



Bulk density - the mass of dry soil per unit bulk volume
including the air space; the bulk volume is deter
mined before drying to constant weight at 105
degrees centigrade. .

soil, sediments

Canal- an artificial watercourse of relatively uniform
dimensions, cut through an inland area, and
designed for navigation, drainage, or irrigation by
connecting two or more bodies of water; a long
narrow channel or arm of the sea connecting two
larger stretches ofwater, usually extending far
inland and approximately uniform in width.

waterway. navigation. transportation, channel.
intracoastal waterway, locks

Canal widening - enlargement of the boundaries of water
courses through erosion.

channel, erosion

Carbonate rocks - geologic formation formed from
compounds that contain the carbonate ion, e.g.,
limestone.

Casing - pipe used to protect shallower formations from
contamination and to prevent the borehole from
collapsing. This pipe is usually cemented into
place.

Channel- a natural or artificial watercourse ofperceptible
extent, with a definite bed and banks to confine and
conduct continuously or periodically flowing water.

waterway. canal

Chenier Plain - a classical coastal strandplain. Also a
marginal deltaic plain; the term chenier refers to the
higher elevation stranded beach deposits and its
origin is from the French for the live oaks that
commonly grow on the elevated areas.

Chronic effect - caused by the action, but may occur later
in time or be longer lasting; chronic effects may
include growth-inducing effects and other effects
related to induced changes in the pattern of land
use, population density or growth rate, and related
effects on air and water and other natural systems,
including ecosystems.

long-term impact

Clamshell bucket - a hinged, jaw-like digging imple
ment suspended at the end of a cable running down
from the boom of an excavating machine; a drag
line bucket.

drilling, oil and gas exploration, bucket dredge

Closed-loop system - a series of solids control equipment
used to clean the drilling mud of cuttings and other
contaminants. The result is a solid sludge and clean
water that can be discharged.

GLOSSARY

Coastal zone - ocean waters and adjacent lands that exert
a measurable influence on the uses of the sea and its
ecology.

wetlands. marshes. estuaries, beaches. shores.
deltas

Compaction - reduction in bulk volume or thickness of, or
the pore space within, a body offine-grained
sediments in response to the increasing weight of
overlying material that is continually being depos
ited or to the pressures resulting from earth move
ments within the crust; itis expressed as a decrease
in porosity brought about by a tighter packing of
sediment particles; the process whereby fine
grained sediment is converted to consolidated rock
(such as clay lithified to a shale).

consolidation

Control structure - a structure (such as a weir) con
structed across a stream or other water body to stop,
raise, divert, or measure the flow ofwater.

weir, revetment, diversion, flood control,floodwall,
dike,levee, sea wall, impoundment, embanhnent,
jetty, dam, diversion structure

Core - a sample of the formation from a known depth.

Coupling - denoting a condition of linkage between
ecological systems through the exchange of
information in the form of water, inorganic and
organic matter, and biota.

linkage

Cuttings - pieces of the formation that have broken up by
the action of the drill bit.

formation

Dam - a barrier constructed usually at or near a shoreline
along the pipeline to protect the right-of-way from
erosion and to prevent hydrologic alterations.

Dehydration - the process of removing water molecules
from natural gas production.

Delta - the low, nearly flat alluvial tract of land deposited
at or near the mouth of a river, commonly forming a
triangular or fan-shaped plain of considerable area
enclosed and crossed by many distributaries of the
main river, perhaps extending beyond the general
trend of the coast, and resulting from the accumula
tion in a wider body of water of sediment supplied
by a river in such quantities that it is not removed
by tides.

accretion, alluvium, deposition,floodplains,
sedimentation
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Delta lobe - rounded areas of sedimentation which are
formed when a river course shifts its locus of
deposition. The Mississippi River deltaic plain
represents the coalescence of seven major lobes that
were built at various times and in various positions
during the last 5000 years.

accretion, alluvium. deposition, floodplain, sedi
mentation

Dessicant - in solid or liquid fonn, this agent removes
moisture from a gas.

Development well - wells drilled in an area already
proven to be productive.

Diapir - a dome or anticlinal fold in which the overlying
rocks have been ruptured by the squeezing out of
plastic core material. DiapIrs in sedimentary strata
usually contain cores of salt or shale; igneous
intrusions may also show diapiric structure.

diapirism, piercement dome

Differential sticking - side-wall sticking of the drillstring
. caused by changing bottomhole conditions.

directional drilling

Dike - an artificial wall, embankment, ridge, or mound,
usually of earth or rock flll, built around a relatively
flat, low-lying area to protect it from flooding; a
levee.

embankment, ridge, levee, control structure, dam,
groin, revetment, impoundment, sea wall,flood
protection, intrusion

Directional drilling - a process of directing the wellbore
along some trajectory to a planned target zone.

Double-ditch - dredging technique in which the top 6to
12 inches of overburden is placed on one side of the
trench and the remaining excavated material is
placed on the other side.

Drainage - the manner in which the waters of an area pass
or flow off by surface streams or subsurface
conduits; the processes of surface discharge of
water from an area by streamflow and sheet flow,
and the removal of excesswater from soil by
downward flow; also the natural and artificial
means for effecting this discharge orremoval.

discharge, flood control, flow, runoff, surface
waters, water management, watersheds

Dredge - a lar~e floating machine for scooping up or
excavatmg earth material at the bottom of a body of
water, raising it to the top, and discharging it on a
bank through a floating pipeline, by conveyors, or
into a scow for removal to a distant point (e.g., a
"hydraulic dredge" using a centrifugal pump to
draw mud or saturated sand from river channels).

excavation, spoil
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Dredged material - any material excavated or dredged
from the navigable waters of the United States.

spoil

Dredging - to remove earth from the bollom of waterbod
ies using a scooping machine.

canalization, channelization, channels, excavation,
waterways

Drill bit - a tool placed at the bollom of a drillstring used
to break the formations into pieces that can be
transported to the surface.

Drill collar - heavy tubulars added to the drillstring to
provide additional weight on the drill bit and
strength to the drillstring.

Drilling barge - see submersible barge platform.

Drilling site access canals - open channels constructed to
efflciently transport people and equipment to and
from drilling locations.

petroleum engineering, exploration, permits, oil
wells, dredge

Drill pad - the area within the ring levee where well
drilling takes place. The drill pad is usually
constructed by placing boards on dredged material;
the drill pad may also be supported by 60 foot
pilings driven into the marsh below the drill site.

Drill pipe - thick-walled pipe used to transmit torque to
the bit and provides an avenue for the drilling mud
to reach the bit.

Drillstring - consists of drill pipe, drill collars, and the
drill bit.

Drop-angle - the rate at which a turn in a directional well
is decreased to bring the well back to vertical. This
term is expressed in degrees of drop (decrease) per
one hundred feet.

Ebb tide - that period of tide between a high water and the
succeeding low water; falling tide.

current

Edaphic - relating to, or determined by, conditions of the
soil.

Edge effect - more robust plant production along the
natural levees ofmarsh streams and bayous com
pared to inland marsh areas due to increased
aeration and nutrient supply.

streamside effect

Emergent vegetation - a plant having most of the
aboveground vegetative parts above water.

autotrophs, primaryproduction



Emulsion - the suspension of small droplets of water in
oll. .

Endless rope - a continuous rope-like oii sorbent device
that is pulled across the smface of the water to pick
up oil.

Enhanced oil recovery (EOR) - methods used to change .
characteristics of the reservoir fluid in an effort to
increase recovery ofoil and gas.

Erosion - the general process or group ofprocesses
whereby the materials of the earth's crust are
loosened, dissolved, or worn away, and simultane
ously moved from one place to another by natural
agencies (e.g., weathering, transportation); specifi
cally, the mechanical destruction of the land and the
removal of material (such as soil) by running water,
waves and currents, moving ice, or wind; erosion
may be intensified by land-alteration processes.

scouring, levees, degradation, weathering, soils,
crevasses, rainfall

Estuary - any semi-enclosed coastal body of water which
has a free connection with the open sea; it is thus
strongly affected by tidal action, and within it sea
water is mixed (and usually measurably diluted)
with fresh water from land drainage.

tidal entrances, tidal marshes, wetlands

Eustatic sea level rise - see relative sea level rise.

Feeder line - smaller pipelines that collect the hydrocar
bons from individual fields and transport to the
trunk line.

Flare stack - this piece of equipment is used to burn or
release any undesirable natural gas.

Flood - a rising body of water (as in stream, lake, or sea)
that overwashes its natural or artificial confines and
covers land not normally under water.

inundate, hydrology. storm, overlandflow,
floodplain, discharge. rainfall, surface water

Flood tide - an incoming tide; a tide at its greatest height.

current

Floodwater storage capacity - the capacity of an area to
store water that has overflowed its confmes.

hydrology, watersheds. water level,floodplain

Flotation canal - an older method ofpipeline construction
wherein a canal was dredged to allow passage of
work barges.

Flushing - use of a water stream to make spilled oil flow
to a desired location or recovery device.

Formation - a layer of deposited sedimentary material of
like geological origin and age. .
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Gap - Large (50 foot) openings placed in SpOil banks on
either side ofcanals for purposes of restoring local
smface water flow patterns after abandonment ofoil
and gas wells.

mitigation, spoil

Geophysical survey - the use of one or more geophysical
techniques in geophysical exploration, such as earth
currents, gravity, heat flow, radioactivity, and
seismic activity.

geophysical exploration

Horizontal drilling - recent technology using downhole
motors and steering systems to drill in a horizontal
direction.

Hydrology - the science dealing with the occurence,
circulation, distribution, and properties of the
waters of the earth and their reaction with the
environment.

water, drainage, hydraulics. runoff, rainfall,flow,
water resources, water supply, discharge,precipita
tion. surface water, groundwater, floods, evapora
tion. transpiration

Impoundment - an enclosed parcel ofland/water in which
some degree of water level control is possible and
that is hydrologically isolated from the surrounding
ecosystem, either naturally or by artificial leveeing.

containment, control structures. weir, dam, dike.
pond, reservoir

Inorganic - pertaining to or composed of chemical
compounds that do not contain carbon as the
principal element (excepting carbonates, cyanides,
and cyanates), I.e., matter other than plant or
animal.

Inundation - flooding, by the rise and spread of water, of
a land surface that isn't normally submerged; in
wetlands, twice daily tidal flooding.

flooding. overflow

Isostatic sea level rise - see relative sea level rise.

isostatic depression

Jet-Spray - a swinging ladder hydraulic dredge used to
suck up marsh substrate, grind it up, and spray it as
a thin layer over the marsh; Jet-Spray is a registered
trademark.

water vac, dredge disposal. dredging

Keyhole - the canal terminus; the keyhole is wider
than the canal to accommodate the drilling
barge and auxiliary service vessels side by
side.

drilling, canal. oil and gas exploration
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Keyway - a 7 ft by 16 ft timber protective structure
constructed around the wellhead.

drilling, oil and gas exploration, platform

Lay barge - a movable floating platfonn upon which pipe
is welded, coated and put in place; a work barge.

Levee - an embankment which confines water, especially
one built along the banks of a river to prevent
inundation of lowlands by floodwater; levees may
be natural (the result ofstream deposition) or
artificial (constructed by man).

embankment,floodwall, control structure, shore
protection, revetment, dike, spoil bank

Liner - a string of casing hung from the bottom of the last
casing string.

Logging -lowering sophisticated measuring instruments
into the wellbore and recording data on the forma
tions present in the well.

Loss of circulation - the loss of wellbore fluids to the
fonnation.

Marsh - an ecosystem of more or less continuously
waterlogged soil dominated by emersed herbaceous
plants but without a surface accumulation ofpeat

wetlands, backswamps, swamps, bayous,freshwater
marshes, salt marshes, brackish marshes, interme
diate marshes, streamside marshes, inland marshes

~<

Marsh buggy - a vehicle with tank-like treads revolving
around pontoons used for transporting equipment in
wetlands and capable of travelling on marsh and
water alike.

Marsh development - the complex interaction of hydro
logical, geological, and biological processes (water,
sediment, and vegetation) resulting in saturated
soils held in place by emergent vegetation; distinct
from unvegetated mudflats and dry, vegetated soils.

wetlands, bayous, freshwater marshes, salt
marshes, brackish marshes, intermediate marshes,
streamside marshes, inland marshes, grasses,
Spart/na

Mineral soils - a soil that is composed mainly of mineral
matter but which also has some organic matter.

geological deposits, geochemistry, soils, geology,
sediment

Miscible - a characteristic of fluids that will mix with each
other, unlike oil and water.

Mitigation - includes I) avoiding the impact altogether by
not taking a certain action or parts of an action, 2)
minimizing the impact by limiting the degree of
magnitude of the action and its implementation, 3)
rectifying the impact by repairing, rehabilitating, or
restoring the impacted environment, 4) reducing or

140

eliminating the impact over time by preservation
and maintenance operations during the life of the
action, and 5) compensating for the impact by
replacing or providing substitute resources or envi
ronments.

alleviation, moderation.. environmental impact,
restoration

Natural levee - an embankment of sediment (area of
increased elevation) bordering one or both sides of a
channel, produced by deposition of sediment during
overwash flooding events.

embankment, streamside, ridge

Nutrient - elements essential to growth and development
of living things; carbon, oxygen, potassium, and
phosphorous, etc., available in dissolved or particu
late, organic and inorganic fonns.

food, productivity, nutrition, protein, organic,
inorganic

Nutrient cycling - the cyclic transfonnation of nutrients
from inorganic to organic fonns by the processes of
biotic production, decomposition, and remineraliza
tion.

nutrients, productivity.jood chains, budgets

OIeophilic - a material that has affinity for oil.

Open water - any body of water that is free of emergent
vegetation.

shallow water habitat

Organic - pertaining to or composed ofchemical com
pounds based on carbon chains or rings and also
containing hydrogen with or without oxygen,
nitrogen, or other elements.

Organic flux - the movement of particulate organic
matter into and out of a marsh.

organic matter, detritus, export, import

Organic matter - maller pertaining to or derived from
living organisms.

organic materials. detritus

Organic matter accumulation - accumulation and build
up of maller pertaining to or derived from living
organisms, or to compounds containing carbon as
an essential component.

organic materials. detritus, accretion. peat

Oyster reef - an organic reef or bank composed mostly of
oyster shells attached upon one another in growth
position; living examples tend to occur in estuarine
waters.



Parallel ~lip - a short waterway dredged parallel to an
eXlstmg waterway to accommodate a drilling barge
and.aux.iliary service vessels without hindering
navlgauon.· .

keyhole, access canal

Peat - an unconsolidated deposit of semicarbonized plant
remains ofpersistently high water content (at least
75%) in a water-saturated environment, such as a
bog or fen; carbon content is about 60% and oxygen
content is about 30%; sttuctures ofvegetable matter
can be seen.

bog,fen, swamp, marsh,fossilfuels, hydrocarbons,
organic materials, soils

Piling -long, slender sttuctural foundation elements,
usually made of timber, steel, or reinforced or
prestressed concrete, that are driven or jetted into
the ground or cast in place in a borehole. Piling is
used to support vertical or lateral loads, to form a
wall to exclude water or soft material or resist their
pressure, or to compact surrounding ground.

Pipe dope - a viscous lead-based compound used to
lubricate and prevent corrosion ofpipe threads
during drillstring assembly.

Pipeline - a line of pipes for conveying gas, oil, and
petroleum products.

Pipeline corridor - a right-of-way dedicated to contain
two or more pipelines.

Pipeline pumping station - a small facility which pumps
production fluids to maintain adequate pressure for
flow to a distribution system.

Pit - a reserve area excavated to a depth of 3 feet below
the marsh surface. The pit is used to store drilling
fluids, waste, and other products associated with oil
and gas excavation.

Pleistocene outliers - topographically higher areas
surrounded by wetlands that are common in the
Chenier Plain; the areas are of late Pleistocene age,
fluvial deposition.

Plug -the process of filling a well's borehole with cement
or other impervious material to prevent the flow of
water, gas, or oil from one strata to another when a
well is abandoned; to screw a metal plug into a
pipeline to shut off drainage or to divert the stream
of oil to a connecting line; to stop the flow of oil or
gas.

or, an earthen dam constructed at the mouth of a canal
in order to hydrologically isolate the canal from the
adjoining waterway.

Pontoon sled - a metal platform supported by pontoons
which is used for carrying seismic equipment. A
pontoon sled is towed through the wetlands by a
marsh buggy.
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Primary production - the total amount of organic matter
newly formed by photosynthesis.

food chain, nutrients, trophic levels, biomass,
nutrient cycle, autotrophic

Primary recoverr - oil and gas production that occurs by
the reservoIr's own energy, namely pressure and
temperature.

Production casing - casing set through the producing
zones of the well and cemented into place.

Prodnction facilities - a combination of equipment used
to process oil and natural gas to pipeline specifica
tions. Also called processing or production
processing facilities.

Prop-washing - to clear a channel through shallow water
by forcefully pushing bottom sediments aside with
the hull of a boat or churning up bottom sediments
with the propeller.

wheelwashing

Push-ditch - a method of pipeline placement where a
trench is excavated and the pipe is pushed into the
trench from a staging area.

push-pull

Redox potential - abbreviation for oxidation-reduction
potential, a measure of the electron pressure or
availability in a solution expressed as electric
potential in millivolts (mv); aerated soil with free
dissolved oxygen has an electric potential in the
range of +400 to +700, while saturated, anaerobic
wetland soils range from +400 to -400 in electric
potential.

electric potential, EH, oxidation-reduction, soil
chemistry

Reflection seismography - a procedure in seismic
prospecting based on the measurement of the travel
times of waves which, originating from an artifi
cially produced disturbance, have been reflected
back to detectors from subsurface boundaries; used
primarily for oil and gas exploration.

seismic surveying

Regrade - to return dredged material used to consttuct
road dump and ring levee to slope existing prior to
dredging; restoration of marsh surface to original
grade.

Relative sea level rise - a rise in the level of the
sea relative to that of the land caused by
eustatic sea level rise (worldwide rise in sea
level resulting in part from melting of
continental ice caps) and isostatic sea level
rise (local rise in sea l.evel caused by
isostatic depression in the form of subsi
dence).

subsidence. downwarping, tectonics.
consolidation, compaction
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Reserve pit - an exavation connected to the working mud
pits ofa drilling well to hold excess or reserve
drilling mud; a standby pit containing already
mixed drilling mud for use in an emergency when
extra mud is needed.

Reservoir - apermeable formation holding an accumula
tion of hydrocarbons bounded by impermeable
barriers to form a trap.

Reservoir stimulation - techniques used to increase the
production rate of a well.

Right-of-way -legally acquired right ofpassage over
another's property.

Ring levee - a circular. elevated strip ofland which serves
to contain any potential pollution within the area of
drilling.

mitigation

Rip rap - material (stones. blocks of concrete. rock. etc.)
placed on a stream bank and bed for protection from
currents or wave action.

Road dump - Dredged material "dumped" to create a
linear surface raised above the surrounding wet
lands. Boards are then placed on top of the road
dump to produce a road capable of supporting
drilling equipment. The crown is usually 20 feet
wide. and the base varies in width depending on the
organic and water content of the dredged material.

board road

Rod pumping system - a surface pumping unit that uses
suction to bring reservoir fluids to the surface.

Rotary drill rig - a general term for the derrick. power
supply. draw works. and other surface equipment
necessary to drill a borehole. such as in drilling an
oil well.

rig

Salinity - the relative concentration ofsalts. usually
sodium chloride. in a given water; itis usually
expressed in terms of the number ofparts per
thousand ofchlorine.

salt marsh. saltwater. brackish. seawater, saltwater
intrusion, brines, soils, water quality .

Salt dome - a deformed geologic structure caused by the
central rise of a core or plug of salt from consider
able depth. In strata deformed by the rise of aplug.
important accumulations of petroleum are trapped.

Saltwater intrusion - displacement of fresh surface or
ground water by the advance of saltwater due to its
greater density. usually in coastal or estuarine areas;
the saltwater moves in a wedge-shaped mass along
the water bottom in stratified estuaries.

salinity. salt marsh. interfaces. tidal marshes.
brackish marshes. brines. salt wedge
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Seagrass - a marine monocotyledonous angiosperm.

Secondary recovery - producing reservoir fluids by
providing additional energy to the reservoir.

Sedimentation - deposition of waterborne sediments due
to a decrease in velocity and a concomitant reduc
tion in the size and amount of sediment which can
be carried.

deposition. accretion. progradation. mineral soil.
bedload. alluvium.floodplains. sediment transport.
silt

Seismic exploration - applied seismology; geophysical
information on subsurface rock formations gathered
by means of a seismograph; the investigation of
underground strata by recording and analyzing
shock waves artificially produced and reflected
from subsurface bodies of rock.

seismology. seismographic survey. reflection
seismography

Sessile - permanently fixed; immobile.

Shale barge - a barge used in wetland drilling operations
to catch all cuttings and fluids.

Sheet flow - an overland flow or downslope movement of
water tiling the form of a thin. continuous film
over relatively smooth soil or rock surfaces and not
concentrated into channels larger than rills.

overlandflow. runoff, surface water. rainfall

Shell midden - a mound-like accumulation of bivalve
shells normally found on the site of ancient settle
ments.

Shell cap - an erosion-retardant shell covering placed over
earthen plugs which are constructed to close the
mouth of a canal upon abandonment ofoil and gas
wells.

Shell pad - a foundation pad for a drilling barge or
production platform constructed by depositing shell
(or limestone) on the water bottom.

Shooting a well- exploding a charge downhole in an
attempt to stimulate fluid flow.

Shot hole - a small-diameter hole. usually drilled with a
portable, truck-mounted or pontoon-mounted drill.
for planting explosive charges in seismic opera
tions.

seismic surveying

Shot line - the straight path along which seismic shot
holes are drilled and packed with explosive. When
explosives detonate. the sound waves are recorded
and plotted.

seismic surveying



Skimmer - a mechanical device that removes an oil film
from the water surface.

Sorbent - oleophilic material used to absorb oil from
water or marsh surfaces.

Species composition - the number ofspecies in a com
munity.

species diversity

Spoil - dirt or rock that has been removed from its original
location, destroying the composition of the soil in
the process, as with dredging; soil excavated from a
canal, ditch, basin, or other site.

disposal. dredging. excavation. fill. soils. waste
disposal. dredged material

Spoil bank - a bank, mound, or other accumulation
composed of spoil, e.g., an embankment of waste
earth material dredged from a channel and dumped
along it.

artificial levee, disposal. dredging, excavation,fill,
soils. waste disposal

Spudding - the beginning of drilling a hole, the first hole
drilled to set the conductor pipe is called the spud
hole.

Storm snrge - an abnormal sudden rise of sea level along
an open coast during a storm, caused primarily by
onshore wind stresses, or less frequently by
atmospheric pressure reduction, resulting in water
piled up a~ainst the coast; it is most severe when
accompanied by a high tide.

storms, waves, hurricanes. surges, winds,tides

Streamside levee - a ridge of alluvium at the side of a
stream where suspended load carried by flooding
water has been dumped.

edge effect

Submergence - a rise of the water level in relation to the
land, so that areas formerly dry land become
inundated; it results either from a sinking of the
land or from a rise in water level.

}loods, subsidence

Submersible barge platform - a type of drilling rig
mounted on a barge-like vessel used in shallow
coastal waters; when on location, the vessel's hull is
submerged by flooding its compartments leaving
the derrick and its equipment well above the water
line.

drilling. oil and gas exploration, drill rig

Subsidence - the sudden sinking or gradual downward
settling of the earth's surface with little or no
horizontal motion; the movement is not restricted in
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rate, area, or magnitude involved; subsidence may
be caused by natural geologic processes (compac
tion, solution, thawing, etc.) or by human activity
(e.g., pumping of oil or groundwater).

landslide,foundation, sinkhole. land subsidence,
bottom subsidence

Substrate - basic surface on which a material is attached.

base,foundation, substructure. soil

Subsurface geology - the study of the structure, thickness,
facies, correlation, etc., of rock formations beneath
land or seafloor surfaces.

Swamp - a low, wet area covered by trees or high bushes,
as distinguished from marsh (reed-, sedge-, or
grass-covered).

wetlands. backswamps. cypress

Tarballs -lumps of oil, weathered to a high density, semi
solid state.

Terrestrial - pertaining to, or living habitually on. the land
or ground surface.

earth. land

Tertiary recovery - see enhanced oil recovery.

Tidal amplitude - the range of fluctuation between low
and high tide. usually expressed as an average in
feet above mean sea level (msl).

tidal range

Tidal creek - a relatively small stream or bayou in the
marsh whose waters fluctuate with the tidal cycle.

tidal inlet, bayou, stream

Tidal flooding - the twice-daily inundation of the marsh
caused by the alternate rise and fall of the surface of
the ocean which is due to the gravitational attraction
of the moon and sun, also called astronomical tide;
inundation of the marsh surface caused by wind or
other meteorological events, also called wind-driven
tides or meteorological tides.

tides, astronomical tides. meteorological
tides. wind-driven tides. inundation

Tidal salt marsh - a low-elevation, coastal area
formed of mud and the root mat of halo
phytic plants, traversed by interlaced
channels and tidal sloughs and regularly
inundated during high tides.

wetland. marsh. brackish marsh. salt marsh, tidal
}lats, estuary, Spartina
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Tide - the thythmic alternate rise and fall of the swface (or
water level) of the ocean, and of bodies of water
connected with the ocean, such as estuaries or gulfs,
occurring twice daily over most of the earth, and
resulting from gravitational attraction of the moon
(and in lesser degree, the sun) acting unequally on
different parts of the rotating earth.

wave, current, hydrography, shores, saltwater
intrustion, sea level, currents, storm surge, surge,
ocean, tidal inlet, tidal marsh, tidal flat

Toxin - apoisonous substance generally of plant or animal
origin.

waste. contaminant, hazardous waste, effluent.
water pollution, chemical waste

Trafficability - see bearing strength.

Viscosity - flowability; a function of oil type and tempera
ture.

Water table - the upper limit of that part of the ground
which is saturated with water.

aquifers, drainage, hydrology, groundwater. water
supply

Weir - a small dam in a stream designed to raise the water
level or to divert its flow through a desired channel;
a notch in a levee, dam, embankment, or other
barrier across a stream, through which the flow of
water Is regulated.

"0:
water control structure. dam, impoundments,flood
control

Well completion - a combination ofvalves attached to the
production casing allowing the production of fluids
from the well.

Wellhead - a combination of valves attached to the
production casing allowing the production of fluids
from the well.

Wetland - those areas that are inundated by swface or
groundwater with a frequency sufficient to support,
and under normal circumstances does or would
support, a prevalence ofvegetative or aquatic life
that requires saturated soil conditions for growth
and reproduction.

marsh, swamp. estuary. tidal marsh, coastal zone.
backswamp.fen. bog

Wildcat well - a well drilled in an unproved area, far from
a producing well; an exploratory well; a well
drilled out where the wild cats prowl and "the hoot
owls mate with the chickens."

Wooden mat - removable wooden structures used to store
heavy materials in wetland areas, or to support work
done by heavy equipment
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Workover - all operations used to increase well produc
tion or correct problems with the well.
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A
access canals

dredging of, 25, 26, 29
aerobic, 1,4
aggradation

deficit in Louisiana, 9
anaerobic

conditions, 4
environmen~ 4
processes, 1, 9
root respiration, 4
soils, 6
substrate, 10

aquifer, 6, 9
B

barge-mounted dragline
dredging access canals, 25

blowout, 65, 66
bucket dredge, 25,26

dredging access canals, 25
loss of wetlands, 8

bulkheads (see dams)

C
canal slip (see keyhole)
Clean Water Ac~ 11,35,73 (see wetland management

objectives)
Section 404, 23, 35

Coastal Zone Management Act, 35, 73
compaction, 8
consolidation, 8
construction

backfilling, 92
double ditching, 94
environmental impacts, 97, 99
push-pull method, 88, 99

containerized (closed-loop) mud system, 71

D
darns, 96
delta

cycle, 8
lobe

development, 2
growth and abandonmen~ 2, 9

denitrification, 10
dewatering, 30, 40
directional drilling, 35, 36, 37
dredging

access canal equipment (see submersible barge
platform, barge-mounted dragline. bucket
dredge, clamshell bucket)

drill cuttings, 65
drilling mud, 65, 66

chentical additives, 66, 69
drilling site access (see board roads, submersible barge

platform)
E

earthen dam (see plug)
ebb tide, 3
edge effect

relation to hydrology, 6
emergent vegetation, 1,4, 40
enhanced recovery, 78, 79
eutrophication, 32
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enhancedrecovery, 78, 79
eutrophication, 32

F
flowline, 76, 83

G
Geologic Review Procedure, 67, 73, 83

H
heater treater, 76
helicopter, 33, 44, 55
herbivory, 1
hovercraft, 21, 33, 55
hydrocarbon production, 76

1
impacts of canal construction, 97, 98

acute, 34
chronic, 34, 37

inorganic matter, 3

J
Jet-Spray, 39, 40, 41

K
keyhole, 27, 28,31,35, 36,37
keyway, 29 .

L
land-water interface, 8

M
marsh buggy, 14, 15,21,22
mineral soil, 2

deposition, 4 "
Mississippi River Deltaic Plain, 2
mud circulating system, 66

N
National Environmental Policy Act, 35
natural gas, 77,88

hydrates, 77
dehydration, 77

nutrient cycling
effect of hydrology on, 7
source-sink nature of, 7

noise
bird breeding and nesting activities, 66, 69, 71

o
organic matter

accumulation
effect on land building/sinking, 8
effect of oil and gas activity on, 9

content in upper portion of soils, 25
flux, 8

influence of hydrology on, 7
production

effect on marsh surface, 7

P
parallel slip, 29, 37
peat

buildup
effect on flooding regime, 7
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influence of levees on, 9
formation, 4

petroleum
access canals

dredging, 25
exploration

drilling sites, 25
pipeline corridors, 100
pits, 65, 66,67,69, 70, 71, 75

reserve pit, 66, 67, 70
plug, 122, 123, 124, 125, 126
primary production

influence of hydrology on, 4, 6, 7
terrestrial r.rocess, 1

production faCIlity, 77, 81, 84, 85
tank battery, 81

progradation
deltaic plain, 8

prop-washing, 39

R
redox

changes
in streamside marsh, 6

state, 32
regulations

Clean Water Act, 11, 35, 73
Coastal Zone Management Act, 35,73
Louisiana Statewide Order 29-B, 73, 81

remineralization, 7
reservoir

gas cap, 76
solution, 76
water, 76

restoration
beach crossings, 95
plantings, 95, 100, 101
seagrass beds, 95, 101

ring levee 49,50,51,57,60,61,62,63, 130
Rivers and Harbors Act of 1898, 23
road dump, 47, 48, 49,50,51,52
rotary drilling, 65, 66
runoff,69

S
saltwater

discharge, 81
underground injection, 77, 81

saltwater intrusion, 37
effect of lowering water table on, 9
deterioration ofLouisiana's salt marshes, 33

sea level rise
eustatic, 8, 9
isostatic, 8, 9
relative, 8, 9

Section 404, 23, 35 (see wetland management
objectives)

regulations, 3-9
sedimentation

process,8
seismic exploration, 13, 14, 15, 16, 17
separator

separation, 75, 76
shale barge, 66
shale shaker, 66
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sheet flow, 30, 36
Spartina alterniflora

in marshes, 6
species composition

influence of hydrology on, 7
influence of substrate on , 6

spills, 104
sources, 104
substances, 104

Spindletop, 66
spoil

bank
alteration of marsh habitat, 29, 30
backfilling, 118, 119, 120, 121, 122, 123
influence on hydrology, 32

disposal techniques, 37, 38, 39, 40
stimulation technique

acid fracture, 76, 82, 83
shooting a well, 76
water/sand fracture, 76

stock tanks, 75, 76
storage/discharge of drill cuttings

environmental effects, 81, 83
fluids, 66, 69, 70
produced waters, 76, 77

submergence
coastal, 8, 9, 32

submersible barge platform
dredging access canals, 26

subsidence, 8,9, 10
fluid withdrawal, 82 .

system coupling, 3,4,7
extra-basin, 4
intercontinental, 4
intra-basin, 4

T
tidal

amplitude
correlation with plant productivity, 7

creek, 1,3,6
flooding, 32
inundation

effect of levees on, 9
saltmarsh

structure and function, 1
subsidy effec~ 6

turbidity screen, 39

v
vertical accretion

effect of oil and gas activities on, 9
influence of hydrology on, 4, 7
land building/sinking, 8
rates in Louisiana's coastal marshes, 9

w
weir, 30, 37
wellbore, 35
wetland loss, 1-8

characteristics (see anaerobic environment.
emergent vegetation)

link with canal construction, 25
wetland management

objectives, 11 (see Clean Water Act. Section 404)
priorities, 11 .

wheel-washing (see prop-washing)
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