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EXECUTIVE SUMMARY
by James B. Johnston, Donald R. Cahoon, and Megan K. La Peyre

PROJECT GOALS

Activities to construct pipelines and navigation canals directly impact coastal habitats
through the dredging of land, creation of spoil banks, and other hydrodynamic alterations; in
addition, they indirectly impact coastal habitats through alterations in hydrologic, soil, and
salinity conditions, resulting in changes to vegetation and land formation. Quantifying indirect
impacts has proven highly contentious. In theory, indirect impacts are all losses of wetland areas
subsequent to the direct impacts that can be attributed to pipeline and navigation canals. In
practice, teasing out the indirect impacts of Outer Continental Shelf (OCS)-related pipelines and
canals from all other losses remains a challenge.

The goal of this study was to prepare a factual array of data and data analyses in order to
quantitatively determine the direct and indirect effects, or lack thereof, of OCS-related pipelines
and navigation canals on landloss and wetland habitat change in the Minerals Management
Service’s (MMS) Western and Central Planning Areas of the Gulf of Mexico. Specific goals
included: (1) To estimate changes in land area (land versus open water) and extent of fresh and
nonfresh marsh associated with OCS-related pipelines and navigation canals, and (2) to conduct
a literature review and qualitative analyses of selected case studies in order to discuss
construction and mitigation techniques used to mediate the effects of OCS-related pipelines and
navigation canals on landloss.

APPROACH

This report of the impacts associated with OCS-related activities on coastal habitats builds on
the efforts and findings of Turner and Cahoon (1987), which provided one of the first
comprehensive analyses of landloss in coastal Louisiana, including an assessment of landloss
associated with OCS-related pipelines and navigation canals. This report also addresses needs
for data that have been identified in the literature published since 1987. The scope of our
analysis is expanded in several important ways from the analysis of Turner and Cahoon (1987):
(1) The geographic extent of our geographic information systems (GIS) analyses includes coastal
wetland systems from two subareas in Texas, two subareas in Louisiana, and the Mississippi-
Alabama coastal plain; (2) Our dataset includes the entire population of pipelines and navigation
canals for each of these geographic areas; (3) Our sampling intervals include both the 1950s to
the 1970s and the 1970s to the 1990s; thus, this project provides the first comprehensive analysis
of OCS-related impacts for the Texas and Mississippi-Alabama coastal wetland systems. In
addition, this study also provides analyses for multiple GIS sampling intervals in all of these
geographic regions, which enables us to compare trends in habitat change before and after
pipeline construction in most instances.

The project was organized into four major components: (1) Literature review: a review of the
literature of activities, impacts, and mitigation practices associated with OCS-related pipelines
and navigation canals, (2) GIS analysis: collection and collation of spatial data on locations and
habitats of OCS-related pipelines and navigation canals, as well as generation of datasets on
landloss and habitat change within the immediate vicinity of these pipelines and navigation
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canals, (3) analysis of landloss and habitat change: statistical analyses of trends in landloss and
habitat change and the impacts of the construction of pipelines and navigation canals on those
trends, and (4) mitigation effectiveness: an evaluation of the effectiveness of mitigation
techniques at ameliorating the impacts of pipelines and navigation canals.

Three different scales of data analysis are used to evaluate the impacts of OCS-related
pipelines and navigation canals on landloss, wetland loss, and habitat change in the MMS
Western and Central Planning Areas of the northern Gulf of Mexico and to examine the
effectiveness of current mitigation practices at reducing impacts.

Population Analyses (Chapter 4)

The first type of analysis is a spatially extensive, quantitative evaluation of GIS-derived data
on landloss, wetland loss, and habitat change from within the immediate vicinity of constructions
in the entire population of OCS-related pipelines and navigation canals, with a “population”
being defined as every OCS-related pipeline and navigation canal in a given subarea. The data
from the population analyses in the Louisiana subareas only are also compared to more general,
regional trends of landloss and habitat change, because similar regional data is unavailable for
the Texas and Mississippi-Alabama subareas.

Sample Analyses (Chapter 5)

The second type of analysis is a spatially intensive, quantitative evaluation of GIS-derived
data on landloss, wetland loss, and habitat change from within the immediate vicinity of
constructions included in a select sample of OCS-related pipelines and navigation canals in each
subarea. Trends in habitat change in the immediate vicinity of sample pipelines and canals are
compared to trends occurring in reference zones located up to 1.5 km away from their
centerlines. In this phase of the analysis, we also compare habitat trends occurring before and
after the construction of sample pipelines and canals.

Case Study Analyses (Chapter 6)

The third type of analysis is a qualitative and semiquantitative evaluation of GIS-derived data
on landloss, wetland loss, and habitat change from within the immediate vicinity of the
individual pipelines and navigation canals comprising the sample sets examined in the previous
analysis. Data from within the immediate vicinity of these pipelines and canals are compared to
data from within reference areas located up to 1.5 km away from their centerlines, and there is
also a comparison of data from before and after construction. The case studies are further
supplemented with data from monitoring reports.

The findings from these analyses were used to answer four questions:

Question 1: Are the localized rates and patterns of landloss within the immediate
vicinity of OCS-related pipelines and navigation canals similar to more
general, regional rates and patterns of landloss?

Question 2: Do the localized rates and patterns of landloss, wetland loss, and habitat
change within the immediate vicinity of OCS-related pipelines and
navigation canals differ over time and among the five subareas of the
MMS Western and Central Planning Areas?
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Question 3: What are the localized impacts of OCS-related pipelines and navigation
canals on wetland habitats within their immediate vicinity?

Question 4: Are the dominant techniques used to construct and mitigate OCS-related
pipelines and navigation canals effective in minimizing their effects on
landloss, wetland loss, and habitat change?

METHODS
Study Area

The study area boundaries incorporate the MMS Western (Mexico/Texas border to
Texas/Louisiana border) and Central (Texas/Louisiana border to a point south of the eastern edge
of Mobile Bay, Alabama) Planning Areas of the Gulf of Mexico. The study area is further
subdivided into five subareas based on geologic and political features: Texas barrier islands
(TBI), Texas Chenier Plain (TCP), Louisiana Chenier Plain (LCP), Louisiana Deltaic Plain
(LDP), and the Mississippi-Alabama coastal plain (MACP).

GIS Analyses

Geographic information system investigations of habitat changes associated with OCS-
related pipelines and navigation canals were performed for the study area. The GIS analysis was
the primary tool used to assess the impacts of OCS-related pipelines and canals, as well as to
understand the effectiveness of past mitigation techniques. The GIS analysis was done using
historical aerial photography, coupled with a literature review and interviews with agency and
industry personnel.

A composite dataset of all pipelines and navigation canals for each subarea was created from
numerous data sources (for example, Minerals Management Service and PennWell MAPSearch).
Population analyses of pipelines were conducted for each subarea by using a 300-meter wide
buffer (150 m immediately to either side of the centerline) to summarize habitat change over
three time intervals (1950s, 1970s, and 1990s). A 1,000-meter wide buffer (500 m immediately
to either side of the centerline) was used for the population analyses of navigation canals. For
each subarea, sample pipelines (three to five for each subarea) and navigation canals (two to
three for each subarea) were analyzed by using the GIS to determine habitat changes, such as
marsh to open water, across overlapping buffer zones within a 3 km wide area located at varying
distances from the centerlines of pipelines or navigation canals and over three time intervals
(1950s, 1970s, and 1990s). Habitat change was determined for fresh marsh to nonfresh marsh,
fresh marsh to water, nonfresh marsh to fresh marsh, nonfresh marsh to water, water to fresh
marsh, and water to nonfresh marsh. [A series of poster-sized (36 x 42-inch) maps depicting
habitat data within the 3 km buffer zone of each selected pipeline and navigation canal are
presented in Appendix 3.]

The composite pipeline dataset is a reflection of the source data, which contain significant
weaknesses: (1) pipeline positional accuracy is reference quality at best and does not meet survey
quality standards, and (2) all of the onshore datasets represent partial pipeline coverage and
should not be construed as providing complete pipeline coverage for the study area; thus, the
composite onshore dataset should be understood as an attempt to combine the existing onshore
pipeline data to provide a reasonable estimate of pipelines for this study. With these caveats in
mind, caution should be used when evaluating the analysis of pipeline data.
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Since pipeline construction dates occurred throughout the 1950s to the 1990s, some
ambiguity exists regarding the interpretation of trends in landloss over time. For this reason, two
statistical models were used to analyze the data, one comparing trends over time (the variable
YEAR), the second using a dichotomous variable characterizing preconstruction and
postconstruction dates (the variable PHASE). If the model with PHASE provided a better fit
than the model with YEAR, then changes in habitat were more likely related to pipeline
construction than other time-dependent processes (for example, subsidence). The model with
PHASE was evaluated for the main effects of distance from the construction impact and
construction date, as well as their interaction.

SUMMARY OF FINDINGS

Question 1: Are the localized rates and patterns of landloss within the immediate
vicinity of OCS-related pipelines and navigation canals similar to more
general, regional rates and patterns of landloss?

Our analyses revealed strong temporal and spatial trends in landloss within the immediate
vicinity of individual pipelines (150 m to either side) and navigation canals (500 m to either side)
included in the population analyses of the LDP and LCP. Spatial analyses revealed that landloss
was consistently higher in the vicinity of pipelines compared to more general, regional trends of
landloss in both the LDP and LCP; the same was true in the vicinity of navigation canals in the
LDP compared to the more general, regional trends. Thus, the locations of these OCS-related
pipelines and navigation canals were associated with enhanced landloss, suggesting that they
contributed to the loss. Temporal analyses revealed that landloss decreased over time, and the
pattern was the same in both the more general, region analysis of the Louisiana subareas and in
the population analyses of pipelines and navigation canals conducted for this report. Because the
regional-level data were not available for the Texas subareas or the MACP, this question was not
answered for these regions.

Question 2: Do the localized rates and patterns of landloss, wetland loss, and habitat
change within the immediate vicinity of OCS-related pipelines and
navigation canals differ over time and among the five subareas of the
MMS Western and Central Planning Areas?

Strong temporal and spatial trends in landloss, wetland loss, and habitat change existed
within the immediate vicinity of OCS-related pipelines and navigation canals in the MMS
Western and Central Planning Areas of the northern Gulf of Mexico.

Pipelines

Annual rates of landloss within 150m to either side of OCS-related pipelines were highest in
the Louisiana subareas (LDP > 0.8 percent, LCP = 0.4 percent), lowest in the MACP (slight
gain), and intermediate in the Texas subareas; rates of landloss generally decreased over time in
all subareas with the exception of the TCP. The pattern was similar for wetland loss rates,
although the values were a little greater (for example, LDP = 1.0 percent, MACP > 0.2 percent
gain). The higher wetland loss rates for the LDP can be explained, at least in part, by the high
density of pipelines located there, the relatively large number of open pipeline canals, and high
rates of subsidence coupled with reduced riverine sediment input. The lower wetland loss rates
for the TBI and MACP can be explained, at least in part, by the use of more environmentally
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friendly construction methods (for example, directional drilling and push-pulling with backfilling
mitigation) in the sensitive environments located there. In the MACP, there was an 8 percent
gain in wetland area from the 1950s to the 1990s. Trends in habitat change within the immediate
vicinity of OCS-related pipelines were minor in the Texas subareas and MACP but significant in
Louisiana. In Louisiana, open water increased while nonfresh marsh decreased. In the LDP,
fresh marsh also decreased, whereas it increased in the LCP.

Navigation Canals

From the 1950s to the 1970s, annual landloss rates within 500m to either side of OCS-related
navigation canals were highest in the TCP (> 1.5 percent), intermediate in the Louisiana subareas
(LDP > 1.0 percent and LCP = 0.4 percent), and lowest in the MACP and TBI (< 0.2 percent).
The loss rates decreased dramatically in the TCP, LCP, and LDP but increased dramatically in
the MACP and TBI from the 1970s to the 1990s. Many of the navigation canals were
constructed prior to 1956, the first year of data for the GIS. Thus, the decrease in the loss rate
could reflect a slowdown in canal-widening processes from shoreline stabilization efforts along
the older canals, or from a decrease in erodable land in the vicinity of the canals. The increased
loss rate in the MACP was related largely to loss of developed land and upland forest. Reasons
for the doubling loss rate in the TBI are not clear from this analysis.

From the 1950s to the 1970s, annual wetland loss rates within 500m to either side of OCS-
related navigation canals were highest in the MACP (> 1.6 percent) and lowest in the TBI (< 0.1
percent). Annual loss rates exceeded 1.2 percent in the LDP and 0.6 percent in the Chenier Plain
(both the TCP and LCP). The high wetland loss rates in the MACP were partly related to the
very low percentage of total wetland area in the dataset, so that a small absolute change resulted
in a large relative change. The loss rates decreased dramatically from the 1970s to the 1990s in
the MACP and LDP, decreased only slightly in the Chenier Plain (both the TCP and LCP), and
increased two-fold in the TBI. In Louisiana, the wetland loss rate was higher than the landloss
rate. Inthe MACP, land and wetland losses were greater in the vicinity of navigation canals than
pipelines.

There were strong spatial trends in habitat change within 500m to either side of OCS-related
navigation canals from the 1950s to the 1990s in the Louisiana and Texas subareas, with minor
changes in the MACP. In Texas, there was little change in fresh marsh, while nonfresh marsh
decreased and open water increased. Similarly, nonfresh marsh decreased and open water
increased in the MACP. Fresh marsh also increased slightly. In Louisiana, the trends differed
between subareas. Although nonfresh marsh decreased and open water increased in both
subareas, fresh marsh increased in the LCP but decreased in the LDP.

The general trends in both the Texas and Louisiana subareas, that of increasing open water
and decreasing nonfresh marsh, mirrored those seen previously in association with OCS-related
pipelines and reflect regional patterns of habitat change. It is important to note that nonfresh
marsh also showed a proportionally important decline in the MACP subarea as well.

With this analysis, it is not possible to disassociate trends uniquely related to canal (or
pipeline) impacts from larger, regional trends related to a host of other contributing variables,
such as other human activities or natural causes. A more in-depth analysis of habitat change
with respect to distance from pipelines or canals will give further insights into the relationships
between the observed habitat changes and inferred pipeline or canal impacts (see the answers to
question 3).



Question 3: What are the localized impacts of OCS-related pipelines and navigation
canals on wetland habitats within their immediate vicinity?

The answers to questions 1 and 2 indicate the presence of strong spatial and temporal trends
in landloss, wetland loss, and habitat change in the MMS Western and Central Planning Areas.
In addition, the analysis of trends for the entire population of pipelines and navigation canals in
Louisiana (question 1) strongly suggests that they were associated with enhanced landloss. The
key to answering question 3, however, is to distinguish between the role of OCS-related
activities versus other time-dependent processes (for example, subsidence or other human
activities) in observed trends in landloss, wetland loss, and habitat change. The integration of
findings from the sample analyses (that is, comparison with a reference site and analyses of
preconstruction and postconstruction changes) (Chapter 5) and the evaluation of impacts from
individual pipelines and navigation canals (Chapter 6) revealed several significant patterns in
habitat loss and change that were associated with OCS-related pipelines and navigation canals.

Pipelines

The analyses of trends associated with time-dependent processes (YEAR model) and of
preconstruction and postconstruction trends (PHASE model) for the sample pipelines and canals
yielded significant results (Chapter 5). The key findings of the YEAR and PHASE model
analyses are:

1. Louisiana subareas: The date of pipeline construction provided a better
explanation for the trends in habitat loss and change for the Louisiana portion
of the study area than did time-dependent processes.

2. Texas subareas: The results were mixed for Texas, where some trends in
habitat change were explained better by the date of construction, while other
trends were explained better by other time-dependent processes.

3. The MACP: The patterns of habitat change were explained best by time-
dependent processes and apparently were not related to the date of pipeline
construction.

To further understand the variance in trends of habitat loss and change described in the
YEAR and PHASE models, and to better determine the factors controlling the trends, we
qualitatively analyzed each pipeline in the sample as an individual case study (Chapter 6). The
key findings of these case-study analyses are:

1. For some pipelines, the habitat impacts associated with construction and
maintenance were severe, but for other pipelines the impacts were negligible.

2. Where observed, the impacts that we were able to identify from the qualitative
analysis of selected OCS-related pipelines conducted years after construction
are of two types: (1) conversion of wetland habitat to open water, or (2)
conversion of marsh habitat to upland (mostly scrub/shrub) habitat.

3. The first impact type, the conversion of wetland habitat to open water, appears
to result through one of two mechanisms: (1) trenching for canals, most
notably from flotation canals, but there was also some evidence that push-
pulled canals that were not backfilled at all or that were not backfilled
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properly resulted in wetland to open-water conversions, or (2) flank
subsidence resulting from the creation of spoil embankments in either
flotation canals or push-pulled canals that again were either not backfilled or
not backfilled properly.

4. The second type of habitat impact, the conversion of marsh habitat to
scrub/shrub, appears to result through one of two mechanisms: (1) from the
creation of spoil embankments, or (2) from the overfilling of canals during
backfilling.

5. All the discernible impacts were detected in the LCP, LDP, and TBI.

The REFERENCE analysis (comparison of habitat loss and change within the immediate
vicinity of OCS-related pipelines and navigation canals with loss and change in a reference area
located up to 1.5 km away) yielded no significant results, even when there were differences in
the means. This is not entirely surprising given the variety of development activities and
associated impacts on wetland habitats in some portions of the study area. With the
REFERENCE analysis, impacts from OCS-related activities, if any, were indistinguishable from
all other activities occurring within the vicinity.

Navigation Canals

Our assessment of impacts from OCS-related navigation canals on trends in wetland habitat
change is more limited than the pipeline assessment because many navigation canals were built
prior to 1956. Consequently, the PHASE analysis could not be conducted, and the YEAR
analysis included only postconstruction trends for many of the canals we studied. In addition,
data on more general, regional trends were not available for comparison with the trends
associated with navigation canals in the Texas subareas and MACP. Given these data
constraints, our answer to question 3 for navigation canals is based on the in-depth qualitative
analyses of individual, case-study navigation canals, including evaluations of maps (for example
Appendix 3), monitoring reports, and data trends (see Chapter 6).

The case-study analyses documented several impacts of OCS-related navigation canals on
habitat change. The most obvious and ubiquitous impact of the selected canals was the
conversion of wetland habitats to open water caused by the creation of the canals and then by
subsequent widening of the canals from erosion. A second documented impact is the conversion
of open water and/or wetland habitats to uplands through the deposition of spoil material
alongside canals. A third impact, common to a number of the canals, is the conversion of open
water habitat to wetland through the deposition of spoil material in open water to an elevation
that resulted in marsh creation. Lastly, we documented a conversion of fresh marsh to nonfresh
marsh that likely resulted from the pathway created by the canal, which lead to increased
saltwater intrusion. These impacts are seen across all five subareas examined in this study.

Question 4: Are the dominant techniques used to construct and mitigate OCS-related
pipelines and navigation canals effective in minimizing their effects on
landloss, wetland loss, and habitat change?



Pipelines

The magnitude of the impacts from OCS-related pipelines described is inversely proportional
to the quantity and quality of the mitigation techniques applied. Pipelines that were constructed
by using extensive mitigation measures appear to have had minimal impact on the landscape. Of
the pipelines that we examined, the pipelines that we could attribute significant habitat changes
to were those that were not backfilled and/or that had spoil banks remaining after construction.
This finding appears to hold true across different subareas and habitat types examined. In more
sensitive habitats, such as the TBI, OCS-related pipelines appear to have been constructed in
such ways as to effectively minimize damage by using multiple mitigation techniques on each
line. Furthermore, pipelines constructed across upland habitats (that is, in the MACP) appear to
have had minimal habitat impacts. Although our studies indicate minimal impacts given
effective mitigation, it should be considered that the presence of pipeline construction (OCS-
related or not) is widely distributed across the Gulf Coast, leaving no areas unaffected by
pipeline construction from 1956 to 1995, and it is possible that some of the regional patterns of
habitat change may be partly a result of the cumulative impacts of these pipelines. Given the
large number of pipelines built, it is difficult to say with certainty that pipelines do not result in
significant habitat change.

Navigation Canals

Navigation canals all had significant habitat impacts on the landscape, beyond the direct
impact of open water canals being built through a variety of habitat types. All of the canals,
regardless of subarea or habitat crossed, had significant widening from their construction width,
although many had reduced widening rates in recent years. This reduced widening in recent
years likely reflects more aggressive management and restoration of the canal edges to prevent
erosion, including construction of rock breakwaters along portions of some. Many of these
canals also had indirect impacts and likely contributed to interior marsh loss from both erosion
(widening from boat wakes) and changes in salinity by providing a pathway for both fresh and
salt water to move. Our findings indicate that management activities, including erosion
protection and restoration along the edges of these canals, can significantly reduce canal-
widening impacts on wetland loss. What is not addressed in our analysis is the impact of
saltwater intrusion into previously freshwater areas; techniques to reduce this exchange of water
are necessary to provide solutions to this problem.

IMPLICATIONS FOR MANAGEMENT

The construction of OCS-related pipelines through coastal ecosystems of the MMS Western
and Central Planning Areas of the northern Gulf of Mexico can cause locally intense habitat
changes, thereby contributing to the loss of critically important land and wetland areas (for
example, conversion to open water or upland, or the conversion of fresh to nonfresh marsh).
Some construction methods create a greater impact per unit length than others (for example,
flotation canals versus push-pulled ditches with backfilling, or directional drilling). Direct
impacts result from dredging activities, while indirect impacts occur through local hydrologic
changes (for example, altered flooding patterns created by spoil banks, or saltwater intrusion).
Although pipeline impacts can be severe, they can be greatly minimized or avoided with proper
application of mitigation techniques; this is the case even with the more severe impacts from
flotation canals. Our analyses revealed that the degree of impacts associated with specific
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pipeline canals varied widely, with some pipelines contributing to habitat loss and others not,
depending largely on the extent and quality of mitigation applied, regardless of region or habitat
crossed. Our analyses also suggest that the cumulative effect of hundreds of pipelines
contributes to regional trends in landloss.

Pipelines

Impacts from construction of OCS-related pipelines can be minimized or altogether avoided
if care is taken to reestablish and maintain the marsh elevation and local hydrologic regime that
existed prior to construction. This entails the use of techniques like backfilling and avoiding the
creation of spoil banks. There are several effective methods for ensuring this happens.

1. Mitigation Impacts can be minimized or altogether avoided if adequate
mitigation is carefully planned and executed for every project. Partial or no
mitigation (for example, push-pull ditching without backfilling, or directional
drilling without shoreline stabilization) virtually ensures that impacts will
occur.

2. Maintenance Routine maintenance of mitigation measures can be conducted
to maintain preconstruction elevation and hydrologic conditions in relation to
long-term process influences such as soil subsidence.

3. Construction Method If more than one construction method is suitable for a
given coastal environment, the least damaging and most easily mitigated
method can be used. For example, construction of flotation canals has the
biggest impact of all methods, and it is the most difficult construction method
to mitigate. This method can sometimes be avoided by using push-pull
ditching with backfilling or directional drilling. An additional approach to
make construction less harmful is to construct bulkheads or dams at all
waterway and beach crossings to stabilize these vulnerable habitats.

Navigation Canals

Accepting as given the direct, uncontrollable impacts of a functioning navigation canal (that
is, saltwater intrusion), additional impacts can be mitigated with bank stabilization, and where
possible, beneficial use of dredged material (produced during maintenance dredging activities) to
create wetland or upland habitats (for example, as has been done for the Calcasieu Ship
Channel).



CHAPTER 1

GENERAL INTRODUCTION
by Megan K. La Peyre, John A. Barras, Donald R. Cahoon, and James B. Johnston

1.1. BACKGROUND

The coastal region of the Gulf Coast States (Texas, Louisiana, Mississippi, and Alabama)
contains a diverse array of wetland systems and encompasses one of the largest expanses of
coastal wetlands in the contiguous United States. These wetland ecosystems range from forested
swamps to fresh, brackish, and saline marsh expanses; the wetlands provide numerous ecological
and economic benefits and are integral to the Nation’s economy, culture, and natural
environment.

Commercial and recreational fishing provide over 90,000 jobs, support a $3.5 billion per year
industry, and represent over one third of the fish commercially harvested in the lower 48 states
(U. S. Dept. of Commerce, National Marine Fisheries Service [NMFS], 2002; Jacob et al., 2006).
These coastal wetlands also provide critical habitat for waterfowl and wildlife; located at the
southern terminus of the Mississippi Flyway, Gulf Coast wetlands provide winter habitat for over
5 million migratory waterfowl as well as stopover habitat for neotropical migratory songbirds
and other avian species (U.S. Dept. of the Army, Corps of Engineers [USACE], 2004).
Additionally, these coastal wetlands provide critical protection to an internationally significant
commercial industrial complex that supports over 25 percent of the Nation’s natural gas and
crude oil supply and leads the Nation in production of oil and condensate. With over 45 percent
of the Gulf Coast population located in the coastal zone (Crosset et al., 2004), the coastal
wetlands serve as an important buffer from storms, protecting communities and ports from the
damaging effects of storm-driven waves and tides.

Unfortunately, coastal wetlands in the Gulf Coast region are being lost at extremely high
rates. Louisiana, which contains 40 percent of the Nation’s coastal wetlands, accounts for 90
percent of total coastal marsh loss in the Nation (USACE, 2004) with an estimated current
annual rate of loss at 61.3 km?/yr (Barras et al., 2003). In Texas, it is estimated that 9.5 percent
of estuarine wetlands have been lost between the mid-1950s through the early 1990s, with
similar decreases in forested wetlands (10.9 percent) and freshwater wetlands (4.3 percent)
(Moulton et al., 1997). Coastal wetland loss results from a combination of natural processes
such as subsidence, sea level rise, storms, and barrier island degradation combined with human-
induced factors such as agriculture, industrial development, and urban and suburban sprawl
(USACE, 2004; Jacob et al., 2006). Natural processes such as geologic faulting, compaction of
sediment, river floods, sea level change, and storm events have all contributed to both wetland
building and loss over time, but these processes have not changed dramatically during the last
100 years (Reed, 1995); however, human activities have increased dramatically along the Gulf
Coast states. Furthermore, in the fall of 2005, Hurricanes Katrina and Rita increased water area
in coastal Louisiana by 562 km? (Barras 2006). In most cases, natural processes cited as
contributing to wetland loss are intrinsically linked with human alterations to the landscape
(USACE, 2004).

11



Human-induced causes of loss are varied and differ among regions of the Gulf Coast. For
example, agriculture, industrial development, and urban and suburban sprawl are often cited as
the cause of the greatest losses of freshwater wetlands along the Gulf Coast (for example Jacob
et al., 2006). Specifically, urban and suburban growth is suggested as the greatest contributors to
direct coastal wetland loss in Mississippi, Alabama, and Texas (Jacob et al., 2006). In Texas,
other significant causes of wetland loss that have been identified include land subsidence
resulting from the mining of oil, gas, and groundwater, resulting in the drowning of many
wetlands, and loss of freshwater inflow, such as from the Nueces River, which has diminished
the marshes of the Nueces River delta (Jacob et al., 2006).

In Louisiana, a number of human activities are generally identified as having direct and
indirect impacts on coastal landloss (USACE, 2004). These include flood control, navigation, oil
and gas infrastructure, hypoxia, saltwater intrusion, and sediment reduction/vertical accretion
deficits (USACE, 2004). The leveeing of the Mississippi River and the construction of
numerous water control structures are generally thought to have accelerated coastal landloss by
isolating coastal wetlands from the freshwater, sediment, and nutrients of the Mississippi River
that previously served to nourish and sustain these wetlands. This isolation effect has several
consequences. First, the loss or reduction in freshwater flow results in a greater marine influence
on the coastal wetlands, which results in saltwater intrusion. Saltwater intrusion can result in
conversion of freshwater to saline habitats or can simply kill fresh or intermediate marshes, thus
converting them to open water. Secondly, sediment input from the Mississippi River was critical
for land building and sustaining the present marshes. Further exacerbating this reduction in
sediment loading on the marshes are changes in agricultural practices, bank stabilization, and
upstream reservoirs that have reduced the sediment load in the lower Mississippi River by
approximately 67 percent since the 1950s (Kesel, 1988).

Additionally, an often cited cause of wetland loss in Louisiana is infrastructure development
for oil and gas activities (Turner and Cahoon, 1987; Penland et al., 2001a,b; USACE, 2004); an
estimated 15,000 kilometers of oil and gas pipelines cross wetlands of Louisiana and
approximately 50,000 oil and gas production facilities are located in coastal Louisiana (USACE,
2004). A number of previous studies of varying scales and focus have examined the impacts of
some of this infrastructure and suggest that it may contribute to coastal wetland loss through a
variety of mechanisms including saltwater intrusion, hydrological alterations, and direct
alteration of habitats (for example., conversion of marsh to open water canals) (for example,
Turner and Cahoon, 1987; Swenson and Turner, 1987; Wang, 1987, 1988; Wicker et al., 1989;
Baumann and Turner, 1990; Bass and Turner, 1997; Day et al., 2000 but see Chapter 3). Despite
these studies, the full extent to which Outer Continental Shelf (OCS)-related oil and gas
activities have contributed to and exacerbated overall coastal wetland loss along the Gulf Coast
of the United States remains unclear, as does the extent to which construction and mitigation
techniques can be used to minimize their impacts.

1.2. OBJECTIVES

The primary objective of this study was to quantify the effects of OCS-related pipelines and
navigation canals on landloss in the coastal zone of the Minerals Management Service’s (MMS)
Western and Central Gulf of Mexico Planning Areas. A secondary objective was to evaluate the
impacts of different construction and mitigation techniques in mitigating the effects of OCS-
related pipelines and navigation canals on landloss. By quantifying landloss associated with
OCS-related pipelines and navigation canals and by quantifying the relationship among landloss,
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environmental factors, and techniques of construction and mitigation, we can work to minimize
any negative impacts from future construction of OCS-related pipelines and navigation canals.
Specifically, this report sets out to:

1. Provide an overview of the current state of knowledge on construction and
mitigation practices associated with OCS-related pipelines and navigation
canals in the Gulf Coast region.

2. Quantitatively analyze the effects of OCS-related pipelines and navigation
canals on landloss, wetland loss, and changes in fresh and nonfresh marsh
areas (Chapter 3 of this report).

3. To use selected case studies of OCS-related pipelines and navigation canals to
evaluate the effectiveness of construction and mitigation practices used to
mitigate their effects on landloss, wetland loss, and changes in fresh and
nonfresh marsh areas (Chapter 3 of this report).

In order to achieve our objectives, we sought to answer four questions:

1. Are the localized rates and patterns of landloss within the immediate vicinity
of OCS-related pipelines and navigation canals similar to more general,
regional rates and patterns of landloss?

2. Do the localized rates and patterns of landloss, wetland loss, and habitat
change within the immediate vicinity of OCS-related pipelines and navigation
canals differ over time and among the five subareas of the MMS Western and
Central Planning Areas?

3. What are the localized impacts of OCS-related pipelines and navigation canals
on wetland habitats within their immediate vicinity?

4. Are the dominant techniques used to construct and mitigate OCS-related
pipelines and navigation canals effective in minimizing their effects on
landloss, wetland loss, and habitat change?

1.3. STuDY AREA

The Gulf of Mexico is divided into three planning areas by the Minerals Management
Service (MMS): Western (Mexico/Texas border to Texas/Louisiana border), Central
(Texas/Louisiana border to a point south of the eastern edge of Mobile Bay, Alabama), and
Eastern (a point south of the eastern edge of Mobile Bay, Alabama, to the southern tip of
Florida) (Figure 1.1). This study examined the MMS Western and Central Planning Areas,
which were further subdivided based on geologic and political features into five coastal zone
subareas: Texas barrier islands (TBI), Texas Chenier Plain (TCP), Louisiana Chenier Plain
(LCP), Louisiana Deltaic Plain (LDP), and Mississippi-Alabama coastal plain (MACP). The
coastal zone of the northern Gulf of Mexico is generally a flat, gently sloping area separating
upland habitats from the Gulf of Mexico. Within the coastal zone, rivers and streams from the
uplands generally disperse into deltas or flow into bays with generally shallow, meandering tidal
creeks.

13



Coastal habitats among the subareas include beaches and dunes (barrier island, bay, and
sound), marshes (salt, brackish, and fresh), and forested wetlands (cypress/tupelo (Taxodium
distichum/Nyssa sylivatica) and bottomland hardwoods). Impact resilience and recovery by the
different habitats from canal construction are contingent upon three factors: nature of soil
(compaction, composition), influx of materials (water, sediments, nutrients), and sensitivity to
stressors such as salinity and flooding.

The sandy barrier island beaches and dunes provide a substrate that is resistant to compaction
and decomposition. The marshes (fresh, brackish, and salt) provide a variety of substrate
strengths, typically ranging from soft (fresh marsh) to firm (salt marsh), according to the
percentage of organic and water content. Percentage of organic content is highly correlated with
marsh type, which typically ranges from fresh marsh (highest percentage of organic) to brackish
marsh (intermediate percentage of organic) to salt marsh (lowest percentage of organic).
Resistance to compaction and decomposition decreases as percentage of organic content
increases, which influences the ability of a marsh to recover from various impacts. Impact
recovery is also influenced by the influx of freshwater and sediments to support the vegetation.
Forested wetlands along the Gulf Coast are usually alluvial in nature. Bottomland hardwoods
are situated along rivers and streams and are variably flooded depending on water level
fluctuations of the river or stream. Cypress/tupelo swamps are usually separated from rivers and
streams by natural levees and are seasonally flooded (Mitsch and Gosselink, 2000). The
freshwater adapted habitats (fresh marsh and forested wetlands) are more sensitive to saltwater
intrusion than the other more salt-tolerant habitats. Below is a brief description of the general
geology and habitats encompassed within each subarea.
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Figure 1.1. Map of planning areas in Gulf of Mexico showing the five subareas included in the
study.
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1.3.1. Texas Barrier Islands

Characterized by sandy barrier islands, beaches, and dunes with an extensive lagoon system
(Morton, 1994), the TBI subarea extends from the Rio Grande (Mexico/Texas border) to
Rollover Pass of Galveston Bay. In addition to tidal influx from the Gulf of Mexico, the lagoons
along the upper coast have freshwater inflows from inland and are often fringed by coastal
wetlands ranging from salt to fresh marsh. Lagoons along the lower coast have decreased
freshwater inflow and subsequent hypersaline conditions with vegetation consisting of expansive
grass beds and little or no fringing marsh.

1.3.2. Texas and Louisiana Chenier Plain

The TCP and LCP subareas together extend from eastern Galveston Bay, Texas (Bolivar
Peninsula), to Vermilion Bay, Louisiana. The Chenier Plain is characterized by a narrow beach,
a wide band of salt to fresh marshes, cheniers, and several small rivers. It is formed by
sediments from the Atchafalaya and Mississippi Rivers that are transported and deposited by
longshore currents. Over time these sediments are reworked along the coast and form beach
ridges. As more sediments are deposited, new beach ridges are formed, while the older ridges
are colonized by shrub/scrub and trees forming upland cheniers. The areas between the cheniers
and the beach ridge develop into marshes that typically grade from salt marsh at the beach ridge
to fresh marsh inland.

1.3.3. Louisiana Deltaic Plain

The LDP subarea extends from Vermilion Bay to the Chandeleur Islands and the Mississippi
River Delta in Louisiana. It is a riverine-dominated system characterized by extensive marshes
that grade from fresh to salt or salt to fresh depending on stage of deltaic formation, which is
either aggrading (delta building) or degrading (delta disappearing), respectively (Gosselink,
1984). The northern regions of this subarea are fringed by forested wetlands consisting of
cypress/tupelo swamp and bottomland hardwoods. Currently, the Atchafalaya and Mississippi
Rivers are responsible for freshwater inflow and active deltaic land formation (aggradation). The
Atchafalaya River, located on the west side of the subarea, is a recent deltaic system and is
actually a large distributary of the Mississippi River. The habitat associated with this delta is
fresh marsh. The habitats between the Atchafalaya and Mississippi Rivers and north of the
Mississippi River Delta are inactive deltas (degrading). These habitats range from barrier islands,
salt to fresh marsh, and forested wetlands.

1.3.4. Mississippi-Alabama Coastal Plain

The MACP subarea extends from the Pearl River, Mississippi, to Bon Secour Bay, Alabama,
on the east side of Mobile Bay. Sandy beaches and dunes, barrier islands, a thin band of salt and
brackish marsh, and fresh marsh along bays, sounds, and small streams and rivers characterize
the shoreline portion of this subarea. Barrier islands and the Mississippi Sound border the Gulf
of Mexico until Mobile Bay and Bon Secour Bay in Alabama. The Mississippi Sound is
bordered to the north by a beach ridge and narrow bands of marsh. Mobile Bay and Bon Secour
Bay are separated from the Gulf of Mexico by a peninsula with barrier beaches.

15



1.4. SCOPE OF STUDY

In order to achieve our objectives, this project had four main tasks: (1) To provide an
overview of construction and mitigation techniques associated with OCS-related pipelines and
navigation canals since the study by Turner and Cahoon (1987); (2) To quantitatively analyze
geographic information system (GIS) habitat data for landloss, wetland loss, and fresh and
nonfresh marsh change by using statistical analyses of habitat changes within various buffer
zones of OCS-related pipelines and navigation canals in the five subareas; (3) To qualitatively
and semiquantitatively analyze GIS habitat data for selected case studies of OCS-related
pipelines and navigation canals and their associated construction and mitigation techniques; and
(4) To provide a synthesis and implications for environmental management based on the
quantitative and qualitative results examining the links among habitat impacts from OCS-related
pipelines and navigation canals, subarea characteristics, coastal habitat dynamics, and
construction and mitigation techniques.

Task 1 involves a literature review of all peer-reviewed and gray literature on habitat impacts
associated with OCS-related pipelines and navigation canals published since 1987, combined
with information obtained from interviews with oil and gas personnel, including contractors.
This task involves a review of construction and mitigation techniques (Chapter 2) as well as an
overview of the current state of knowledge, evidence for impacts, and the mechanisms of
impacts from pipelines and navigation canals on landloss and habitat change (Chapter 3).

Task 2 involves GIS analyses of habitat changes from 1956 to the most current GIS data
available (ranging from 1988 to 1995) as well as statistical analyses comparing habitat changes
near OCS-related pipelines and navigation canals to habitat changes across the coastal zone, as
well as within reference areas (Chapters 4 and 5). This task provides the quantitative analyses of
habitat impacts related to OCS-related pipelines and canals and is used to answer questions 1
through 3 noted above under “Objectives.”

Task 3 uses selected pipelines and navigation canals within each subarea in order to provide
a more detailed view of specific pipeline impacts and to relate them more directly to construction
or mitigation techniques (Chapter 6). Pipelines constructed using the more commonly used
construction and mitigation techniques were selected because these generate the most interest
considering the widely held belief that they provide the best way to install these pipelines, both
economically and ecologically. This task involves GIS analyses of habitat change near the
selected pipelines and qualitative analyses of the changes documented, and then contacting
pipeline operators and contractors in order to obtain information on the pipeline construction,
routing, and monitoring reports completed. This task addresses questions 3 and 4 noted above
under “Objectives.”

The final task involves a synthesis and interpretation of both the quantitative and qualitative
data created and analyzed in previous tasks, along with implications for management based on
our findings. Task 4 identifies, to the degree possible, the extent of land changes associated with
OCS-related pipelines and navigation canals and discusses possible effects among subarea
characteristics, habitat dynamics, and construction or mitigation technique.

1.4.1. Definitions

A pipeline or navigation canal was designated as an OCS-related pipeline or navigation canal
if it carried product or services to or from the OCS. Pipelines and navigation canals have been
installed throughout coastal habitats of the Gulf of Mexico (barrier beaches, marshes, forested
wetlands, and uplands) to transport and support hydrocarbon production from the OCS region
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since the late 1940s. Construction of pipelines and navigation canals through coastal habitats
requires a variety of equipment for the combination of aquatic and terrestrial environments. The
installation and continued presence of pipeline and navigation canals have been blamed for direct
and indirect impacts to coastal habitats.

We have refined definitions of impacts in order to concentrate on impacts during the
construction of pipelines and navigation canals:

. Impact: a conversion from one habitat type to another habitat type.

. Direct (Acute) Impacts: the immediate conversion of a vegetated habitat to
another habitat type, directly related to a human activity.

. Indirect (Chronic) Impacts: impacts related to direct impacts that occur
gradually at a different time and/or place than direct impacts.

1.5. GIS METHODOLOGY

Geographic information system technology was used to assess potential habitat changes
associated with OCS-related pipelines and navigation canals for the northern Gulf of Mexico.
The GIS analysis was completed by (1) identifying OCS-related pipelines and navigation canals
within the study area to create datasets for related pipelines and navigation canals in each
subarea and (2) by extracting habitat area summaries within buffer zones defined at various
distances from the centerlines and either adjacent to or within close proximity of the pipelines
and navigation canals, for both the population or a sample of the population, for each subarea.
The GIS datasets that were used to describe the locations of pipelines and navigation canals were
compiled from various public and private data sources. A literature review and interviews with
agency and industry personnel were used to verify the pipelines and navigation canals selected
for use in the sample and case-study analyses. The habitat datasets were derived from
interpretations of historical aerial photography and Landsat Thematic Mapper (TM) satellite
imagery classified by habitat types. The habitat area summaries were then used for statistical
assessments of the population and sample analyses (Chapters 4 and 5), and qualitative
assessment of each sample replicate (i.e., case studies) (Chapter 6).

1.5.1. Identification and Development of Datasets for OCS-Related Pipelines and
Navigation Canals

Where feasible for the population analysis, existing digital datasets in the public domain or
commercially available were used for compiling the locations of pipelines and navigation canals
(Table 1.1). The locations of OCS-related navigation canals were identified and digitized from
USGS digital raster graphs (DRGS), which are georeferenced images of USGS topographic
maps. The digital datasets for OCS-related navigation canals were considered more complete
than the digital datasets for OCS-related pipelines because the canals are well known and easily
identified. The digital data for OCS-related pipelines that were used in the population analyses
came from multiple datasets with varying degrees of population completeness, positional
accuracy, and attribute descriptions between the subareas. Pipelines identified as being OCS-
related were selected from the source datasets and were then merged, using the GIS, to create the
pipeline population datasets for the various subareas. The lesser number of pipelines present
within the source pipeline datasets for the TBI, TCP, and MACP resulted in more reliable
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identification of OCS-related pipelines for the population analyses in these subareas. The OCS-
related pipeline dataset created for the LCP and LDP population analyses was a representative
estimate of those pipelines occurring with the Louisiana subareas. ldentification of all OCS-
related pipelines occurring within the LCP and LDP was not possible because of the large
number of pipelines present and the incomplete and sometimes conflicting pipeline coverage
provided by the source digital datasets.

The selected pipelines and navigation canals used for the sample and case-study analyses
were identified within the population datasets by using a randomized selection process (Chapter
5). The selected pipelines and navigation canals were then extracted from the population
datasets by using the GIS to create the specific datasets for the sample and case-study analyses in
each subarea. A literature review was conducted to verify the positional accuracy and
descriptive attributes of the selected pipelines by collecting as-built maps and reports from
appropriate permitting agencies per subarea, such as the Railroad Commission (RRC) of Texas,
Texas General Land Office (TGLO), Louisiana Department of Natural Resources (LDNR),
Mississippi Department of Marine Resources (MDMR), and Alabama Department of
Environmental Management (ADEM). Interviews with state permitting agencies and industry
personnel provided additional historical background of the location and usage of the pipelines
and navigation canals chosen for the sample and case-study analyses in each subarea. The
starting point of any given pipeline or navigation canal was identified as the location at which it
left Federal waters and entered State waters. The termination point of any given pipeline was
defined as either the refinery where the product was collected or at the coastal zone boundary
(CZB). The termination point of any given navigation canal was defined as the CZB.

Table 1.1

Data Sources Used to Assess Locations of OCS-Related Pipelines and Navigation Canals

Pipeline and Navigation Canal Digital Data Sources Data Set Format Subarea
Minerals Management Service Vector All
National Pipeline Mapping System Vector All
PennWell MAPSearch Vector All
United States Geological Survey topographic maps Vector, Raster All
Louisiana Department of Natural Resources Vector LCP, LDP
Louisiana Geological Survey Vector LCP, LDP
Texas General Land Office Vector TBI, TCP
Texas Railroad Commission Vector TBI, TCP

The locations of pipelines and navigation canals selected for the sample and case-study
analyses were determined by comparing as-built maps, when available, to the digital datasets.
The locations interpreted from the as-built maps were generally deemed to possess greater
positional accuracy than the digital datasets. If as-built maps were unavailable, pipeline
locations were determined by displaying the available pipeline data over current USGS
topographic maps and recent digital photography. The digital datasets sometimes contained
conflicting information on pipeline locations. Pipelines may not have fallen within visible scars
or canals, may have crossed each other, or may have followed similar orientations but were
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offset from each other by varying distances. These positional conflicts were resolved by
comparison of hypothetical pipeline locations with pipeline scars or canals that were visible on
current and historical USGS topographic maps and aerial photography, as well as by additional
literature review. Datasets for navigation canals were primarily digitized from USGS quadrangle
maps closest in vintage to canal construction dates. Table 1.2 provides a list of pipelines and
navigation canals selected for the sample and case-study analyses, and Figures 1.2 through 1.6
show their locations within their respective subareas.
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Table 1.2

Sample Sets of OCS-Related Pipelines and Navigation Canals Used in the Project

Subarea Type Name Length km
Texas Barrier Island Pipeline Transco 20" 33.6
Transco 36" 39.4
Enron 24"/20" 52.2
Texas Power Corporation 16" 32.4
Amoco 14" 37.0
Navigation Canal |Brazos Santiago Pass 33.7
Corpus Christi Channel 445
Matagorda Ship Channel 38.8
Texas Chenier Plain Pipeline Pennzoil 8" 22.8
Enron 16" 25.2
Transco 24"/16" 56.4
Navigation Canal |Sabine Pass 56.1
Louisiana Chenier Plain Pipeline Amoco 20" 46.4
Transco 16" 39.8
Mobil 16" 19.8
SONAT 36" 38.9
Texas Gas 20" 40.5
'zl'gpnessee Gas Pipeline (TGP) 12.2
Navigation Canal |Calcasieu Ship Channel 37.3
Freshwater Bayou Channel 325
Louisiana Delta Plain Pipeline United Gas 12" 49.0
SONAT 18" 56.2
SONAT 20" 170,7
Trunkline 30" 72.7
'zl'gpnessee Gas Pipeline (TGP) 40.3
Navigation Canal |Wax Lake Outlet 18.8
Houma Navigation Canal 43.0
Mississippi/Alabama Coastal Plain |Pipeline Chandeleur 12" 40.8
':Ig'gpnessee Gas Pipeline (TGP) 39.0
Exxon 24" 42.3
Shell 12" 5.3
Duke Energy 20" 32.9
Navigation Canal |Pascagoula Channel 8.5
Theodore Ship Channel 13.8
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Figure 1.2. Map of Texas Barrier Island subarea showing the locations of selected OCS
pipelines and navigation canals.

21



Western Planning Area
Selected OCS Related Pipelines and Canals
Chenier Plain Subarea

+Beaumont

~PortArthur

/7 Transco 24"/16"
RN g

/ Sabine Pass
‘.
\ Penzoil 8"

e X i C o

Enron 16" /
M

£

N

A

4 0 4 8 12 16 20 24 km
e ™ s ™ s = e =

3 o 3 i 9 12 mi
e e~ e |
Map ID: USGS-NWRC 2004-02-0007
Wap Date: November 27, 2003

Figure 1.3. Map of Texas Chenier Plain subarea showing the locations of selected OCS
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pipelines and navigation canals. See Table 1.1 for detailed information on
pipelines and navigation canals.
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Figure 1.5. Map of Louisiana Delta Plain subarea showing the locations of selected OCS
pipelines and navigation canals.

24



Selected OCS Related Pipelines and Canals
Mississippi / Alabama Subarea @ ——+ |

Mobile

Theodore Ship Channel
~ Bay

Chandeleur 12"

|
1
1
|
|
| o, ¥
\ - Shell 12"
| Duke Energy 20° ¥
| 3 /)
- A §
g S 5
by LruAd : ~
s 4
. 5t Tuis

s Pascagoula Channel
Ray Mississippi Sound

Tennessee Gas 30|

Bo%

Pascagoula L
Bay

Gulf of Mexico

MS AL

" N
wwwww A L L

nnnnn
USGS-NWRC 2004-05-0008

Figure 1.6. Map of Mississippi/Alabama subarea showing the locations of selected OCS
pipelines and navigation canals.

1.5.2. Identification and Development of Habitat Datasets

Existing National Wetlands Inventory (NWI) datasets were used to identify historical
wetland habitat conditions for the TBI, TCP, and MACP (http://www.fws.gov/nwi/). Habitat
datasets based on NWI classification conventions but containing coastal Louisiana specific
modifiers were used to identify historical wetland habitat conditions for the LCP and LDP
(Cowardin et al., 1979; Wicker, 1980). Table 1.3 provides a list of data sources used to analyze
habitat conditions over time in each subarea. These datasets were used for the population
analyses, the sample analyses, and the case-study analyses unless specifically noted otherwise.

A standard habitat classification scheme was developed for the current habitat datasets from
the source NWI data to provide consistency in habitat comparisons for the population, sample,
and case-study analyses. The classification scheme differed slightly between subareas because
of limitations in the source data. Table 1.4 lists the habitat classification scheme used in the
study. The classification scheme was also applied to the habitat data specifically developed for
the sample and case-study analysis (in Table 1.3, see data for 1995 LCP and LDP; 1978, 1982,
and 1996 MACP). These datasets were not used in the population analysis, and their areal
coverage was limited to the maximum 3 km area comprising the aggregate pipeline and
navigation canal buffer widths used in the sample and case-study analyses.

25


http://www.fws.gov/nwi/�

Table 1.3

Data Sources by Subarea, Including the United States Department of Agriculture (USDA) and National
Aeronautics and Space Administration (NASA)

Subarea Data Photography/Imagery Date Scale Source
Type
Texas Barrier Island NWI Pan Photography 1956 1:20000 USDA
Texas Chenier Plain NWI CIR Photography 1979 1:65000 NASA
NWI CIR Photography 1992 1:65000 NASA
Louisiana Chenier Plain |Habitat Pan Photography 1956 1:24000 Tobin Aerial
Survey
Louisiana Delta Plain Habitat CIR Photography 1978 1:65000 NASA
Habitat CIR Photography and 1988 1:65000 NASA
Satellite |[Landsat TM Imagery 1990 25X25 NASA
meters
Habitat  |CIR Photography* 1995 1:65000 NASA
Mississippi/Alabama NWI Pan Photography 1956 1:20000 USDA
Coastal Plain NWI CIR Photography* 1978 | 1:65000 NASA
NWI CIR Photography 1979 1:65000 NASA
NWI CIR Photography* 1982 1:65000 NASA
NWI CIR Photography 1988 1:65000 NASA
NWI CIR Photography* 1996 1:65000 NASA

‘Developed specifically as an updated habitat dataset for pipelines and navigation canals used in the
sample and case-study analyses in the LCP and LDP; this update was necessary because of rapid
coastal landscape changes (high landloss rates) in coastal Louisiana.

%partial coverage to extend existing NWI coverage for the pipelines and navigation canals used in the
sample and case-study analyses in the MACP.
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Table 1.4

Classification Scheme for Habitat Coverage in Each Subarea

Texas Barrier Island/Texas Louisiana Chenier Mississippi/Alabama Coastal Plain
Chenier Plain Habitats Plain/Louisiana Delta Plain Habitats
Habitats
Agriculture/Pasture Agriculture/Pasture Agriculture/Pasture
Developed Developed Developed
Fresh marsh Fresh marsh (fresh and Fresh marsh
intermediate)
Nonfresh marsh Nonfresh marsh (brackish Nonfresh marsh
and saline)
Open water Open water Open water
Shore/Flat Shore/Flat Shore/Flat
Spoil Spoil Spoil
Upland forest—Scrub/Shrub Forest Upland forest—Scrub/Shrub
Upland unknown Swampl Upland unknown
Wetland forest—Scrub/Shrub Scrub/Shrub Wetland forest—Scrub/Shrub

'Specific to LDP and LCP.

1.5.3. Extraction of Data for Summaries of Habitat Coverage

Information on habitat coverage was acquired for the population, sample, and case-study
analyses per subarea by using GIS overlay functions to summarize habitat coverage by time
period and occurring within defined buffer distances from the centerlines of OCS-related
pipelines and navigation canals. The buffer distances were defined by the requirements of the
statistical analyses (Chapters 4, 5, and 6). The population analyses (Chapter 4) required creation
of 300-m pipeline buffers centered on all available OCS-related pipelines and 1,000-m buffers
centered on all OCS-related navigation canals for each subarea. The sample analyses (Chapter
5) and the case-study analyses (Chapter 6) examined habitat changes within an aggregate 3 km
buffer area, centered on the selected pipelines and navigation canals. The 3 km aggregate buffer
represented the sum of all source buffers used in the sample analyses and the case-study
analyses, requiring the creation of 3,000 m and 300 m buffers centered on the selected pipelines,
with 300-m wide reference zones located 1,350 m to 1,500 m from both sides of the centerline (a
total of 300 m); buffers for the navigation canals were 3,000 m and 1,000 m centered on the
selected canals, with 1,000 m reference zones located 1,000 m to 1,500 m from both sides of the
centerline (a total of 1,000 m). A detailed explanation is provided in Chapter 5 (Figure 5.1 and
Table 5.1).

The GIS was used to create the appropriate datasets for the pipeline and navigation canal
buffers and reference zones and to generate summaries of habitat coverage per time period and
subarea. Habitat reports listing habitat types by pipeline length for the population, sample, and
case-study analyses by time period were also provided. Habitat area and length reports were also
created by using the GIS for subsequent statistical analysis (Chapters 4 and 5). A series of 10
random transects per selected OCS-related navigation canal was generated by the GIS for
assessing associated widening rates over time for the case-study analyses in Chapter 6.
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1.5.3.1. Discussion of Texas Subareas

The dataset for the Texas population analyses, which consisted of 21 pipelines from the TBI
and 13 pipelines from TCP, was acquired from the Penwell MAPSearch (PENWELL), TGLO,
and the RRC of Texas. The OCS-related navigation canals were digitized from USGS
topographic maps. The dataset for the population analyses was the source used for the sample
and case-study analyses of pipelines and navigation canals selected in the TBI and TCP (Figures
1.2 and 1.3). The positional accuracy of the selected pipelines was refined by the literature
search of records held by the RRC of Texas and TGLO. The sources of the habitat data used in
the population, sample, and case-study analyses of the TBI and TCP were the 1956, 1979, and
1988 NWI datasets (Table 1.3). The NWI datasets were aggregated to the standard habitat
classification scheme per subarea (Table 1.4). The NWI habitat datasets provided complete areal
coverage of the pipelines and navigation canals used in the population, sample, and case-study
analyses of the TBI and TCP. Table 1.5 lists total areas of coverage, including buffer areas,
associated with the pipelines and navigation canals studied in the population, sample, and case-
study analyses for the TBI and TCP.

1.5.3.2. Discussion of the Louisiana Subareas

The dataset used in the population analyses in the LCP and LDP is a composite of data
created from pipeline datasets provided by the National Pipeline Mapping System (NPMS),
Louisiana Geological Survey (LGS), and PENWELL. Each dataset consisted of a series of line
segments that were linked together to identify individual pipelines. The pipelines were not
always continuous within or between datasets, and descriptive attributes, such as operator, varied
between datasets, even for similar pipeline line segments. Line segments in the source datasets
that were identified as being likely to belong to OCS-related pipelines were then merged into the
composite pipeline dataset used in our analyses. Duplicate pipeline line segments were removed
from the composite dataset to create the dataset used in the population analyses. The merging of
the source datasets to create the composite dataset resulted in mixed descriptive attributes in
many cases and the inability to accurately identify a series of pipeline segments as a unique
pipeline. The inability to confidently identify unique pipelines resulted in some cases in the
decision to use the individual data for pipeline segments in the population analyses. In these
cases, the positions of the segments represent an actual OCS-related pipeline location, but the
identification of the segments as a particular, unique pipeline may be inaccurate. The composite
pipeline dataset was clipped to the Louisiana CZB as it is defined in the State and Local Coastal
Resources Management Act of 1978 (Act 361).

The segment lengths of pipelines provide an estimate of the magnitude of pipelines present
within the Louisiana subareas (Table 1.6). The NPMS dataset provided the most comprehensive
pipeline coverage, containing 10,293 km or 55 percent of the total pipeline length in the
Louisiana subareas (LCP and LDP combined) (18,715 km). The LGS dataset provided 5,920 km
(31.6 percent) of the total pipeline length in the Louisiana subareas, followed by the PENWELL
dataset, which provided 13.4 percent of the total pipeline length. The total length of 18,751 km
used in the LCP and LDP population analyses is representative of the complete pipeline
population, but it does not definitively include all OCS-related pipelines located within the
Louisiana subareas.

The dataset for the population analyses was the source for the sample and case-study
analyses of selected pipelines and navigation canals in the LCP and LDP (Figures 1.4 and 1.5).
The positional accuracy of the selected pipelines was refined by the literature review of records
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held by LDNR. The large number of pipelines, the incomplete and inconsistent coverage of the
source datasets, and limitations of budget precluded a more rigorous investigation of the
composite dataset used in the pipeline population analyses; therefore, information derived from
these analyses should be considered with these limitations in mind.

Table 1.5

Pipeline and Navigation Canal Buffers and Areas for the Texas OCS Subareas

Texas OCS Project Area Summary

Type Texas Texas Total Area | Texas Texas Total

Chenier Barrier (ha) Chenier Barrier Area

Plain Area |Island Area Plain Area |Island Area (%)

(ha) (ha) (%) (%)
Entire Area 403,293 3,185,465 |3,588,758 11.2% 88.8% 100.0%
All pipelines 300-m buffer 7,121 24,915 32,036 1.0% 0.9% 0.9%
Selected pipelines 3-km buffer | 61,287 33,310 94,597 9.0% 1.1% 2.6%
Selected pipelines 1-km buffer | 10,657 18,771 29,428 1.6% 0.6% 0.8%
Selected pipelines 300-m 3,152 5,867 9,019 0.5% 0.2% 0.3%
buffer

All canals 1-km buffer 5,684 28,592 34,276 0.8% 1.0% 1.0%
Selected canals 3-km buffer 17,505 68,757 86,262 2.6% 2.4% 2.4%
Selected canals 1-km buffer 5,684 18,955 24,639 0.8% 0.7% 0.7%

Historical wetland conditions for the LCP and the LDP were assessed by using modified
raster habitat datasets for 1956, 1978, and 1988/1990. The raster datasets were derived from
vector habitat datasets that provided habitat coverage by the USGS 7.5-minute topographic map
grid for coastal Louisiana. The vector habitat datasets are based on the Cowardin classification
methodology used in the NWI datasets, but they also incorporate classification modifiers specific
to Louisiana (Cowardin et al., 1979; Wicker, 1980). The coding scheme for habitat attributes in
the vector habitat datasets was simplified and then merged together to create contiguous 1956
and 1978 raster datasets that were used to summarize coast-wide habitat change conditions for a
1990 study of marsh management practice in coastal Louisiana (Cahoon and Groat, 1990). The
1988/1990 habitat dataset is based on a 1988 dataset that was derived from photointerpreted,
color infrared (CIR), aerial photography that was merged with a land-water dataset that was
based on 1990 Landsat 5 TM imagery that was classified by habitat type (Barras et al., 1994).
The 1956, 1978, and 1988/1990 datasets were used in the population, sample, and case-study
analyses of the LCP and LDP. An additional 1995 habitat dataset was interpreted specifically for
the sample and case-study analyses because of the rapid rate of coastal change within the
Louisiana subarea. The areal extent of the 1995 dataset was limited to the 3-km area comprising
the aggregate pipeline and navigation canal buffer width used in the sample and case-study
analyses.
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Table 1.6

Dataset Sources for the Pipeline Segments Used in the
Analyses of the Louisiana Subareas

Area Source Pipeline length  Percentage of
(km) total length (km)
LCP LGS 1,839.9 37.4
NPMS 1,901.2 38.7
PENWELL 1,174.7 23.9
Total 4,915.8 100.0
LDP LGS 4,080.4 29.6
NPMS 8,391.5 60.8
PENWELL 1,327.2 9.6
Total 13,799.1 100.0
Louisiana |LGS 5,920.2 31.6
Subarea |NPMS 10,292.8 55.0
PENWELL 2,501.9 13.4
Total 18,714.9 100.0

There were some differences in the habitat classification scheme used for the Louisiana
subareas compared to the Texas subareas and the MACP because of limitations in the source
datasets (Table 1.4). For example, in the Louisiana subareas, the forest and scrub/shrub
categories were identified as either upland or bottomland forests in the source datasets, so the
aggregated categories were left as forest and scrub/shrub in the Louisiana analyses. In addition,
the swamp category is unique to the Louisiana datasets but is an important forested wetland type
that was used in the habitat mapping effort (see description later in this chapter) for the Louisiana
subareas. The habitat datasets provided complete areal coverage of the pipelines and navigation
canals used in the LCP and LDP population, sample, and case-study analyses. Table 1.7 lists
total areas, including buffer and reference zones, used in the population, sample, and case-study
analyses of pipelines and navigation canals in the LCP and LDP.
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Table 1.7

Pipeline and Navigation Canal Buffers and Areas for the Louisiana OCS Subareas

Louisiana OCS Project Area Summary

Type Louisiana Louisiana | Total Area |Louisiana | Louisiana | Total
Chenier Delta Plain (ha) Chenier Delta Area
Plain Area | Area (ha) Plain Area |Plain Area | (%)

(ha) (%) (%)
Entire Area 684,456 2,901,554 |3,586,010 19.1 80.9 |100.0
All pipelines 300-m buffer 77,461 230,052 307,513 11.3 7.9 8.6
Selected pipelines 3-km buffer 56,557 117,755 174,312 8.3 4.1 4.9
Selected pipelines 1-km buffer 18,191 38,867 57,058 2.7 1.3 1.6
Selected pipelines 300-m buffer 5,531 11,661 17,193 0.8 0.4 0.5
All canals 1-km buffer 18,685 68,735 87,420 2.7 2.4 2.4
Selected canals 3-km buffer 21,120 18,807 39,927 3.1 0.6 11
Selected canals 1-km buffer 6,855 6,266 13,121 1.0 0.2 0.4

A regional landloss analysis was also conducted for Louisiana in order to compare more
general trends in landloss within the LCP and LDP to trends in landloss specifically associated
with the OCS-related pipelines and navigation canals included in the population analyses
(Chapter 4). The regional analysis for Louisiana was undertaken because complete habitat
coverage of the LCP and LDP was available and because information on trends of regional
landloss was readily available from existing sources. The regional analysis was not conducted
for the TBI, TCP, and MACP because of a lack of similar information. Regional loss
information on the LCP and LDP was obtained from USGS Open File Report 94-01, which listed
landloss within the hydrologic basins defined by the Coastal Wetlands Planning, Protection and
Restoration Act (CWPPRA) (Barras et al., 1994; CWPPRA, 1993). The datasets used to derive
the rates listed in Barras et al., 1994, were the same as those used for the 1956, 1978, and
1988/1990 habitat analyses of the LCP and LDP included in this report (Table 1.3). The regional
rates of landloss were derived for each hydrologic basin by aggregating habitat types in source
data to land and water categories and then calculating changes in water area for 1956 to 1978 and
for 1978 to 1988/1990. The GIS analysis provided the summaries of habitat coverage used in the
population analyses of pipeline and navigation canals in this report. The comparison of regional
landloss trends to trends interpreted in the population analysis was a component of the statistical
analysis (Chapter 4).

1.5.3.3. Discussion of the Mississippi-Alabama Coastal Plain

The dataset for the population analysis in the MACP (10 pipelines) was acquired from the
PENWELL and NPMS data sets The OCS-related navigation canals were digitized from USGS
topographic maps. The dataset for the population analysis was the source for the sample and
case-study analyses of selected pipelines and navigation canals in the MACP (Figure 1.6). The
positional accuracy of the selected pipelines was refined by the literature search of records. The
source of the habitat data used in the MACP population, sample, and case-study analyses was the
1956, 1979, and 1992 NWI data sets (Table 1.3). The MACP lacked complete NWI coverage for
two pipelines and one navigation canal; therefore, supplemental photography was acquired and
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interpreted by using NWI classification conventions in order to provide complete habitat
coverage of the missing areas (Table 1.8). Both the NWI and supplemental habitat datasets were
aggregated to the standard habitat classification scheme for this study area (Table 1.4). Table 1.9
lists total areas, including buffers and reference zones, used in the population, sample, and case-
study analyses of pipelines and navigation canals in the MACP.

Table 1.8

Supplemental Data Used to Complete Partial Coverage by the National
Wetlands Inventory within the Mississippi-Alabama Coastal Plain

Feature Description Data Source Date

Pipeline Chandeleur 12" National Wetlands Inventory 1988

Supplemental Photography 1996

Pipeline Tennessee Gas Supplemental Photography 1978

Pipeline 30" National Wetlands Inventory 1979

Supplemental Photography 1982

Navigation Pascagoula Channel |[National Wetlands Inventory 1988

Canal Supplemental Photography 1996
Table 1.9

Pipeline and Navigation Canal Buffers and Areas for the
Mississippi and Alabama OCS Subarea

Mississippi/Alabama OCS Project Area Summary
Type Total Area (ha) | Total Area (%)
Entire Area 1,014,311 100.0
All pipelines 300-m buffer 38,641 3.8
Selected pipelines 3-km buffer 93,542 9.2
Selected pipelines 1-km buffer 32,206 3.2
Selected Pipelines 300-m buffer 9,946 1.0
All canals 1-km buffer 15,137 15
Selected canals 3-km buffer 16,109 1.6
Selected canals 1 km buffer 4,546 0.4

1.5.4. Map Products

A series of poster-sized (36 x 42-inch) maps depicting pipelines and navigation canals
selected for the sample and case-study analyses (Chapters 5 and 6) are included as Appendix 3 of
this report. These maps were produced by using a standard layout and habitat color scheme to
illustrate habitat and habitat changes for all time periods across all subareas. The maps depict
habitat data for each subarea by using the habitat classifications listed in Table 1.4. The habitat
change maps depict changes in fresh marsh to nonfresh marsh, fresh marsh to water, nonfresh
marsh to fresh marsh, nonfresh marsh to water, water to fresh marsh, and water to nonfresh
marsh for all time periods and subareas, in accordance with the analyses presented in Chapters 5
and 6. The habitat data and habitat change data depicted on the maps were limited in spatial
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extent to the 3km aggregate buffer area used in the sample analyses and case-study analyses.
The individual buffers comprising the 3 km aggregate buffer area are not depicted for visual
clarity but the map scales are sufficient to depict habitat conditions and changes over time for the
pipelines and canals used in the sample analyses and the case-study analyses. The maps provide
a spatial setting for assessing the detailed buffer analyses described in Chapters 5 and 6 and
provide a vignette of the habitat conditions encountered in the regional analyses (Chapter 4).

1.5.5. GIS Summary

The GIS analysis was created to define the datasets used in the population analyses of OCS-
related pipelines and navigation canals by using available public and private data sources (Table
1.1). The inherent accuracy of the positions and the attributes of the pipelines included in the
population analyses are derived from the source datasets. The identification of OCS-related
navigation canals was viewed with higher confidence than the identification of OCS-related
pipelines simply because the canals are well known and easily located. On the other hand, the
ability to accurately locate and identify the OCS-related pipeline populations by using off-the-
shelf datasets is limited. None of the pipeline datasets used in the population analyses provides
complete coverage of the respective study area. The identification of OCS-related pipelines
within the TBI, TCP, and MACP is viewed with higher confidence than those within the LCP
and LDP because the lesser number of OCS-related pipelines present within these areas resulted
in a more reliable process for identifying their pipeline populations (Chapter 4). The dataset
used in the population analyses of LCP and LDP pipelines is a best estimate of OCS-related
pipelines occurring within the Louisiana subareas. Issues concerning the attributes and position
of pipeline data in the source datasets limited the identification of individual, unique pipelines
for the population analyses of the LCP and LDP, resulting in the creation of a composite dataset
identifying pipeline segments in the pipeline population. The length of the pipeline segments
gives an idea of the density of OCS-related pipelines within the Louisiana subareas, but the
identification of unique pipelines would require more verification than provided by the source
data, similar to the effort put forth for identifying the selected pipelines used in the sample and
case-study analyses. Developing that level of verification for pipelines in the Louisiana subarea
is beyond the scope of this study.

The selected pipelines used in the sample analyses (Chapter 5) and case-study analyses
(Chapter 6) were chosen from the datasets used in the population analyses. These selected
pipelines and navigation canals were verified by literature review, and the locations of the
pipelines were corrected and verified by using as-built maps, permitting information, and
interviews with permitting agencies and pipeline operators, if available. The location and
identification of the selected pipelines are of higher confidence than those included in the
population analyses.

For the population analyses, existing NWI and other habitat datasets were used to represent
conditions in the study area for three periods in the mid-1950s, late 1970s, and the late 1980s
(Table 1.3). The source habitat data was converted to a common classification scheme for the
study area (Table 1.4). A regional analysis comparing more general rates of landloss for the
entire LCP and LDP to loss rates derived from the population analyses presented in this report
was performed only for the Louisiana subareas. The sample and case-study analyses for the
selected pipelines and navigation canals used the same habitat datasets as were used in the
population analyses (Table 1.3). New habitat data was interpreted for selected pipelines and
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navigation canals within the MACP, which lacked complete habitat coverage by the NWI
(Table 1.9).

The information on habitat coverage for each available date in the population, sample, and
case-study analyses was extracted by using a series of pipeline and canal buffers and reference
zones, all aligned along pipeline and navigation centerlines (Table 1.5). The summaries of
habitat coverage created by the analyses of these buffers and reference zones were used as input
for the statistical investigations of these areas (Chapters 4, 5, and 6). The regional analysis of
coastal Louisiana relied on a previous comparison of landloss rates across hydrologic basins
(Barras et al., 1994) to landloss rates derived for the population analyses of the LCP and LDP in
the current report.

A series of maps was produced to illustrate habitat conditions during the mid-1950s, the late
1970s, and the late 1980s for the pipelines and navigation canals selected for the sample and
case-study analyses for all subareas. A series of maps depicting changes in fresh marsh, land,
and water areas between the mid-1950s to late 1970s and the late 1970s to the late 1980s was
created for the selected pipelines and navigation canals. An additional habitat map for 1995 and
a map showing habitat change from1988/1990 to 1995 was added to the maps depicting the
Louisiana subareas.
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CHAPTER 2

REVIEW OF CONSTRUCTION AND MITIGATION TECHNIQUES
USED ON OCS-RELATED PIPELINES AND NAVIGATION CANALS

by Megan K. La Peyre, Thomas E. McGinnis, Il, Donald R. Cahoon

2.1. INSTALLATION TECHNIQUES FOR PIPELINES

From early reports of ditching with dynamite (Anonymous, 1942), construction techniques
used on pipeline canals have come a long way. Technological advances in equipment and
construction techniques, combined with stricter environmental-impact policies over the last few
decades, have resulted in reductions in wetland impacts associated with pipeline construction and
installation. Five pipeline installation techniques are used throughout the coastal zone of the
Gulf of Mexico: upland trenching, jetting, building flotation canals, push-pull ditching with
single versus double ditching techniques, and directional drilling. Below is a brief description of
the different techniques. More detailed descriptions including diagrams are included in Wicker
et al. (1989). Construction/installation techniques have implications for the type of impact, the
site-access impact, and the type of equipment used. While there are generalizations about the
amount of impact these techniques tend to have, with directional drilling being the least harmful
and flotation canals being the most harmful, numerous factors such as access, equipment needs,
and habitat types need to be evaluated in selecting the technique that most minimizes impacts to
wetlands.

2.1.1. Upland Trenching

Upland trenching is used through firm, usually dry, substrate habitats such as high dunes,
cheniers, natural levees, and some forests. Typically, a backhoe is used to dig a trench, and then
pipeline segments that have been welded together are placed into the trench. The trench is
backfilled, and the surface is recontoured by using a bulldozer (Wicker et al., 1989).

2.1.2. Jetting

In relatively large water bodies greater than one meter deep, such as lakes, bays, and lagoons,
a pipeline is jetted into the water bottom. During jetting, a high pressure stream of water is used
to excavate a ditch. The pipe is laid into the ditch joint by joint from a lay barge where the pipe
sections are welded and coated. Generally, a ditch will backfill on its own through slumping and
sedimentation from the turbid water (Baumann and Cahoon, 1989).

2.1.3. Flotation Canal

The flotation canal was the first technique used to install pipelines. A canal is dredged using
a drag-line or backhoe mounted on a dredge barge, and the pipeline is placed into a ditch within
the canal from a lay barge. The dredged material (spoil) is typically deposited in banks on the
marsh adjacent to the canal. Occasionally, spoil was also deposited in designated spoil areas in
open water or on uplands. The total width of the construction right-of-way (ROW), including
canal and spoil banks, is estimated to be from —60 to 70 m. Flotation canals were the primary
pipeline installation technique until the adoption of the push-pull ditching method in the early
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1970s. Currently, flotation canals are used only when a wetland cannot support the weight of
machinery used in the push-pull ditching technique.

Currently, no new construction of flotation canals is being allowed in vegetated areas
because it requires a wide canal in order to allow barges to travel the length of the pipeline.
Flotation canals are, however, still used in open-water areas and where preexisting canals exist.
Advantages of using the flotation canal include (1) easy access to the pipeline for later repairs
that negate potential future impacts, and (2) the potential to place a second line on top of the first,
thus essentially sharing pipeline route and ROW. Disadvantages are that it has a wide footprint
that causes extensive damage to marsh and shallow water habitat, and it provides a wide corridor
for saltwater intrusion, tidal scour, and freshwater drainage (that is, large secondary impacts are
possible). Again, the exact location and environment need to be considered as the impacts can
vary from negligible in some open-water areas to high in many vegetated areas.

2.1.4. Push-pull Ditching

Push-pull ditching was designed to push or pull the pipeline through the ditch from a fixed
point along a water body large enough to support a work barge. Construction design mandates
that a pipeline ditch be from 2.4 to 3.0 m wide and from 1.2 to 2.4 m deep. Dredging occurs
along the ditch with heavy machinery built for wetland habitats (a dragline or backhoe mounted
on a marsh buggy), and the spoil is deposited on the opposite side of the ditch from the
machinery or behind the machinery. The total width of the ROW, including the ditch, spoil
bank, and equipment area, is generally from 30 to 35 m. While the push-pull ditching technique
still involves trenching in order to place the pipe in the trench, equipment travel along the trench
is minimized because the largest equipment used to lay the pipe is maintained at staging/access
areas where the pipe is welded, coated, and pushed through the trench across wetlands.

One of the earliest reports of push-pull ditching being used to install a pipeline is an article in
1947 (Anonymous, 1947) in which the author describes pushing a pipeline across marshland in
approximately 5-km segments. Since then, equipment and technology improvements have
greatly increased the distance over which companies can push pipe. One company has recently
push-pulled lines with diameters of 12" and 20" for distances of up to 16 km.

The push-pull ditching method is limited by the need to have straight or very wide radius
bends in the pipeline route, which makes route selection important. Significant impacts are most
likely to occur at staging sites and access points, although the impacts can be minimized if these
areas are located in the least sensitive habitat available as well as in locations with nearby
waterways or roads for access. Other impacts that can accumulate along the length of the
pipeline route include stream crossings and pipe crossings. Extra equipment and room are often
needed in order to pass pipes under existing ones or to restore small streams and tidal creeks.
Impacts are generally limited to these specific areas, making route selection critical. While
considered overall to be more damaging than the directional drilling method, if the route is well
chosen to minimize the number of staging and access areas needed, and if postconstruction
mitigation methods such as backfilling are used, the push-pull ditching method can be used to
effectively minimize many impacts associated with pipeline construction.

2.1.5. Directional Drilling

Directional (or “trenchless”) drilling is the newest and most favored technique in sensitive
habitats. Directional drilling is designed to pass under coastal habitats instead of cutting through
them. Used for the first time in 1982 to protect Mustang Island dunes in Texas (Hale, 1982;
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Wicker et al., 1989), this technique is considered to be extremely protective of sensitive habitats.
Currently, directional drilling is required almost without exception for crossing barrier islands
and shore faces; however, this technique is still being refined to minimize limitations. In 1996, a
pipeline was directionally drilled under Dauphin Island in Alabama from one barge to another.

Directional drilling requires clearing an entrance area (7 x 13 m) and an exit area (13 x 3 m)
for conveyance of drilling and retrieval equipment, respectively. Directional drilling is primarily
used to pass under beaches, navigation canals, and developed areas (Russo et al., 1998). This
technique is limited to short distances and requires either firm substrates to accommodate large,
heavy equipment on land or the use of a barge in open water. In projects lacking firm substrate
or appropriate equipment staging areas, overall impact from access and equipment can nullify
any advantages gained from using this technique.

With directional drilling, the impacts are limited to the access and staging sites for the
equipment. By using directional drilling, pipeline installation can occur without having to cut
through shore facings, thus minimizing any erosion and disturbance of surface habitat. It has
been used successfully to place pipelines under scenic rivers so as not to disturb the bottom water
or impact the banks of the river, as well as to traverse busy navigation canals without
interrupting traffic.

2.2. INSTALLATION TECHNIQUES FOR NAVIGATION CANALS

Navigation canals provide corridors through coastal habitats in order to transport supplies
and materials via boats and ships between inland ports and the outer continental shelf (OCS) of
the Gulf of Mexico. Navigation canals are much wider and deeper than pipeline canals and vary
in size depending on the canal will be used; they are constructed to range from 3.5- to 14.5-m
deep and from 24- to 243-m wide at the bottom of the channel. Some navigation canals are
dredged through wetlands using a dredge barge, while others are natural waterways excavated to
accommodate navigation. Navigation canals often have jetties at the coastline to prevent
siltation by sediments carried in longshore currents.

2.3. MITIGATION TECHNIQUES FOR PIPELINES AND NAVIGATION CANALS

Mitigation, or the minimization of wetland impacts, is particularly relevant along the
northern coast of the Gulf of Mexico where significant impacts from human activities related to
the oil and gas industry occur throughout the wetland systems. In recent decades, loss of
wetlands along this coast has been enormous (Boesch et al., 1994), with oil and gas activities
suggested as one of the contributing factors, among many, of this wetland loss. With more than
12,000 miles of pipelines along the coast of the northern Gulf of Mexico (Risotto and Collins,
1986; Tabberer et al., 1985), the extent to which activities related to these pipelines and any new
pipelines are mitigated may be crucially important to the long-term integrity of the sensitive
habitats (that is, wetlands) in this area. ldentification of effective mitigation techniques is thus of
prime importance.

Below is an overview and discussion of mitigation techniques that have been studied and
used, as well as new and modified mitigation techniques that may not be well documented. All
of the techniques discussed below apply to pipeline canals; only the bank-stabilization
techniques apply also to navigation canals. As navigation canals must remain open and deep to
provide access routes for large ships, most mitigation opportunities encompass protection
measures to prevent or minimize shoreline erosion. The material presented below is based both
on literature reviews of peer- and non-peer-reviewed sources, including permits and planning
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documents, as well as interviews with agency personnel, private land owners, and industry
contractors who have been involved with pipeline installation and mitigation (Appendix 1).

2.4. SHARED RIGHTS-OF-WAY (ROWS)

Rarely are companies able to use existing ROWSs because of safety issues, but they do
willingly plan routes that parallel existing pipelines, transmission lines and/or highways. By
grouping pipelines in corridors, impacts are limited to only a few areas of coastal wetlands, and
potentially the overall impacts are minimized because previously impacted areas (for example,
ROW and equipment passages) are reused (Baumann and Turner, 1990; Cahoon, 1989). There is
some debate over the actual benefits of paralleling existing pipelines; in most cases, pipelines are
far enough apart that the impacts still require a full ROW in previously undisturbed wetlands.

2.4.1. Roadways, Corridors, and Access Points

The choice of construction techniques is one means to minimize equipment tracks because
each technique determines the type of equipment used, as well as (to a certain extent) the number
of trips made along the pipeline and the number and location of necessary staging and access
routes. According to contractors, gaining access to pipeline canals with equipment is one aspect
that does not appear to be considered in selecting the least damaging pipeline route and methods.
Another approach that has been used involves restricting travel to within the construction zone
such as areas of already impacted marsh, dredge spoils, and upland areas.

2.4.2. Timing of Construction

Impacts can be minimized by the seasonal timing of the construction. Currently, some
projects or portions of projects are restricted in order to avoid impacts to endangered species,
particularly seasons for bird breeding. Expanding these restrictions to ensure that there will be at
least part of one growing season for the reestablishment of vegetation before fall/winter storms
hit the wetlands has been discussed but dismissed because of economic reasons. One reason is
that oil companies would lose money waiting extra time for their pipelines to be operational, and
a second reason is that contractor businesses would be negatively affected by high demands for
one part of the year.

2.4.3. Equipment Types and Technology

Aerial photographs highlight some of the long-lasting effects of equipment tracks on the
marsh (Wicker et al., 1989; Cahoon 1989). Limiting the damage from equipment, as well as the
number of pathways and vehicles used, is one straightforward approach to minimizing impacts.

Over the last few decades, equipment technology has improved. Equipment tends to be
lighter, and dredge equipment has a longer and more flexible reach, which allows for better
spreading and placement of material. The adaptation of equipment typically used on land has
also provided opportunities for modifications and changes in mitigation techniques that were
used in the past.

Many reports from the late 1980s suggested using hovercraft and helicopters for installation
of pipelines in order to mitigate impacts (for example Cahoon, 1989; Turner, 1987). One
newspaper article discussed construction of a 20-inch pipeline across peat bogs in Minnesota by
using helicopters (Anonymous, 1959). According to this article, the contractor could not get
equipment into the marsh without the construction of expensive and dangerous roads. Instead,
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they used Sikorsky S-58 helicopters to fly the heavy material needed along the pipeline route. In
this case, it took half a day to do what a ground crew would have done in two weeks. Because
this occurred as early as 1959, it seems that this type of approach may be one effective means of
minimizing impacts, especially in sensitive marsh areas. Along the northern coast of the Gulf of
Mexico, the long distances that often need to be crossed and the costs associated with crossing
them are frequently presented as one reason why helicopters are not a viable option. The use of
hovercrafts has yet to be seriously considered.

2.4.4. Disposal of Dredged and Other Materials

A central feature associated with pipeline and navigation canals is the resulting spoil material
derived from dredging as well as from the clearance of ROWSs. While many new canals are
required to be backfilled using spoil material, navigation canals and some pipeline canals must
be left open for access. There are numerous impacts associated with the existence of these spoil
banks, ranging from soil compaction, hydrologic alterations, and the creation of upland habitats.
Many researchers are of the opinion that spoil levees should not be built in wetlands.
Elimination of spoil levees can be achieved through spoil bank removal, spray dredging, levee
manipulation, and backfilling of pipeline canals. The mitigation of impacts through
manipulations and removal of spoil banks has been one of the main areas of focus. Several
different methods have been used extensively, although few have been quantitatively studied and
compared to identify the benefits of these approaches. The logic behind these different
approaches and their outcomes are outlined below.

2.4.5. Removal of Spoil Banks

Ideally, the entire removal of spoil material would solve the problems associated with spoil
banks; however, difficulties arise in identifying areas to place the spoil, especially for pipeline
and navigation canals that can not be backfilled. In many coastal areas, the expense and
difficulty of removing the spoil make spoil-bank removal a rarely-used method except in
sensitive areas. Another potential use for spoil-bank removal involves the use of spoil material
to fill nearby abandoned pipeline or navigation canals (off-site mitigation).

2.4.6. Spray Dredging

Spray dredging or thin-layer placement is a relatively new technique that is becoming more
popular with management agencies in order to avoid completely the creation of a spoil bank
(Cahoon and Cowan, 1988; Ford et al., 1999) or to be able to provide a sediment subsidy to
subsiding marshes. Thin-layer dredge disposal is seen by many natural resource managers as a
promising technique for the restoration of subsiding marshes by raising elevation and nourishing
existing marsh vegetation, but it is also a technique that can be used to prevent the formation of
spoil banks. Thin-layer placement includes multiple techniques that can be used to achieve the
desired result. The most frequently used techniques for thin-layer placement are high-pressure
spray dredging and low-pressure hydraulic dredging.

High-pressure spray dredging involves a rotating cutter head on a swinging ladder, which
breaks up marsh and underlying substrate, then sucks it through a pump with another cutting
knife to further break it down, and then sprays the material out as a liquefied slurry (Cahoon and
Cowan, 1988). This technique can be used to deposit spoil over an area up to 80-m wide, and the
high-pressure spray nozzle can be aimed in any direction so that the spoil slurry can be deposited
discontinuously so as to avoid impacts to sensitive habitats.
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Low-pressure spray dredging involves the use of fixed-terrain disposal pipes to transport
macerated and liquefied spoil to the disposal site (Cahoon and Cowan, 1988). This technique
can deposit spoil over an area up to 25-m wide. The discharge pipes must be moved frequently
to prevent a high degree of spoil accumulation. With low-pressure dredging, heavier material is
usually deposited closer to the discharge point.

A recent report that included a review of thin-layer disposal projects found that only a few
studies examined the actual impacts of thin-layer disposal on marshes, and theses studies have
been limited largely to habitat studies of salt marsh that are site-specific and short-term (LaPeyre
et al. unpub. data). Most reports dealt with salt marsh projects and focused on one site. Results
were relatively consistent among reports for two soil properties, with higher bulk density and
lower percent organic matter at treatment sites as compared to control sites, but varied in terms
of vegetative recovery and species composition between treatment and control sites. It is unclear
if these variations are caused by site-specific differences, differences in thin-layer disposal
parameters such as method of disposal, depth of disposal or source of sediments, time since
disposal, or some other unmeasured parameters. Only a few studies report on the effects of thin-
layer dredge disposal on fauna, or nutrient status of soils, pore water or dominant plant species in
treatment sites. A recent analysis conducted 7 years after thin-layer disposal found that the
impacted marsh that received sediment showed increased vigor as compared to the control area
(Slocum et al. 2005), suggesting that in the right environment, thin-layer disposal of dredge
material that is not needed elsewhere, could benefit surrounding marshes.

Up-front costs of spray dredging are estimated to be higher than for traditional dredging
methods such as bucket dredging. The increased expense is partially caused by the less-
complicated equipment used in bucket dredging, as well as the fact that most (sub) contractors
along the coast of the northern Gulf of Mexico have not invested in the spray-dredging
technology; however spray dredging minimizes the impacts on the marsh and thus minimizes
costs generally incurred after dredging by using more traditional methods. Restoration such as
gapping spoil banks or backfilling canals is not required. In cases where backfilling is a
desirable option in order to minimize impacts from the existence of the pipeline canal, spray
dredging is not an option.

2.4.7. Levee Manipulation

Early observations by some scientists led to the suggestion that the disposal of dredge spoil
should not form a continuous levee but rather should allow water to pass through openings in the
line of dredge spoil (Turner, 1987). The first levees were used as walkways and built from spoil
placed in a long line paralleling the length of the project. It was determined that this method of
construction was detrimental to the marsh because of its disruption of the natural hydrologic
pattern. For existing levees, a post-construction mitigation technique was developed in which
sections of spoil banks are removed in order to restore hydrologic flow (Gilmore et al., 1981;
Josselyn and Perez, 1982; National Resource Council [NRC], 1991; Turner et al., 1994). New
construction projects involve creating a levee with gaps in such a manner that much of the
natural hydrologic pattern is maintained.

Evidence indicates that if spoil banks can be breached at intervals and widths to restore the
natural hydrology and sedimentation patterns, impacts will be minimized (Willingham et al.,
1975; Turner, 1987; Swenson and Turner, 1987; Reed and Nyman, 1995). Various suggestions
exist for this process, but no set guidelines have yet determined the most beneficial ratio of levee
to open area for different wetland habitats. Too many breaks in the levee result in the need to
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find locations to place the spoil. Either spoil removal must occur, or spoil is piled high, and
significant erosion and widening of the spoil piles occur. Too few breaks in a levee may result in
erosion at the breaks if tidal water movements are restricted to a narrow passage in and out of the
impounded marsh. Along with this, it is suggested that allowing natural spoil bank erosion or
subsidence to occur without rebuilding the spoil banks will eventually result in restoration of
natural hydrological and sedimentation patterns.

2.4.8. Backfilling

Backfilling canals has been suggested as a way to minimize their impacts and to restore
impacted habitats, and it is one of the more common mitigation techniques used (Adkins and
Bowman, 1976; Baumann and Turner, 1990; Turner and Cahoon, 1987; Neill and Turner,
1987a,b). Starting in the 1970s, backfilling began to be required as a permit condition for canal
dredging (after the drilling site is abandoned) or as off-site mitigation for issuance of a permit for
a new canal (Neill and Turner, 1987a,b and unpub. data). Based on OCS permit information,
backfilling of pipeline canals appears to be the most common required mitigation in recent years.
Backfilling involves returning dredged material into the pipeline canal so that the elevation is
restored as close as possible to preconstruction elevation. Backfilling is usually performed by a
barge-mounted bucket dredge or dragline that uses the previously deposited spoil banks to fill the
existing canal. The spoil banks are regraded to as near the marsh elevation as possible and the
fill is placed uniformly over the bottom of the canal. The intended benefits of backfilling are: (1)
reestablishment of marsh vegetation in the canal and on the regraded spoil bank, (2) restoration
of marsh soils on the regraded spoil bank, (3) restoration of natural hydrological conditions
including reestablishing the original drainage patterns, and (4) restoration of habitat for fish and
wildlife (Neill and Turner, 1987a). Backfilling can affect land-water conversion in several ways:
(1) direct land gain, (2) reduction of erosion through changes in water regime, and (3) increased
accumulation of land-building sediment in marsh through increased overland flow and increased
belowground productivity (Turner et al., 1986). Backfilling immediately after construction is
extremely cheap because the equipment is already on site and simply needs to travel the length of
the pipeline once more.

Several studies have estimated the impacts or benefits of backfilling. In Louisiana and parts
of Texas a typical backfilled pipeline canal has been estimated to result in a 75 percent reduction
in direct impacts to the marsh as compared to canals not backfilled (Baumann and Turner, 1990).
Furthermore, 55 percent of all direct impacts attributable to OCS-related pipelines are accounted
for by just 23 percent of the pipelines that were not backfilled (Baumann and Turner, 1990).
Neill and Turner (1987b) found that backfilling initially reduced the median canal depth from 2.4
to 1.1 m. Several studies have documented or monitored the recovery of environmental
conditions associated with backfilled canals. One of the more detailed studies (Abernethy and
Gosselink, 1988) examined the environmental conditions of a backfilled pipeline canal four
years after construction. Restoration success differed significantly among marsh types. The
freshwater marsh had regained over 60 percent of vegetative cover in over one third of its area,
mean depth was 44 cm, and submerged aquatic vegetation (SAV) covered 59 percent of the canal
bottom. In the brackish marsh area, revegetation occurred only in the presence of mineral soils,
canal depth was 67 cm, and SAV covered 23 percent of the bottom of the canal. Finally, in the
salt marsh region, over 80 percent of the area was open water, the mean canal depth was 59 cm,
and SAV covered only 10 percent of the bottom of the marsh. A large monitoring study of 159
km of backfilled pipeline found that after 2 years, impacts were not discernible on beach areas,
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but were still evident in fresh marsh and swamps (Sasser et al., 1983). Equally important, Sikora
and Sikora (1985) found that mean annual abundance of macrofauna in a backfilled canal was
similar to a natural creek and double the abundance of an unfilled canal. An early study
suggested that backfilling was being used with outstanding success (Adkins and Bowman, 1976).
This conclusion was based on the fact that many buried gas pipelines were unnoticeable except
for ROW signs.

Anecdotal and some experimental evidence indicate that backfilling is more successful under
certain conditions. A couple of studies have attempted to identify factors influencing the success
of canal backfilling. Neill and Turner (1987b) examined backfill success as a function of marsh
type, hydrologic unit, time between dredging and backfilling, canal size, organic matter content
of soil, presence/absence of plugs, on- versus off-site mitigation, and skill level of dredge
operators. Unfortunately, they were only able to identify 33 backfilled canals for the study.
Both Neill and Turner (1987b) and Turner et al. (1994) examined backfilling success as a
function of a number of factors and found fairly consistent results: the main predictors of
backfilling success included organic matter content of soil, the amount of soil returned, age of
canal, and skill level of dredge operator. Variation in vegetation within marsh types was too
great to detect differences across marsh types. The timing of backfilling was also important: the
sooner backfilling occurred after construction, the more soil volume remained. From this
research, it was suggested that restoration of the marsh will be most effective if backfilling
occurs in marshes with low organic matter content of soil, canals selected for backfilling are
either less than 5 years old or older than 20 years, and if agencies monitor backfilling operations
to ensure optimum performance of dredge operators.

2.4.9. Single Ditching Versus Double Ditching

Placing dredged material on both sides instead of along one side of the canal has been
suggested as another means to reduce impacts; however, two studies that attempted to compare
backfilling in wetland environments with single ditching versus double ditching were either
inconclusive (Chabreck, 1979), or found no difference (Krone, 1985). Increased costs for double
ditching are also a detracting factor. For example, double ditching in wetlands has been
estimated to add from about $1 to $1.50 per linear foot of excavation to the total costs, in
addition to the average cost of pipe excavation that runs from $3 to $4.50 per linear foot
(Cahoon, 1989). Some contractors feel that the cost and timing differences are negligible and are
willing to use whichever technique is determined to be best or is required by the regulatory
agencies.

One disadvantage of double ditching that can potentially lead to greater negative impacts for
the environment is that it increases the amount of regrading needed. During backfilling,
subcontractors must ensure that the proper amount of spoil is scooped from both sides of the
ditch (Cahoon, 1989). Because the skill level of dredge operators (that is their ability to regrade
to proper elevations) is considered one of the key factors influencing the success of backfilling,
relying on their skills to backfill an increased size of area can potentially double negative
secondary impacts.

2.4.10. Wood Chipping (Forested Wetlands)

A new technique uniquely used in forested wetlands is wood chipping. Wood chipping is
used to reduce the impacts on wetlands from windrows left from trees cut for ROW clearance.
Prior to 1996, trees that were removed for the ROW were always pushed off to one side in
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windrows. While the trees do eventually decompose, it was observed that these windrows had
the potential to act as hydrologic barriers because soil was getting pushed up into the tree piles.
One method that was suggested and has been used to mitigate this impact is to create
discontinuous windrows. There is some debate over how well this works. According to
regulatory personnel, it is difficult to identify the length and distance between breaks in order to
allow normal hydrological flow, and thus this method is not entirely satisfactory; furthermore,
many contractors question the conclusion that windrows are a problem because current
technology allows contractors to stack the wood to the side and does not require pushing up a lot
of sediment with the trees. Combining the new technology for stacking wood with the idea of
forming discontinuous levees is one technique proposed that may have negligible long-term
impacts (decomposition). Others, mostly regulatory personnel, feel that the use of windrows at
all should be avoided. Since 1996 almost no windrows have been allowed in forested wetlands.
The requirement for chipping on site started about 1992 or1993.

The success of wood chipping remains undetermined. Equipment limitations have resulted
in the use of wood chippers that are less than ideal because they shred the wood ineffectively,
often leaving large chunks that still have to be dealt with. Even when good chippers are used,
there is still a problem from the resulting small pieces of wood that tend to float. This is a
problem when there is standing water near a canal that is built to remain open, because when a
large inundation occurs, floating wood is picked up and piled along banks, against trees, or any
other fixed item. This process results in large piles of wood being mixed with sediment—the
very combination that was supposed to be avoided. At the present moment, there is a lack of
sufficient evidence or documentation of the effects of wood chipping, but in the meantime,
companies are experimenting with these techniques. For example, there is recent documentation
of a company that subcontracted wood chipping to a Michigan company that used a state-of-the-
art wood chipper, and the resulting wood was finely chipped to the size of wood used in hamster
cages.

2.4.11. Bank Stabilization

Many of the impacts from pipeline and navigation canals result from erosion during
construction. Stabilization of pipeline and navigation canal banks, especially at natural stream
crossings, is critical. Lack of stabilization can result in the slumping of the sides of canals and
blockage of natural creeks or drainage streams. In constructing canals, measures to control
erosion are generally required through the use of best Management Practices, with the most
common being the requirement of erosion control/siltation fences. Other means of stabilizing
construction areas (during and after construction) have been used, although none have been
extensively studied and tested for their effectiveness. For navigation canals, more recently, the
use of rock jetties and the armoring of shorelines has been used in order to prevent or reverse the
widening of navigation canals that has been noted in previous studies (for example, T. Baker
Smith and Son, Inc., 2002).

2.4.12. Revegetation

Revegetating impacted areas has been used as a form of mitigation for backfilled canals and
is often required by permits. Over the short term, vegetative planting can be extremely valuable
because it accelerates marsh recovery over the first growing season (Chabreck, unpub. data),
which helps to stabilize shorelines, shore banks, and areas surrounding stream crossings where
erosion is likely to occur. Over the long term, several studies and monitoring reports fail to
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provide a clear conclusion on the value of revegetation (Belaire, unpub. data). After a three year
period, differences between natural and revegetated areas are minimal (Chabreck, 1979;
Hinchman and George, 1987; Krone et al., 1987).

The most extensive data exist for the revegetation of dunes, which is less relevant these days
because pipeline surface beach crossings are prohibited by regulatory agencies. Vegetation on
beaches, especially foredunes is considered to be critical to help bind sediments and maintain
dune integrity. There is clear evidence to indicate that vegetated dunes survive storms better
than nonvegetated dunes; however, single studies comparing dunes that were revegetated and
those that were not have shown different results, depending largely on the weather patterns
experienced during the monitoring time (Mendelssohn and Hester, 1988; Hinchman and George,
1987; Odegard et al., 1984). The value of revegetation requirements may vary depending on the
likelihood of erosion in the year immediately following construction.

Revegetation is not always performed because it is considered to be extremely expensive and
labor intensive. Furthermore, revegetation usually requires a second replanting because rarely is
the required standard of 80 percent survival rate by the second growing season achieved from the
initial planting.

2.4.13. Plugs and Dams

Various types of plugs and dams have been used frequently in order to mitigate adverse
hydrodynamic impacts and accelerated erosion. These structures include dams, weirs,
bulkheads, rip-rap, shell/gravel mats, and biodegradable mats. The main reason for installing
these fixed structures is to limit boats and associated wake-generated erosion along canals and to
provide barriers to saltwater intrusion. Plugging canals involves placing structures at the ends of
the canals, 30-60 cm above the elevation of surrounding marshes. Recently, the use of
biodegradable mats, planted/seeded biodegradable mats, and geotextile tubes to prevent erosion
and stabilize sediments adjacent to pipeline and navigation canals has been suggested. With the
exception of geotextile fabrics placed over stream banks for erosion control, most industry and
contractor personnel have little experience with the use of these products, and little monitoring
information is yet available where these have been used.

2.5. SUMMARY

A variety of techniques are used to install pipelines throughout coastal habits, with flotation
canals and push-pull ditching being the most common techniques. Flotation canals are wider and
deeper than push-pull ditches; therefore, they typically cause greater impacts. Most navigation
canals extend through coastal habitats and must accommodate large, oceangoing vessels; thus
direct impacts are always significant. In order to reduce long-term impacts of both pipeline and
navigation canals, numerous mitigation techniques are used including the use of existing ROWSs
and pipeline corridors; spoil bank removal; levee manipulation; spray dredging to dispose of
spoil ; backfilling; wood chipping; revegetation; and plugging and damming. For navigation
canals, a number of these techniques are not viable options, and most commonly, the use of
shoreline stabilization and various techniques to control erosion are used to limit the widening of
navigation canals.
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CHAPTER 3

LITERATURE REVIEW OF ENVIRONMENTAL IMPACTS FROM
PIPELINES AND NAVIGATION CANALS

by Megan K. La Peyre, Thomas E. McGinnis, Il, Donald R. Cahoon

3.1. INTRODUCTION

Environmental impacts from pipeline and navigation canals have been defined and reviewed
by previous studies funded by the Minerals Management Service (MMS) (Tabberer et al., 1985;
Turner and Cahoon, 1987; Wicker et al., 1989). Activities to construct pipelines and navigation
canals often directly impact coastal habitats through the dredging of land, creation of dredged
material banks, and hydrodynamic alterations. In addition, they indirectly impact coastal
habitats through alterations in hydrodynamic, soil, and salinity conditions, resulting in changes to
vegetation and land formations. Tabberer et al. (1985) stated that environmental impacts result
from direct replacement of marsh by open water and dredged material and from alterations to the
hydrologic regime, which induces saltwater intrusion and subsequent erosion of marsh
vegetation. Turner and Cahoon (1987) further defined impacts as a complement of direct and
indirect impacts. Direct impacts result from activities directly linked to the physical conversion
of one habitat to another. Indirect impacts result from primary (direct) impacts but occur at a
different time and/or place from the direct impact and often with additional, gradual conversions
(Table 3.1). Wicker et al. (1989) investigated outer continental shelf (OCS)-related pipelines and
navigation canals in Texas, Louisiana, Mississippi, and Alabama to assess the direct and indirect
impacts of canal crossings on coastal habitats and associated barrier islands and beaches. This
report concluded that the extent of impacts (from pipeline installation) is influenced by
environmental factors such as the location of coastal systems, habitat type and condition, and
sediment availability. The main additional impact caused by navigation canals is physiographic
changes to shorelines that are caused by the presence of jetties.

We have reviewed the literature published since the MMS reports cited above for
information about mitigation techniques (for example, installation methods and backfilling),
restoration of pipeline rights-of-way (ROWS) and the amount of wetland loss attributable to
OCS-related activities. We reviewed 43 pieces of literature pertaining to impacts from pipeline
activities and mitigation efforts published between 1987 (since Turner and Cahoon, 1987) and
2002. Twenty-three pieces are peer reviewed articles; eight are government reports; seven are
symposium proceedings; two are books; two are industry reports; and one is a workshop
summary. No new definitions of impacts or impact types were provided, but some literature
addressed the occurrence and extent of direct and indirect impacts.

3.2. DIRECT IMPACTS

Coastal habitats (barrier beaches, marshes, and forested wetlands) are directly impacted by
construction of pipelines and navigation canals via soil and vegetation removal (dredging),
compaction (machinery traversing and backfill), burial and increased elevation (dredged material
banking), and alterations to coastal hydrodynamics. The severity of direct impacts has been
shown to differ according to habitat type, construction type (for example, navigation canals, open
pipeline canals, and backfilled pipelines), method of installation (for example, flotation canal,
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push-pull ditching), and geological setting (see Willingham et al., 1975; Turner and Cahoon,
1987; Wicker et al., 1989; Baumann and Turner, 1990). Baumann and Turner (1990) attributed
4.0-4.7 percent of marsh loss in Louisiana to direct impacts of OCS-related activities.

Table 3.1

Direct and Indirect Impacts to Coastal Habitats Attributed to Construction and
Maintenance of OCS-Related Oil and Gas Pipelines and Navigation Canals

Direct impacts
Conversion to open water
Conversion to upland
Soil compaction
Soil dewatering and oxidation
Hydrodynamic changes
Drilling mud frac-out

Indirect impacts
Hydrodynamic alterations
Impoundments
Hydrologic efficiency
Channel theft
Freshwater drainage
Saltwater intrusion
Sedimentation changes in coastlines
Subsequent erosion
Sedimentation and erosion
Soil compaction
Wake erosion
Beach erosion and sedimentation patterns
Other erosion (for example, ponding/water flow)
Flank subsidence

3.2.1. Conversion to Open Water

During construction of navigation canals and open pipeline canals, coastal habitats are
converted to open water when soil and vegetation are dredged and permanently removed. On a
per- construction basis, navigation canals directly impact a greater area than pipelines. The
direct conversion of land to water may also occur on backfilled pipelines if the volume of soil
available for backfilling is less than the volume of soil dredged (Willingham et al., 1975). Soil
composition and condition of the substrate on which dredged material is deposited influences the
stability of the spoil bank and the degree of subsequent loss of dredged material for backfilling.
Nichols (1959) observed that in the Chenier Plain of Louisiana, poorly shaped spoil banks made
from mucky soils (with high water and organic content) spread across the flooded marsh. This
spreading of spoil reduces the amount of material available for backfill. Of the backfilled
pipelines, flotation canals usually have less dredged material available for backfilling than push-
pulled ditches because the former have greater amounts of soil dredged and are situated in areas
of low soil stability. The loss of backfilling material also occurs via soil compaction.

46



3.2.2. Conversion to Upland

Coastal habitats are also converted to upland habitats where dredged material is deposited
adjacent to the navigation or pipeline canal and forms spoil banks that have higher surface
elevations than the surrounding habitat. These new upland areas can serve as levees that divert
tidal waters and suspended solids away from their natural flow through flat wetlands and
shallow, tidal channels and into deepened, restricted channels (Willingham et al., 1975; Turner,
1987). Spoil banks all along the northern coast of the Gulf of Mexico have converted typical salt
marsh to shrub/scrub communities (Willingham et al., 1975). In Lafourche Parish in the LDP,
spoil banks in marsh and forested wetlands have been observed in different stages of terrestrial
succession, from herb and/or grass stages to tree stages and progressing to bottomland hardwood
forests (Monte, 1978).

3.2.3. Soil Compaction

Marshes and forested wetland soils can be compacted along navigation canals and pipelines
by the weight of spoil banks, machinery damage, and dewatering and oxidation of soil (through
settlement of backfilled sediments). The compacted soils may recover to sustainable elevations,
convert to open water via ponding and erosion, or change vegetation depending on depth of
compaction, hydrodynamics, and/or plant tolerance and regeneration.

3.2.4. Weight of Spoil Banks

During the dredging of canals, spoil banks are deposited on the habitat along the canal. The
weight of the dredged material will compact the wetland soils beneath it. Nichols (1959)
described the compaction of the marsh organic surface layer and underlying soft clay layer after
spoil levee placement. This compaction increases over time as the spoil settles on the wetland.
Wetland soil compaction may restrict the flow of ground water, thus limiting nutrient cycling.
Also, when the dredged material is used for backfilling a pipeline canal, some of the material is
left in place to maintain the original elevation of the compacted marsh; resulting in a loss of
backfilling material, lower marsh elevation on the pipeline, and conversion to open water in the
surrounding area.

3.2.5. Machinery

Soil can be compacted and vegetation destroyed under the weight and shearing of heavy
machinery (marsh buggies, backhoes, and draglines) used in ROW clearance, trench dredging,
pipeline installation, and backfilling. In brackish marshes of the Texas Chenier Plain (TCP)
(Polasek, 1997) and the Louisiana Deltaic Plain (LDP) (Krone et al., 1987), marsh buggy tracks
on sampling transects were documented at 1 and 3 years after construction, respectively, in the
form of reduced vegetation and open water. In some areas, marsh buggy tracks created during
seismic exploration have been documented to last for several decades (Cahoon, 1989). The
severity of impact from machinery depends on the composition of the soil and the number of
times the machinery passes on a buggy tract.

3.2.6. Dewatering and Oxidation of Soil

Soil compaction may take place within the spoil because of dewatering and oxidation. The
two main factors influencing the dewatering and oxidation of soil are soil conditions (for
example, environment and composition) and the length of time between dredging and
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backfilling. Marsh soil is often in an anaerobic environment (lacking oxygen) and composed of
high water and organic matter content (50-90 percent) depending on the type of marsh (Mitsch
and Gosselink, 2000). Dredged organic soils usually shrink when exposed to an aerobic
environment because water and organic matter are lost via increased evaporation and
decomposition, respectively. This shrinking of the soil results in a volume deficit when
backfilling (Willingham et al., 1975). As the length of time between dredging and backfilling
increases, so does the amount of compaction caused by the dewatering and oxidation of the soil.
In accordance with the loss of volume, backfilled soils also lack the strength provided by plant
roots and cohesion. When insufficient sand is being transported along shore, weak spots are
often created when pipelines are installed as the area becomes more susceptible to breaching
(Penland et al., 1987; Wicker et al., 1989). Areas such as the Texas Gulf Coast generally do not
experience this problem (Wicker et al., 1989).

3.2.7. Direct Hydrodynamic Alterations

As straighter, deeper canals are constructed, other direct impacts are created that may change
system hydrodynamics. Unconnected water bodies can be unintentionally connected by the
dredged canals, insufficiently backfilled ditches, and paths compacted by machinery. Existing
waterways may be closed during construction of an intersecting system. Cross sections of
existing waterways may either be enlarged or constricted depending on association with the
project. Jetties are constructed into littoral currents to prevent siltation.

3.2.8. Frac-out of Drilling Mud

An unusual and somewhat rare direct impact that can be caused by directional drilling is
seepage (i.e., frac-out) of drilling mud. Frac-out occurs when pressurized drilling mud follows
structural differences in sediment to the subaerial surface. The drilling mud is toxic to vegetation
and can cause stress and death. Frac-outs in coastal habitats have most commonly occurred at
shorelines of large water bodies, roads, and levees (David Shwartz, oral comm., 1999)
(Appendix 2).

3.3. INDIRECT IMPACTS

Indirect impacts are usually circumstantial to the direct impacts, and one direct impact may
cause a series of different indirect impacts. The original habitat types may become stressed and
convert to more stress-tolerant habitat types or to open water as a result of hydrodynamic
alterations, ponding from compaction, coastline alterations, and subsequent erosion. Specific
indirect impacts are difficult to assess because factors other than the direct impact, such as
geological setting (for example, subsidence rate and habitat type) and previously existing
impacts, often influence the severity of the indirect impact.

3.3.1. Flank Subsidence

As discussed earlier, soil under spoil banks may compact under the additional weight of the
spoil bank (Nichols, 1959; Reed and Rozas, 1995). Over time, this compaction may extend
away from the spoil bank, resulting in flank subsidence and ponding (Suhayda, 1987). Flank
subsidence and ponding is especially evident along permanent spoil banks and levees of
navigation canals and open pipeline canals. Spatially continuous flank subsidence may also
result in channelization and erosion.
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3.3.2. Indirect Hydrodynamic Alterations

Surface elevation changes result in direct and indirect changes in hydrodynamics and sheet
flow. Increased surface elevation caused by spoil banking may impound surface waters, which
can alter flooding durations and patterns of sediment deposition. Conversely, canals can
artificially drain areas, which may result in loss of fresh water and sediment export from coastal
habitats. Hydrodynamic changes may also impact geomorphic patterns of coastlines.

3.3.3. Impoundments

Impoundments are typically caused by permanent spoil banks along pipeline and navigation
canals. The impoundments are usually unintentional and often occur around intersections of
spoil banks and other raised surface features (for example, other dredged banks, roads, beach
ridges, and dunes). These are generally partial impoundments that are open to sheet flow on at
least one side; therefore, the impacts are usually not as great as with full impoundments. Surface
elevation increases caused by spoil banking may stop sheet flow of water through marshes and
forested wetlands, which results in water and sediment impoundments (Willingham et al., 1975;
Turner, 1987) and thereby reduces or removes tidal influence. Impoundments may decrease or
disconnect the couplings of previously integrated systems by hindering the exchange of materials
(for example, water, sediments, and nutrients) between the impounded marsh and the
surrounding marsh (Boumans and Day, 1994; Cahoon, 1994). Krone et al. (1987) described a
partial impoundment in a brackish marsh of the LDP where a pipeline segment converted to open
water when intersecting with a railroad track.

Impounded wetlands are characterized by longer flooding and drying periods with decreased
frequencies of each because the water is not able to regularly flow on and off the marsh
(Swenson and Turner, 1987). Water enters an impoundment through rain events, large storm
surges (increased water level prior to storm passage) capable of overtopping the spoil banks, and
by tidal action but through fewer tidal channels (i.e., openings in the levees). Water slowly
leaves impoundments as a result of soil absorption, evapotranspiration, and/or restricted surface
drainage. Increased flooding duration may waterlog the soil and subsequently stress the
vegetation, which can result in decreased productivity (for example, biomass and reproduction)
and/or mortality of vegetation (Mendelssohn and McKee, 1988). Increased drying periods may
cause soil compaction via oxidation/dewatering, resulting in a lowered surface elevation, which,
along with decreased sedimentation, may perpetuate increased flooding and waterlogging stress
and may be problematic for the reestablishment of marsh vegetation (Mendelssohn and McKee,
1988; Nyman et al., 1993; Cahoon, 1994).

3.3.4. Hydrologic Efficiency

Straighter, deeper canals may modify wetlands by increasing hydrodynamic efficiency,
which may create indirect impacts including channel theft, freshwater drainage, erosion,
siltation, and saltwater intrusion.

Channel Theft_Channel theft is the loss of natural channels as the hydrodynamics shift to the
straightened path of pipeline and navigation canals (Craig et al., 1979). This may increase the
rate of drainage because the deep, straight canals transport water more efficiently and usually
extend further inland than the shallow, sinuous tidal creeks. The abandoned portions of the
natural channels may eventually be infilled via siltation.

49



Freshwater Drainage Canals may act as a shunt to gather and drain sheet flow more quickly
from wetlands. Such drainage in forested wetlands and marshes could remove freshwater from
local systems and convert them to dryer or saltier habitats. In some marshes of Louisiana,
drainage is thought to cause increased freshwater runoff and decreased freshwater storage
(Gagliano, 1973; Craig and Day, 1977). Along with freshwater runoff, sediments may be eroded
and exported from the system, which may hinder vertical accretion and result in more severe
flooding in the future.

Saltwater Intrusion Navigation canals deepened to a uniform depth provide a corridor for
saltwater intrusion further and faster into coastal habitats than do smaller tidal creeks that
become shallow at their headwaters (Wang, 1987). The density of water increases as the salinity
increases; therefore, a salinity gradient is created in the depth profile of water with saltier water
on the bottom and fresher water on the top. Because tidal creeks generally become shallower as
they meander towards the uplands, saltwater intrusion is limited. In contrast, navigation canals
are deep throughout the coastal zone, which enables saltwater to intrude further into the
wetlands. Mendelssohn and McKee (1987) demonstrated that salinity may result in decreased
plant growth and/or mortality depending on tolerance of the plant species and the amount, rate,
and duration of salinity increase. Salinity trends along the Louisiana coastal zone suggest that
increases in salinity are localized and have an association with deep navigation canals, which
helps explain changes in coastal vegetation from lesser to greater salt- tolerant species (Wiseman
et al., 1990). The combination of saltwater intrusion and the lack of incoming fresh water,
caused by increased drainage and leveeing, allow saline water to move further inland.

Sedimentation Changes of Coastlines Beach formation may differ within and on either side
of pipeline canals and navigation canals because of direct alterations to hydrodynamics and
coastline sedimentation. Pipeline canals may create sediment sinks from long shore currents
until siltation fills the opening. These sediment sinks decrease sediment availability for beaches
located down current (Penland et al., 1987). Jetties extending from a navigation canal into the
Gulf of Mexico to prevent siltation may disrupt long shore currents. This physical disruption
may increase aggradation on the up-current side and erosion on the down-current side of the
jetties (U. S. Dept. of the Army, Corp of Engineers, 1980).

Subsequent Erosion As interior wetlands become subjected to open water, they become more
susceptible to erosion. In addition, habitats along natural waterways that come in contact with
increased water flow can be subjected to new or accelerated erosion. Canals that pass through
barrier islands are open and vulnerable to erosion and may eventually widen to expose adjacent
areas to erosion. In marshes, navigation and pipeline canals that are open to boat travel are
widened by the energy of boat wakes (Baumann and Turner, 1990) and increased water flow
(tidal prism) (Willingham et al., 1975). Interior marsh ponds created by flank subsidence or
machinery compaction may expand into the adjacent marsh via erosion from rotational slumping
and subsequent wave energy from increased wind fetch (Day et al., 1994; Nyman et al., 1994).

3.4. QUANTITATIVE EVIDENCE FOR ASSESSING IMPACTS

The degree to which pipeline and navigation canals are a contributing factor to wetland loss
in the northern Gulf of Mexico remains a subject of much debate (Table 3.2). While many
scientists agree that the construction and existence of this extensive network of pipeline and
navigation canals results in both immediate (direct) and subsequent (secondary) wetland loss,
estimates of their contribution to wetland loss remain controversial. This controversy centers
around the suggestion that the secondary impacts of pipeline and navigation canals are far greater
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in magnitude than those resulting from the direct impacts (for example, Scaife et al., 1983;
Turner 1987, 1997; Boesch and Robilliard, 1987) and that impacts from pipeline and navigation
canals are a dominant cause of wetland loss, alongside subsidence and lack of sediment delivery
to the wetlands. Evidence linking canals to secondary impacts is based predominantly on
correlative evidence and assumptions of causal mechanisms in wetland system functions rather
than any direct experimental evidence. Evidence has accumulated to generally support the idea
that secondary impacts of pipeline and navigation canals may be an important factor in wetland
loss (Table 3.2). For example, it was predicted that extensive landloss would result from the
Mississippi River-Gulf Outlet Canal (MRGO) constructed in 1963 as a result of saltwater
intrusion; however, quantifying such impacts remains a challenge.

This section presents an overview of the quantitative evidence of wetland loss caused by
OCS-related pipelines and navigation canals. Above, we outlined hypothetical mechanisms for
secondary impacts. We revisit these mechanisms with a focus on the actual evidence and data
that support the hypothetical cause and effect relationships, including a discussion of some of the
problems inherent in attempting to quantify secondary impacts.

3.4.1. Estimating Total Impacts

Various estimates of the total, relative direct and indirect impacts of pipelines and navigation
canals on wetland loss in the northern Gulf Coast region (primarily Louisiana) vary enormously
(Table 3.2). They range from low estimates of 9 percent (Britsch and Dunbar, 1993) to 33
percent (Penland et al. 2001b) to high estimates of greater than 50 percent (Turner et al., 1982;
Bass and Turner, 1997; Scaife et al., 1983). A recent panel review of scientific evidence
suggests that wetland losses in Louisiana directly attributable to all human activities account for
less than 12 percent of the total wetland loss experienced since 1930 and approximately 29
percent of the total losses between 1955 and 1978 (Boesch et al., 1994). Of these direct losses,
33 percent are attributed to creation of canals and spoil banks (which is10 percent of overall
wetland loss). While there is a general consensus on the amount of wetland loss that results from
direct impacts of pipelines and navigation canals, there remains a largely unproven assumption
that there is a far greater, although difficult to quantify, percentage of wetland loss that is an
indirect effect of pipelines and navigation canals (Boesch et al., 1994; Turner and Cahoon, 1987,
Penland et al., 2001a,b; Scaife et al., 1983; Turner, 1997; Boesch and Robilliard, 1987).

3.4.2. Estimating Indirect Impacts

Quantifying indirect impacts has proven highly contentious. In theory, indirect impacts are
all losses of wetland areas remaining subsequent to the direct impacts that can be attributed to
pipeline and navigation canals. In practice, teasing out secondary impacts from all other losses
remains a challenge; while studies may suggest impacts, few identify any cause and effect
relationship. The current lines of research in coastal Louisiana involve (1) an estimate of the
percent of total wetland loss or (2) determining a ratio of the relative contribution of direct to
indirect wetland losses. Turner and Cahoon (1987) suggest that 20-60 percent of wetland loss is
from secondary oil impacts, with 4-13 percent attributed specifically to OCS-related activities.
Most recently, Penland et al (2001a,b), in a detailed GIS analysis of causes of wetland loss in the
LDP, concludes that 22.35 percent of wetland loss is from secondary oil impacts. Day et al.
(2000) suggest that in the Barataria and Mermenteau basins in Louisiana (as defined by
CWPPRA 1993) as much as 32 percent of wetland loss may be indirectly caused by canals;
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however, Day et al. (2000) also found that no, or minimal, wetland loss may be attributable to
secondary impacts from canals in other basins such as the Atchafalaya.

Bass and Turner (1997) examined all pipelines in 27 marshes across three of the basins in the
LDP and suggested that indirect wetland losses account for four units of wetland loss for each
unit of direct wetland loss. This ratio is similar to a much earlier estimate of Craig et al. (1979)
that indirect effects of canals on wetland loss are equal to four times the actual area of canals
themselves; thus, using the estimated range of total impacts being 10-80 percent, approximately
8-60 percent of wetland loss could be attributed to secondary canal impacts. One fact that
becomes evident from the research cited above, and that of Wicker et al. (1989), is that certain
characteristics of the pipeline, region, or basin of study may influence the amount of secondary
wetland loss. Other potential causes of wetland impacts include, but are not limited to, access
canals, levees constructed by humans, faults, marsh management (i.e., impoundments), storms,
geologic faults, and repairs to transmission lines.

Difficulties occur when attempting to quantify the exact effect of secondary impacts for
several reasons. One, changes in hydrology and sedimentation occur naturally over long periods
of time, requiring investigators to distinguish background changes. Two, impacts may occur
over very long time periods and may occur in areas somewhat removed from the original impact
site (but see Leibowitz, 1989). Furthermore, secondary impacts are often subtle, involving small
changes in salinity, hydrology, or erosion patterns. Played out over the long term, these types of
changes can have enormous impacts not only on the extent of wetland area but also on the
character and health of the wetland system. Over the short term, these impacts may not be
discernible by large-scale studies. Three, evidence to date suggests that there are numerous
confounding factors that complicate comparisons of the effects of pipelines and navigation
canals (for example, Baumann and Turner, 1990).

3.4.3. Indirect Impacts: Evidence

While estimates of overall landloss are potentially useful, the ability to narrow down the
actual range attributable to secondary impacts may be greatly improved by a better
understanding of the mechanisms involved. Based on the best scientific knowledge available, it
is generally assumed that indirect effects result from modification of natural hydrological flow
and tidal flooding patterns as well as increased erosion. These changes may result in blockage of
sediment input, saltwater intrusion, and vegetative dieback caused by sinking and ponding of
marsh. Below is a discussion of the assumed impacts of canals on hydrology, sedimentation, and
vegetation, along with the limited evidence supporting these assumptions.

3.4.4. Evidence of Indirect Hydrodynamic Alterations

Hydrology is probably the single most important factor for the maintenance of wetland
structure and function (Mitsch and Gosselink, 2000). Hydrologic conditions influence abiotic
conditions such as nutrient availability, soil redox conditions, sediment dispersal and substrate
export, and decomposition, which in turn can influence the hydrologic condition of the wetland.
Thus, any changes in hydrology are likely to have significant long-term impacts on the wetland
system, including wetland loss.

Impoundments The impoundment of marshes from spoil banks is one change in hydrology by
which secondary impacts may contribute over the long term to wetland loss. An early study
documented the lifetime of spoil banks in decades (Monte, 1978), indicating that impacts from
spoil banks may last a long period of time. Aboveground, spoil banks may stop sheet flow of
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water, affecting tidal influence and sediment distribution patterns (Willingham et al., 1975;
Turner, 1987; Swenson and Turner, 1987; Reed and Nyman, 1995). Belowground, the weight of
spoil banks was found to compact wetland soils (Nichols, 1959; Reed and Rozas, 1994).
Furthermore, Nichols (1959) documented that belowground water not only had a smaller area to
pass through beneath a levee (from compaction) but also more impenetrable material. Combined
aboveground and belowground impacts resulted in marsh being hydrologically isolated from
nearby water bodies, which results in reduced exchange of materials (water, sediments, and
nutrients), thereby causing poor drainage of marsh soils and a reduction in sediment input.
Orientation of the canal could be a major factor affecting the impoundment effects of spoil banks
along an OCS-canal.

Impounded marshes may also experience increased drying and flooding times as a
consequence of water being trapped behind the spoil bank once water enters overland during
very high tides (Swenson and Turner, 1987; Reed, 1992; Boumans and Day, 1994; Cahoon,
1994; Cahoon et al., 1995; Reed et al., 1997; Reed and Nyman, 1995). The potential
consequences on wetland maintenance are enormous. As wetland flooding increases and
waterlogs soils, it may result in changes to soil chemistry and surface elevation and may stress
plants to the point where growth reduction or even dieback occurs, leading to further potential
wetland losses (Mendelssohn and McKee, 1987; Nyman et al., 1993; Webb and Mendelssohn,
1996; Baldwin and Mendelssohn, 1998). Although there is evidence to support the assumption
of secondary impacts from spoil banks, there is little evidence to support any quantitative
estimates from resulting impoundments (that is, area impounded resulting in habitat modification
and loss). The difficulty lies in teasing apart the amount of impoundment caused by OCS-related
pipelines from impoundment caused by natural levees, roads, and other types of access canals.

Hydrodynamic Efficiency A number of studies have demonstrated that pipeline canals change
marsh hydrology in ways that affect the hydrodynamic efficiency of the marsh (Craig et al.,
1979; Sikora and Wang, 1993; Turner and Rao, 1990; Wang, 1987). Channel theft, which results
in significantly different flooding and drainage patterns of the marsh (see, for example, Craig et
al., 1979; Sikora and Wang, 1993), and saltwater intrusion from increased connections between
salt and freshwater systems (see, for example., Gosselink et al., 1979; Wang, 1987) are two of
the most significant effects of changes to hydrodynamic efficiency.

Channel Theft Craig et al. (1979) found that the area of natural drainage channels decreased
exponentially with the linear increase in canals. Such decreases have numerous potential
consequences because they can affect the flooding and drainage of marsh. For example, Sikora
and Wang (1993) demonstrated that significant changes in tidal flooding regimes of adjacent
marshes followed the installation of a pipeline canals. These changes resulted in sporadic
flooding interspersed by longer drained periods. Similarly, early research suggested that pipeline
and navigation canals may act to drain wetlands more quickly, causing an increase in freshwater
runoff and a decrease in freshwater storage (Gagliano, 1973; Craig and Day, 1977). Based on
earlier studies, it seems that the actual change in hydrologic regime will vary as a function of the
alignment (orientation) and the local elevation changes at each site (Stone et al., 1978). While
there is, as mentioned above, documented evidence of continuing secondary impacts from canals
in terms of hydrology, the long-term consequences of wetland loss remain undefined.
Furthermore, quantitative changes related to these assumed impacts have not been specifically
measured in terms of resulting habitat modification and wetland loss.
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Table 3.2

Estimates of Total Wetland Loss Attributed to Oil and Gas Activities in the Coastal Zone of the
Northern Gulf of Mexico

Overall Direct Indirect Source Notes
(percent) (percent) (percent)
33.17 10.82 22.35 Penland et al. 2001a, b Louisiana Deltaic
Plain only (1930-
1990)
9.2-18.4 ~0.40 Day et al. (2000) 1930-1990, varies by
basin
6.6 Baumann and Turner (1990) (1955 and 1956-1978
(OCS: 4-4.7)*
20-59 14-16 20-60 Turner and Cahoon (1987) |Consensus
(OCs: 8-17)* (OCSs:4-4.7)* | (OCS 4-13)*
Majority of losses Turner (1997) 1932-1990
12 Britsch and Dunbar (1993)
9 Boesch et al. (1994) Consensus
10 48-97 Scaife et al. (1983)

*OCS = loss attributed to outer continental shelf activities.

Some potential quantitative evidence comes from a correlative study where it was found that
new open water bodies were usually within 1 kilometer of canals and spoil banks (Turner and
Rao 1990). This circumstantial evidence suggests that changes in hydrology and sedimentation
from canals may be contributing to this ponding. Turner and Rao (1990) found that areas with
high wetland loss and ponding had experienced significant hydrologic change, and areas with
low wetland loss and ponding had experienced little hydrologic change. Other activities
including marsh management or nutria eat outs to name two, could also have played a role,
although they are not discussed.

Saltwater Intrusion The effects from saltwater intrusion are specific to navigation canals
(Gosselink et al., 1979; Wang, 1987). Wang (1987) developed a model demonstrating that under
certain environmental conditions, saltwater penetrates further inland in deep navigation channels
than in shallower channels, suggesting that navigation canals act as salt pumps. Two descriptive
cases support this contention. The Calcasieu Ship Channel in the LCP, completed in 1949,
significantly increased the effects of Hurricane Audrey in 1957 when saltwater inundated
Cladium marshes that were previously fresh water. The saltwater intrusion resulted in significant
marsh loss, and the remaining marshes are now intermediate to brackish (Morgan et al., 1958).
Similarly, the death of many of the Taxodium swamps east of the Mississippi River below New
Orleans is thought to be predominantly a result of the construction of the MRGO (Coastal
Environments, Inc., 1972). The remaining area that is now open water is largely Spartina marsh
with old Taxodium trunks.

3.4.5. Altered Sedimentation and Erosion

Sedimentation is critical to marsh maintenance in the northern Gulf of Mexico. In fact, with
continuing subsidence in a large area of the northern Gulf of Mexico, sediment starvation is often
cited as a main reason for wetland loss and has been used to justify large-scale and expensive
water/sediment diversion projects in Louisiana (for example, Davis Pond); however, these
diversion projects are not designed to specifically counter the effects of canals in altering
sedimentation patterns. Nonetheless, there is evidence to suggest that canals may contribute
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substantially to changing sediment patterns and potentially significant sediment loss (Johnson
and Gosselink, 1982; Cahoon and Turner, 1989).

Accretion Neill and Turner (1987b) concluded that there was significantly less sedimentation
behind spoil bank levees as compared to natural levees, presumably as a result of altered
flooding frequency in and depths of marsh. In a detailed study of a salt marsh in the LDP,
Cahoon and Turner (1989) documented an insignificant difference between a lower accretion
rate in a salt marsh adjacent to canals (6 mm) and a slightly higher accretion rate in a salt marsh
adjacent to natural waterways (10 mm). When measuring sediment accretion in the same
marshes along a transect, however, it was found that the average along the transect was higher by
the canal. The difference in rates was suggested to be a result of the influence of the spoil bank
on hydrology and of locally increased erosion caused by nearby pond enlargement. Similar
measurements in a brackish marsh in the LCP found no significant differences between marshes
adjacent to natural waterways and canals within a hydrologically restricted area. Accretion in
both was significantly lower as compared to a brackish marsh in a hydrologically unrestricted
area. Quantitative evidence supports the hypothesis that sediment accretion may be influenced
by canals and spoil banks, but interpretation and use of these results to predict habitat change and
wetland loss is difficult, because there appears to be local factors that may also influence the rate
of accretion (for example, type of marsh and hydrologic restrictions).

Erosion The widening of pipeline and navigation canals subjected to new or increased water
flow, such as energy from boat wakes, is another assumed secondary impact. In this case,
quantitative evidence backs up this claim and provides estimates of the resulting habitat
modification or wetland loss. Two early studies concluded that the annual enlargement of some
canals ranges from 2 to 14.8percent or a doubling rate of 5-35 years (Monte, 1978; Craig et al.,
1979; Johnson and Gosselink, 1982). It was concluded at that time that the area of enlargement
by canals widened through erosion was nearly equal to the area of new canals added each year
(Monte, 1978). These findings indicate potentially significant secondary impacts created solely
from erosion in canals; on the other hand, these findings assume the presence of boat traffic. It
has more recently been concluded that this type of erosion is probably not a significant source of
wetland loss for OCS-related pipelines because most of these are not subject to much boat traffic
(Baumann and Turner, 1990). The influence of erosion in navigation canals, however, may be
significant. In fact, the MRGO is reported to be 2-3 times wider than when it was constructed in
the 1960s (Boesch and Robilliard, 1987).

Other hypothetical secondary impacts from erosion include the effects of increased water
flow (tidal prism) within canals, increased sediment flow caused by the role of canals in
expediting wetland drainage, and the creation of interior marsh ponds from flank subsidence or
machinery compaction (Suhayda, 1987; Nyman et al., 1993). While these suggested
mechanisms of secondary impacts are scientifically valid and logical, none has been quantified in
terms of potential wetland losses.

3.4.6. Evidence of Impacts to Vegetation and Habitat

Understanding the link between vegetative cover and diversity, and canal impacts is
extremely valuable, because vegetation changes are often used as surrogates for measures of
marsh health and viability. We include vegetation change here, although it is more a symptom of
changing hydrology and sedimentation patterns because most estimates of wetland loss in
general, and specifically from canals, are based on these visible vegetation changes.
Furthermore, a cause and effect relationship has been established based on relatively extensive
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experimental work that links multiple stresses such as increased waterlogging, reduced
sedimentation, and increased salinity to vegetative dieback see, for example, Mendelssohn and
McKee, 1988; McKee and Mendelssohn, 1989; Grace and Tilman, 1990; Webb and
Mendelssohn, 1996; Baldwin et al., 1996; Baldwin and Mendelssohn, 1998). Unfortunately,
without having documentation of the actual impacts of canals on these factors (increased
waterlogging, reduced sedimentation, and increased salinity), it is an assumption to state that
vegetative dieback near a pipeline canal is an indirect result of the canal. This conundrum really
gets to the heart of the difficulty scientists have in estimating secondary impacts from canals
because such estimates of impacts rely on an ability to differentiate between changes in
hydrology and sedimentation that are detrimental to vegetation and those that are not.

Because of the relative ease of measuring vegetation change, monitoring and permit
requirements almost always include vegetation cover as an indicator of impacts from pipelines
and navigation canals. In a brackish marsh of the LDP, marsh buggy tracks were documented 3
years after construction in the form of reduced vegetation and open water, suggesting that marsh
deterioration was occurring (Krone et al., 1987). Similarly, Tabberer et al. (1985) found that
vegetative cover decreased around pipelines and suggested that this decrease was a result of
secondary marsh loss from salinity intrusion. A monitoring study of three pipeline corridors
found that total vegetative cover was decreased by 33 percent in the pipeline ditch and 49 percent
within the entire pipeline corridor 1 year after pipeline construction (Polasek and Griffin, 1997).
Continued monitoring of the vegetative health in this instance could indicate if long-term
(secondary) impacts to hydrology and sedimentation had occurred that prevented the vegetation
from recovering from the original (direct) impacts. Clearly, vegetation conditions can be used as
a valuable monitoring tool; however, drawing cause and effect conclusions still requires the link
between sedimentation, hydrology, and canal impacts.

3.4.7. Confounding Factors

Numerous confounding factors such as the age and diameter of a pipeline, methods of
construction, and habitat and geologic region appear to potentially influence findings and
conclusions about direct impacts, suggesting that they may also be critical to include in any
models attempting to quantify secondary impacts (Baumann and Turner, 1990; Scaife et al.,
1983). Again, many of the investigations of environmental impacts have not distinguished direct
and indirect interactions, making it difficult to know how important these are in predicting
secondary impacts. Because most projects have examined direct impacts and because there are
several estimates of ratios between direct and indirect impact, scientists generally assume that
factors influencing direct impacts ultimately play out over the long term, resulting in and
influencing indirect impacts. Outlined below is the best scientific knowledge and scientific
consensus on potential factors that might influence the extent of indirect impacts on wetland
losses.

3.4.8. Age and Diameter of Pipelines

Direct impacts from pipelines tend to increase with increasing diameter and age of pipelines
(Turner and Cahoon, 1987; Baumann and Turner, 1990). Recently built pipelines and pipeline
canals are much narrower than in the past because of advances in technology and improved
methods for installation (for example, push-pulling technique). These improvements in
technology and construction have been largely motivated by a greater awareness among
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regulatory agencies and industry of the total impact of pipeline canals on wetland systems, as
well as increased awareness of the importance of wetland systems in the coastal zone.

3.4.9. Construction Method

Differences in construction techniques lead to some obvious potential differences in coastal
impacts: for example, flotation canals are wider and deeper than push-pulled ditches; therefore,
they typically cause greater impacts. Most navigation canals extend through coastal habitats and
must accommaodate large, oceangoing vessels, thus resulting in wider, open canals.

3.4.10. Mitigation through Backfilling

One of the most important determinants of the extent of impacts is whether or not a pipeline
canal is filled in immediately after construction. Evidence indicates that immediate backfilling
can reduce direct impacts by 75 percent (Baumann and Turner, 1990; Turner and Cahoon, 1987).
Baumann and Turner (1990) calculated that 55 percent of all direct impacts attributable to OCS-
related pipelines are accounted for by just 23 percent of the pipelines that have not been
backfilled. Because it has been suggested that there is a linear relationship between direct and
indirect impacts (see, for example, Bass and Turner, 1997), we can predict that a reduction of 75
percent in direct impacts would likely reduce the amount of indirect impacts. The skill level of
the dredge operator is another factor that is important in considering the effects of backfilling.
Evidence indicates that the ability of the dredge operator to perform the backfilling operation
properly (achieving correct elevations in backfilling) and with minimal maneuvering to reduce
equipment impacts can be critical in the success of the backfilling operation (Cahoon, 1989).

3.4.11. Geologic Region

Baumann and Turner (1990) examined the effect of regional geological characteristics on
direct wetland losses and found that there was no significant difference in pipeline impacts
among multiple regions. In contrast, Turner and Cahoon (1987) suggested that there were higher
impacts from OCS-related pipelines in the LDP as compared to the LCP. In addition, Tabberer
et al. (1985) found that impacts were most severe in the LDP where highly organic soils are
present. Thus, it is not entirely clear whether geologic region or another underlying factor (for
example, soil characteristics) had an impact on the resulting wetland losses.

3.4.12. Hydrologic Basin

Several studies in Louisiana have looked for differences in wetland loss rates attributed
directly to canals within the different hydrologic basins defined by the Coastal Wetlands
Planning, Protection and Restoration Act (1993). Findings indicate that there are significant
differences in loss rates between basins see, for example, Bass and Turner, 1997; Day et al.,
2000); however, no causal mechanism has been suggested. Day et al. (2000) found widely
varying results with strong positive relationships between pipeline canals and wetland loss in
three basins (Breton Sound, Barataria, and Mermenteau) and a significant negative relationship
in the Atchafalaya basin. This variability suggests that (1) other key factors are important in
determining wetland loss rates, and (2) the wide range of estimates of secondary impacts from
different studies may all be legitimate and yet vary as a result of differences among study areas.
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3.4.13. Habitat Type

Evidence indicates that the ratio of impact area to impact length of OCS development may
vary greatly between different habitat types (Baumann and Turner, 1990; Turner and Cahoon,
1987). The largest ratio (greatest impact area to length) occurs in salt, brackish, and fresh marsh;
the smallest in intermediate and forested wetlands, with minimal impacts on beach/dune and
nonwetland areas. Sasser et al. (1983) monitored recovery of 159 km of a backfilled pipeline
and found that after 2 years, impacts were not discernible on beach areas but were noticeable in
fresh marsh and swamps. Similarly, Abernethy and Gosselink (1988) found that recovery was
greatest in fresh marshes and least in salt marshes. Cahoon and Turner (1989) found that salt
marshes had not recovered to the same extent as brackish marshes. Again, if direct impacts vary
significantly among habitat type, it would follow that the secondary impacts may also vary as a
result of wvariation in direct impacts and characteristics of habitat (for example, soil
characteristics and hydrology); however, calculations of impacts from pipeline canals have not
been made separately based on habitat type.

3.5. SUMMARY

In summary, there is very little experimental evidence to support the contention that
secondary impacts may be far more harmful to wetland systems than the initial direct impacts.
On the other hand, most scientists generally support the hypothesis that secondary impacts occur
and that they are probably equal, at a minimum, to the extent of direct impacts. Basic scientific
research of wetland hydrology, sedimentation, and vegetation provides valuable guidance in
initially approximating secondary impacts. Furthermore, based the indirect impacts may also
vary greatly by habitat type, with the least impact being on upland habitats and the greatest
impact being on salt marshes. One important lesson to draw from some of the research reported
so far is that local rates of secondary wetland loss may vary greatly, depending on the region or
locality being considered. In fact, some of the widely varying estimates of secondary impacts
may potentially be explained by the type of pipeline or navigation canal emplacement and the
type of habitat being disturbed.

Over 20 years ago, it was concluded that the “influence of canals is . . . a continuing legacy
that extends decades beyond the time of construction” (Scaife et al., 1983). The mechanisms and
impact of this legacy remain difficult to quantify. A comprehensive study estimating the long-
term impacts of pipelines and navigation canals that accounts for such confounding factors as
region, construction type, and habitat type would provide valuable information. Furthermore,
because regional estimates of indirect wetland losses mask many details necessary to understand
and predict canal impacts, more pipeline-specific and local analyses may be valuable. This
information would contribute not only to our scientific knowledge and understanding of wetland
loss in the coastal zone of the northern Gulf of Mexico but would also provide much needed
information to be used by managers in devising solutions to wetland loss.
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CHAPTER 4

REGIONAL ANALYSIS OF LANDLOSS, WETLAND LOSS, AND
HABITAT CHANGE

by Donald R. Cahoon, Philippe F. Hensel, and Megan K. La Peyre

4.1. INTRODUCTION

To begin to quantify the effects of Outer Continental Shelf (OCS)-related pipelines and
navigation canals on landloss, wetland loss, and habitat change in the Minerals Management
Service’s (MMS) Western and Central Planning Areas of the Gulf of Mexico, we analyzed the
entire populations of pipelines and navigation canals within the Texas barrier islands (TBI),
Texas Chenier Plain (TCP), Louisiana Chenier Plain (LCP), Louisiana Deltaic Plain (LDP), and
Mississippi-Alabama coastal plain (MACP). This evaluation is used to address questions 1
and 2:

Question 1. Are the localized rates and patterns of landloss within the immediate
vicinity of the entire population of OCS-related pipelines and navigation
canals similar to more general regional rates and patterns of landloss?

Question 2. Do the rates and patterns of localized landloss, wetland loss, and habitat
change within the immediate vicinity of the entire population of OCS-
related pipelines and navigation canals differ over time and among the five
subareas?

4.2. METHODS
4.2.1. Datasets

In order to address the questions, two geographic information system (GIS) data layers were
obtained for analysis.

4.2.1.1. Datalayer 1: Trends of landloss for the entire LCP and LDP subareas of
Louisiana

Data layer 1 is available only for Louisiana and was obtained from U.S. Geological Survey
(USGS) Open-File Report 94-01 (Barras et al., 1994). Barras et al. (1994) summarized rates of
landloss for 10 hydrologic basins (defined by the Coastal Wetlands Planning, Protection and
Restoration Act [CWPPRA], 1993) within each subarea (four basins in the LCP and six basins in
the LDP). Means and standard errors of transformed data on percentages of landloss per subarea
were calculated from the basin data.
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4.2.1.2. Data Layer 2: Trends of land and wetland loss and habitat change within
300-m wide (150 m to either side) of every OCS-related pipeline and 1,000-
m wide (500 m to either side) of every OCS-related navigation canal for
each of the five subareas

Data layer 2 was obtained from a 300-m wide buffer zone established around each pipeline in
each subarea (150 m to either side of the pipeline centerline) or a 1,000-m wide buffer zone
established around each navigation canal in each subarea (500 m to either side of the canal
centerline). Data were expressed as the percentage of total buffer area composed by each habitat
type for each of 3 years of imagery spanning from the 1950s to the 1990s (La: 1956, 1978,
1988/1990; Tex: 1956, 1979, 1992; MACP: 1956, 1979, 1988/1996). In addition, changes in
wetland and total land area were calculated for each of the two consecutive time intervals (for
example, for La., 1956-1978 and 1978-1988/1990) within the span of imagery. Percentage of
wetland change was calculated as the change in area of wetland habitat over a given interval,
divided by the wetland area remaining at the end of that interval. Total land area was calculated
as the difference between total habitat area and open-water area. Percentage of change in total
land area was expressed as the change in total land area over a given interval divided by the area
of land remaining at the end of the interval. For rates of both wetland and total land change,
cumulative change data were also normalized by dividing wetland and land area by the length of
the corresponding intervals, resulting in annual rates of change. The buffers for the earlier time
interval (for example the 1950’s to the 1970’s) were constructed based on the extent of pipelines
and canals in the second time interval and therefore included habitat classifications reflective of
conditions prior to construction for those pipelines built after the first interval.

The habitat types classified in the GIS analysis were the same for the TBI, TCP, and MACP,
but they varied for the LCP and LDP (Table 1.4). For the analyses of habitat change described
herein, only fresh, nonfresh, and open water habitat types were evaluated. In all subareas,
nonfresh marsh consists of brackish and saline marsh categories. In the MACP, open water
consists of both fresh and nonfresh open water. In the Texas subareas and the MACP, fresh
marsh also includes wetland forests and wetland scrub/shrub. In the Louisiana subareas, fresh
marsh includes the intermediate marsh category. Rates of habitat change were expressed as a
percentage of the remaining total habitat in the subarea or buffer zones. Landloss was calculated
in direct relation to the changes in open water. An increase in open water was interpreted as an
increase in landloss, and a decrease in open water was interpreted as land gain. Loss in fresh or
nonfresh marsh was calculated as a change in the respective habitat and, therefore, does not
necessarily imply a corresponding change in open water or landloss (for example, an area of
fresh marsh may have been converted into agricultural land).

4.2.2. Statistical Analyses

By using data layers 1 and 2, average landloss within the ten hydrologic basins of the LCP
and LDP (as defined in CWPPRA, 1993) was compared to land and wetland loss within the
buffers of pipelines (300-m wide) and navigation canals (1,000-m wide) in the entire pipeline
populations of the LCP and LDP. One-tail T-tests were performed on data that were transformed
(by arcsine, square root) in order to ensure stable distributional properties (Neter et al., 1990).
Variance/standard error estimates for the t-tests were generated from data layer 1 by using basin
values as replicates within each subarea (no variance estimates were available from data layer 2,
since those data provide a population parameter). This analysis tests whether the rates of
landloss associated with populations of OCS-related pipelines and canals in the LCP and LDP
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were higher than rates of landloss reported more generally for the same coastal area, without any
direct association with OCS-related pipelines or canals. Since we characterized and compared
the entire population of OCS-related pipelines and navigation canals in each subarea, there was
no need to run sample statistics. Thus the specific value of each comparison was evaluated
according to its ecological significance.

4.3. RESULTS
4.3.1. Trends of Land and Wetland loss within 300 m of Pipelines
4.3.1.1. Texas

Both land and wetland loss within the populations of OCS-related pipelines was higher
within the TCP than within the TBI (Table 4.1). The rates of annual land and wetland loss
doubled in the TCP from the time span of 1956 t01979 to the time span of 1980 t01992, although
the cumulative percentages of land and wetland loss were similar between the two time periods.
In contrast, there was a gain of land and wetland in the TBI from 1979 to 1992, following a
modest rate of land and wetland loss from 1956 to 1979.

Table 4.1

Trends of Land and Wetland Loss Within 300 M (150 M to Either Side) of Pipelines in the Entire
Population of Pipelines in the Texas Subareas®

Time interval Subarea Cumulative Annual rate of Cumulative Annual rate of
landloss landloss (percent) | wetland loss wetland loss
(percent) (percent) (percent)
1956-1979 Barrier islands 4.91 0.21 5.88 0.26
Chenier plain 5.04 0.22 6.30 0.27
1979-1992 Barrier islands (0.44) (0.03) (2.72) (0.21)
Chenier plain 6.94 0.53 6.84 0.53

'Negative values for net landloss are given in parentheses and correspond to a net land gain.

4.3.1.2. Louisiana

Accumulated landloss within coastal Louisiana from 1956 to 1978 was 6-7 percent, which
occurred at an annual rate of 0.28-0.33 percent. Accumulated landloss from 1979 to 1990 was 2-
3 percent, corresponding to a slightly lower rate of annual landloss of 0.18-0.28 percent.
Landloss did not differ substantially between the LDP and LCP during either time interval (Table
4.2) (Barras et al., 1994). The analysis by Barras et al. (1994) was not designed to distinguish
among the various likely causes, both human and natural, contributing to this landloss; nor did it
distinguish between land and wetland loss.
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Table 4.2

Trends of Landloss in Coastal Louisiana (Barras et al., 1994)

Time interval Subarea Cumulative landloss Annual rate of landloss
(percent) (percent)
1956-1978 Chenier plain 6.22 +/- 3.74 0.28 +/- 0.17
Deltaic plain 7.28 +/- 2.04 0.33 +/- 0.09
1978-1988/1990 Chenier plain 2.22 +/-1.04 0.185 +/- 0.09
Deltaic plain 3.33 +/-1.36 0.28 +/- 0.11

In both the LDP and LCP, the percentage of landloss was higher within the pipeline
population than was more generally reported for the region of coastal Louisiana by Barras et al.,
1994 (Tables 4.2 and 4.3). Landloss within pipeline populations was higher in the LDP and was
greater than the regional trend in coastal Louisiana during both time intervals; however, landloss
in the LCP was only significantly greater than the regional trend during the period from 1978 to
1990. Although this analysis does not indicate the cause(s) of landloss, these trends suggest that
pipeline location was associated with enhanced landloss and that this relationship differed
between the LCP and LDP subareas. Land near pipelines in the LDP was more likely to convert
to open water than land near pipelines in the LCP.

Table 4.3

Trends of Landloss within 300 m (150 m to Either Side) of Each Pipeline in the Entire Population of
Pipelines in the Louisiana Chenier and Deltaic Plains®

Time interval Subarea Landloss Annual rate of P-Value for comparison to
(percent) landloss regional trends in coastal
(percent) Louisiana
(Barras et al., 1994)

1956-1978 Chenier plain 9.2 0.42 T 4=3 P =0.160

Deltaic plain 19.75 0.89 T g4t=5 P = 0.003

1978-1988/1990 |Chenier plain 4.9 0.41 T 4=3 P = 0.059

Deltaic plain 8.9 0.74 T 4=5 P = 0.007

'For comparison with data in Barras et al. (1994) (Table 4.1), one-tail t-tests were conducted on
transformed (by arcsine, square root) data.

Wetland loss within the vicinity of pipelines in the LCP and LDP (Table 4.4) was greater
than the corresponding regional landloss in coastal Louisiana (Barras et al., 1994) between 1956
and 1978 (Table 4.3). This trend suggests that some wetlands were converted to other categories
(for example, upland or agriculture) during that time interval. In the second time interval (1979-
1990), wetland loss in the pipeline populations of both the LCP and LDP was less than landloss.
This trend suggests that some terrestrial habitat types (for example, upland or agriculture)
converted to open water. As with landloss, wetland loss within the pipeline populations was
greater in the LDP than in the LCP and in the first time interval compared to the second (Tables
4.3 and 4.4).
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Table 4.4

Trends of Wetland Loss within 300 m (150 m to Either Side) of Pipelines in the Entire Population
of Pipelines in the Louisiana Chenier and Deltaic Plains

Time interval Subarea Wetland loss (percent) |Annual rate of wetland loss (percent)
1956-1978 Chenier plain 11.2 0.51
Deltaic plain 21.7 0.99
1978-1988/1990 |Chenier plain 1.1 0.09
Deltaic plain 6.1 0.51

4.3.1.3. Mississippi-Alabama Coastal Plain

Land area within the population of OCS-related pipelines in the MACP remained essentially
unchanged during the period from 1956 to 1988/1996 (combined data from 1988 and 1996).
Land increased from 1956 to 1979; although the increase was a fraction of a percent (15 ha
gained out of a total of almost 5,700 ha) (Table 4.5). Developed land was one of the few land
habitats that experienced a large gain over this time period (+ 3.5 percent of total area), although
nonfresh and scrub/shrub wetlands posted minor gains (+ 0.6 and + 0.3 percent, respectively).
Land was lost in the following interval, which complicates the evaluation of the trend; however,
less than 40 ha were lost, representing only a fraction of a percent of total area. Fresh marsh
experienced the greatest total loss in area (5.5 percent) compared to all other known land types
over the latter time interval. Over the entire span from 1956 to 1988/1996, wetland area
increased by 8 percent. The 5 percent increase between 1956 and 1979 represented about 137
ha. The largest contributor to this trend was a sharp increase in wetland forest, from 1,217 ha in
1956 to 1,762 ha in 1988/1996, an increase of about 540 ha or 6.5 percent of total habitat area.
Declines in fresh marsh and wetland scrub/shrub mitigated some of this gain in wetland forest.
This increase in wetland habitat compares to a decrease of 15 ha of open water. Increased
wetland area without a corresponding loss in open water suggests that some previously classified
upland habitat converted into wetlands. It is uncertain if this is an artifact of the
photointerpretation or if it represents an actual transgression of wetlands over the uplands.

Table 4.5

Trends of Land and Wetland Loss within 300 m (150 m to Either Side) of Pipelines in the Entire
Population of Pipelines in the Mississippi-Alabama Coastal Plain*

Time interval Cumulative Annual rate of Cumulative Annual rate of
landloss landloss wetland loss wetland loss
(percent) (percent) (percent) (percent)
1956-1979 (0.26) (0.01) (4.8) (0.22)
1979-1988/1996 0.70 0.04 - 0.07 3.2) (0.18 - 0.32)

! Loss rates for the period 1979-1988/1996 are given as a range covering the two end points, 1988
and 1996. Negative values for net land or wetland loss for all periods are given in parentheses
and correspond to net land or wetland gain.
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4.3.2. Trends of Habitat Change within 300 m of Pipelines
4.3.2.1. Texas Subareas

There were only slight trends in habitat change within 300 m of pipelines in Texas (Figure
4.1). The percentages of fresh marsh were low (< 2.5 percent) and increased slightly over time
in both the TBI and TCP (Figure 4.1). The percentages of nonfresh marsh were low in both the
TBI (< 3 percent) and TCP (< 10 percent) and decreased slightly over time. Open water was by
far the most widespread habitat type (> 80 percent) and increased slightly over time. The main
characteristics held in common between the TBI and TCP include the dominance of the open
water habitat type and its relative stability over the 36-year time span. The extent of fresh marsh
in both areas is very small.

4.3.2.2. Louisiana Subareas

There were important trends in habitat change within 300 m of pipelines in Louisiana. Open
water increased over time, and nonfresh marsh decreased with time in both the LCP and LDP
(Figure 4.2); however, trends in fresh marsh differed between the Louisiana subareas, with fresh
marsh increasing in the LCP (Figure 4.2A) but decreasing in the LDP (Figure 4.2B). Overall, the
percentage of open water was greater and the percentages of fresh and nonfresh marsh were
smaller in the LDP compared to the LCP.

64



90 -
80
70
60
50 -
40
30 -
20 -
10 -

0 e o = ‘

1950 1960 1970 1980 1990 2000
Year

o
o

Percentage of Habitat

—&— Fresh Marsh = [E = Non-fresh Marsh —@— Open Water

90 -
80 @ —0— —0
70 -
60 -
50 -
40
30
20
10

0 L 4

1950 1960 1970 1980 1990 2000
Year

—&— Fresh Marsh = [E = Non-fresh Marsh —@— Open Water

Percentage of Habitat

[a]
(]
[]

Figure 4.1. Trends of localized habitat change within 300 m (150 m to either side) of pipelines in
the Texas populations. A, Texas barrier islands. B, Texas Chenier Plain.

65




60 - A

50 -
IS
‘@ 40 -
T
> 2
o 30 -
o] IR - -
o 20 A Tl 3
& T -E
10 A
O T T T T T T T T 1
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
Year
=g Fresh Marsh - {3} - Non-Fresh Marsh —e@— Open Water
60 - B
50 A

A
o
Il

Percentage of Habitat
w
o

10 - — Q
0 T T T T T T T T 1
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
Year
=g Fresh Marsh - {F+ - Non-Fresh Marsh —@— Open Water

Figure 4.2. Trends of localized habitat change within 300 m (150 to either side) of pipelines in the
Louisiana populations. A, Louisiana Chenier Plain. B, Louisiana Deltaic Plain.
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4.3.2.3. The Mississippi-Alabama Coastal Plain

Fresh marsh increased gradually over time, from 29 percent in 1956 to 31 percent in
1988/1996 (Figure 4.3); however, this increase is an artifact of the GIS analysis that is caused by
differences in the way in which wetland forests, wetland scrub/shrub, and fresh marsh habitats
were classified over the three time periods. As noted in the previous section, fresh marsh by
itself (without the addition of wetland forest and wetland scrub/shrub) decreased during the
second interval. Nonfresh marsh, which covered only a small proportion of total area (< 5
percent), showed little variation over time. Open water remained essentially unchanged over the
entire period, at about 33 percent of total habitat area.
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Figure 4.3. Trends of localized habitat change within 300 m (150 m either side) of pipelines in the
entire population of the Mississippi-Alabama coastal plain.

4.3.3. Trends of Net Land and Wetland loss within 1,000 m of Navigation Canals
4.3.3.1. Texas Subareas

Rates of both land and wetland loss within the population of OCS-related navigation canals
in the TCP were extremely high between 1956 and 1979 (Table 4.6). This high rate of land and
wetland loss was in part caused by a large increase in open water associated with the
Houston/Galveston Navigation Channel (from 6,516 to 7,219 ha, an increase of almost 10
percent). Large losses in nonfresh marsh occurred over this interval, including a 97 percent loss
(from 157 to 4.5 ha) in the Texas City Channel, and a 40 percent loss (from 536 to 325 ha)
associated with the Sabine Pass channel. The fact that landloss was almost twice the amount of
wetland loss is related to large losses in the upland/unknown (99.2 percent) and shore/flat
habitats (85.7 percent) within the Houston/Galveston Navigation Channel. From 1979-1992,
landloss in the TCP declined sharply, but wetland loss remained high (close to 10 percent of the
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total area) and on an order of magnitude larger than landloss. Wetland loss was most related to
losses in nonfresh marsh and wetland scrub/shrub habitats, as other wetland habitat types
remained relatively constant throughout the period.

Both landloss and wetland loss remained consistently low within the TBI over the 36-year
period (Table 4.6); however, the rates of both land and wetland loss in the TBI more than
doubled between the two time (photograph) intervals of 1956 to 1979 and 1979 to 1992.

Table 4.6

Trends of Land and Wetland Loss within 1,000 m (500 m to Either Side) of Navigation Canals in the
Canal Populations of the Texas Subareas

Time interval Area Cumulative | Annual rate of Cumulative Annual rate of
landloss landloss wetland loss wetland loss
(percent) (percent) (percent) (percent)
1956-1979 Barrier islands 2.34 0.10 1.71 0.07
Chenier plain 35.83 1.56 18.07 0.78
1979-1992 Barrier islands 2.70 0.21 2.65 0.20
Chenier plain 0.90 0.07 9.81 0.75

4.3.3.2. Louisiana Subareas

Landloss within the vicinity of navigation canals in the canal population of the LDP was
significantly greater than rates of regional loss reported for coastal Louisiana by Barras et al.
(1994); furthermore, population loss rates were greater from 1956 to 1978 than from 1978 to
1990 (Table 4.7). Landloss in the canal population of the LCP was consistently lower than the
regional trend for coastal Louisiana (Barras et al., 1994), although the differences were not
significant. Loss was higher in the first time interval than the second in the LCP. Since most
navigation canals were built prior to 1956, Table 4.7 indicates that the rate of loss within 500 m
to either side of canals declined over time. This declining rate could be related to a decreasing
proportion of land available for conversion or could indicate that the canal impacts actually
diminished over time. The fact that navigation canals were associated with increased landloss in
one subarea but reduced loss in another suggests that local conditions were very important in
influencing a habitat’s sensitivity to canal impacts.
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Table 4.7

Trends of Localized, Net Landloss within 1,000 m (500 m to Either Side) of Navigation Canals
in the Canal Populations of the Louisiana Subareas

Cumulative Annual rate of P-Value for Comparison
Time interval Subarea landloss landloss (percent) to regional trends in
(percent) coastal Louisiana

(Barras et al., 1994)
1956-1978 Chenier plain 3.0 0.14 P =0.832
Deltaic plain 23.8 1.08 P =0.006
1978-1988/1990 |Chenier plain 1.1 0.09 P =0.801
Deltaic plain 6.0 0.50 P =0.056

' For comparison with data in Barras et al. (1994), one-tail t-tests were conducted on
transformed (by arcsine, square root) data.

Wetland loss associated with OCS-related navigation canals (Table 4.8) was greater than
landloss, both within the regional data reported for coastal Louisiana by Barras et al. (1994)
(Table 4.1) and within the canal populations (Table 4.7), except in the LCP over the interval of
1978 t01990 when wetland gain occurred in the populations. Greater wetland loss compared to
landloss suggests that some wetlands were converted to other land categories (for example,
upland or agriculture). In contrast, the gain of wetland area in spite of landloss indicates that (1)
some nonwetland areas converted to open water while others converted to wetland, and (2) that
delta progradation occurred in some areas, such as Wax Lake Outlet.

Table 4.8

Trends of Localized, Net Wetland Loss within 1,000 m (500 m to Either Side) of
Navigation Canals in the Canal Populations of the Louisiana Subareas®

Time interval Subarea Cumulative wetland | Annual rate of wetland
loss (percent) loss (percent)
1956-1978 Chenier plain 14.2 0.64
Deltaic plain 27.1 1.23
1978-1988/1990 |Chenier plain (7.0) (0.58)
Deltaic plain 5.3 0.44

! Negative values for net wetland loss are given in parentheses and correspond to
net land or wetland gain.

4.3.3.3. Mississippi-Alabama Coastal Plain

Landloss within the population of OCS-related navigation canals in the MACP ranged from
4-5 percent during the entire period from 1956 to 1988/1996 (Table 4.9). Important losses in
agriculture/pasture (-3.8 percent total area) and nonfresh marsh (-2.2 percent) accompanied the 1
percent increase in open water area between 1956 and 1979. Between 1979 and 1988/1996, the
most important landlosses were in developed land (-1.6 percent), upland forest (-1.6 percent),
and nonfresh marsh (-0.5 percent). Wetland loss between 1956 and 1979 was very high (37
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percent of the remaining area of wetland) and was partly related to the very low percentage of
total wetland area in this dataset (less than 8 percent of the total area). The wetland loss between
1956 and 1979 was mostly caused by loss of nonfresh marsh (-2.2 percent). Wetland loss
between 1979 and 1988/1996 was caused by loss of nonfresh marsh (-0.5 percent) and wetland
scrub/shrub (-0.4 percent).

Table 4.9

Trends of Land and Wetland Loss within 1,000 m (500 m Either Side) of Naviqation Canals in
the Canal Population of the Mississippi-Alabama Coastal Plain

Time Cumulative Annual rate of Cumulative Annual rate of
interval landloss landloss wetland loss wetland loss
(percent) (percent) (percent) (percent)
1956-1979 3.9 0.18 37.0 1.68
1979-1988/1996 4.9 0.270.49 1.9 0.100.19

! Loss rates for the period 1979-1988/1996 are given as a range covering the two end points,
1988 and 1996.

4.3.4. Trends of Net Habitat Change within 1,000 m of Navigation Canals
4.3.4.1. Texas Subareas

Trends in localized habitat change within 1,000 m of navigation canals were similar to those
in the vicinity of pipelines, with open water being the most widespread habitat type and with
fresh and nonfresh marsh composing much smaller components of the population areas (Figure
4.4). Fresh marsh represented an insignificant habitat type within the TBI (< 0.1 percent) and
changed little over the years analyzed (Figure 4.4). Nonfresh marsh occupied a larger area of the
TBI but underwent an important decline over the 36-year period (from 2 percent to 1 percent;
Figure 4.4). The percentage of open water remained rather constant in the TBI, although it
exhibited a slight increasing trend, mirroring the loss in nonfresh marsh (from 74 percent to 75
percent; Figure 4.4).

As in the TBI, the TCP had little fresh marsh and comparatively more nonfresh marsh;
however, both habitats suffered important losses over the 36-year span (Figure 4.4). The
combined losses in the two habitat types totaled only 5.6 percent of the total area, but this
corresponded to 78 percent and 85 percent of initial area for fresh and nonfresh marsh habitats,
respectively. Open water, the dominant habitat type, increased steadily from 73 percent in 1956
to 83 percent in 1992 (Figure 4.4). Open water and nonfresh marsh were greater in the TCP
compared to the TBI; however, the greater value in nonfresh marsh in the TCP decreased over
time because of losses of this habitat.

4.3.4.2. Louisiana Subareas

Trends in localized habitat change within 1,000 m of navigation canals were similar to those
in the vicinity of pipelines, with decreasing nonfresh marsh associated with increasing open
water area over the period from 1956 t01990. As with habitat change associated with OCS-
related pipelines, fresh marsh increased in the vicinity of navigation canals within the LCP
(Figure 4.5) but decreased within the LDP. Overall, the percentages of open water within canal
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populations were greater, and the percentages of fresh and nonfresh marsh were smaller in the
LDP compared to the LCP.
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Figure 4.4. Trends of localized habitat change within 1,000 m (500 m to either side) of the
navigation canals within the Texas populations. A, Texas barrier islands. B, Texas
Chenier Plain.
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4.3.4.3. Mississippi-Alabama Coastal Plain

The area of fresh marsh within 1,000 m of navigation canals increased slightly between 1956
and 1988/1996, from 3.2 percent to 3.8 percent (Figure 4.6). In contrast, nearly one-half of the
nonfresh marsh present in 1956 was lost by 1988/1996 because the percentage of its area
decreased from 5.0 percent to 2.8 percent. Open water within the canal population increased
slightly over time, from 80 percent of the total area in 1956 to 82 percent in 1988/1996.
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Figure 4.6. Trends of localized habitat change within 1,000 m (500 m to either side) of navigation
canals in the entire population of the Mississippi-Alabama coastal plain.

4.4, SYNTHESIS

The analyses in this chapter provide an overview of patterns and trends of habitat change
within the entire populations of OCS-related pipelines and navigation canals within the MMS
Western and Central Planning Areas. The analyses do not account for differences in
construction dates and do not compare population trends to reference sites, with the exception of
Louisiana where the trends within populations of pipelines and navigation canals are compared
to regional trends for coastal Louisiana (Barras et al., 1994). Answers to questions 1 and 2
below were developed from the analyses in this chapter only. Question 1 could be answered
only for Louisiana because regional trends for landloss were not available for the Texas subareas
or for the MACP. Intensive analyses of impacts from OCS-related pipelines and navigation
canals including comparisons to reference sites and the influences of construction date on trends
in habitat change are presented in Chapter 5. In those analyses, samples of pipelines and
navigation canals selected from the entire subarea populations are considered in detail.
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Question 1. Are the localized rates and patterns of landloss within populations of OCS-
related pipelines and navigation canals similar to more generally reported
regional rates and patterns of landloss in coastal Louisiana?

Our analyses revealed strong temporal and spatial trends in landloss in the proximity of OCS-
related pipelines (150 m to either side) and navigation canals (500 m to either side) within the
respective populations of the LDP and LCP. Spatial analyses revealed that landloss was
consistently higher in the vicinity of pipelines compared to more general, regional trends in both
the LDP and LCP (Barras et al., 1994), and the same was true in the vicinity of navigation canals
in the LDP. It seems, therefore, that the locations of these OCS-related pipelines and navigation
canals were associated with enhanced landloss, suggesting that the pipelines and canals
contributed to the loss. Temporal analyses revealed that landloss decreased over time, and the
pattern was the same in more general, regional trends (Barras et al., 1994) and in trends of
landloss within the populations of pipelines and canals in both subareas. Because regional level
data were not available for the Texas subareas and MACP, this question was not answered for
these regions.

Question 2: Do the rates and patterns of landloss, wetland loss, and habitat change
within populations of OCS-related pipelines and navigation canals differ
over time and among the five subareas of the MMS Western and Central
Planning Areas?

Strong temporal and spatial trends in landloss, wetland loss, and habitat change existed
within the immediate vicinity of OCS-related pipelines (150 m to either side) and navigation
canals (500 m to either side) in the MMS Western and Central Planning Areas of the northern
Gulf of Mexico.

4.4.1. Impacts from Pipelines
4.4.1.1. Land and Wetland loss

Within the immediate vicinity of OCS-related pipelines in the pipeline populations, annual
landloss rates were highest in the LDP and lowest in MACP, and rates decreased over time
except in the TCP and MACP where the rate increased two-fold (Figure 4.7A). The pattern of
wetland loss within the immediate vicinity of OCS-related pipelines was similar to the pattern for
landloss (Figure 4.7B). The higher loss rates for Louisiana, and especially the LDP, can be
explained, at least in part, by the high density of pipelines located there, the relatively large
number of open pipeline canals located there, and high rates of subsidence coupled with reduced
riverine sediment input. The lower loss rates for the TBI and MCAP can be explained, at least in
part, by the construction method used to install the pipelines. Many of the pipelines in these two
areas were constructed by directionally drilling under coastal wetlands or push-pulling with
backfilling in consideration of the sensitive environments, which reduced the direct and indirect
impacts to these habitats. In contrast, four of the thirteen pipelines in the TCP were constructed
by the flotation method. In the MACP, net landloss was negligible (~ 25 ha) in the vicinity of
OCS-related pipelines from 1956 to 1988/1996, and there was an 8 percent gain in wetland area
during the same time period.
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Figure 4.7. Annual rates of percent landloss (A) and percent wetland loss (B) within 150 m to either side
of OCS-related pipelines in the entire pipeline populations of the Louisiana Deltaic Plain
(LDP), Louisiana Chenier Plain (LCP), Texas Chenier Plain (TCP), Texas barrier islands (TBI),
and Mississippi-Alabama coastal plain (MACP).
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4.4.1.2. Habitat Change

From the 1950s to the 1990s, there were strong spatial trends in habitat change within the
immediate vicinity of OCS-related pipelines within the entire pipeline populations of Louisiana,
with important differences between the LDP and LCP. In both subareas, open water increased
and nonfresh marsh decreased. In the LDP, fresh marsh also decreased, but it increased in the
LCP. Trends in habitat change were negligible in the Texas subareas and MACP in large part
because of the very large amounts of open water and the minor contribution of fresh and
nonfresh marsh. The trends in slight habitat change in Texas generally mirrored those of
Louisiana (with increasing open water and decreasing nonfresh marsh), suggesting regional
patterns of habitat change in association with OCS-related pipelines.

4.4.2. Impacts from Navigation Canals
4.4.2.1. Landloss

From the 1950s to the 1970s, annual rates of landloss within the immediate vicinity of OCS-
related navigation canals within the entire canal populations were highest in the TCP and lowest
in the TBI (Figure 4.8). The loss rates decreased dramatically in the Chenier Plain (both the TCP
and LCP) and the LDP but increased dramatically in the MACP and TBI from the 1970s to the
1990s. Many of the navigation canals in all of the subareas populations were constructed prior to
1956, the first year of data in the GIS; thus, the decrease in loss rate could reflect a slowdown in
canal-widening processes resulting from shoreline stabilization efforts along the older canals, or
from a decrease in erodable land in the vicinity of the canals. The increased loss rate in the
MACP was related largely to loss of developed land and upland forest. Reasons for the doubling
loss rate in the TBI are not clear from this analysis.
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Figure 4.8. Annual rates of landloss (percent) within 500 m to either side of OCS-related
navigation canals in the entire canal populations of the Louisiana Deltaic Plain (LDP),
Louisiana Chenier Plain (LCP), Texas Chenier Plain (TCP), Texas barrier islands
(TBI), and Mississippi-Alabama coastal plain (MACP).
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4.4.2.2. Wetland loss

From the 1950s to the 1970s, annual rates of wetland loss within the immediate vicinity of
OCS-related navigation canals within the entire canal populations were highest in the MACP and
lowest in the TBI (Figure 4.9). The loss rates decreased dramatically from the 1970s to the
1990s in the MACP and LDP, decreased only slightly in the Chenier Plain (both the TCP and
LCP), and increased two-fold in the TBI. In the Louisiana subareas, the rate of wetland loss was
higher than the rate of landloss. In the MACP, land and wetland losses were greater in the
vicinity of OCS-related navigation canals than OCS-related pipelines, but the high rates of
wetland loss were partly related to the very low percentage of total wetland area in the dataset, so
that a small absolute change resulted in a large relative change.
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Figure 4.9. Annual rates of wetland loss (percent) within 500 m to either side of all OCS-related
navigation canals in the entire canal populations of the Louisiana Deltaic Plain (LDP),
Louisiana Chenier Plain (LCP), Texas Chenier Plain (TCP), Texas barrier islands (TBI), and
Mississippi-Alabama coastal plain (MACP). Specific time intervals differed among the
subareas, so “Time 1” represents the 1950s to the 1970s, and “Time 2" represents the
1970s to the 1990s.

4.4.2.3. Habitat Change

From the 1950s to the 1990s, there were strong spatial trends in habitat change within the
immediate vicinity of OCS-related navigation canals in the entire canal populations of the
Louisiana and Texas subareas, with relatively minor changes in the MACP. In the Texas
subareas, there was little change in fresh marsh, while nonfresh marsh decreased, and open water
increased. In the Louisiana subareas, the trends differed between the LCP and LDP. Although
nonfresh marsh decreased and open water increased in both subareas, fresh marsh increased in
the LCP but decreased in the LDP. The general trends in both the Texas and Louisiana subareas
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(that is, increasing open water and decreasing nonfresh marsh) mirrored those seen previously in
association with the OCS-related pipelines, and these similarities underscore regional patterns of
habitat change (Barras et al. 1994). It is important to note that nonfresh marsh also showed a
proportionally important decline in the MACP as well. With this analysis, it is not possible to
disassociate trends related uniquely to impacts from OCS-related pipelines or canals from larger,
regional trends related to a host of other contributing variables, such as other human activities or
natural causes. A more in-depth analysis of habitat change with respect to distance from OCS-
related pipelines or canals will give further insights into the relationships between the observed
habitat changes and inferred impacts from OCS-related pipelines or canals (Chapter 5).
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CHAPTER 5

INTENSIVE ANALYSIS OF SAMPLES OF OUTER CONTINENTAL
SHELF-RELATED PIPELINES AND NAVIGATION CANALS

by Donald R. Cahoon, Philippe F. Hensel, and Megan K. La Peyre

5.1. INTRODUCTION

Our second approach for quantifying the effects of Outer Continental Shelf (OCS)-related
pipelines and navigation canals on landloss, wetland loss, and habitat change in the Minerals
Management Service’s (MMS) Western and Central Planning Areas of the Gulf of Mexico
involves a site-intensive evaluation of sample pipelines and navigation canals. This evaluation
compares trends within the immediate vicinity of sample pipelines and navigation canals to
reference sites located up to 1.5 km away. It also includes a comparison of preconstruction and
postconstruction trends for impact and reference sites. The findings from these analyses are used
to address Question 3:

Question 3: What are the localized impacts of OCS-related pipelines and navigation
canals on wetland habitats within their immediate vicinity?

5.2. METHODS
5.2.1. Datasets

In order to address question 3, two geographic information system (GIS) data layers were
obtained for analysis.

5.2.1.1. Data layer 3. Subwatershed trends of habitat change within 3 km (1.5 km
to either side of the centerline) of selected OCS-related pipelines and
navigation canals chosen from data layer 2 (Chapter 4).

Data layer 3 was obtained from subsamples of data layer 2. The pipelines were selected
through a restricted randomized process, being chosen from a list of all pipelines in each subarea
after having been screened to represent the most common characteristics of pipelines in a given
subarea (for example, age, construction type, and mitigation type). The selection of navigation
canals was restricted so as to exclude canals that were along the borders of subareas (for
example, the Louisiana Deltaic Plain and the Louisiana Chenier Plain). Since the navigation
canals represented a much smaller population than pipelines, their selection was by default
proportionately more restricted, and only one to three canals (typically two) were chosen from
each of the subareas.
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5.2.1.2. Data layer 4. Subwatershed trends of change to wetland habitats and
open water located within 3 km (1.5 km to either side of the centerline) of
the pipelines and navigation canals in data layer 3, subdivided into
nonoverlapping buffer zones located at increasing distances from the
centerline.

Data layer 4 was generated from a classification of wetland habitats within three
nonoverlapping buffer zones (four buffer zones for Louisiana pipelines) located within 3 km of
selected, individual sample pipelines and navigation canals from each subarea. Data were
analyzed for each of the three years marking the beginning and end of two consecutive time
intervals respective to each subarea. For pipelines, the buffer zones included a “pipeline buffer”
located 0 m to 150 m to either side of the centerline, “buffer 2” located from 150 m to 1,350 m to
either side of the centerline, and a “reference buffer” located 1,350 m to 1,500 m (or 1.5 km) to
either side of the centerline (Table 5.1 and Figure 5.1). For navigation canals, the buffer zones
were located to either side of the centerline with the following dimensions: the canal buffer was
0 m to 500 m; buffer 2 was 500 m to 1,000 m (or 1 km); and the reference buffer was 1,000 m to
1,500 m (or 1 to 1.5 km) (Table 5.1 and Figure 5.1). This sampling design was based on the
assumption that the reference buffers are located beyond the direct and indirect impacts of a
pipeline and at least beyond the direct impacts of a navigation canal. Data were expressed as the
percentage of a given buffer occupied by each habitat type.

Table 5.1

Description of Buffer Sizes Used in the Analysis of Wetland Habitat Associated with
Selected Samples of OCS-Related Pipelines and Navigation Canals in the Texas
Subareas and the Mississippi-Alabama Coastal Plain

Buffer dimensions (m) Total buffer
Dataset Buffer name From: To: width (m)*
Pipelines Pipeline buffer Centerline 150 300
Buffer 2 150 1,350 2,400
Reference zone 1,350 1,500 300
Canals Canal buffer Centerline 500 1,000
Buffer 2 500 1,000 1,000
Reference zone 1,000 1,500 1,000

! The sum of all buffers around each select pipeline and navigation canal is 3,000 m
(or 3 km) (1,500 m either side of the centerline). See Figure 5.1.
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Figure 5.1. Physical layouts of buffers around selected samples of OCS-related pipelines (top panel) and
navigation canals (lower panel) in the Texas subareas and the Mississippi-Alabama coastal
plain. See Table 5.1.
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5.2.2. Texas

To compose the sample sets for the Texas subareas, 5 pipelines and 3 navigation canals were
chosen from the entire population of 21 pipelines and 6 canals in the TBI, and 3 pipelines and 1
navigation canal were chosen from the entire population of 13 pipelines and 4 navigation canals
in the TCP (Table 5.2, Figure 1.2, and Figure 1.3). Habitat change was calculated for each of
two time intervals: 1956-1979 and 1980-1992. The habitat types analyzed were fresh marsh,
nonfresh marsh, and open water. The sampling design of the buffers for this analysis is shown in
Figure 5.1.

Table 5.2

Characteristics of Selected Samples of OCS-Related Pipelines and Navigation Canals in the Texas
Barrier Islands (TBI) and Texas Chenier Plain (TCP)
Multiple dates indicate date of construction of sequential segments of a pipeline.

Subarea Type Name Year Method Mitigation
Texas Barrier  |Pipeline Transco 20" 1989 Directional |Transplant
Island drill vegetation
Transco 36" 1971/1985 |Push-pull  |Backfill,
Jetting
Enron 24"/20" 1980/1985 |Push-pull  |Double
ditch,
Backfill,
Contour,
Timing
Texas Power 1990 Directional |Backfill
Corporation 16" drill
Amoco 14" 1978 Push-pull  |Backfill
Navigation Canal Brazos Santiago Pass 1960
Corpus Christi Canal 1919
Matagorda Ship Canal 1967
Texas Chenier |Pipeline Pennzoil 8" 1980 Flotation Backfill
Plain Enron 16" 1972  |Push-Pull  |[Backfill
Transco 24"/16" 1978 Push-pull  |Backfill
Navigation Canal Sabine Pass 1912

5.2.3. Louisiana

To compose the sample sets, six pipelines and two navigation canals were chosen in the
Louisiana Chenier Plain (LCP), and five pipelines and two navigation canals were chosen in the
Louisiana Deltaic Plain (LDP) (Table 5.3, Figure 1.4, and Figure 1.5) to include the most
prevalent characteristics of pipelines within each subarea (for example, age, construction type,
and mitigation type). Habitat change was calculated for each of two time intervals: 1956-1978
and 1978-1988/1990. The habitat types analyzed were fresh marsh, nonfresh marsh, and open
water. Another buffer layer was added (Figure 5.2) to provide additional resolution in these
landscapes where both wetland loss and human alterations (for example, oil/gas drilling and
flood control) are prevalent. Buffer 2 was further subdivided into two buffers located 150 m to
500 m (buffer 2) and 500 m to 1,350 m (buffer 3) to either side of the centerline (compare to
Figure 5.1).
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Table 5.3

Characteristics of Selected Samples of OCS-Related Pipelines and Navigation Canals in the Louisiana
Chenier Plain (LCP) and Louisiana Deltaic Plain (LDP) [NI = no information]

Subarea Type Name Year Method Mitigation
Louisiana Pipeline Amoco 20" 1982 |Push-pull |Backfill
Chenier Plain Transco 16" 1958 |Push-pull  |Backfill, Dam

Mobil 16" 1978 |Push-pull |Double ditch
SONAT 36" 1972 |Flotation Backfill
Texas Gas 20" 1978 |Push-pull |Backfill, Corridor
Tennessee Gas Pipeline (TGP) 1968 |Push-pull |Dam
26"
Navigation |Calcasieu Ship Canal 1949
Canal Freshwater Bayou Canal 1968
Louisiana Pipeline United Gas 12" 1972 |NI NI
Delta Plain SONAT 18" 1967 |NI NI
SONAT 20" 1991 |Push-pull |Backfill, Corridor
Trunkline 30" 1981 |Flotation Backfill
Tennessee Gas Pipeline (TGP) 1959 |Flotation Dam
20"
Navigation |Wax Lake Outlet 1940s
Canal Houma Navigation Canal 1962
2000
1500 Reference buffer
1000 - Buffer 3
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Figure 5.2. Physical layouts of buffers around selected samples of OCS-related pipelines in the
Louisiana subareas.
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5.2.4. Mississippi-Alabama Coastal Plain

To compose the sample sets for the Mississippi-Alabama coastal plain (MACP), 5 pipelines
and 2 navigation canals were chosen from the population of 10 pipelines and 4 navigation canals
(Table 5.4 and Figure 1.6) to include the most prevalent characteristics (for example, age,
construction type, and mitigation type). Habitat change was calculated for each of two time
intervals: 1956-1979 and 1980-1988/1996. The habitat types analyzed were fresh marsh,
nonfresh marsh, and open water. Unlike in the Texas and Louisiana subareas, the fresh marsh
category in the MACP analysis also included fresh marsh, wetland forest, and wetland
scrub/shrub habitat categories. The sampling design of the buffers for this analysis is shown in
Figure 5.1.

Table 5.4

Characteristics of Selected Samples of OCS-Related Pipelines and Navigation Canals in the
Mississippi-Alabama Coastal Plain (MACP)
Multiple dates indicate date of construction of sequential segments of a pipeline.

Subarea Type Name Year Method Mitigation
Mississippi/Alabama  |Pipeline Chandeleur 12" 1964 Push-pull Backfill
Coastal Plain Tennessee Gas 1958 Flotation Dam

Pipeline 30"
Exxon 24" 1986 Directional drill  |Corridor
Shell 12" 1986 Directional drill  |Corridor
Duke Energy 20" 1991/ Directional drill
1994
Navigation |Pascagoula Channel [1955
Canal Theodore Ship 1956-1979
Channel

5.2.5. Statistical Analyses
5.2.6. Sample Representativeness

This analysis determined how closely the samples resembled the entire populations from
which they were selected. The average percentages of habitat type within the buffers of selected
pipelines and navigation canals (data layer 3) were compared to percentages of habitat type
within the buffers of the entire subarea-wide populations of pipelines and navigation canals (data
layer 2) for the three years of imagery respective to each subarea. The analysis was conducted
for the pipeline buffers and canal buffers only (Figure 5.1). Habitat types included fresh marsh,
nonfresh marsh, and open water. Comparisons were made by using two-tail T-tests. Data for
both the sample buffers and the entire populations were transformed (by arcsine, square root) to
ensure stable distributional properties (Neter et al., 1990). Because of the small sample sizes
involved in this analysis, a Type | error of 10 percent was considered acceptable, so significance
was declared at P < 0.1.

Mean percentages of habitat types and corresponding standard errors for the samples of
selected pipelines and navigation canals were obtained from a mixed effects, repeated measures
analysis of variance (ANOVA). Each pipeline and canal contained data for all corresponding
habitat types (any missing habitat types were replaced by zeros). Once each pipeline and canal

84



was selected, the proportions of different habitat types were fixed within each pipeline or canal.
Pipelines and canals were therefore considered random blocks, and the fixed habitat types were
modeled within a randomized block design. The effect of time was modeled through a split-plot,
repeated measures framework, with the fixed time effect occurring at the main plot level; the
randomized block design to test for habitat types occurred at the split-plot level (Milliken and
Johnson, 1992). The statistical models were run using the “Mixed” procedure in the
SAS/STAT® software (SAS Institute, Inc., 1999), “which allowed specification of the variance-
covariance matrix structure, modeling the correlation over space (split plot) and time (whole
plot). Three structures were evaluated for both the split-plot (the “random” statement) and the
whole plot (the “repeated” statement): variance components, compound symmetry, and
autoregressive-1% order. The best fitting variance structures were determined on the basis of
Akaike’s information criterion (AICc) corrected for small sample sizes SAS 1999). Separate
models were run for pipelines and navigation canals; least squares means and standard errors
were retained for use in the T-tests with population values (above).

Data layer 2 was a summation of the combined effects of all factors (that is, all pipeline and
navigation canal ages, all construction methods, and all habitat types) on habitat change. The
sample mean (from data layer 3) represented specific combinations of factors present in the
sample. The comparisons given in this analysis, therefore, provided insights into differences in
habitat trends related to the specific combination of factors present in the sample and how
representative the sample was of the entire population values, respective to each sample set.

5.2.7. Distance and Time Effects

This analysis was conducted to test for the effects of distance and time on the percentage of
area occupied by a given habitat type in proximity to sample OCS-related pipelines and
navigation canals. Average percentage of habitat type was compared among the three
nonoverlapping buffers from the selected, individual navigation canals and pipelines (data layer
3). This distance effect was analyzed over time, resulting in an analysis that tested for distance-
by-time interactions.

A mixed effects-repeated measures ANOVA similar to that in the analysis for sample
representativeness was used, with the fixed “habitat” effect replaced by the fixed “distance”
effect, and separate models were run for each habitat type (fresh marsh, nonfresh marsh, and
open water). For each analysis, distance zones represented the split-plot effect, with time as the
whole-plot effect. The model was evaluated for the main effects of distance and time, as well as
their interaction. Any significant terms were subsequently analyzed by using SAS/STAT®
software (SAS Institute, Inc., 1999) with Tukey-adjusted contrasts and comparisons. Both
transformed and nontransformed dependent variables were used, yielding very similar results,
both in terms of model fit as well as model estimates. For ease of interpretation, the results
presented in this report relate to the models using nontransformed data.

Since pipeline construction dates occurred throughout the 1950s to the 1990s, some
ambiguity exists regarding the interpretation of trends in landloss among the different buffer
zones over time. For this reason, a second model was used, in which the variable identifying
years was replaced by a dichotomous variable (the variable PHASE) characterizing dates as
either preconstruction or post construction of the pipeline. Since the variable PHASE contains
the same information as the variable YEAR, except partitioned differently, the null hypothesis
would be that habitat change is explained equally well by both models. If the model with
PHASE provides a better fit than the model with YEAR, then changes in habitat are more likely
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related to pipeline construction than other time-dependent processes. The model with PHASE
was evaluated for the main effects of distance and construction date, as well as their interaction.
Any significant terms were subsequently analyzed by using SAS/STAT® software (SAS
Institute, Inc., 1999) with Tukey-adjusted contrasts and comparisons. This analysis was not
conducted for the navigation canals because a large portion of them was constructed prior to
1956, the first available year of GIS data.

Data Interpretation Constraints. It should be noted that data on regional trends in habitat
change before and after construction activities of OCS-related pipelines and navigation canals
are not available. Without knowing regional patterns of habitat change, we cannot say
definitively if the trends detected by our analyses reflect solely the impacts of OCS-related
pipelines and navigation canals, or rather if the impacts are a combination of impacts from OCS-
related constructions and other time-dependent processes. For example, perhaps all wetlands in
the entire region were undergoing the trajectory of change detected for those wetlands within the
vicinity of the selected OCS-related pipelines and navigation canals.

5.3. RESULTS
5.3.1. Impacts on Habitat Change in the Sample Pipeline Buffers
5.3.1.1. Texas

Comparison of Sample and Population Analyses of Pipeline Impacts Nine of the 18
comparisons (two subareas, three years, three habitat types) of percent habitat between sample
pipelines and the entire pipeline population revealed statistically significant differences. The
sample values for open water were consistently at least 10 percentage points lower than the
population values (for example, 70 percent versus 80 percent) for all years in both subareas
(1956 to 1992, TBI: P = 0.066, 0.066, and 0.071; TCP: P= 0.014, 0.019, 0.024). In addition, the
sample values for nonfresh marsh were double the population values (for example, 20 percent
versus 10 percent) in the TCP for all years (P = 0.014, 0.030, 0.018). Overall, the sample values
closely matched the population values for fresh marsh and nonfresh marsh, except for the sample
pipeline values for nonfresh marsh in the TCP, which were consistently higher than the
corresponding population values. In contrast, all sample values were lower than the population
values for open water, including estimates for all pipelines at all times. The differences in
sample and population values indicate a sample bias, which did not affect the outcome of the
data analysis (see below).

Impacts in the Sample Pipeline Buffers of the Texas Chenier Plain There was no significant
distance effect in the three habitat types in the TCP (P > 0.3, Figure 5.3). Although the changes
were not statistically significant, fresh and nonfresh marsh area increased while open water area
decreased as distance from the pipeline increased, indicating there was more open water and less
marsh near the pipeline compared to the reference buffer. Although interactions of distance by
year were not statistically significant, the nonfresh marsh and open water habitats showed
significant year effects (P = 0.04 and P = 0.01, respectively), but not the fresh marsh habitat (P =
0.67, Figure 5.4). Nonfresh marsh decreased by 5 percentage points, while open water increased
by 6 percentage points, suggesting a tight relationship between these habitat types within the
TCP. The pattern of more open water and less marsh near the pipeline, coupled with an
increasing trend of open water over time, could suggest that the pipelines affected these habitats.
This suggestion is constrained, however, by a lack of statistical significance.

86



100 -, O Pipeline buffer
1 mBuffer 2

©
© 80 | gReference buffer

< 1 T
= T
(@]

p 60 -

[e)) i

&

c 40 -

Q

3 i

(]

o

20 | {—-—E
0

Freshmarsh Nonfresh marsh  Open water
Habitat Type

Figure 5.3. Mean percentage area (x1 standard error) per buffer zone for three
habitat types surrounding sample pipelines in the Texas Chenier
Plain subarea. Differences among buffers not significant (P > 0.3).
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Figure 5.4. Mean percentage area (x1 standard error) per year for three
habitat types surrounding sample pipelines in the Texas Chenier
Plain subarea. Differences among years were significant for
nonfresh and open-water habitats (P < 0.04). Significant
differences at a Tukey-adjusted pairwise comparison error rate
of 0.10 are indicated by different letters within a habitat type.

In an ANOVA model specifying both distance and PHASE effects, the phase of pipeline
construction was significant in both nonfresh and open-water habitats (P = 0.06 and 0.04,
respectively), but not in fresh marsh (P=0.8). Nonfresh marsh decreased, but open water and
fresh marsh increased after pipeline construction (Figure 5.5). The percentages of habitat type
did not change significantly with distance away from pipelines (P > 0.4), and the distance by
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phase interaction effect was also not significant. The pattern of more open water after pipeline
construction suggests that pipelines could have affected habitat change.
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Figure 5.5. Mean percentage area (+1 standard error) before and after pipeline
construction for three habitat types surrounding sample pipelines in the
Texas Chenier Plain subarea. Differences among phases with respect
to pipeline construction were significant for nonfresh and open-water
habitats (P = 0.06 and 0.04, respectively) and are indicated by
different letters within a habitat type.

When comparing the YEAR and PHASE statistical models, it is clear that the variable YEAR
provides a better fit for all habitat types in the TCP (Table 5.5); however, the model with PHASE
fits the data almost as well. For the TCP, only open water had a significant PHASE effect. The
similarity in model fit among all three habitat types in the TCP suggests that changes in open
water were related to pipeline construction, while changes in fresh and nonfresh marsh were
more related to time-dependent processes other than canal construction.
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Table 5.5

Comparison of Model Fitting in the Texas Chenier Plain: Time-Dependent Trends (YEAR) Versus Pipeline
Construction Phase (PHASE)
(Smaller values (in absolute value) of information criteria denote a better-fitting model.)

Information criteria

Habitat Model -2rt AIC? AlCS?

Fresh marsh YEAR -27.1 -21.1 -19.4
PHASE -37.2 -31.2 -29.8

Nonfresh marsh YEAR -46.4 -38.4 -35.3
PHASE -55.1 -47.1 -44.6

Open water YEAR -45.8 -39.8 -38.1
PHASE -55.0 -47.0 -44.5

! .2 x Residual log likelihood.
2 Akaike’s information criterion (AIC).
% Akaike’s information criterion corrected for small sample sizes (AIC().

Impacts in the Sample Pipeline Buffers of the Texas Barrier Islands In an ANOVA model
specifying distance (buffers) and year effects, the distance effect was not significant for any of
the three habitat types in the TBI (Figure 5.6). Although the changes were not statistically
significant, areas of fresh marsh and open water area decreased while nonfresh marsh increased
with increasing distance from the pipeline. The trend of decreasing open water with distance
was not affected by the sample bias towards less open water (see above), because the sample
pipeline buffers contained significantly less open water than the buffer areas of the entire
population on all dates. All habitats showed significant year effects (Figure 5.7), but the
distance-by-year interactions were not significant. Fresh marsh and open water increased, while
nonfresh marsh decreased over time. The slight changes in the three habitats appear to balance
out, suggesting a tight relationship among these habitat types within the TBI. The pattern of
more open water and less marsh near the pipeline, coupled with an increasing trend of open
water over time, could suggest that the pipelines were affecting these habitats, because one
would expect changes to occur, at least initially, closest to the direct impact (for example,
conversion to open water). This suggestion is constrained, however, by a lack of statistical
significance and knowledge of regional trends in habitat change.
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Figure 5.6. Mean percentage area (+1 standard error) per buffer zone for three habitat
types surrounding sample pipelines in the Texas barrier islands subarea.
Differences among buffers not significant (P > 0.3)
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Figure 5.7. Mean percentage area (+1 standard error) per year for three habitat types
surrounding sample pipelines in the Texas barrier islands subarea.
Differences among years were significant (P < 0.058). Significant differences
at a Tukey-adjusted pairwise comparison error rate of 0.10 are indicated by
different letters within a habitat type.

In an ANOVA model specifying distance and PHASE effects, the phase of pipeline
construction was highly significant within the open water and nonfresh marsh habitats in the
TBI, with open water increasing and nonfresh marsh decreasing after construction (P < 0.003,
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Figure 5.8). The distance-by-phase interaction effect was significant for the fresh marsh, with
more fresh marsh in all buffers and a decrease, rather than increase, with distance after
construction. These data indicate there was more fresh marsh in the vicinity of pipelines after
construction, but particularly in the pipeline buffer. Like the YEAR model, there was no
distance effect, and the distance trends were similar. The increase in open water after
construction suggests that pipelines had an affect on habitat change.
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Figure 5.8. Mean percentage area (x1 standard error) before and after pipeline
construction for three habitat types surrounding sample pipelines in the
Texas barrier islands subarea. Differences among phases with respect to
pipeline construction were significant for nonfresh and open-water habitats (P
= 0.003 and 0.002, respectively) and are indicated by different letters within a
habitat type.

When comparing the YEAR and PHASE statistical models, it is clear that the variable YEAR
provides a better fit for all three habitat types in the TBI (Table 5.6); however, the model with
PHASE fits the data almost as well. Because PHASE was a significant variable for all habitat
types, the similarity among the goodness-of-fit statistics suggests that much of habitat change
over time was explained by pipeline construction date, but other time-dependent processes also
affected habitat change in the TBI.
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Table 5.6

Comparison of Model Fitting in the Texas Barrier Islands: Time-Dependent Trend (YEAR) Versus
Pipeline Construction Phase (PHASE)
(Smaller values (in absolute value) of information criteria denote a better-fitting model.)

Information criteria

Habitat Model -2rt AIC? AlCSE
Fresh marsh YEAR -85.4 -77.4 -76.1
PHASE -95.1 -87.1 -85.9

Nonfresh marsh YEAR -115.1 -107.1 -105.8
PHASE -129.0 -121.0 -119.8

Open water YEAR -159.7 -151.7 -150.4
PHASE -169.3 -161.3 -160.2

! .2 x Residual Log Likelihood
2 Akaike’s information criterion (AICC)
% Akaike’s information criterion corrected for small sample sizes (AICc)

5.3.1.2. Louisiana

Comparison of Sample and Population Analyses of Pipeline Impacts With few exceptions,
the 18 comparisons (2 subareas, 3 years, 3 habitat types) of habitat change within the buffers of
sample pipelines and the entire populations of pipelines revealed no statistically significant
differences (P > 0.12). The exceptions include values for fresh marsh for all years in the LCP,
for nonfresh marsh in 1956 in the LCP, and for open water in 1990 in the LDP. In the LCP,
estimates for fresh marsh in sample buffers were between 13 percent and 24 percent lower than
for the entire population (P = 0.0019 to 0.0729), while estimates for nonfresh marsh in the
sample buffers (P = 0.0098) were 14 percent higher than for the entire population. In the LDP,
estimates of open water in the sample buffers (P = 0.0373) were 11 percent higher than for the
entire population. In addition, the percentage of open water in the LCP was consistently higher
in the sample buffers (by 10 to 13 percent), but the differences were not statistically significant
(P >0.30).

Impacts in the Sample Pipeline Buffers of the Louisiana Deltaic Plain In an ANOVA model
specifying distance (buffers) and temporal effects, the distance effect was not significant in any
of the three habitat types in the LDP (P > 0.9, Figure 5.9). The percentage of area was highly
uniform across the buffer zones for each habitat; however, the result showing a lack of open-
water trends associated with distance may have been affected by the sample bias (see above)
because the sample pipeline buffers contained significantly more open water than did the buffer
areas of the entire population of pipelines. There is insufficient information available, however,
to determine or quantify any such effect. All habitats showed significant temporal effects (P <
0.001, Figure 5.10), but the distance-by-year interactions were not significant. Fresh and
nonfresh marsh decreased significantly while open water increased significantly over time.
These temporal trends were similar to trends in the LDP shown in Figure 5.11. Habitat trends in
the LDP over time appeared tightly coupled, as the overall 8 percent and 12 percent decrease in
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Figure 5.9. Mean percentage area (x1 standard error) per buffer zone for three
habitat types surrounding sample pipelines in the Louisiana Deltaic
Plain. Differences among buffers were not significant (P > 0.9).
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Figure 5.10.

Mean percentage area (x1 standard error) per year for three habitat
types surrounding sample pipelines in the Louisiana Deltaic Plain.
Differences among years were significant (P < 0.001). Significant
differences at a Tukey-adjusted pairwise comparison error rate of 0.10
are indicated by different letters within a habitat type.
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Figure 5.11. Mean percentage area (x1 standard error) before and after pipeline
construction for three habitat types surrounding sample pipelines in
the Louisiana Deltaic Plain. Differences among phases with respect
to pipeline construction were significant (P < 0.05) and are indicated
by different letters within a habitat type

fresh and nonfresh marshes, respectively, matched the 19 percent increase in open water over the
same time interval. The uniform trends in habitat across the buffers, coupled with the lack of a
significant buffer-by-year interaction, suggest that the pipelines exerted little influence on habitat
changes; however, potential pipeline effects on habitat may not be apparent from the temporal
trends because construction dates differed for individual pipelines. In an ANOVA model
specifying distance and PHASE effects, the phase of pipeline construction was highly significant
in all three habitats in the LDP (P < 0.05, Figure 5.11). Fresh and nonfresh marsh area decreased
by 9 and 5 percentage points, respectively, and open water increased by 14 percentage points
after pipeline construction. The distance effect was not significant, and the trends were
consistently uniform, similar to the results of the YEAR model (P > 0.6).

When comparing the YEAR and PHASE statistical models, it is clear that the date of pipeline
construction explained changes in nonfresh marsh and open water better than a generic time-
dependent trend (Table 5.7), which suggests that the changes in these habitats were more related
to pipeline construction than to other time-dependent variables. Although PHASE explained
significant changes in fresh marsh, YEAR provided a better fit, apparently because of some other
time-dependent trend (Table 5.7).
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Table 5.7

Comparison of Model Fitting for Data in the Sample Buffers of the Louisiana Deltaic Plain: Temporal
Trend (YEAR) Versus Pipeline Construction Phase (PHASE)
(Smaller values (in absolute value) of information criteria denote a better-fitting model.)

Information criteria

Habitat Model -2rt AIC? AlCS?

Fresh marsh Year -31.1 -23.1 -22.2
Phase -52.7 -46.7 -46.2

Nonfresh marsh Year -63.7 -55.7 -54.8
Phase -54.3 -46.3 -45.4

Open water Year -99.2 -91.2 -90.3
Phase -88.0 -80.0 -79.1

! .2 x Residual log likelihood.
2 Akaike’s information criterion (AIC).
% Akaike’s information criterion corrected for small sample sizes(AIC,).

Impacts in the Sample Pipeline Buffers of the Louisiana Chenier Plain In an ANOVA model
specifying effects of distance (buffers) and time, the distance effect was not significant for any of
the three habitat types in the LCP (P values ranging from 0.6 to 1.0; Figure 5.12). Although the
changes were not significant, fresh and nonfresh marsh area increased while open water area
decreased with increasing distance from the pipelines, indicating there was more open water and
less fresh and nonfresh marsh near the pipeline compared to the reference buffer (Figure 5.12).
The trend of increasing fresh marsh with increasing distance from the pipelines may have been
affected by the sample bias (see above), because the sample pipeline buffers contained
significantly less fresh marsh than did the entire population area of the LCP. There is
insufficient information available, however, to determine or quantify any such effect. No sample
bias would have occurred for nonfresh marsh, since the trend in distance effects was towards
increasing habitat (Figure 5.12), and the sample buffers contained more nonfresh marsh than did
the populations. All habitats showed significant temporal effects (P < 0.0001), but the distance-
by-year interactions were not significant (P > 0.9). Fresh marsh and open water increased
significantly while nonfresh marsh decreased significantly over time (Figure 5.13). These
temporal trends are similar to trends in the LCP shown in Figure 5.10. The changes in fresh
marsh, nonfresh marsh, and open water appear to balance out, suggesting a tight relationship
among these habitat types within the LCP. Specifically, the overall 21 percent loss in nonfresh
marsh from 1956 to 1990 appears to be explained by a corresponding 15 percent increase in fresh
marsh, coupled with a 7 percent increase in open water. The pattern of more open water and less
marsh near the pipeline, coupled with an increasing trend of open water over time, could suggest
that the pipelines affected these habitats because one would expect changes to occur, at least
initially, closest to the direct impact (for example, conversion to open water). This suggestion is
constrained, however, by a lack of statistical significance.
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Figure 5.12. Mean percentage area (+1 standard error) per buffer zone for three
habitat types surrounding sample pipelines in the Louisiana Chenier
Plain. Differences among buffers were not significant (P > 0.6).
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Figure 5.13. Mean percentage area (+1 standard error) per year for three habitat types
surrounding sample pipelines in the Louisiana Chenier Plain. Differences among
years were significant (P < 0.0001). Significant differences at a Tukey-adjusted
pairwise comparison error rate of 0.10 are indicated by different letters within a
habitat type.
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In an ANOVA model specifying distance and PHASE effects, the phase of pipeline
construction was highly significant within all three habitats (P < 0.0004, Figure 5.14). The area
of fresh marsh nearly doubled, the area of nonfresh marsh decreased by nearly one-half, and
open water increased by 6 percentage points after pipeline construction. A significant distance
effect was seen in this ANOVA model, but only for the open water habitat type (P = 0.07, Figure
5.15). Trends followed those shown in Figure 5.13.

When comparing the YEAR and PHASE statistical models, it is clear that the date of pipeline
construction explained changes in fresh and nonfresh marsh better than a generic time-dependent
trend (Table 5.8), which indicates that changes in fresh and nonfresh marsh were more related to
pipeline construction than to other time-dependent variables. Changes in the extent of open
water, however, are explained by both pipeline construction and other time-dependent trends,
such as subsidence.
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Figure 5.14. Mean percentage area (x1 standard error) before and after
pipeline construction for three habitat types surrounding sample
pipelines in the Louisiana Chenier Plain. Differences among
phases with respect to pipeline construction were significant (P <
0.0004) and are indicated by different letters within a habitat type
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Figure 5.15. Mean percentage area (x1 standard error) per buffer zone for three
habitat types surrounding sample pipelines in the Louisiana
Chenier Plain. Differences among buffers were not significant for
fresh and nonfresh marshes (P > 0.8) but were significant for water
(P = 0.07). Significant differences at a Tukey-adjusted pairwise
comparison error rate of 0.10 are indicated by different letters for
the water habitat.

Table 5.8

Comparison of Model Fitting in the Louisiana Chenier Plain: Time-Dependent Trend (YEAR) Versus
Pipeline Construction Phase (PHASE).
(Smaller values (in absolute value) of information criteria denote a better-fitting model.)

Information criteria

Habitat Model =21t AIC? AlCS?

Fresh marsh Year -18.5 -12.5 -12.1
Phase -7.5 -1.5 -11

Nonfresh marsh Year -70.9 -62.9 -63.8
Phase -59.3 -53.3 -52.9

Open water Year -106.5 -100.5 -100.1
Phase -123.7 -115.7 -115

! .2 x Residual log likelihood
2 Akaike’s information criterion (AIC)
% Akaike’s information criterion corrected for small sample sizes (AICc)
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5.3.1.3. Mississippi-Alabama Coastal Plain
5.3.1.3.1. Comparison of Sample and Population Analyses of Pipeline Impacts

None of the nine comparisons (three years, three habitat types) of percent habitat between
sample pipelines and the entire pipeline population revealed statistically significant differences
(P > 0.68), indicating that our sample matched the pipeline population well for all habitat types
and years. The sample trends followed the population trends closely, with the sample pipeline
buffers having, on average, uniformly less fresh marsh (2 percent) but more nonfresh marsh (1
percent) and open water habitat (10 percent) than the population.

5.3.1.3.2. Distance and YEAR Effects

In an ANOVA model specifying distance (buffers) and year effects, the distance effect was
not significant for any of the three habitat types in the MACP (P values ranging from 0.4 to 0.7;
Figure 5.16). Although the change was not statistically significant, there was more fresh marsh
and less open water within the pipeline buffer compared to the reference buffer. Only the open
water habitat showed a significant yearly trend, increasing slightly over the period of study (P =
0.007, Figure 5.17). The distance-by-year interaction was not significant. The pattern of less
open water and more fresh marsh near the pipeline could suggest that pipeline construction did
not affect habitat change and that habitat change was driven by other time-dependent processes.
This suggestion is constrained, however, by a lack of statistical significance and knowledge of
regional trends in habitat change.

5.3.1.3.3. Distance and PHASE Effects

In an ANOVA model specifying distance and PHASE effects, the effect of phase of pipeline
construction was significant within each habitat, either as a main effect (fresh marsh [P = 0.0065]
and open water habitats [P = 0.05], Figure 5.18) or as an interaction effect (nonfresh marsh [P =
0.03], Figure 5.19). There was 8 percent more fresh marsh and 0.5 percent more open water
after pipeline construction than before when coverage was averaged across all distances.
Nonfresh marsh increased in the pipeline buffer but decreased in the other buffers after
construction. Patterns of habitat type across the distance buffers were the same as those seen in
the previous model. The pattern of more fresh marsh and slightly more open water after pipeline
construction, coupled with more marsh (both fresh and nonfresh) and less open water in the
pipeline buffer compared to the reference buffer, suggests that pipelines had little or no effect on
habitat change.
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Figure 5.16. Mean percentage area (1 standard error) per buffer zone for three
habitat types surrounding selected pipelines in the Mississippi-
Alabama coastal plain. Differences among buffers were not significant

(P >0.4).
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Figure 5.17. Mean percentage area (x1 standard error) per year for three habitat
types surrounding selected pipelines in the Mississippi-Alabama
coastal plain. Differences among years were significant within the
water habitat (P = 0.007). Significant differences at a Tukey-adjusted
pairwise comparison error rate of 0.10 are indicated by different letters
within a habitat type.
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Figure 5.18. Mean percentage area (x1 standard error) before and after pipeline
construction for three habitat types surrounding selected pipelines in
the Mississippi-Alabama coastal plain. Differences among pipeline
construction phases were significant for fresh marsh (P = 0.006) and
open-water habitats (P = 0.027) and are indicated by different letters
within a habitat type.
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Figure 5.19. Percentage of nonfresh marsh (x1 standard error) within the

experimental buffer zones surrounding selected pipelines within the
Mississippi-Alabama coastal plain before and after pipeline
construction. The effect of distance from the pipelines differed
significantly among the two phases of pipeline construction (P =

0.03).
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When comparing the YEAR and PHASE statistical models, the model with YEAR clearly
provided a better fit (Table 5.9). This difference in fit implies that the extent of habitat types
over time is related to other phenomena besides pipeline construction. Careful inspection of the
data reveals that two (Chandeleur 12" and Tennessee Gas Pipeline 30") of the five selected
pipelines were built prior to 1979, and they showed important increases in fresh marsh after
pipeline construction. The remaining three pipelines were constructed after 1979 and had all
undergone losses in fresh marsh habitat from 1956 to 1979, possibly conforming to an area-wide
trend. Pipeline construction in these three cases was not associated with an important increase in
fresh marsh, as was witnessed in buffers of the Chandeleur 12" and Tennessee Gas Pipeline 30"
pipelines. Changes in nonfresh marsh and open water were apparently unrelated to pipeline
construction dates.  Careful inspection of the selected pipelines revealed no consistent
intrapipeline trends in nonfresh marsh relative to pipeline construction date, and there was
variability in open water both prior to and after pipeline construction.

Table 5.9

Comparison of Model Fitting for Selected Pipelines in the Mississippi-Alabama Coastal Plain: Time-
Dependent Trend (YEAR) Versus Pipeline Construction Phase (PHASE)
Smaller values (in absolute value) of information criteria denote a better-fitting model.

Information criteria

Habitat Model -2rt AIC? AlCS?

Fresh marsh YEAR -20.9 -12.9 -11.6
PHASE -52.6 -44.6 -43.5

Nonfresh marsh YEAR -123.4 -115.4 -114.1
PHASE -218.0 -210.0 -208.8

Open water YEAR -127.9 -119.9 -118.6
PHASE -166.3 -158.3 -157.1

! .2 x Residual log likelihood.
2 Akaike’s information criterion (AIC).
% Akaike’s information criterion corrected for small sample sizes (AIC().

5.3.2. Impacts of OCS-Related Navigation Canals on Habitat Change
5.3.2.1. Texas
5.3.2.1.1. Comparison of Sample and Population Analyses of Canal Impacts

Statistically speaking, the sample navigation canals from the TBI were not significantly
different from the subarea populations of navigation canals across all habitat types and years.
Statistical comparisons of the sample and population trends could not be made for the TCP
because only one navigation canal was selected; however, the sample consistently matched the
population for fresh marsh over time, while nonfresh marsh and open water samples consistently
differed from the corresponding population values over time. In the TCP, the sample was
consistently higher over time for nonfresh marsh (1956: 10 > 6 percent; 1978: 6 > 3 percent;
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1992: 2.5 > 1 percent) and was consistently 10 percentage points lower (for example, 60 < 70
percent) over time for the open water category. Overall, the samples closely matched the
population values for fresh marsh, were lower than the population values for open water (with
the exception of the TBI navigation canal), and were consistently higher than the population
values for nonfresh marsh. The differences in sample and population values indicate a sample
bias, which did not affect the outcome of the data analysis (see below).

5.3.2.1.2. Impacts in the Sample Canal Buffers of the Texas Chenier Plain

Statistical analyses could not be conducted to determine the effect of distance and year on
percentages of habitat for the single navigation canal in the TCP, but several trends were
apparent over both distance and time. Fresh and nonfresh marsh increased at least two-fold with
increasing distance away from the canal, while open water decreased by 7 percentage points in
the reference buffer compared to the canal buffer (Figure 5.20). Fresh and nonfresh marsh
decreased substantially over time, while open water changed little from 1956 to 1992 (Figure
5.21).
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Figure 5.20. Mean percentage area per buffer zone for three habitat types
surrounding sample navigation canals in the Texas Chenier Plain.
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Figure 5.21. Mean percentage area per year for three habitat types
surrounding sample navigation canals in the Texas Chenier
Plain.

Graphs of the distance-by-time interactions reveal interesting trends (Figures 5.22, 5.23, and
5.24). Unlike in the TBI, fresh marsh decreased over time and over all three buffers in the TCP.
The rate of fresh marsh loss was especially high between 1979 and 1992, averaging over 2
percent of total area lost (up to 97 percent of fresh marsh lost) in 13 years (Figure 5.22). By
1992, practically no fresh marsh remained within the canal buffer (0.07 percent). Nonfresh
marsh also had important losses between 1956 and 1992 (Figure 5.23), averaging about 8 percent
of total area lost over 36 years, or 52 percent of nonfresh marsh present in 1956. With important
losses in both fresh and nonfresh marsh within the canal buffer over the 36-year period, it is not
surprising that open water increased from 59 percent in 1956 to 66 percent in 1992 (Figure 5.24).
Over the same time period, open water declined slightly in the middle and reference buffers,
which initially had similar amounts of open water. The pattern of increasing open water and
decreasing marsh in the canal buffer suggests that this canal affected wetland habitat change
within its immediate vicinity. This suggestion is constrained, however, by a lack of statistical
significance and knowledge of regional trends in habitat change.
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Figure 5.22. Percentage of fresh marsh within the three experimental buffers
surrounding the sample navigation canal (Sabine Pass) within
the Texas Chenier Plain from 1956 to 1992.
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Figure 5.23. Percentage of nonfresh marsh within the three experimental buffers
surrounding the sample navigation canal (Sabine Pass) within the
Texas Chenier Plain from 1956 to 1992.
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Figure 5.24. Percentage of open water within the three experimental buffers
surrounding the sample navigation canal (Sabine Pass) within the
Texas Chenier Plain from 1956 to 1992.

5.3.2.1.3. Impacts in the Sample Canal Buffers of the Texas Barrier Islands

There was a statistically significant distance effect in nonfresh marsh, which increased from
1 percent in the canal buffer to 2.5 percent in the reference buffer (Figure 5.25). There was no
statistically significant distance effect in fresh marsh or open water, although fresh marsh
increased slightly with increasing distance from the canal, and open water first decreased and
then increased with increasing distance from the canal. Fresh marsh showed a statistically
significant year effect, increasing from 0.4 to 1.4 percent between 1956 and 1992 (Figure 5.26).
There was no year effect in nonfresh marsh and open water, although nonfresh marsh decreased
slightly and open water increased slightly with time. There was a significant distance-by-year
interaction effect in open water habitat (P = 0.0018), with the most open water being in the canal
buffer (which increased over time) compared to a decreasing trend in buffer 2, and minimal
change in the reference buffer (Figure 5.27). The pattern of increasing amounts of open water
near the canal compared to the reference buffer could suggest that the canal affected these
habitats. This suggestion is constrained, however, by a lack of knowledge of regional trends in
habitat change.
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Figure 5.25. Mean percentage area (x1 standard error) per buffer zone for three
habitat types surrounding sample navigation canals in the Texas
barrier islands. Differences among buffers were only significant in
nonfresh habitats (P = 0.01) and are indicated by different letters
within a habitat type (according to Tukey, family-wise error rate of

0.10).
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Figure 5.26. Mean percentage area (x1 standard error) per year for three habitat
types surrounding sample navigation canals in the Texas barrier
islands. Differences among years were only significant for fresh
marsh habitats (P = 0.02). Significant differences at a Tukey-
adjusted pairwise comparison error rate of 0.10 are indicated by
different letters within a habitat type.
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Figure 5.27. Percentages of open water within the three experimental buffers
surrounding the sample navigation canals within the Texas barrier
islands from 1956 to 1992. Differences among buffers within years
were not significant (P > 0.48).

5.3.2.2. Louisiana
5.3.2.2.1. Comparison of Sample and Population Analyses of Canal Impacts

Statistically speaking, the sample of selected navigation canals was not significantly different
from the subarea populations of navigation canals in all comparisons, with one exception: the
percentage of open water in the LDP sample was lower than the population value (P = 0.05) in
1990. This general lack of difference between the sample and population values is in part
influenced by the high variability associated with such a small sample size (n = 2 for both LCP
and LDP). Nevertheless, the high degree of similarity between the samples and the population
trends suggests that our samples were representative of the population trends. The differences
between sample and population values in LDP with respect to open water indicate a sample bias,
which is discussed below.

5.3.2.2.2. Impacts in the Sample Canal Buffers of the Louisiana Deltaic Plain

There were no significant distance, year, and distance-by-year interaction effects in the three
habitat types in the LDP (P > 0.15). There were no consistent distance trends, except for fresh
marsh where area decreased consistently with increasing distance from the canal centerline (P >
0.4, Figure 5.28). The sample bias for increased open water in the canal buffer in 1990 (see
above) likely did not affect the inconsistent distance trend because open water in the sample
buffer was less than the population in 1956 and equal to the population in 1978. Therefore, the
3-year average bias would approach zero. Fresh marsh and nonfresh marsh decreased
consistently with time, but the trend for open water was inconsistent and open water changed
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little over time (P > 0.15, Figure 5.29). The lack of significance and consistency of trends
suggests that canals had little effect on these habitats. This suggestion is constrained, however,
by a small sample size.
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Figure 5.28. Mean percentage area (1 standard error) per buffer zone for three
habitat types surrounding sample navigation canals in the Louisiana
Deltaic Plain. Differences among buffers were not significant (P >

0.4).
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Figure 5.29. Mean percentage area (x1 standard error) per year for three habitat
types surrounding sample navigation canals in the Louisiana
Deltaic Plain. Differences among years were not significant (P >
0.15).
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5.3.2.2.3. Impacts in the Sample Canal Buffers of the Louisiana Chenier Plain

There was no significant distance effect in the three habitat types in the LCP (P > 0.1).
Despite the lack of significance, distance trends were apparent, with percentage of area
increasing with increasing distance away from the canal for all three habitats, but in particular for
nonfresh marsh and open water (Figure 5.30). These trends indicate there was less open water
and marsh near the pipeline compared to the reference buffer. Fresh and nonfresh marshes
showed significant year effects (P = 0.08 and P = 0.04, respectively), but the distance-by-year
interactions were not statistically significant (P > 0.99). Fresh marsh increased from a negligible
amount in 1956 to more than 20 percent in 1990, while nonfresh marsh decreased by one-half
from 51 percent to 24 percent (Figure 5.31). The loss of nonfresh marsh (27 percent) is not
completely offset by the gains in fresh marsh (22 percent) and open water (1 percent), suggesting
that some nonfresh marsh in the vicinity of these selected canals converted to other habitats
(Figure 5.31). The pattern of less marsh near the canals could suggest that the canals affected
these habitats. This suggestion is constrained, however, by a pattern of less open water near the
canals and by a lack of statistical significance.
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Figure 5.30. Mean percentage area (+1 standard error) per buffer zone for three
habitat types surrounding sample navigation canals in the Louisiana
Chenier Plain. Differences among buffers were not significant (P >
0.1).
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Figure 5.31. Mean percentage area (+1 standard error) per year for three habitat
types surrounding selected navigation canals in the Louisiana
Chenier Plain. Differences among years were significant for fresh
and nonfresh habitats (P = 0.08 and 0.04, respectively). Significant
differences at a Tukey-adjusted pairwise comparison error rate of
0.10 are indicated by different letters within a habitat type.

5.3.2.3. Mississippi-Alabama Coastal Plain
5.3.2.3.1. Comparison of Sample and Population Analyses of Canal Impacts

Three of the nine comparisons (three years, three habitat types) of percentage of habitat
between sample navigation canals and the entire canal population revealed statistically
significant differences. Sample canals had significantly less open water (10-15 percent) in each
of the three years studied (P < 0.04) and a higher percentage of fresh (2-5 percent) and nonfresh
marsh (1-3 percent) than the canal population, although these last two comparisons were not
statistically significant. The differences in sample and population values indicate a sample bias,
which may have affected the outcome of the data analysis (see below).

5.3.2.3.2. Distance and YEAR Effects

There was no significant distance effect in the fresh marsh and open water habitats (Figure
5.32); nevertheless, there was 7-11 percent less fresh marsh and 8-29 percent more open water in
the canal buffer compared to the other buffers. The amount of open water in the canal buffer may
actually have been greater given the sample bias (see above) towards less open water in all years.
There is insufficient information available, however, to determine or quantify any such effect.

Fresh marsh nearly doubled in area over time (P = 0.035, Figure 5.33), while nonfresh marsh
decreased by one-half. The distance-by-year interaction effect was statistically significant in the
values for nonfresh marsh (Figure 5.34). Statistically speaking, there was significantly more
nonfresh marsh in buffer 2 than in the reference buffer in 1956 and 1979, but there was no
significant difference among all the buffers in the values for 1988/1996. Despite the general lack
of statistical significance regarding the distance effect, there was more nonfresh marsh in the
canal buffer than in the reference buffer in 1956 and 1979, but not in 1988/1996. There was a
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slight, statistically insignificant gain in open water from 1956 t01988/1996. The pattern of less
fresh marsh and more nonfresh marsh and open water near the canal suggests that canal
construction led to conversion of fresh marsh to open water and nonfresh marsh.
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Figure 5.32. Mean percentage area (x1 standard error) per buffer zone for three
habitat types surrounding sample navigation canals in the Mississippi-
Alabama coastal plain. Differences among buffers were not
statistically significant (P = 0.25).
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Figure 5.33. Mean percentage area (+1 standard error) per year for three habitat
types surrounding sample navigation canals in the Mississippi-
Alabama coastal plain. The main effect of years was significant only
for the fresh marsh habitat (P = 0.03). Corresponding Tukey-
adjusted, pairwise comparisons are indicated by different letters.
The interaction between buffer zones and dates was statistically
significant in nonfresh marsh (P = 0.01).
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Figure 5.34. Percentage of nonfresh marsh within the three experimental buffers
surrounding the sample navigation canals within the Mississippi-
Alabama coastal plain from 1956 to 1996 (1996 includes 1988 data).
Differences among buffers were statistically significant in 1956 (P =
0.03) and 1979 (P = 0.05) and are indicated by different letters within
a habitat type (Tukey adjusted pairwise comparison error rate of
0.1).

5.4. SYNTHESIS

The analyses in this chapter provide an in-depth comparison of habitat change trends from
within the immediate vicinity of sample OCS-related pipelines and navigation canals with (1)
trends for reference sites located up to 1.5 km away, (2) trends among years (YEAR) from the
1950s to the 1990s, and (3) trends detected before and after (PHASE) construction . The results
of these analyses are used to assess the probability that the observed trends in habitat change are
associated with impacts from OCS-related pipelines and navigation canals. These analyses and
assessments are used to address question 3.

Question 3: What is the impact of OCS-related pipelines and navigation canals on
wetland habitats within their immediate vicinity?

5.4.1. Pipelines

A summary of the results of the three analyses (REFERENCE, YEAR, and PHASE) for
OCS-related pipelines, along with a comparison of YEAR and PHASE model fitness, are
presented in Table 5.10. Several important patterns are evident in the results.

First, no significant trends were detected in the REFERENCE analysis for any of the
subareas. This is not to say there were no differences in means between the impact buffer and
the reference buffer, but the differences were not statistically significant. Development activities
and associated impacts on wetland habitats are so intense in some areas of the MMS Western and
Central Planning Areas that teasing apart OCS-related impacts from the impacts of other
activities can be difficult to conduct based on a comparison of impact and reference sites. To
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address this issue, in-depth qualitative analyses of individual pipelines (including evaluations of
maps, monitoring reports, and data trends) were conducted and are reported in Chapter 6 of this
report.

Second, both the YEAR and PHASE analyses yielded statistically significant differences,
indicating the important influence of both time-dependent processes (for example, sedimentation
and subsidence) and the date of pipeline construction on habitat change trends in all subareas.
The degree of YEAR versus PHASE model fitness is an indication of the relative importance of
other time-dependent processes versus the date of pipeline construction on trends in habitat
change. If the model with PHASE provides a better fit than the model with YEAR, then changes
in habitat are more likely related to the date of pipeline construction than to other time-dependent
processes. Based on a synthesis of these three analyses and information contained in maps of the
sample pipelines (Appendix 3), we determined that there is a low likelihood that OCS-related
pipelines impacted trends in habitat change in the MACP; the likelihood is moderate in the Texas
subarea; and the likelihood is high in the Louisiana subareas (Table 5.10).

Table 5.10

Trends in Habitat Change and Habitat Impacts Associated with OCS-Related Pipelines by Subarea.
[LDP=Louisiana Deltaic Plain; LCP=Louisiana Chenier Plain; TCP=Texas Chenier Plain;
TBI=Texas barrier islands; MACP=Mississippi-Alabama coastal plain]

Area* REFERENCE YEAR PHASE Model Fit Probability"
Area Analyses Analyses Analyses Analyses Analyses
LDP Not Open water 1 |Open water 1 PHASE > YEAR |High
statistically Marsh | Marsh |
significant
LCP Not Open water 1 |Open water 1 PHASE > YEAR |High
statistically Fresh marsh 1 |Fresh marsh 1 |(marsh)
significant Nonfresh Nonfresh | PHASE = YEAR
marsh| (open water)
TCP Not Open water 1 |Open water 1 YEAR > PHASE |Intermediate
statistically Nonfresh Nonfresh marsh
significant marsh | l
TBI Not Open water 1 |Open water 1 YEAR > PHASE |Intermediate
statistically Fresh marsh 1 |Fresh marsh 1
significant Nonfresh Nonfresh
marsh| marsh|
MACP Not Open water 1 |Open water 1 YEAR > PHASE |Low
statistically Fresh marsh 1
significant Non-fresh
marsh|

'Probability that the observed trends in habitat change are associated with OCS-related pipeline
impacts

5.4.2. Navigation Canals

Our assessment of impacts on trends of wetland habitat change associated with OCS-related
navigation canals is more limited than the pipeline assessment because many navigation canals
were built prior to 1956. Consequently, the PHASE analysis could not be conducted, and the
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YEAR analysis included only postconstruction trends for many canals. In addition, data on
regional trends were not available for comparison with trends associated with sample navigation
canals in the Texas subareas and the MACP. Given these data constraints, we did not assign a
probability of OCS-related impacts to the navigation canals, even though the REFERENCE and
YEAR analyses suggest that navigation canals had an effect on trends in habitat change in the
LCP, TCP, TBI, MACP, and perhaps the LDP. To address this issue, in-depth qualitative
analyses of individual navigation canals (including evaluations of maps, monitoring reports, and
data trends) were conducted and are reported in Chapter 6 of this report.
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CHAPTER 6

CASE STUDIES OF HABITAT IMPACTS AND MITIGATION
EFFECTIVENESS ASSOCIATED WITH OUTER CONTINENTAL
SHELF-RELATED PIPELINES AND NAVIGATION CANALS

by Megan K. La Peyre and Donald R. Cahoon

6.1. INTRODUCTION

Our third approach for evaluating the impacts of Outer Continental Shelf (OCS)-related
pipelines and navigation canals on landloss, wetland loss, and habitat change in the Minerals
Management Service’s (MMS) Western and Central Planning Areas of the Gulf of Mexico,
involves a qualitative and semi-quantitative site-intensive evaluation. This evaluation examines
and compares trends of habitat change within the immediate buffers of individual, case-study
pipelines and navigation canals to reference buffers located up to 1.5 km away from the
centerlines. It also includes an evaluation of preconstruction and postconstruction trends for
impact and reference sites, taking into account the type of construction and mitigation techniques
applied to individual pipelines. The findings from these analyses are used to address questions 3
and 4:

Question 3: What are the localized impacts of OCS-related pipelines and navigation
canals on wetland habitats within their immediate vicinity?

Question 4:  Are the dominant mitigation and construction techniques used for OCS-
related pipelines and navigation canals effective in minimizing their effects
on landloss, wetland loss, and general habitat change?

6.2. METHODS

In order to address questions 3 and 4, we obtained data from the pipeline buffers (300-m
wide from 0 to 150-m to either side of the centerlines) canal buffers (1-km wide from 0 to 500 m
to either side of the centerlines), and the reference buffers (300-m wide and located within a
range of 1 to 1.5 km to either side of centerlines) included in data layer 4 (Figures 5.1 and 5.2),
described in Chapter 5 of this report. The same 24 pipelines and 10 navigation canals identified
in Chapter 5 were used for this analysis (Tables 5.2, 5.3 and 5.4). We also qualitatively
examined habitat change within the surrounding area in order to identify larger trends that may
be influencing habitat changes seen within the smaller buffers. Data are expressed as the
percentage of a given buffer occupied by each habitat type. We also calculated the widths of
navigation canal by using 10 random transects placed across each canal within each time period.
Unlike the earlier analyses of changes in landloss and habitat, this analysis is purely qualitative
because the necessary details on mitigation were only available for a limited number of
pipelines, and the range of mitigation techniques used was large, thus limiting any statistical
analysis.
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6.3. RESULTS
6.3.1. Pipelines in the Texas Subareas

In the Texas barrier islands (TBI), the five selected pipelines (Figure 1.2, Table 5.2) covered
200.8 out of a total of 811.3 km associated with OCS-related pipelines located in the TBI
(25percent of the total length of all pipelines). Two of these were created by directional drilling
and three by push-pulling; four were mitigated by backfilling and one by double-ditching, and
one backfilled pipeline was also revegetated along the shoreface.

In the Texas Chenier Plain (TCP), the three selected pipelines (fig 1.3, Table 5.2) totaled 104
km in length out of a total 167 km associated with OCS-related pipelines in the TCP (63 percent
of the total length of all pipelines). Two of these were created by push-pulling, while the other
was installed as a flotation canal; all three were mitigated by backfilling.

6.3.1.1. Case Studies of Pipelines in the Texas Barrier Islands
6.3.1.1.1. Amoco 14" (Figures 1.2 and 6.1 and Appendix 3, Map 1)

This pipeline comes ashore across Galveston Island, Tex., through Galveston Bay, and onto
mainland in Galveston County to its distribution point 37 km away in Texas City, Tex., where
the product is sold to many different companies. This pipeline was installed in 1978 by using the
push-pull technique and was mitigated by backfilling.

The area that the pipeline passes through has been heavily developed over the last 40 years.
Examination of the habitat in the area identifies some development within the buffers, including
development of a marina, which would explain the loss of water area in recent years. Overall,
there is no obvious scar from the pipeline, and given that the area was highly developed between
1956 and 1992, it is difficult to say that the pipeline was responsible for many of the habitat
changes documented. In fact, any impacts from the pipeline are likely masked by other
anthropogenic projects and developments in the area.

Habitat trends are similar between the pipeline buffer and reference buffer (Figure 6.1).
Postconstruction, from 1979 to 1992, fresh marsh increased in both the reference buffer and the
pipeline buffer, while the extent of water and nonfresh marsh decreased slightly. As this change
is seen in both the reference buffer and the pipeline buffer, it is likely that these changes are
related to general development in the area and/or may be related to climate or storm events.

6.3.1.1.2. Transco 20" (Figures 1.2 and 6.1 and Appendix 3, Map 2)

This line, built in 1989, was directionally drilled with revegetation in impacted areas. The
pipeline runs under a barrier island and onshore in Nueces and Kleberg Counties, Tex., for less
than 12 km before entering a power plant in Corpus Christi. From the power plant, a line carries
some of the product into nearby interstate lines. Habitat maps show no sign of the pipeline but do
show the construction of a huge marina on the north side of the barrier island adjacent to the
Intracoastal Waterway. On the mainland, the pipeline runs a very short distance, essentially just
crossing the shoreface into some upland area.

From 1979 to 1992, which encompasses the time of construction, the dominant habitat
change appears to be related to the large marina created on the north shore of the barrier island,
converting beach flat and marsh to water and developed land use. Trends between the pipeline
buffer and reference buffer (fig 6.1) are extremely similar, suggesting few direct habitat impacts
from the pipeline. The directional drilling would have placed the line under the barrier island
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without any cuts in the island itself, and there is no other obvious effect of the pipeline on the
habitats in this area. Revegetation of impact areas further minimized any measurable habitat
changes.

6.3.1.1.3. Transco 30/36" (Figures 1.2 and 6.1 and Appendix 3, Map 3)

This pipeline, constructed in two sections in 1971 and 1985, crosses a barrier island into East
Matagorda Bay, Tex., and comes ashore in Matagorda County. The pipeline follows an
established pipeline corridor and heads north 39 km and exits the coastal buffer where it ends at
a distribution plant owned by Williams’ Transco. The pipeline was installed using the push-pull
technique and was mitigated by backfilling. At some water crossings, shorelines were stabilized
using geotextile with articulated concrete matting and were also bulkheaded in several places.

There is an increase in fresh marsh in the area of the pipeline coinciding with decreases in
nonfresh marsh in the area. The loss of nonfresh marsh appears to have occurred in the upper
reaches of some bayous leading from Matagorda Bay, with an overall freshening of the area
(isohalines moving south).

Trends in habitat change are similar between the pipeline buffer and reference buffer (Figure
6.1), with increases in fresh marsh and loss of nonfresh marsh from 1956 to 1979 and little
change in percentages of habitat composition from 1979 to 1992. This gain in fresh marsh is
evident from a large swath of fresh marsh that opens up around the pipeline just north of the
shoreline. It is unclear why this fresh marsh developed and whether it is actually marsh or an
artifact of the photointerpretation process, since it seems to break up and diminish significantly
in 1992. The reference buffer also showed an increase in fresh marsh (27 ha) with small losses
in water, upland, and nonfresh marsh habitats.

While the comparison of patterns between the reference buffer and pipeline buffer do not
appear to differ dramatically, it is quite possible that the reasons for habitat change do differ. In
the pipeline buffer, marsh was created in areas that were previously upland, suggesting that this
fresh marsh creation may have resulted from flank subsidence or ponding. There do not appear
to be any other activities that might have caused such a change in habitat.

6.3.1.1.4. Texas Power Corporation (TPC) 16" (Figures 1.2 and 6.1 and Appendix 3,
Map 4)

This pipeline, constructed in 1990, carries product from an offshore condensate facility to an
onshore liquids separation facility in Brazoria County, Tex., less than 10 km on shore. The
pipeline was created by push-pulling and was mitigated by double-ditching and backfilling with
sand, gravel, soil, and other natural material. The ROW avoided shell reefs, submerged grass
beds, and marshes where possible. At the beach approach and water crossings, the pipeline was
directionally drilled in order to avoid damage to the shorefaces.

There is a loss of both fresh and nonfresh marsh before construction (1956-1979) and a gain
in water in the area around the pipeline. It appears that most of this gain in water and loss of
marsh occurred along the shoreface and along the edges of both natural and engineered
canals/bayous. Much of the initial loss of marsh also appears related to development in the area,
with large blocks of developed land use appearing in 1979 and 1992 that did not exist in 1956.
There is no obvious scar left on the landscape from the pipeline, and the use of directional
drilling at all the water crossings appears to have minimized any changes along shorelines.

The pipeline buffer and reference buffer show minimal changes from 1979 to 1992, during
the time of pipeline construction, with the exception of a significant reduction in water area in
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the pipeline buffer; however, this large change may be an artifact of photointerpretation errors.
There are few evident effects from the pipeline, which could be largely attributed to the
installation and mitigation used, with directional drilling in all sensitive zones and backfilling of
the areas that were push-pulled. The short time frame between construction (1990) and the last
year of data (1992) also limits our ability to identify any longer term or indirect effects.

6.3.1.1.5. Enron 24"/20" (Figures 1.2 and 6.1 and Appendix 3, Map 5)

This natural gas pipeline was installed in sections in 1980 and 1985. It comes ashore in
Calhoun County, Tex., just south of Seadrift and runs north 52 km to the edge of the coastal
zone. The pipeline was installed through Matagorda Island in a ROW in which elevation was
restored by using jetting techniques. Some shell reefs were impacted, and restoration was
required. Along the mainland, the pipeline crosses the eastern edge of the Aransas National
Wildlife Refuge and crosses into land that is predominantly upland/pasture with some fresh
marsh at the southernmost edge, bordering on San Antonio Bay. The push-pull technique was
mitigated by backfilling.

Trends in habitat change between the pipeline buffer and reference buffer are similar (Figure
6.1), with few changes evident from 1956 to 1992. The area appears relatively stable, and the
multiple mitigation approaches appear to have prevented any visible or measurable impacts to
the area.
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6.3.1.2. Overview of Pipeline Case Studies in the Texas Barrier Islands

Figure 4.1A shows trends in habitat change associated with the entire population of pipelines
in the TBI. Overall, only one of the five pipelines examined as a case study appears to have had
a discernible impact on the landscape, with some evidence of potential flank subsidence and
ponding near the Transco 36" pipeline. The other four pipelines left no discernible scars on the
landscape, nor were there any significant differences in the patterns of habitat change between
the pipeline buffer and reference buffer or, across a larger view of the landscape, as observed on
the habitat maps. The lack of discernible impacts may be a result of several things in this region:
(1) the highly sensitive barrier islands required significant mitigation efforts including
backfilling, re-contouring, and revegetation of many lines, and (2) during the time period of this
study (1956-1992), there was significant development in the area that resulted in significant
habitat change on a region-wide scale, which limited the effectiveness of this analysis to detect
pipeline impacts.

6.3.1.3. Case Studies of Pipelines in the Texas Chenier Plain
6.3.1.3.1. Transco 24"/16" (Figures 1.3 and 6.2 and Appendix 3, Map 6)

This pipeline was installed in 1978 by using the push-pull technique and was mitigated by
backfilling to reduce primary and secondary habitat impacts. The pipeline comes ashore in
Jefferson County, Tex., and heads east where it crosses into Cameron Parish, La., eventually
entering the Johnsons Bayou, Louisiana separation and dehydration plant after crossing 59 km of
habitat.

Habitat maps of this pipeline indicate that along the Chenier Plain (TCP and LCP) where the
line runs, extensive areas of nonfresh marsh have turned to open water; however, this habitat
change appears to be unrelated to the pipeline since it occurs along the chenier strands, in low
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lying areas. There is also some apparent loss of nonfresh marsh, partially explained by the
creation of a large spoil pile immediately to the north of the pipeline as it crosses Sabine Pass,
Texas. This spoil pile was placed entirely over nonfresh marsh, likely explaining the loss of this
habitat. It is not clear if the spoil pile is a product of pipeline construction, or, more likely, from
dredging of Sabine Pass.

In both the reference buffer and pipeline buffer (Figure 6.2), there is a significant increase in
open water and a corresponding decrease in nonfresh marsh after construction (1979-1992).
There appears to be a greater loss of nonfresh marsh in the reference buffer, but this is likely
explained by significant nonfresh marsh breakup occurring south (>300 m) of the pipeline that
appears unrelated to the pipeline. No obvious tracks are left on the landscape from the pipeline,
and it would be difficult to state that the installation of this pipeline was responsible for all or
even a majority of the habitat change documented.

6.3.1.3.2. Pennzoil 8" (Figures 1.3 and 6.2 and Appendix 3, Map 7)

This pipeline was installed in 1980 as a flotation canal but was mitigated by backfilling as
required by Sea Rim State Park. It is a crude oil pipeline that comes ashore in Jefferson County,
Tex., and runs approximately 5 km straight north into a tank battery. The pipeline comes ashore
and crosses a large tract of nonfresh marsh that appears to be breaking up over time. Overall,
there is a slight increase in water habitat in the area and some apparent loss of nonfresh marsh.

In the reference buffer and pipeline buffer (Figure 6.2), there is a slight trend of increasing
water area and decreasing nonfresh marsh both before and after construction. In the reference
buffer, between 1979 and 1992, data indicate a significant loss of nonfresh marsh and its
subsequent replacement by fresh marsh. It is unclear from the maps if this is a real habitat
change or an artifact of photointerpretation. There is no obvious scar left on the landscape
despite the use of a flotation canal, suggesting that the backfilling was effective in mitigating
adverse effects.

6.3.1.3.3. Enron 16" (Figures 1.3 and 6.2 and Appendix 3, Map 8)

This pipeline was installed in 1972 by using the push-pull technique and was mitigated by
backfilling. The area is predominantly nonfresh marsh with some development occurring over
the years. There is no obvious pipeline scar in the landscape, and changes appear to be
predominantly caused by development, including roads, spoil piles, and small pads that are likely
related to the general development of oil and gas exploration in the area. Both the reference
buffer and pipeline buffer follow similar trends (Figure 6.2), with no notable changes in habitat

types.

6.3.1.4. Overview of Pipeline Case Studies in the Texas Chenier Plain

Figure 4.1B shows trends in habitat change associated with the entire population of pipelines
in the TBI. None of the three pipelines examined as case studies showed discernible impacts on
habitat change. This conclusion is reached through comparison of the reference buffer and
pipeline buffer, as well as through qualitative analysis of the habitat maps (Appendix 3) from
1956 through 1992. Again, while there are changes in habitat in the area, most appear to reflect
region-wide changes in habitat and cannot be attributed solely to the specific pipelines studied
here.
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6.3.2. Pipelines in the Louisiana Subareas

Eleven pipelines were selected in Louisiana (Figures 1.4 and 1.5; Table 5.3). These pipelines
were installed between 1958 and 1991 and included six push-pulled lines, three flotation canals,
and two of undetermined construction techniques. Of these, six were backfilled; five were
bulkheaded; one was double ditched; and two either had no mitigation, or it remains
undetermined. Data for the Louisiana subareas included photographic coverage of habitat from
1956, 1978, 1990, and 1995.

In the Louisiana Chenier Plain (LCP), six pipelines identified as being OCS-related were
selected for case-study analyses. These six pipelines totaled 297 km in length. Five of them were
installed by using the push-pull technique, and one was installed as a flotation canal. Mitigation
was performed for all six pipelines: five were backfilled; three were bulkheaded and dammed;
and one was double ditched. Three of these pipelines had multiple mitigation techniques
applied.

In the Louisiana Deltaic Plain (LDP), five pipelines identified as being OCS-related were
selected for caste-study analyses. These five pipelines totaled 389 km in length. One pipeline
was installed by using the push-pull technique; two were installed as flotation canals; and two
are of undetermined installation methods. Mitigation was performed on four of the pipelines:
two were backfilled, and, two were bulkheaded (the other two were either not mitigated, or
mitigation was not identified).
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6.3.2.1. Case Studies of Pipelines in the Louisiana Chenier Plain
6.3.2.1.1. Mobil 16" (Figure 1.4, Figure 6.3 and Appendix 3, Map 9)

This oil pipeline, constructed in 1978, comes ashore in Cameron Parish, La., just east of
Sabine Pass and terminates 20 km onshore near La. highway 82. The pipeline was constructed
using the push-pull technique and was double-ditched and backfilled. At the beachfront,
bulkheads were used to prevent tidal exchange at the Gulf of Mexico. Furthermore, the area was
required, by the terms of the permit, to be returned to its original contours, and no material at any
time was to be deposited across swales or other natural drainage ways. This contouring was
intended to avoid unintentional draining or alteration of marsh water levels by the pipeline
trench. Any excess material was required to be placed in upland areas.

There is no obvious scar from the pipeline, and the 1956-1995 land-loss data show very few
changes in overall land cover, with the exception of land gain at the beach front leading up to
Sabine Pass.

The reference buffer and the pipeline buffer (Figure 6.3) show similar patterns of habitat
change throughout the entire time period, although with a slightly greater magnitude of change in
the reference buffer as compared to the pipeline buffer. Both areas show a loss of nonfresh
marsh and gain in fresh marsh from 1956 to 1978, followed by a reverse of the trend from 1990
to 1995. The loss of nonfresh marsh is caused by the fresh marsh line moving southward;
however, it is not clear if the 1978 interpretation of the fresh/nonfresh marsh line is accurate, is a
reflection of weather patterns (that is, high rainfall prior to 1978), or is an artifact of
photointerpretation, since in 1990 and 1995 the line again moved north. Postconstruction, there
are no obvious habitat changes attributable to the pipeline, suggesting that the extensive
mitigation involving double-ditching, bulkheading, contour protection, and removal of excess
material were successful in mitigating any effects in habitat change.

6.3.2.1.2. Transco 16" (Figures 1.4 and 6.3 and Appendix 3, Map 10)

The Transco 16" pipeline comes ashore in Cameron Parish, La. and runs 108 km from the
shore to its termination point. This pipeline was constructed in 1958 by using the push-pull
method; it was mitigated with backfilling, and bulkheads were built at the beach crossing.

The area has undergone dramatic changes in habitat; however, many of the extensive changes
in habitat type may have been caused by impoundments and marsh management in the area. The
pipeline runs just along the western edge of Sabine National Wildlife Refuge and continues
north. Changes seen within the pipeline buffers are not restricted to the pipeline buffers at all,
but occurred extensively throughout this area.

All trends from 1956 to 1995 are similar between the pipeline buffer and reference buffer
(Figure 6.3) with significant loss of nonfresh marsh from 1956 through 1978 and a reversal of
the trend to previous levels from 1990 to 1995.

6.3.2.2. Tennessee Gas Pipeline (TGP) 26" (Figures 1.4 and 6.3 and Appendix 3,
Map 11).

This gas pipeline comes ashore in Cameron Parish, La. It was constructed in 1968 with
typical push-pulling and was bulkheaded at regular intervals where the pipeline crossed the
beach. The pipeline was not backfilled, leaving a continuous spoil embankment along both sides
of the canal for the entire marsh crossing. The line extends through the salt marsh 30 km north
until it reaches a trunk line. An earlier study (Wicker et al., 1989) reports shoreline change from
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1956 to 1985 averaging -9.7 m/year caused by overwash of the marsh by a thin layer of sand and
shell beach material.

The region where the pipeline passed through experienced significant habitat changes from
1956 to 1990 caused by the creation of numerous impoundments sometime in the 1970s and
1980s. Most notably, there are more extensive open water areas, and in some areas a loss of
nonfresh marsh and gain of fresh marsh.

Within the reference buffer and pipeline buffer, there are differences in the trends in habitat
changes (Figure 6.3). From 1956 to 1978, there was a gain in nonfresh marsh and a loss in fresh
marsh in the reference buffer, while there was a loss of nonfresh marsh, a gain of water, and no
change in fresh marsh in the pipeline buffer. From 1979 to 1990, there was a reversal of the
trend in the reference buffer, with a loss of nonfresh marsh and gain of fresh marsh. In contrast,
there was a continued trend of nonfresh marsh loss, with a slight gain in fresh marsh, in the
pipeline buffer.

It appears that many of the habitat changes associated with this pipeline are likely caused by
impoundments that were built in the area, but that the pipeline may have had some impacts as
well. 1t is likely that spoil embankments were created in the absence of backfilling, which may
have caused flank subsidence around the edges of the pipeline canal.

6.3.2.2.1. Amoco 20" (Figures 1.4 and 6.3 and Appendix 3, Map 12)

This 20" gas and condensate pipeline comes from Union Oil Company of California
Vermilion Block 35B platform in the Gulf of Mexico, coming ashore at the Dr. Martin O. Miller
Estate in Vermilion Parish, La. The pipeline was installed in 1982 by using the push-pull
installation method. The permits limited the installation corridor to a 30.5-m width with a 15-m
right-of-way (ROW) corridor allowed after construction. The pipeline was backfilled and the
beachfront stabilized by using rip-rap, and a bulkhead was created to prevent excessive erosion
in case of high-water overwash at the site. The installed pipeline crosses 56 km of the coastal
zone.

There are no obvious scars or impacts attributable to the pipeline. There do not appear to be
excessive effects of any spoil along the pipeline route, as expected from a line that was
backfilled properly.

The preconstruction trends (1956-1978) show increases in water and fresh marsh areas and a
large loss of nonfresh marsh area. With pipeline installation in 1982, the 1978-1990 data show
slowed but continued trends in habitat changes as in 1956 through 1978. The 1990 to 1995 data
for habitat change show, similar to other pipelines in the area, a reversal of the previous trends
(Figure 6.3).

6.3.2.2.2. Texas Gas 20" (Figures 1.4 and 6.3 and Appendix 3, Map 13)

This pipeline comes ashore in Vermilion Parish, La. Built in 1978, it was push-ditched and
backfilled. The pipeline is located in a corridor with another pipeline. Wicker et al. (1989)
reported that shoreline erosion where the pipeline crosses the shorefront averaged -0.8 m/yr from
1956 to 1978. The pipeline in this project was not analyzed to its termination point because of a
lack of habitat data for the northern section of the pipeline. Overall, 41 km of the pipeline were
analyzed.

Trends in habitat change associated with this pipeline (Figure 6.3) are very similar to other
pipelines in the region (that is, Amoco 20" and Transco 16", both discussed above) and are
similar between the reference zone and pipeline buffer. There is a large loss of nonfresh marsh
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from 1956 to 1978 (preconstruction), followed by a slowing of this loss until 1990, and a
complete reversal (gain of nonfresh and loss of fresh marsh) from 1991 to 1995.

Some habitat change around the pipeline may have occurred as a result of the creation of
short access canals that may or may not be associated with this pipeline specifically, as well as
the widening of the Belle Isle Canal which appears to have become part of the Old Intracoastal
Waterway in this area. At the southern end of the pipeline there appears to be some marsh
breakup occurring, although there is evidence of this breakup having begun already in 1956 with
scattered ponds throughout the nonfresh marsh zone. While there are changes around this
pipeline, as with the other pipelines in the area, significant changes in marsh types and extent of
open water across the entire area make it difficult to attribute changes solely to the pipeline.

6.3.2.2.3. Sonat 36" (Figures 1.4 and 6.3 and Appendix 3, Map 14)

The Sonat 36" line comes ashore in Vermilion Parish, crossing Vermilion Bay and passing
under and across the Old Intracoastal Waterway to a point about 10 km southeast from
Intracoastal City, La. The line was built in 1972 as a flotation canal that was required to be
backfilled and dammed at each shoreface. Our analysis covered 42 km of pipeline.

Trends between the pipeline buffer and reference buffer (fig 6.3) differed, with a large loss of
nonfresh marsh, an increase in fresh marsh in the pipeline buffer, and minimal changes in the
reference buffer from 1956 to 1978. Postconstruction, nonfresh marsh increased and fresh marsh
decreased in the pipeline buffer. There was a slight decrease in both nonfresh and fresh marsh in
the reference buffer after construction.

Most importantly, beginning in 1978, there is a scar evident where the pipeline was placed.
On some maps (for example, 1995), the scar is defined as scrub-shrub, while on earlier ones (for
example, 1978), the scar is defined as water. It is not clear if the scar is from the flotation canal
itself, which was potentially not backfilled to a level high enough to ensure that it would not
transport water (1978 data), or if the canal was over- backfilled, resulting in a spoil bank with
higher elevations and, hence, scrub-shrub vegetation across the area of nonfresh marsh.
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6.3.2.3. Overview of Pipeline Case Studies in the Louisiana Chenier Plain

Figure 4.2A shows trends in habitat change associated with the entire population of pipelines
in the LCP. Of the six pipelines selected for case-study analysis, two showed definite impacts
from the pipelines. The Sonat 36" pipeline, built as a flotation canal with required back filling is
still evident on landscape maps as a large scar across the landscape. This scar indicates that
either the backfilling was not completed or was not completed properly. The other pipeline was
the Tennessee Gas Pipeline (TGP) 26" pipeline, which was installed using the push-pull
technique but with no backfilling, which resulted in spoil embankments that appear to have
caused flank subsidence around the edges of the pipeline canal. Of the four remaining pipelines,
two are located in the southwestern LCP where impoundments and marsh management occurred
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extensively during the 1970s, confounding any discernible impacts from the pipelines; the two
remaining pipelines show no obvious impacts outside of the pipeline itself.

6.3.2.4. Case Studies of Pipelines in the Louisiana Deltaic Plain
6.3.2.4.1. Trunkline 30" (Figures 1.5 and 6.4 and Appendix 3, Map 15)

This pipeline comes ashore in Terrebonne Parish, La., crossing into St. Mary Parish, La., and
terminating 73 km from shore, just west of Morgan City, La.. This line was built as a flotation
canal and backfilled in 1981. It crosses a small point of land (marsh) east of Point au Fer and
crosses open water through the Atchafalaya Bay and the main shipping canal of the Atchafalaya
River before crossing onto land (marsh) between the Atchafalaya River and the Atchafalaya
Delta State Wildlife Management Area.

Extensive marsh break up is evident along the southern end of the pipeline route east of Point
au Fer, La., and erosion along all shorefaces in the area. The marsh breakup appears to have
begun before pipeline construction and then continued afterwards.

Trends are similar between the reference buffer and pipeline buffer (Figure 6.4) with only
small changes in habitat areas during the construction period (1978-1990). Most changes
occurred during the preconstruction period, with fresh marsh area increasing and nonfresh marsh
decreasing. This increase in fresh marsh area in the first time period appears to be caused by
conversion of nonfresh marsh to fresh marsh east of the Atchafalaya Delta State Wildlife
Management Area. The loss of fresh marsh in the later time period appears to be caused by a
change of marsh to scrub-shrub and forested land. It is not clear what might have caused that
conversion, because it does not occur in a line along the pipeline but across a specific latitude
towards its northern end. Neither the loss nor gain of fresh marsh appears to be attributable to
the pipeline construction, despite the use of a flotation canal. As no scar is evident, proper
backfilling apparently was effective in mitigating habitat change along the pipeline route.

6.3.2.4.2. United Gas 12" (Figures 1.5 and 6.4 and Appendix 3, Map 16)

This pipeline comes ashore through Timbalier Bay, La., crossing onto land at the boundary
between Lafourche and Terrebonne Parishes, and heading northeast, past Lake Felicity to a
termination point 49 km onshore, just east of Houma, La. Essentially, this line crosses areas of
open water and marsh that is experiencing enormous breakup. This pipeline was installed in
1972. Installation and mitigation techniques are unknown, and we were unable to locate any
files, permits, or individuals with knowledge of this line.

Trends are similar between the pipeline buffer and reference buffer (Figure 6.4) with
increased open water throughout the time period and a loss of fresh marsh. Scar lines are evident
that may be associated with the pipeline installation because they track the pipeline route pretty
closely. The pipeline may have increased open water and exacerbated already existing problems
of saltwater intrusion.

6.3.2.4.3. Tennessee Gas Pipeline (TGP) 20" (Figures 1.5 and 6.4 and Appendix 3,
Map 17)

The TGP 20" line was installed in 1959 as a flotation canal and was dammed at the
shoreface. The pipeline crosses the shore in Plaquemines Parish, La., directly south of Port
Sulphur and heads 40 km north to its termination just north of Port Sulphur, La. The pipeline
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crosses marsh area and terminates at the edge of the Mississippi River where there is some
development, presumably related to the oil and gas industry.

The 1956 habitat map shows the future pipeline route crossing nonfresh marsh, a small slice
of fresh marsh near the Mississippi River, and then terminating in pasture/agricultural land at the
edge of the river. Habitat changes differ between the reference buffer and pipeline buffer (Figure
6.4), particularly in the changes in water area. From 1956 to 1978, water area increased in both
zones. The large increase in water area within the 300-m buffer could potentially be attributed to
the flotation canal, since no other region-wide trends seem to support the large increase. In
1978, the average width of the flotation canal was 39 m across, which could account for a large
amount of the increased hectares of open water in the 300-m buffer. From 1978 to 1990, the
300-m buffer showed an even larger increase in water area, while the reference buffer showed a
significant decrease. This difference is likely caused by the widening of the flotation canal,
which widened to an average of 46 m, showing an average increase in canal width of 0.72 m/yr.

It appears that this flotation canal had some negative impacts in the area, possibly allowing
salt water in and converting the sliver of fresh marsh to no-fresh marsh by providing an open
water area that widened over time from erosion and other forces. While the pipeline canal was
supposed to be dammed, it is not clear that the dam was built or that it was intact, since there is
an obvious opening from the Gulf of Mexico to the pipeline canal along the shoreface; however,
the entire area through which this pipeline crosses is undergoing significant marsh loss, which
may have been exacerbated by this pipeline.

6.3.2.4.4. Sonat 20" (Figures 1.5 and 6.4 and Appendix 3, Map 18)

This pipeline, constructed in 1991 using push-pull techniques, was placed parallel to an
existing pipeline and backfilled. Extra fill was added in areas where it was necessary. This
pipeline comes ashore in Jefferson Parish, La., right at the foot of the Mississippi River Delta,
follows the Mississippi River on the west side, crosses over just below New Orleans and passes
to the east of New Orleans through the western edge of Lake Borgne, across Lake Pontchartrain,
where it terminates 171 km onshore on the north shore of Lake Pontchartrain near Lacombe, La.

Trends are similar between the reference buffer and pipeline buffer (Figure 6.4). Water area
increased from 1956-1990 (preconstruction) and decreased from 1991-1995. The decrease in
water area from 1991-1995 appears to occur in an area that has been impacted by the West
Pointe a la Hache Outfall Management Project (Coastal Wetlands Planning Protection and
Restoration Act project BA-04) located just north of Port Sulphur, La., which is intended to
create marsh. Similarly, noted changes in the extent of fresh and nonfresh marsh tended to occur
near the West Pointe a la Hache Outfall Management project. Outfall project reports indicate a
net decrease in landloss in the area, some of which is within the pipeline buffers.

While it is difficult to attribute any percentage of marsh loss to this pipeline, there is
evidence of a pipeline track that likely would have contributed to changes in marsh types and
open water areas. The West Pointe a la Hache Outfall Management Project, located where the
pipeline crosses the Mississippi River, had a large enough impact to reduce overall trends in
changes in water and marsh gains/losses.

6.3.2.4.5. Sonat 18" (Figures 1.5 and 6.4 and Appendix 3, Map 19)

The Sonat 18" gas pipeline was installed in 1967, but installation and mitigation data are not
available for this line. The pipeline comes ashore in Jefferson Parish, La., crosses the Pass-A-
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Loutre Wildlife Management Area and Delta National Wildlife Refuge and then follows the
Mississippi River north, terminating just north of Grand Bay, La. The pipeline runs 56 km.

Both the pipeline buffer and reference buffer had similar trends for all habitat types (Figure
6.4). Water area increased from 1956 through 1990, while fresh marsh decreased from 1956-
1978 and increased from 1979 to 1990. In contrast, no-fresh marsh increased from 1956-1978
and decreased from 1970 to 1990. Water area made up 54percent of the habitat type in 1956 and
1974 and 77percent of the habitat type in 1978 and 1990, respectively. This area of Louisiana
has a high water-to-land ratio, and extensive conversion from land to water occurred from 1956
to 1990. It is extremely difficult to identify specific habitat changes related to this pipeline
within the context of the massive land changes occurring across the region. The pipeline ran
perpendicular across many tidal outlets and river passes. It is not clear if any or all of these
water crossings were dammed in any way. If not, this pipeline likely had direct habitat impacts
by providing either salt water access into fresh marshes, or possibly, freshwater access to
marshes flanking South Pass and Pass a Loutre.
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6.3.2.5. Overview of Pipeline Case Studies in the Louisiana Deltaic Plain

Figure 4.2B shows trends in habitat change associated with the entire population of pipelines
in the LDP. Pipelines in this region likely contributed to marsh loss in an area already
experiencing significant marsh loss. Most notable of these selected pipelines is the Tennessee
Gas Pipeline (TGP) 20", which was created as a flotation line that does not appear to have been
backfilled. Widening of this flotation canal occurred at a rate of 0.72m/yr, contributing
extensively to loss of marsh and likely providing greater access of salt water into fresher areas.
The lack of mitigation on this pipeline contributed to its significant effects on habitat change. Of
the other pipelines, several showed scars across the landscape (for example, United Gas 12" and
Sonat 20") and likely contributed to marsh loss in some way because of a lack of proper
mitigation. The Sonat 20" pipeline was backfilled with extra fill that was brought in as deemed
necessary. It is possible, although difficult to say, that in such a degrading marsh area, it may be
very difficult to re-contour the landscape in such a way that pipeline installation scars are not
evident. The Louisiana Deltaic Plain is a rapidly subsiding area, and the placement of pipelines
through these already stressed marshes clearly did not help alleviate problems with marsh loss.

6.3.3. Pipelines in the Mississippi-Alabama Coastal Plain

Only 5 of a total 10 OCS-related pipelines were selected for case study in the Mississippi-
Alabama coastal plain (MAC) because they covered the major pipeline arteries (many pipelines
were built within the same corridors). Between 1958 and 1994, these five pipelines totaled 163
km in length. One line was constructed by push-pulling; one was constructed as a flotation
canal; two were constructed by directional drilling; and one was installed by using undetermined
methods. For mitigation, one was backfilled; one was bulkheaded; and two either had no
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mitigation, or mitigation was not documented. Data for the MACP subarea included habitat
coverage from 1956, 1979, and a composite of 1988/1996 coverage.

6.3.3.1. Chandeleur 12" (Figures 1.6 and 6.5 and Appendix 3, Map 20)

This pipeline, installed in 1964, comes ashore between Pascagoula Bay and Point Aux
Chenes Bay, Mississippi and heads north. The line was analyzed for 40 km to the edge of the
coastal zone, crossing through nonfresh marsh, agriculture, and small areas of forest and fresh
marsh. It passes by the eastern edge of Pascagoula, Mississippi, was installed by using the push-
pull method and was mitigated by backfilling.

There is increased development in the area between 1956 and 1996, which likely explains
many of the observed habitat changes in the pipeline buffer and reference buffer (Figure 6.5).
Specifically, fresh marsh increases from 1956 to 1979, but more so in the pipeline buffer as
compared to the reference buffer. Fresh marsh diminishes in the 300-m pipeline buffer in the
next time period (1980-1988/1996), suggesting that photointerpretation errors may have led to
the interpretation of this trend. The area of the 300-m pipeline buffer was developed during this
time period, and it is possible that this increase in fresh marsh is caused by the creation of
numerous drainage ponds in the area. None of the changes appear to be very drastic, and in
general, habitat changes across the buffer zones do not appear to be overly influenced by
installation of the pipeline.

6.3.3.2. Duke Energy 12/20" (Figures 1.6 and 6.5 and Appendix 3, Map 21)

This pipeline, installed in 1991 and 1994 by using directional drilling, comes ashore in
Mobile County, Alabama. The pipeline crosses Dauphin Island and Mississippi Sound, before
coming ashore and terminating just north of the mainland. Over 35 km of pipeline were
analyzed; however, most of it crosses the Mississippi Sound, where no land change occurs.

6.3.3.3. Tennessee Gas Pipeline (TGP) 30" (Figures 1.6 and 6.5 and Appendix 3,
Map 22)

The TGP 30" was installed in 1958 as a flotation canal; for mitigation, it was dammed at the
beach face. The pipeline comes ashore in Hancock County, Mississippi, and runs for 43 km
north to the edge of the coastal zone. Only about half of this distance was analyzed because of a
lack of availability of habitat data for the three time periods. The pipeline crosses predominantly
forested and agricultural habitat types.

From 1956-1979, the most dramatic change in both the reference buffer and pipeline buffer
(Figure 6.5) is a large increase in fresh marsh. From 1980 to 1988/1996, there was a significant
decrease in fresh marsh in the 300-m pipeline buffer, which appears to be largely related to
increases in upland areas. None of the changes in habitat type appear to be related to the canal,
despite its being constructed by using the flotation method. The lack of impact from this
pipeline might be largely because of the fact that much it (unlike others analyzed in this report)
crosses upland habitats, as opposed to water and marsh habitats.

6.3.3.4. Exxon 24" (Figures 1.6 and 6.5, and Appendix 3, Map 23)

The Exxon 24" comes ashore in Mobile County, Alabama. This pipeline was installed in
1986 by using directional drilling. The pipeline was analyzed for 42 km, much of it as it passes
under water through Grants Pass, Alabama, after the buffer crosses the tip of Petite Isle, just
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south of Dauphin Island, Alabama. The pipeline terminates onshore at the Treating Point
compressor/pump station after crossing an area that is predominantly composed of forested
wetlands and uplands.

Few changes in habitat type are evident along this pipeline (Figure 6.5) during the period of
construction (1979-1988/1996). A combination of factors, including the presence of upland
habitat types, the use of installation by directional drilling, and the placement of the pipeline in a
corridor already impacted by pipelines appear to have been effective at mitigating pipeline
impacts on the landscape.

6.3.3.5. Shell 12" (Figures 1.6 and 6.5 and Appendix 3, Map 23)

The Shell 12" comes ashore in Mobile County, Alabama. This pipeline was installed in 1986
by using directional drilling. The pipeline was analyzed for 5 km that pass through forested
wetland and upland areas before terminating. This pipeline was built in the same ROW as the
Exxon 24"; thus, many of the habitat changes are similar.

From 1956 to 1979 (preconstruction), changes in the 300-m pipeline buffer (Figure 6.5)
involved a small loss of water area, apparently near the shoreface. Fresh marsh also declined,
largely through conversion to shorefront (water), while nonfresh marsh did not change much.

From 1980 to 1988/1996, all the changes in habitat were relatively small, with small
increases in water and fresh marsh areas and small losses of nonfresh marsh in both buffer zones.
Most changes are likely caused by increased development in the area. The combined use of
directional drilling for construction and placement along an existing corridor appear to have been
very effective in mitigating any scars or other pipeline impacts.
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6.3.3.6. Overview of Pipeline Case Studies in the Mississippi-Alabama Coastal
Plain

This region saw no discernible pipeline impacts, which is likely because of two reasons: (1)
good choices were made about installation and mitigation techniques (for example, using
directional drilling and already existing corridors), and (2) the presence of less vulnerable
habitats (that is, a low percentage of marsh habitat was crossed). Although one of the lines was a

flotation canal, the area crossed by it was predominantly upland habitat, and no discernible
impacts remained afterwards.
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6.3.4. Navigation Canals in the Texas Subareas
6.3.4.1. Case Studies of Navigation Canals in the Texas Barrier Islands

Corpus Christi Channel (Figures 1.2 and 6.6 and Appendix 3, Map 24) Construction of the
Corpus Christi Channel was completed in 1919 for oceangoing commerce. It comes ashore in
Nueces County, Tex, crosses Mustang Island, and travels through Corpus Christi Bay for a total
length of 89 km.

Since construction of the canal was completed by 1919, all GIS data are postconstruction.
No data were located for canal width at the time of construction, except to say that canal width
was the distance between jetties. Canal width was 512 m in 1956, 720 m in 1979, and 714 m in
1992, with canal widening rates of 9 m/yr from 1956 to 1979 and -0.5 m/yr from 1980 to 1992.

The canal crosses Mustang Island through partially upland and developed habitats, with the
backside categorized as beach flat in 1956. Little had changed by 1979 (Figure 6.6), although
more of the beach flat was developed, and the same trend followed for 1992. Similarly, where
the canal hits land again in Corpus Christi, after crossing Corpus Christi Bay, it comes ashore in
an area that was already developed by 1956. The small amount of beach flat remaining in 1956
was developed between 1956 and 1992, although a small amount seems to have eroded to open
water along the bay.

The direct impact of initially building the canal, by direct dredging of the waterway and the
widening of the canal until recent years all indicate the canal has contributed to habitat change in
the area.

6.3.4.1.1. Brazos-Santiago Pass (Figures 1.2 and 6.6 and Appendix 3, Map 25)

The Brazos Santiago Pass was completed in 1960 and comes ashore in Cameron County,
Tex. This navigation canal covers 34 km ending near Brownsville, Tex., and, when built, it
crossed mostly upland and beach flat habitats according to 1956 maps.

The canal was constructed to be 91 m wide. In 1979, it measured 561 m wide, and in 1992, it
measured 566 m. Canal widening is evident on the maps, mostly at the eastern end of the canal
where it crosses extensive beach flat and upland areas that appear to be maintained by the
deposition of spoil. Assuming that the canal was constructed as planned to be 91 m wide,
widening rates were 24.7 m/yr from 1960 to 1979 and 0.4 m/yr from 1980 to 1992.

Direct impacts that are evident from this canal are conversion of marsh to open water (Figure
6.6), which resulted directly from canal construction and widening over time. From 1956 t01979
there is some evidence of conversion of wetland to upland areas that appear to be from spoil
along one end of the navigation canal, but the trend is reversed from 1979 to 1992, with
conversion of this same upland back to wetland.

6.3.4.1.2. Matagorda Ship Channel (Figures 1.2 and 6.6 and Appendix 3, Map 26)

The Matagorda Ship Channel was built in 1967, covering 78 km through Matagorda County,
Tex. This ship channel crosses a barrier island and Matagorda Bay before ending at Port Lavaca.
The vast majority of habitat crossed is water as it passes through Matagorda Bay.

The channel was constructed to be 91 m wide. In 1979, it measured 347 m wide, and in
1992, it measured 334 m. Increase in water area from 1956 to 1992 (Figure 6.6) reflects canal
construction and widening, which have contributed to habitat change in the area.
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6.3.4.2. Case Studies of Navigation Canals in the Texas Chenier Plain
6.3.4.2.1. Sabine Pass (Figures 1.3 and 6.6 and Appendix 3, Map 27)

The Sabine Pass comes ashore in Jefferson County, Tex., and construction was completed
entirely by 1912, so all data are postconstruction. It covers 112 km and crosses mostly nonfresh
marsh in the southern end, then follows the western edge of Sabine Lake, ending just past Port
Arthur, Tex.

Data on the initial width of the canal were not located. In 1956, the canal averaged 489 m in
width, expanding to 524 m in 1979 and 532 m in 1992. The canal-widening rates were 1.5 m/yr
from 1956-1979 and 0.6 m/yr from 1980 to 1992.

From 1956 to 1979, water area increased within the canal buffer but changed very little in the
reference buffer (Figure 6.6). This likely reflects the widening of the canal. From 1979 to 1992,
water area increased slightly in the 1-km buffer but decreased in the reference buffer. The
increase in the 1-km buffer is again likely from the widening of the canal. Fresh and nonfresh
marsh both decreased over time, which may have been caused by the placement of spoil material
and widening of the canal; at the same time, there is evidence of nonfresh marsh creation in areas
that were previously open water habitats as a result of deposition of spoil material.
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Figure 6.6. Percentages of change in fresh marsh, nonfresh marsh, and water areas within
the canal buffer and reference buffer for selected navigation canals in the
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Matagorda Ship Channel in the Texas batrrier islands subarea. Sabine Pass in
the Texas Chenier Plain subarea.]
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the canal buffer and reference buffer for selected navigation canals in the
Texas subareas (continued). [Corpus Christi Channel in the Texas barrier
islands subarea. Brazos Santiago Pass in the Texas barrier islands subarea.
Matagorda Ship Channel in the Texas barrier islands subarea. Sabine Pass in
the Texas Chenier Plain subarea.]

6.3.5. Navigation Canals in the Louisiana Subareas
6.3.5.1. Case Studies of Navigation Canals in the Louisiana Chenier Plain
6.3.5.1.1. Calcasieu Ship Channel (Figures 1.4 and 6.7 and Appendix 3, Map 28)

Construction of the Calcasieu Ship Channel was completed in 1949. This ship canal crosses
Calcasieu Lake in western Louisiana, ending in Lake Charles and running 63 km. The channel
crosses predominantly nonfresh marsh and open lake. The northern end of the channel was not
analyzed because it lies outside of the coastal zone.

All data we have are postconstruction (Figure 6.7). The 1956 data indicate that the channel is
crossing nonfresh marsh and open lake, and in many areas it is bordered by spoil material. The
1956 data indicate that the mean canal width was 262 m, increasing to 314 m in 1978, and to 367
m in 1990, with widening rates of 2.3 m/yr from 1956-1978 and 5.4 m/yr from 1979-1990.
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In most cases, water area decreased, apparently because of the establishment of large spoil
banks/piles alongside the ship channel, separating it from Calcasieu Lake. Fresh marsh
increased from 1978 to 1990 after being nonexistent in 1956 and 1978, but it returned to
nonfresh marsh again in 1995. As all areas of fresh marsh were previously identified as nonfresh
marsh, the trends in nonfresh marsh are the opposite of those for fresh marsh.

The most significant changes apparent from the habitat data is the large increase in upland or
spoil areas bordering the channel, converting open water habitat to spoil material (1956-1978),
and later conversions of this spoil material to brackish marsh or scrub shrub (1978-1990, 1995).
Apparently, dredge material from the canal is piled alongside it in Calcasieu Lake. This canal
appears to have large habitat impacts due to dredging, and widening from erosion.

6.3.5.1.2. Freshwater Bayou Channel (Figures 1.4 and 6.7 and Appendix 3, Map 29)

Freshwater Bayou Channel, constructed in 1968, runs 37 km over nonfresh marsh just west
of Vermillion Bay, La. The 1956 data (Figure 6.7) indicate that the area was entirely composed
of nonfresh marsh, with some small water areas opening up.

From 1956 to 1978, there was a large increase in water area, which is a reflection of the
construction of the channel, as well as some increase in small ponding of the marsh within the
buffer zones. The ponding appears to be a region-wide phenomenon and not related solely to the
construction of the channel. In 1978, mean canal width was 140 m. Mean width expanded to
180 m by 1990, resulting in a yearly increase of 4.1 m.

Water area increased slightly from 1979-1990, with greater increases in the canal buffer than
the reference buffer, which appears to be caused by the widening of the channel during this time.
Water area decreased from 1990 to 1995.

Fresh marsh and nonfresh marsh show opposite trends as one replaces the other. We
identified a significant portion of previously nonfresh marsh as fresh marsh coverage in the 1978
data, with a further freshening in 1990, and then there is a slight reversal shown by 1995. The
freshening of the marshes is spotty and does not run along the canal or along a north-south
gradient, so it does not appear to be an impact of the canal.

6.3.5.2. Case Studies of Navigation Canals in the Louisiana Deltaic Plain
6.3.5.2.1. Wax Lake Outlet (Figures 1.5 and 6.7 and Appendix 3, Map 30)

Wax Lake Outlet was built sometime in the 1940s, although the exact date cannot be
confirmed. It comes ashore through Atchafalaya Bay, Louisiana, and runs 19 km north. All data
we have are postconstruction.

In 1956, canal width was 226 km. It increased slightly to 230 m in 1979 and decreased to
213 km in 1990. Widening rates were thus 0.2 m/yr from 1956 to 1978 and -1.7 m/yr from 1979
to 1990. Rock weirs along the sides of some of the canal likely explain the lack of any
significant change in the width of this canal.

Water area decreased from 1956 to 1990 in the canal buffer and reference buffer (Figure 6.7).
Much of this loss of water area appears to be caused by the infilling of Wax Lake. There is also
a large increase in spoil areas from 1956 to 1978, which may have contributed to this infilling.
In 1990, no spoil is identified, but scrub-shrub and nonfresh marsh are identified in areas that
were previously open water and spoil. Open water increased from 1990 to 1995, where the west
side of the canal, which used to be open water, appears to be opening up again.
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Fresh marsh increased from 1956 to 1978, again in areas surrounding habitat identified as
spoil. Fresh marsh decreased from 1979 to 1995. Nonfresh marsh decreased from 1956 to 1978.
Most areas that were identified as nonfresh marsh in 1956 became fresh marsh or spoil banks,
likely because of the large amounts of fresh water exiting the Atchafalaya River basin.

The main habitat impacts of this canal, beyond conversion of marsh to open water, also
include conversion of open water habitats to both scrub-shrub and nonfresh marsh, caused by the
deposition of spoil material alongside the navigation canal.

6.3.5.2.2. Houma Navigation Canal (Figures 1.5 and 6.7 and Appendix 3, Map 31)

The HNC runs 58 km inland, ending at the Gulf Intracoastal Waterway at Houma, La. Our
analysis ended just south of Houma because of missing data from some years. When installed,
HNC crossed an area that covered approximately one third nonfresh marsh at the most southern
end, one third fresh marsh in the middle portion of the canal, and swamp at the northern end.

Construction was completed in 1962, and habitat change analyses for 1956 -1978 (Figure
6.7) show a large increase in water area in the canal buffer and reference buffer. The average
canal width was 301 feet shortly after construction (T. Baker Smith & Son, Inc., 2002). Along
with the increase in water area, there was a large decrease in fresh marsh in all three buffer zones
and smaller decreases in nonfresh marsh. The smaller loss of nonfresh marsh, despite the canal
passing through a significant portion of nonfresh marsh, is likely caused by the fact that the area
of nonfresh marsh was already marked by numerous interior ponds, and the opening up of
interior ponds is typical across Terrebonne Parish.

From 1979 to 1990, changes in habitat types were minimal, but this pattern changed from
1991 to 1995, when much larger changes were seen. Most notably, a large increase in nonfresh
marsh, along with smaller losses of fresh marsh and water area occurred. A detailed study by T.
Baker Smith & Son, Inc. (2002) indicates that salinity levels at the Houma Water Treatment
Plant increased after the HNC was built but that the trend reversed after the mid-1980s. T. Baker
Smith & Son, Inc., indicate that the HNC likely did not increase salinity year round, but, by
providing a path for salt water, it resulted in the marshes being more prone to salinity “pulses”
associated with abnormally high tides, frontal passages, tropical storms, or droughts.

According to our calculations, the HNC canal increased its width at a mean rate of
approximately 9 m/yr. T. Baker Smith & Son, Inc., found that the canal width increased from
301 feet (92 m) in 1965 to 579 feet (177 m) in 1987, and 666 feet (203 m) in 1998, but the rate of
widening has not been constant over the length of the canal, with more widening in the southern
portion where ship traffic is purported to be much heavier. Shoreline widening is thus largely
attributed to erosion from boat wakes.

As concluded by T. Baker Smith & Son, Inc. (2002), in their detailed analysis of the HNC, it
is likely that the HNC contributed to interior marsh loss and some erosion caused by boat wakes,
as well as changes in salinity caused by the pathway provided by the canal; however, as
evidenced by the large-scale interior marsh loss throughout Terrebonne Parish, other influences,
such as subsidence, other oil and gas activities, and other activities altering hydrology in the area
are often dominant influences.
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Bayou Channel. C, Wax Lake Outlet. D, Houma Navigation Canal.]

6.3.6. Navigation Canals in the Mississippi-Alabama Coastal Plain

There are a total of four navigation canals in this subarea, and two were selected for case-
study analyses.

6.3.6.1. Theodore Ship Channel (Figures 1.6 and 6.8 and Appendix 3, Map 32)

This navigation canal runs onshore for 5 km and was built sometime between 1956 and 1979.
The canal comes ashore in an area that is partially developed but is predominantly composed of
nonfresh marsh, wetland forest, scrub-shrub, and agricultural lands.

Changes in habitat from 1956 to 1979 included increases in water area (Figure 6.8). This
increase in water area is largely a direct result of the canal. The width of the canal in 1979 was
238 m across. During this time period, fresh marsh and nonfresh marsh decreased in the canal
buffer. Some of this loss was conversion to open water, but there was also extensive
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development around the canal. In contrast, the reference buffer included increases in fresh marsh
and losses of nonfresh marsh. Much of the nonfresh marsh loss is likely from development in
the reference buffer.

From 1980 to 1988/1996, there were even more increases in water area in the canal buffer,
but there was no change in water area in the reference buffer. The increase in water area in the
1-km buffer was likely a result of the navigation canal. In 1988/1996, the navigation canal was,
on average, 285 m wide. From 1980 to 1988/1996, the canal widened at an average rate of 4.7 m
/year. There are some areas adjacent to the canal where large areas of water had obviously
opened up, which was likely caused by erosion. Other changes from 1980 to 1988/1996
included an increase in fresh marsh and a decrease in nonfresh marsh.

Based on this data, this navigation canal is widening and having larger impacts on the
landscape. The fact that many of the changes in habitat occur in the canal buffer, but are not
evident in the 1 km reference buffer, indicates that the changes are likely caused by the canal.

6.3.6.2. Pascagoula Channel (Figures 1.6 and 6.8 and Appendix 3, Map 33)

The Pascagoula Channel extends inland just 4 km and is located on the eastern edge of
Pascagoula, Mississippi. The canal was constructed in 1955 to serve ocean-going commerce and
navy ship builders. The original canal was designed to be 91.4 m wide. In 1956, the canal was
282 m wide but quickly widened to 411 m in 1979, a rate of 5.9 m/yr. From 1980 to 1988/1996,
the canal width held steady, averaging 412 m in 1988/1996, only 1 m wider than in 1979. We
were unable to confirm if construction of the canal occurred as designed, with a width of 91.4 m.
If it was built as designed, the first year experienced significant widening rates from 91.4 m to
282 m in average width. Alternatively, construction of the canal did not follow the design that
the permits were based on, and to our knowledge, no action was taken to correct this significant
difference in postconstruction canal width.

From 1956 to 1979, the canal buffer gained water area while the reference buffer lost water
area. It appears that the loss was caused by accumulation of sediments along the shorefronts,
especially to the east of the navigation canal. All three buffers gained fresh marsh, but lost
nonfresh marsh. Much of this change was likely caused by extensive development as the city of
Pascagoula expanded eastward to encompass the ship channel.

Changes from 1980 to 1988/1996 appear to have been smaller but included some gain in
water area and a small loss in fresh marsh in both the canal buffer and reference buffer. The gain
in water area appears to have been caused by erosion of the shorefront on the east side of the
canal. Itis not clear if this erosion was attributable to the ship activity around the canal or was a
coast-wide trend. Loss of marsh appears to have been caused by commercial development
around the ship canal.
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Figure 6.8. Percentages of change in fresh marsh, nonfresh marsh, and water areas within
the canal buffer and reference buffer for selected navigation canals in the

Mississippi-Alabama coastal plain. [Theodore Ship Channel. Pascagoula
Channel.]

6.4. SYNTHESIS

By comparing the buffer zones of selected navigation canals with reference sites, as well as

preconstruction and postconstruction environmental conditions in their proximity, the analyses in
this chapter provide a qualitative evaluation of wetland impacts and the effectiveness of
mitigation techniques associated with OCS-related pipelines and navigation canals. The results
of these analyses are used to assess the relative contribution of impacts associated with OCS-
related pipelines and navigation canals to observed regional trends in habitat change (question 3)

and the effectiveness of mitigation techniques at reducing those impacts (question 4).

Question 3: What are the localized impacts of OCS-related pipelines and navigation

canals on wetland habitats within their immediate vicinity?
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6.4.1. OCS-Related Pipelines

The impacts that we were able to identify from these qualitative analyses of selected OCS-
related pipelines conducted years after their construction are generally of two types (1)
conversion of wetland habitat to open water or (2) conversion of marsh habitat to upland (mostly
scrub/shrub) habitat. The first type of impact, the conversion of wetland habitat to open water,
appears to result through one of two mechanisms: (1) trenching for canals, most notably from
flotation canals, but there was also some evidence that push-pulled canals that were not
backfilled at all or were not backfilled properly resulted in conversions of wetland to open water
or (2) flank subsidence resulting from the creation of spoil embankments in either flotation
canals or push-pulled canals that again were either not backfilled at all or were not backfilled
properly. The second type of habitat impact identified, the conversion of marsh habitat to
scrub/shrub, appears to result through one of two mechanisms: (1) from the creation of spoil
embankments or (2) from the overfilling of canals during backfilling. All the discernible impacts
were detected in the TBI, LCP, and LDP subareas.

6.4.2. OCS-Related Navigation Canals

We documented several impacts on habitat change associated with OCS-related navigation
canals. The most obvious and ubiquitous impact of the selected OCS-related navigation canals
was the conversion of wetland habitats to open water from creation of the canal and their
subsequent widening from erosion.

A second documented impact is the conversion of open water and/or wetland habitats to
upland through the deposition of spoil material alongside canals. A third impact, common to a
number of the canals, is the conversion of open water habitat to wetland through the deposition
of spoil material in open water to an elevation that resulted in marsh creation. Lastly, we
documented a conversion of fresh marsh to nonfresh marsh that likely results from the pathway
created by the canal, which leads to increased saltwater intrusion. These impacts are seen across
all five subareas examined in this study.

Question 4:  Are the dominant mitigation and construction techniques used for OCS-
related pipelines and navigation canals effective in minimizing their effects
on landloss, wetland loss, and other habitat changes?

6.4.3. OCS-Related Pipelines

The magnitude of impacts associated with OCS-related pipelines is inversely proportional to
the quantity and quality of mitigation techniques applied. Pipelines that were constructed by
using extensive mitigation measures appear to have had minimal impacts on the landscape. Of
the pipelines that we examined, the pipelines that we could attribute significant habitat changes
to were those that were not backfilled and/or that had spoil banks that remained after
construction (for example, Sonat 36", Tennessee Gas Pipeline 26", Tennessee Gas Pipeline 20",
United Gas 12", Sonat 20", Transco 36"). This finding appears to hold true across different
subareas and habitat types examined. In more sensitive habitats, such as the barrier islands,
OCS-related pipelines appear to have been constructed in such ways as to effectively minimize
damage by using multiple mitigation techniques on each line. Furthermore, pipelines
constructed across upland habitats (for example, in the MACP) appear to have had minimal
habitat impacts.
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An important caveat, however, is that because pipeline construction (related to OCS activities
or not) is widely distributed across the Gulf Coast, leaving no areas unaffected by pipeline
construction from 1956 to 1992, it is difficult to say with certainty that pipelines do not result in
significant habitat change. Given the large number of pipelines built, it is possible that some of
the regional patterns of habitat change may be partly a result of the cumulative impacts of
pipelines; however, this portion of this study involved analyzing the impacts of single pipelines.
Of these, only the ones not mitigated at all, or not mitigated properly by successfully using
techniques such as backfilling, appear to have impacted habitat change patterns within their
immediate vicinity.

6.4.4. OCS-Related Navigation Canals

All of the navigation canals we studied had significant habitat impacts on the landscape,
beyond the direct impact of open-water canals being built through a variety of habitat types. All
of the canals, regardless of subarea or habitat crossed, experienced significant widening from
their construction width, although many had reduced widening rates in more recent years (Table
6.1). These reduced rates of widening in recent years likely reflects more aggressive
management and restoration of the canal edges to prevent erosion, including construction of rock
breakwaters along portions of some. Many of these canals have also had indirect impacts and
have likely contributed to interior marsh loss from both erosion (for example, widening from
boat wakes) and changes in salinity by providing a pathway for both fresh and salt water to
move. Our findings indicate that management activities, including erosion protection and
restoration along the edges of these canals, can significantly reduce canal-widening impacts on
wetland loss. What is not addressed in our discussion is the impact of saltwater intrusion into
previously freshwater areas; techniques to reduce this exchange of water are necessary to provide
solutions to this problem.
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Table 6.1

Summary of Widening Rates (m yr'') Associated with Case-Study Navigation Canals

Subarea Name of canal Year built Widening rates (m yr™)
Texas 1956-1979 1980-1992
Barrier islands Corpus Christi Channel 1919 9 -0.5
Brazos Santiago Pass 1960 6.7* 0.4
Matagorda Ship Channel 1967 21.3* -1.0
Chenier plain Sabine Pass 1912 15 0.6
Louisiana 1956-1979 1980-1990
Chenier plain Calcasieu Ship Channel 1949 2.3 5.4
Freshwater Bayou 1968 4.1
Channel
Deltaic plain Wax Lake Outlet 1940s 0.2 -1.7
Houma Navigation Canal 1962 . 9
Mississippi-Alabama 1956-1979 1980-1988/1996
coastal plain
Pascagoula Channel 1955 5.9 0
Theodore Ship Channel 1960s 2.8-5.2
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CHAPTER 7

IMPACTS OF OCS-RELATED PIPELINES AND NAVIGATION
CANALS: SUMMARY AND IMPLICATIONS FOR MANAGEMENT

by Donald R. Cahoon and Megan K. La Peyre

7.1. PIPELINES
7.1.1. Impacts and Mitigation

The construction of OCS-related pipelines through coastal ecosystems can cause locally
intense habitat changes, thereby contributing to the loss of critically important land and wetland
areas (for example, conversion to open water or upland or the conversion of fresh to nonfresh
marsh). Some construction methods create a greater impact per unit length than others (for
example, flotation canals versus backfilled push-pull ditches, or directionally drilled canals).
Direct impacts result from dredging activities, while indirect impacts occur through local
hydrologic changes (for example, altered flooding patterns created by spoil banks or saltwater
intrusion). Although pipeline impacts can be severe, they can be greatly minimized or avoided
with proper application of mitigation techniques; this is true even for impacts from flotation
canals. Our analyses revealed that the degree of impacts associated with specific pipeline canals
varied widely, with some pipelines contributing to habitat loss and others not, depending largely
on the extent and quality of mitigation applied, regardless of region or habitat crossed. Our
analyses also suggest that the cumulative effect of hundreds of pipelines contributes to regional
trends in landloss.

7.1.2. The Louisiana Example

The impact of OCS-related pipelines on coastal wetlands can best be demonstrated from our
analyses of habitat changes in Louisiana. The Louisiana coastal zone is the most intensely
studied portion of the Minerals Management Service (MMS) Western and Central Planning
Areas, which made it possible for us to evaluate OCS-related impacts in relation to impacts from
other activities or processes on a regional, local, and individual pipeline scale. The landloss rate
within 150 m to either side of individuals within the entire populations of OCS-related pipelines
in the Louisiana Chenier Plain (LCP) and Louisiana Deltaic Plain (LDP) was significantly higher
than the regional landloss rates. A comparison of habitat change trends occurring before and
after pipeline construction in samples of the pipeline populations in the LCP and LDP confirmed
that pipeline construction influenced habitat change trends. Yet, our in-depth, qualitative
analyses of individual pipelines revealed that some pipelines altered the trajectory of habitat
change (for example, Tennessee Gas Pipeline (TGP) 26" [push-pulled but not backfilled], Sonat
36" (flotation canal not backfilled) while others did not (for example, Amoco 20" [push-pulled
and backfilled], Trunkline 30" [backfilled flotation canal]). Overall, the important factor
determining the degree of impact was the type and quality of mitigation techniques applied.
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7.2. IMPLICATIONS FOR MANAGING IMPACTS FROM OCS-RELATED PIPELINES

As oil and gas development continues and expands in the Gulf of Mexico, managers must
seek best management practices for avoiding or minimizing impacts associated with the
installation of future OCS-related pipelines.

The key to avoiding, or at least minimizing, habitat impacts from OCS-related pipeline
construction is to reestablish and maintain the marsh elevation and local hydrologic regime that
existed prior to construction. This entails the use of techniques like backfilling and avoiding the
creation of spoil banks. There are several recommendations for ensuring this happens.

7.2.1. Mitigation

To avoid or fully minimize impacts to the maximum extent practicable, adequate mitigation
must be carefully planned and executed for every project. Providing no or only partial mitigation
for example, push-pull ditching without backfilling or directional drilling without shoreline
stabilization) virtually ensures that impacts will occur.

7.2.2. Maintenance

Routine maintenance of mitigation measures must be conducted to maintain preconstruction
elevation and hydrologic conditions in relation to influences on long-term processes such as soil
subsidence.

7.2.3. Construction Method

If more than one construction method is suitable for a given coastal environment, then
choose the least damaging and most easily mitigated method. For example, construction of
flotation canals has the biggest impact of all methods and is the most difficult to mitigate. Avoid
use of this method whenever practical, using instead push-pull ditching with backfilling or the
directional drilling method. Also be sure to construct bulkheads or dams at all waterway and
beach crossings to stabilize these vulnerable habitats. A detailed description of all construction
and mitigation methods is presented in Chapter 2.

7.3. NAVIGATION CANALS
7.3.1. Impacts and Mitigation

Compared to those from a pipeline canal, impacts from a navigation canal are typically
larger, more persistent (for example, canal widening and saltwater intrusion), and more difficult
to minimize (for example, to remain functional, a navigation canal cannot be backfilled). Canal
widening rates have slowed in recent years, apparently as a result of increased bank stabilization
efforts (see Chapter 6), but saltwater intrusion and other hydrologic effects persist for all
navigation canals.

7.3.2. Implications for Managing Impacts from OCS-Related Navigation Canals

As oil and gas development continues and expands in the Gulf of Mexico, it is not clear if
port facilities and new navigation canals will be needed or constructed any time soon, but until
such time as new navigation canals are needed, the existing canals will accommodate any
increase in boat traffic associated with industry expansion. This means that canal widening rates,
driven by erosion from boat wakes, will remain a critical management issue, along with the
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persistent hydrologic impacts of saltwater intrusion and flank subsidence. Given the direct,
uncontrollable impacts of a functioning navigation canal (for example, saltwater intrusion), the
key to mitigating additional impacts is bank stabilization, and where possible, beneficial use of
dredged material from maintenance dredging activities to create wetland or upland habitats (for
example, such activities have been successful with the Calcasieu Ship Channel).
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APPENDIX 3

HABITAT CHANGE MAPS OF SELECTED OCS-RELATED
PIPELINES AND NAVIGATION CANALS

There are 33 maps, including 23 of pipelines and 10 of navigation canals. One pipeline map
includes two separate pipelines. Each map is titled, “Changes to Coastal Habitats in the Vicinity
of QOuter Continental Shelf (OCS)-Related Pipelines and Navigation Canals”, followed by an
identifying number and the pipeline or navigation canal name. Each pipeline name also includes
the pipeline diameter in inches. The map numbers and names are as follows. Digital versions
are available on the accompanying CD.

PIPELINES

Map 1.  Amoco 14"

Map 2:  Transco 20"

Map 3:  Transco 36"

Map 4:  Texas Power Corporation 16"
Map 5:  Enron 24/20"

Map 6:  Transco 24/16"

Map 7:  Pennzoil 8"

Map 8:  Enron 16"

Map 9:  Mobil 16"

Map 10: Transco 16"

Map 11: Tennessee Gas Pipeline 26"
Map 12:  Amoco 20"

Map 13: Texas Gas 20"

Map 14: Sonat 36"

Map 15:  Trunkline 30"

Map 16: United Gas 12"

Map 17:  Tennessee Gas Pipeline 20"
Map 18:  Sonat 20"

Map 19: Sonat 18"

Map 20: Chandeleur 12"

Map 21: Duke Energy 12/20"

Map 22: Tennessee Gas Pipeline 30"
Map 23: Exxon 24" and Shell 12"

NAVIGATION CANALS

Map 24:  Corpus Christi Channel
Map 25: Brazos-Santiago Pass
Map 26: Matagorda Ship Channel
Map 27:  Sabine Pass

Map 28: Calcasieu Ship Channel
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Map 29:
Map 30:
Map 31:
Map 32:
Map 33:

Freshwater Bayou Channel
Wax Lake Outlet

Houma Navigation Canal
Theodore Ship Channel
Pascagoula Channel
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The Department of the Interior Mission

As the Nation's principal conservation agency, the Department of the Interior has responsibility
for most of our nationally owned public lands and natural resources. This includes fostering
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity;
preserving the environmental and cultural values of our national parks and historical places;
and providing for the enjoyment of life through outdoor recreation. The Department assesses
our energy and mineral resources and works to ensure that their development is in the best
interests of all our people by encouraging stewardship and citizen participation in their care.
The Department also has a major responsibility for American Indian reservation communities
and for people who live in island territories under U.S. administration.

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service's (MMS)
primary responsibilities are to manage the mineral resources located on the Nation's Outer
Continental Shelf (OCS), collect revenue from the Federal OCS and onshore Federal and Indian
lands, and distribute those revenues.

Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program
administers the OCS competitive leasing program and oversees the safe and environmentally
sound exploration and production of our Nation's offshore natural gas, oil and other mineral
resources. The MMS Minerals Revenue Management meets its responsibilities by ensuring the
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and
production due to Indian tribes and allottees, States and the U.S. Treasury.

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
responsive to the public's concerns and interests by maintaining a dialogue with all potentially
affected parties and (2) carrying out its programs with an emphasis on working to enhance the
quality of life for all Americans by lending MMS assistance and expertise to economic
development and environmental protection.
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Changes to Coastal Habitats in the Vicinity of Quter Continental Shelf (0CS)-Related Pipelines and Navigation Canals
Map 33: Pascagoula Channel
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