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SUMMARY

This Proceedings volume presents summaries of the presentations and discussions of the Tenth Annual
Information Transfer Meeting (ITM) held on December 5-7, 1989, in New Orleans, Louisiana. These
annual ITM’s have been sponsored by the Minerals Management Service (MMS), Gulf of Mexico OCS
Regional Office, since 1980 in support of the OCS oil and gas program to foster exchange of information
among participants, including MMS staff; invited speakers from academic institutions, Federal and State
agencies, industry, conservation groups, and knowledgeable individuals; contractors for MMS-funded
environmental and socioeconomic studies; and the audience of general invitees. This volume includes
session overviews by the respective session chairpersons, each of which is followed by short accounts of
presentations by the authors.

The Minerals Management Service invites comment and constructive criticism on the annual Information
Transfer Meetings and the resulting Proceedings document.
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OPENING PLENARY SESSION
OVERVIEW

Dr. Richard E. Defenbaugh
Minerals Management Service
Gulf of Mexico OCS Region

The primary purposes of the Opening Plenary
Session are to welcome attendees to the
Information Transfer Meeting (ITM) and to
initiate the meeting with one or two major
presentations that are of interest to a broad
cross-section of meeting attendees and are
pertinent to the interests of the Minerals
Management Service’s (MMS) Gulf of Mexico
Outer Continental Shelf (OCS) Regional Office.

The ITM was called to order by Mr. Ruben
Garza, who welcomed attendees, introduced the
staff responsible for meeting logistical support,
made appropriate housekeeping announcements,
and introduced Dr. Defenbaugh who discussed
the purposes and functions of the ITM and
introduced subsequent speakers.

The primary purposes of the ITM are to provide
a forum for "scoping” topics of current interest
or concern relative to management issues,
environmental assessments, or studies in support
of offshore oil and gas activities in the Gulf of
Mexico OCS Region; to present the accomplish-
ments of the MMS Environmental Studies
Program for the Gulf of Mexico, and of other
MMS research programs or study projects; to
foster an exchange of information of regional
interest among scientists, staff members, and
decisionmakers from MMS, other Federal or
State governmental agencies, regionally
important industries, and academia; and to
encourage opportunities for attendees to meet
and develop or nurture professional
acquaintances and peer contacts.

The ITM agenda is planned and coordinated
cach year by the MMS Gulf of Mexico OCS
Regional Office staff around the three themes
mentioned above--issues of current interest to
the Region or the MMS oil and gas program;
accomplishments of the agency; and regional
information exchange. Most presentations are
invited, through personal contacts between
session chairpersons and speakers known to be
knowledgeable on a given topic. A few presen-
tations are "contributed” at the initiative of the
speakers. All presentation topics are screened
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by the MMS Regional Office management, to
assure that sessions and topics are timely,
pertinent, and sound. Meeting support funding
is provided through the MMS Environmental
Studies Program. All meeting logistical support
is provided by a contractor (Geo-Marine, Inc.)
and subcontractors selected through the usual
federal procurement process. A proceedings
volume is prepared for each ITM, based on
summaries of technical presentations submitted
by each speaker and on session overviews
prepared by each session chairperson.

Mr. J. Rogers Pearcy, Regional Director of the
MMS Gulf of Mexico OCS Region, formally
welcomed the audience on behalf of the MMS.
He reflected on the fact that recent ITM’s have
been well planned and received, but that this
tenth annual ITM seemed to be an even better
program. He briefly reviewed highlights of the
agenda and closed with the thought that all
attendees should learn something from the
various sessions they attend and hopefully would
enjoy themselves as well.

Our two Opening Plenary Session technical
presentations addressed the relative merits and
utility to decisionmakers of descriptive studies
and of processes studies, respectively. These
topics were suggested by Dr. Jerry Wermund,
who represents Texas on the MMS OCS
Advisory Board’s Gulf of Mexico Regional
Technical Working Group. Historically, MMS
environmental studies for the Gulf of Mexico
have tended to be descriptive of the nature of
the environment at offshore sites where oil and
gas activities were proposed, planned, or in
progress. We are now turning to focus on
process-oriented studies, to expand our
predictive capability. These presentations were
made by Dr. Rezneat Darnell of Texas A&M
University and Dr. Robert Carney of Louisiana
State University.

Dr. Darnell spoke on the MMS management
process and the relative merits and utility of
descriptive studies. Dr. Darnell’s research
interests are wide-ranging, but for the past two
decades have focused largely on ecology of
continental shelves and management of marine
resources. He has been involved in several
MMS-supported studies, generally to synthesize
technical information and provide a readable
narrative for management use. These studies,
largely of a descriptive nature, have addressed
Gulf-wide fisheries resources and the
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environments and biological communities of the
Texas-Louisiana Shelf, of shelf-edge topographic
banks, of the Mississippi-Alabama Shelf, and of
the Southwest Florida Shelf.

Dr. Darnell described and discussed MMS pre-
and post-lease procedures and responsibilities,
and the extent of current offshore oil and gas
development in the Gulf. He described the
process of OCS pre-lease assessment and post-
lease management as "well-defined sequential
decisions" which provide recurring opportunities
for MMS decisionmakers to consider and use
appropriate information, including the results of
descriptive environmental studies.

He then described the information content of
various sorts of descriptive studies, of the
physical and biological environment, and
discussed how inventory or baseline studies
provide an information base for management
use. These include: fundamental description of
the environment at the site of concern; applica-
tion of published information (descriptive,
process-oriented, life-history, etc.) once the
environment of concern is known; inference of
processes information, based on repetitive
descriptive studies; and advice of expert
specialists knowledgeable of such environments.
Dr. Darnell described such studies as a cost
effective means of gathering information at the
regional scale, and a necessary first step to
identify the need for further studies to more
comprehensively describe areas of special
concern, or to study the processes which
influence an environment of interest.

Dr. Darnell described a few situations where
descriptive information is fully adequate for
management decisions.  Generally, if the
environment under consideration is known to be
widespread, monotonous, and biologically non-
sensitive; and, if the known effects of the
activities being considered are of limited spatial
extent, then descriptive information is adequate
for decisionmaking. However, if the environ-
ment includes varied and/or sensitive biological
communities, or if the potential impacts of an
activity are far-reaching, then process informa-
tion on community dynamics is important.

Dr. Darnell closed with the opinion that MMS
has done a ‘"remarkably good job" of
decisionmaking, given the magnitude of offshore
oil and gas operations in the Gulf, and the
apparent lack of severe or lasting environmental

degradation. He attributed this to development
of a good information base for management
use and tight inspection and regulation of
offshore oil and gas activities.

Dr. Carney spoke on the relative merits and
value of process-oriented studies. Dr. Carney’s
research interests have centered on fauna and
ecology of the deep sea and related management
issues. He has been involved in several MMS-
supported studies, generally as an advisor on
scientific approach and soundmess of work
performed. These projects have included studies
of the fauna and unique communities of the
Gulf continental slope; summary of information
on many topics for the south Florida area; study
of oil spill effects on tropical biological commun-
ities, and environmental recovery from these
effects; and leadership of a workshop for
planning major MMS-supported studies for the
northern Gulf of Mexico.

Dr. Carney made several important points
concerning the value of process-oriented studies
for management decisions. Of primary
importance, he noted the need for predictive
information to answer the "what happens if..."
questions which arise during decisionmaking
concerning offshore resources or activities. He
observed that inventory studies typically produce
vast quantities of supportive environmental data
which are not directly considered during the
decisionmaking process. Since these data are
often very expensive to gather, there seems to
be an inefficiency in the descriptive-study
approach, as reflected in the limited value of
much data gathered compared to the manager’s
information needs. Furthermore, repetitive
descriptive studies provide relatively little new
information for management use; they may
demonstrate a change in the environment over
time or space, but an understanding of the
environmental processes is needed for predictive
capability. To illustrate this point, he discussed
a current study to assess recovery of oiled
mangrove communities in Panama, where
biological processes seem to determine success
and distribution of mangrove seedlings.

He cautioned against a mindset of "completion
of baseline studies", which implies that the
biological systems are static, and once described
remain the same. He described the benthic
marine environment as inherently quite variable
due to natural causes which might mask or
confuse assessment of offshore oil and gas



impacts attributed to changes in the benthic
environment. Because of the degree of
environmental change which occurs routinely
and naturally, the environment should not be
considered static, and observation of a change
should not be considered an impact. He called
for a continuum of environmental studies to
understand the dynamics of biological processes,
leading to predictions of the environment, and
refinement of predictive capability by seeking to
reiteratively understand the difference between
predicted and observed environmental settings.

He commented that the study of marine
environmental processes, as opposed to
descriptive study of the marine environment, is
a relatively recent approach; there currently is
no concise definition or agreement in scientific
circles on the optimal nature or design of
process studies, and there is no current "off the
shelf " approach to understanding environmental
processes. He suggested, however, that process
studies should seek to understand environmental
change, both in time and space; that sampling
design should be optimized to quantify observed
changes; and that researchers must identify
processes which can cause change.

The utility of process studies lies in considera-
tion of how oil and gas activities can impact the
processes which determine environmental
change. However, current process-study
approaches will probably limit application of
results to MMS concerns. For example, MMS
often makes decisions based on species or
habitats of concern (due to commercial
importance, endangered status, aesthetic
qualities, etc.), while process models tend to
address biogeochemical flows. Also, scales of
transport are not congruent; impacts of offshore
oil and gas activities are typically limited to a
few kilometers from a drilling site, while areas
contributing larvae which determine recruitment
to the benthic communities extend over many
thousands of square kilometers.

The Opening Plenary Session met our objectives
well. Attendees learned from Drs. Darnell and
Carney that descriptive studies provide an
adequate information base for many manage-
ment decisions, and that process-oriented studies
should provide an enhanced capability for
environmental or impact prediction. Study
designs and methods for descriptive studies are
currently well developed, but study approaches
for process studies are in their formative stages.
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Results of descriptive studies often have
immediate application, although supportive data
may be far removed from management consider-
ation. Results of process studies should
eventually provide more powerful tools for
management decisions, although near-term
results may be difficult to apply to management
issues.

Dr. Richard E. Defenbaugh is Chief of the
Environmental Studies Section of the MMS Gulf
of Mexico OCS Regional Office. His graduate
work on the natural history and ecology of
estuarine and continental shelf invertebrates at
Texas A&M University led to a M.S. in 1970
and a Ph.D. in 1976. He has been involved with
the MMS/Burcau of Land Management
environmental studies and assessment programs
since 1975.

Mr. Ruben Garza is President of Geo-Marine,
Inc. and program manager for the contract to
support the MMS Information Transfer
Meeting. His current responsibilities center on
business development, company management,
and administrative and quality control of
projects and reports. He holds a B.S. in physics
from the University of Texas at El Paso, and
formerly supervised development of computer
processing techniques for analysis of seismic
data at Texas Instruments, Inc.

DESCRIPTIVE STUDIES:
MERITS AND UTILITY TO
DECISIONMAKERS

Dr. Rezneat M. Darnell
Department of Oceanography
Texas A&M University

INTRODUCTION

Management involves the mobilization of
available resources in order to achieve particular
societal goals. In effect, management must act
upon a system and move that system from its
present state to one or more perceived future
states. In so doing, management must operate
within boundaries or constraints. These are of
two classes, conditional and absolute.
Conditional constraints are negotiable, and they
may be exceeded for short periods of time
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without subjecting the system to long-term
consequences. Absolute constraints, on the
other hand, are non-negotiable. They are
categorical constraints which cannot be violated
without foreclosure of major future options to
society.

Management operates through a series of
sequential decisions which are based upon
available information and future projections.
Most often the available information and the
projection methods provide onmly incomplete
guidance. However, because of the possibility
of future mid-course corrections, this is generally
adequate. Thus, through a series of approxi-
mately informed decisions, management may
proceed into the indefinite future, and it may
keep the system within the desired limits by
repeated mid-course alterations.

In the discharge of its duty, management must
define its goals and these must be factored into
both short-term and long-term goals.
Management must identify and define the
operational constraints including those related
to social, political, economic, and environmental
considerations. It must develop the tools
including personnel, protocols, and other
hardware and software required to get the job
done. Finally management must develop the
data and knowledge resources upon which
informed decisions may be made. In this
context it is noted that the data required for
decisionmaking do not always have to measure
up to the rigor required in detailed scientific
study. Approximations will often suffice.

Although decisions often have to be made within
short time frames and based upon limited
knowledge, the possibility of course alterations
at a later date buys time and permits more
informed decisions after additional knowledge
has been gained.

MINERALS MANAGEMENT SERVICE
GOALS, PROCESSES, AND
CONSTRAINTS

The present discussion focuses upon the Gulf of
Mexico Outer Continental Shelf (OCS) Regional
Office of the Minerals Management Service
(MMS) as the management agency. The oil and
gas industry is the primary system being
managed, although industries associated with the
actual or potential extraction of salt, sulphur,
and other minerals would also fall within its

jurisdiction. Primary tasks of the agency include
the following:

« evaluation of potential mineral resources,

* leasing and lease adjudication,

* inspection and regulation of field operations,
and

¢ environmental assessment and protection.

Primary industry activities being regulated
include exploration, development, production,
transportation, and final site clean-up. MMS
exercises a primary interest in the federal
domain (i.e., the outer continental shelf), but it
also has a secondary interest in the continental
slope, the nearshore and coastal waters, and the
coastal lands directly affected by oil and gas
activities. The magnitude of these activities is
indicated by the fact that to date there have
been produced 9 billion barrels of oil, 90 trillion
cubic feet of gas, 15 million tons of sulphur, and
4.8 million tons of salt (all figures are approxi-
mate). In achieving this task 27 thousand oil
and gas wells have been drilled, 17 thousand
miles of pipeline have been laid, and $70 billion
have been added to the national treasury.

The MMS operates under a series of legislative
acts which define the purpose and duties of the
agency and establish legal constraints under
which it must perform its management activities.
Among the most important of these, in terms of
environmental protection, are the National
Environmental Policy Act (1969) and the
Endangered Species Act (1973), both as
amended. Management tools available include
the OCS leasing process itself as well as the
legal authority to regulate and to establish
policies and procedures under which industry
must operate. Management options which may
be involved to regulate the industry and to
protect the environment include the following:

* exclusion of certain areas from leasing
consideration,

» attachment of stipulations to OCS leases,

» requirement that offshore operations avoid
or mitigate undesirable impacts, and

* requirement of industrial compliance with

various regulations and protocols during all
phases of oil and gas operations.

The oil and gas industry itself operates in a very
hazardous environment and is subject to a series
of environmental risks. The primary hazards



include meteorological factors (major storms
and hurricanes), oceanic factors (strong ocean
currents, eddies, and deep water), and geological
factors (faults, unstable sediments, and near
surface gas pockets). Significant environmental
risks include the possibility of ship collision from
heavy traffic of marine vessels; major oil spills,
minor oil spills, and routine discharges into air
and water; physical damage to bottoms from
structures, pipelines, and anchors; and impacts
on nearshore waters and coasts from construc-
tion, wetland channelization, and related
activities. The management agency must be well
aware of these hazards and risks, and it must
regulate the industry in a manner calculated to
minimize the potential environmental impacts
which could result from industry activities. The
agency must also take into account various
social, political, economic, and environmental
considerations. It is worth noting that during
the early years there was a very limited environ-
mental knowledge base to serve as guidance and
that most of our present environmental
knowledge of the continental shelves and
adjacent areas of the northern Gulf have had to
be developed by MMS during the period of
heavy industry activity.

MANAGEMENT IN ACTION

Early in the OCS program, realizing the need
for reliable environmental information, the
Bureau of Land Management (BLM) instituted
a major effort toward acquisition of environ-
mental knowledge upon which informed OCS
leasing decisions could be made. This effort,
which was continued and expanded under MMS,
has by now resulted in the establishment of one
of the most thorough continental shelf and
coastal area databases in the world. The main
study series include the following:
Environmental Mapping Series, Marine
Ecosystems Series, Coastal Studies Series,
Endangered Species Series, and Ecological
Effects of Oil and Gas Activities Series. Some
of this information deals strictly with the
environment, but much of the knowledge has
been focused upon specific management
problems.

In order to understand how the environmental
information is employed in making management
decisions it is necessary to examine the
sequential series of steps which MMS must take
in relation to the leasing and development of an
oil and gas field on the outer continental shelf.
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These steps (greatly simplified) are summarized
in Table 1.1. During the pre-leasing period
decisions must be made concerning which areas
should be leased or held back from leasing.
Preparation of the Draft and Final versions of
the Environmental Impact Statement (EIS)
requires environmental decisions at a great many
points involving different developmental
scenarios and future projections. During the
post-leasing period there are also many decision
points and possibilities for industry regulation
associated with environmental protection. Such
mid-course corrections may relate to generic or
to site-specific considerations.

In addition to these routine management
activitiecs, MMS has worked out methods of
dealing with special problems including biologi-
cally sensitive areas; rare, threatened, and
endangered species; and a variety of potential
crisis situations. The agency has developed the
knowledge, skills, personnel, and instruments
necessary to handle such situations in advance
of their specific need. Internal scoping
documents have been developed to provide the
basis for immediate decisionmaking in a variety
of crisis situations. Further, the agency has
designated various staff members as the local
experts on a variety of subjects and situations of
management interest. Each expert is expected
to be fairly knowledgeable concerning the
published and unpublished information on the
subjects of interest. Library and computer
databases are also geared for the rapid retrieval
of relevant information. By these means, the
MMS office is prepared to handle emergencies
and other situations which may arise. Most of
the information resources are of a descriptive
nature.

DESCRIPTIVE STUDIES: A
BASIS FOR ENVIRONMENTAL
DECISIONS

Descriptive studies are sometimes referred to as
environmental baseline studies. They are
essentially inventories of the geological, physical,
and chemical features of the environment as well
as the biological and ecological characteristics
of the area. One-time inventories provide a
single "snapshot" of the water column, bottom,
and biota. Repeated inventories can provide
information concerning seasonal and other
changes in the various parameters. In either
case, inventories permit the application of much
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Table 1.1. A simplified overview of major MMS management activities during the pre- and post-
leasing periods of oil and gas field development.

A. Pre-leasing period

Lease area identification.

1.
2. Environmental data gathering and other input.
3

Preparation of Draft EIS.

a. Analysis of potential impacts under different development scenarios.
b. Identification of significant (vs. minor) issues.
¢. Development of environmental stipulations.

d. Internal review of Draft EIS.

Release of Draft EIS and public comment.

4.
5. Review of all information and issues.
6. Preparation and release of Final EIS.

B. Post-leasing period

Qil and Gas Industry

1. Submit exploration plans plus
environmental report and other data.

2. Carryout various steps of exploration,
development, and production. At each
stage submit plans and apply for
necessary permits.

3. Post-production clean-up.

MMS Office

la. Review and prepare documents required by
National Environmental Policy Act, as
necessary.

b. Modify/approve.

Review plans and permit applications.
Apply regulations, protocols, and (as
necessary) require mitigating measures.

Modify/approve.
Carry out periodic field inspections.

o p

ao

3. Post-production site inspection.

derivative knowledge. Published information
may be brought to bear, and this includes both
descriptive and process-oriented knowledge.
Technical specialists from academia and
elsewhere may be brought in to discuss,
interpret, summarize, and synthesize the infor-
mation into its most complete and useful form
for management decisions. Thus, by inference,
much more information becomes available to
the manager than just the raw data of the
original descriptive studies.

Inventory information provides the necessary
basis for most in-house scoping documents and
for the development of scenarios for a variety of
decisionmaking situations. It provides the
background needed for planning further studies
such as the examination of interesting areas in
greater detail or the conduct of process-related

studies. Inventory studies are generally the
cheapest and most economical means of
providing broad-scale views of large geographical
areas. Descriptive studies clearly represent the
necessary first step when approaching any new
and relatively unknown area.

Do descriptive studies by themselves provide an
adequate basis for decisionmaking?  This
depends upon the nature of the decisions to be
made, the nature of the area under considera-
tion, and the detail with which the descriptive
studies have been carried out. Many decisions
do not require in-depth knowledge, and
approximate information will suffice, especially
if mid-course corrections may be made at a later
date. Descriptive studies alone may suffice if
the area under consideration is widespread,
monotonous, and biologically uninteresting, i.e.,



it is populated by few endangered species and
contains little that can be considered biologically
sensitive. The inventories themselves must have
been carried out in sufficient detail to provide
this type of information.

Under what circumstances do descriptive studies
alone not provide an adequate basis for
decisionmaking? Here, three situations stand
out, but there are others. The first arises when
dealing with biologically sensitive areas such as
live bottom communities, seagrass beds,
mangrove swamps, coral reefs, and algal-sponge
bottoms. Wise decisions concerning potential
impacts, size of buffer zones, and the like must
rest upon some knowledge of growth rates,
sensitivities to various perturbations, and
recovery rates from various types and degrees
of impact. The second situation arises when
dealing with the protection of rare, threatened,
and endangered species. The same general
considerations apply as when dealing with
biologically sensitive areas. In addition, it is
essential to know the peculiarities of the life
histories and behavior patterns of the species of
concern. Many of these species represent highly
dispersed and moving targets which may
seasonally pass through or even be attracted to
situations which place them in jeopardy. The
third situation in which descriptive information
fails is that involving the monitoring of biological
impact, especially long-term or far-distance
impact. Here the effects may be quite subtle
and show up only through alterations of
metabolism, growth, reproduction, and popula-
tion parameters, or shifts in species composition.

CONCLUSIONS

Descriptive studies are a necessary first step, and
under certain circumstances they provide most
of the information neceded for management
decisions. Indeed, they have served the Agency
well in the northwestern and north-central Gulf
due largely to the widespread and monotonous
sedimentary habitat, presence of a nepheloid
layer (which reduces live bottom habitat), and
the relative absence of endangered species.
Descriptive studies alone will clearly not suffice
in the eastern Gulf due to the presence of hard
bottoms, absence of a nepheloid layer,
widespread distribution of live bottom habitat,
presence of many endangered species, and
presence of major biologically sensitive areas
(seagrass beds, mangrove swamps, and coral
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reefs). Descriptive studies also fail when
approaching problems of impact monitoring.

Despite extensive oil and gas activities in the
northern Gulf, the industry safety record has
been remarkably good, and so far as can be
judged, the environment remains in reasonable
shape. Great credit is due to the staff of the
MMS which has developed the environmental
knowledge required and applied this knowledge
in its management decisions. The fact that most
of the knowledge upon which decisions have
been based is of a descriptive nature testifies to
the effectiveness of this approach. Proceeding
into the future, descriptive studies should not be
abandoned, but they must be supplemented with
wisely selected process-related studies to provide
specific information for certain management
decisions which lie ahead.

Dr. Rezneat M. Darnell is Professor of
Oceanography at Texas A&M University. He
has investigated ecosystem composition and
dynamics of streams, estuaries, and continental
shelves. Most recently, he has studied the
distribution of demersal fish and penaeid shrimp
populations of the U.S. Gulf of Mexico
continental shelf in an effort to discern the
structure of shelf communities and to develop
appropriate management implications. Dr.
Darnell received his B.S. in biology from
Southwestern College (Memphis, Tennessee),
his M.S. in biology from Rice University, and his
Ph.D. in zoology from the University of
Minnesota.

THE MERITS OF PROCESS-
ORIENTED STUDIES

Dr. Robert S. Carney
Coastal Ecology Institute
Louisiana State University

During the course of this presentation there are
really only two points which I want to make
sufficiently well that they may be remembered
and taken into account when future Outer
Continental Shelf (OCS) studies are planned.
The first is an enthusiastic endorsement that a
process-oriented approach to studies will
increasingly become the most effective mode of
operation for Minerals Management Service
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(MMS), or any agency charged with regulating
or avoiding impacts to the marine environment.
The second is a critically important warning that
the adoption of process-oriented studies must be
viewed as a developmental effort in which MMS
or similar agency must carefully foster innova-
tion. It is easy to embrace "process-oriented
studies” in generic planning documents, but it
will be a much harder task to develop field
studies which both adhere to the process
philosophy yet make obvious contributions to
MMS mission needs.

I would like to begin my case for the value of
process studies with an example which I just
learned of in conjunction with a MMS supported
study of the Bahia Las Minas oil spill in the
Republic of Panama. The lowland coast in the
area oiled are lined with a mixed species
mangrove forest showing distinct species
zonation along transects perpendicular to the
shore. Traditional floral surveying, conceptually
similar to OCS benthic surveying, can be used
to describe the pattern of species replacement
with very great precision. From the detailed
distribution maps such a survey could produce,
it might be possible to propose (but not
confirm) various processes to be in operation.
Indeed, in Panama, the zonation has been
explained in terms of the physical sorting of
propagules by the tidal inundation.

Now, if we have carried out our descriptive study
and accepted the suggestion that tidal flow
controls species composition, then we would
conclude that the original pattern of zonation
would eventually return. Of course, we assume
that there will always be a supply of propagules
and that the tidal pattern could not possibly be
influenced by an oil spill. However, let’s look
carefully at another component of the system,
the forest floor. Here we find herbivorous crabs
consuming both leaf fall and mangrove
propagules. An important question arises.
Could the pattern of tree zonation reflect the
process of herbivorous cropping of mangrove
propagules? If so, the species composition of
the recovered forest will be controlled by the
recovery of the impacted benthic fauna, and the
outcome of recovery becomes less certain.

The moral of this story of the crab and the
mangrove is that while MMS can articulate
several different goals, there is really only one
overwhelming need...PREDICTIVE
CAPABILITY. There is really only a single

management question, "What Will Happen If
Development Takes Place?" It is impossible to
develop a predictive capability and answer the
what if question on the basis of descriptive
studies alone. So long as management decisions
are made without a predictive capability then the
criteria for yes or no decisions will remain
subjective, arbitrary and subject to changing
fashions. This serves neither the public whose
resources are to be wisely developed nor the
industry which seeks to profit through the
efficient development of these resources.

Before exploring the value of process studies, let
me second remarks made by Dr. Darnell as to
the value of descriptive studies as an appropriate
starting place. Twenty years ago, when MMS
OCS studies were new, we knew very little about
the ecology of the continental shelves, and
nothing of the processes beyond rather specula-
tive accounts of how the systems might function.
Environmental protection took an appropriately
conservative approach which demanded a good
descriptive baseline to recognize the existence
of commercial species, endangered species,
and/or special habitats. While these descrip-
tions often amounted to very comprehensive
inventories, without a process based framework,
only a small fraction of the data entered into
regulatory decisions.

In my mind, the greatest problem with
additional descriptive studies is that they pose
a seductive management trap. Scoping, bidding,
carrying out, and including descriptive results in
Environmental Impact Statements (EIS’s) are all
familiar tasks. The ease of management is so
comforting, the costs are so acceptable, that the
limited predictive capability bestowed by the
studies seems like an acceptable annoyance.
MMS’ decision to progress into process studies
is an appropriate and timely move. However,
care must be taken to assure that the process
studies supported are fostered in such a way as
to address MMS needs better and better.

My sympathies go out to MMS which is faced
with a difficult problem in the application of
science. It is precisely known what a descriptive
study should or may consist of, but I am afraid
that the academic community can give only
limited guidance for design of process studies.
Indeed, coastal biological oceanographers only
began exploring process ecosystem studies
seriously about 10 years ago. Something as
important as an exact measure of primary



productivity on a regional basis has yet to be
made. It is not even agreed upon as to what all
the major components of such an ecosystem are!

At this time, the major interests of coastal
process workers is not in a direction of
immediate value to MMS management needs.
Decisions concerning oil and gas development
require information on the status of animal
populations. However, the typical process study
does not attempt to deal with populations.
Rather, energy or chemical fluxes through
integrated communities is studied from a
geochemical or trophic perspective.

If MMS is to successfully employ process
studies, it will be necessary to foster develop-
ment of the necessary concepts and technology.
It is not simply possible to issue a Request for
Proposal (RFP) and then pick the best applica-
tion from the proposals submitted for a
packaged field study. It will be necessary for
MMS to articulate carefully and exactly what
processes are important and on what scales the
information is needed. Then, the scientific
community can be encouraged to develop
methods of obtaining this information.

So, what does MMS need to know? As stated
earlier, it needs to know "what will happen if...".
The first step in obtaining this predictive
capability is the ability to explain all the natural
changes undergone by the OCS benthos. This
benthos, which has been described many times
by MMS studies, must be understood in terms
of population dynamics and the links between
population dynamics and regional environmental
variation, especially primary productivity.

Dr. Robert S. Carney is Director of the Coastal
Ecology Institute at Louisiana State University.
His major research interests include spatial
ecology of benthic systems, ecology of deep-sea
megafauna, environmental planning for the deep
sea, and effective management of research
efforts. He has participated in numerous
research projects, particularly of deep-sea fauna
and communities; has served on many national-
level policy boards, commissions, and scientific
review boards; and has served as a National
Science Foundation program director for
biological oceanography. Dr. Carney received
his B.S. in zoology from Duke University, his
M.S. in biological oceanography from Texas
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A&M University, and his Ph.D. in biological
oceanography from Oregon State University.
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WETLANDS CONCERNS:
SESSION OVERVIEW

Dr. Norman Froomer
and
Mr. Dennis Chew
Minerals Management Service
Gulf of Mexico OCS Region

The session on wetlands at the Information
Transfer Meeting (ITM) this year focused on
two topics. First, the commitment of Agencies
within the Department of Interior to research on
the wetlands loss problem in coastal Louisiana
was described. Three Agencies, the Minerals
Management Service (MMS), the Fish and
Wildlife Service (FWS), and the Geological
Survey, have begun major studies and programs
to develop understanding of the management
practices and the biological and geological
processes that affect wetlands loss.

The second topic covered during the session was
the effects of spilled oil and produced waters on
coastal wetlands in the Gulf of Mexico. Since
the occurrence of the Exxon Valdez oil spill this
year, public attention has focused on the
possible impacts of oil spills on coastal habitats.
Three speakers presented the results of their
investigations into the impacts of oil spills and
produced water discharges on wetlands and
coastal habitats in Louisiana and Texas.

The first speaker was Dr. Donald Cahoon of the
Louisiana Geological Survey. He has been
project manager for a two-year study funded by
the MMS to determine the suitability of marsh
management practices for mitigating wetlands
loss in coastal Louisiana. The study will result
in seven reports that will summarize the
essential aspects of marsh management in
Louisiana - the administrative framework within
which it occurs, publicinterest goals, engineering
and construction techniques, an annotated
literature review, environmental conditions
within which it occurs, historical and field
monitoring, and ecological consequences. Dr.
Cahoon’s presentation emphasized work and
accomplishments since last year’s ITM in
October 1988. Data on the monitoring program
have been collected and are being compiled.
These data are based on analyses of monitoring
data collected by land owners who have initiated
marsh management plans, on the historical
analysis of habitat change using air photo data,
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on field monitoring at marsh management and
control areas, and on a comparison of fisheries
access and production figures between the
managed and control areas. It is premature to
draw final conclusions at this stage of the study
because additional field monitoring and data
acquisition will occur. During six months of
data collection, however, when water control
structures were being operated to draw down
water levels which kept water from entering the
managed marsh, more transient marine
organisms were collected in the control areas,
salinity was higher in the managed areas, and
sediment accretion was greater in the control
area.

The next speaker, Dr. Edward Pendleton of the
FWS, Coastal Ecosystems Team, described the
ongoing and planned efforts on the part of the
FWS for wetlands research in the Gulf. The
FWS has been requested by the U.S. Senate to
investigate past and current research on
wetlands loss and to make proposals on needed
additional research. The FWS has decided to
focus on two areas: identifying the critical
processes that influence wetlands loss, and
conducting multilevel investigations of these
processes at work in coastal wetlands. A coast-
wide Geographical Information System (GIS)
database is being developed to support these
multilevel investigations. Within the coastal
region, basin level studies will be conducted in
arcas with contrasting characteristics, such as
sediment-starved versus sediment rich areas. At
a more detailed level, site specific studies will be
conducted. The plan of study includes the
following projects: creation of a coastwide GIS
database, an update of habitat mapping to
include 1988 overflight data, and studies of
critical biological processes.

Dr. Harry Roberts of the Coastal Studies
Institute at Louisiana State University is the
program manager for a multiyear study of
"Critical Physical Processes of Wetland Loss"
sponsored by the Geological Survey. The goal
of this effort is to quantify and to obtain a better
understanding of the physical processes that are
responsible for land loss in coastal Louisiana.
Some of the topics that will be researched
during this study include sediment fluxes in bays
and marshes; sedimentation and erosion rates
and processes on very short time scales;
processes that convert interior marshes to ponds;
and subsidence processes and variations. Data
will be acquired through the deployment of
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current meters and suspended sediment sensing
instruments, acquisition of event-related airborne
multispectral scanner data on surface water
turbidity, and radionuclide dating techniques that
will determine erosion and accretion events of
days’ duration.

Coastal wetlands along the Gulf of Mexico coast
are contacted frequently by spilled oil from a
variety of sources including tanker and barge
spills, pipeline accidents, accidents at production
facilities, and routine discharges of oily wastes.
The effects of this spilled oil on wetlands in
coastal Louisiana are obscured by the high
background rates of wetlands loss that are
occurring as a result of other processes. Dr. 1.
A. Mendelssohn has been studying the recovery
of a brackish marsh in coastal Louisiana from
a 300 bbl oil spill that occurred in 1985. He has
been monitoring the recovery of wetland plants
from spill impacts since that time by using
vegetation sampling and air photo analyses. He
will be continuing this marsh recovery study at
the spill site and will be determining the growth
response of transplanted marsh grasses in
impacted areas. Dr. Mendelssohn’s work will
provide a perspective on the long-term impacts
of a spill on the recovery and the survival of
wetlands in a coastal area that is experiencing
rapid rates of wetlands loss.

Dr. James Webb has been studying the effects
of oil spills on salt marshes in coastal Texas for
the past 10 years. He has studied the impacts
of real and simulated spills of different kinds of
crude and fuel oils on smooth cordgrass in the
Galveston Bay area of Texas. He has also
evaluated the effects of cleanup operations on
the coastal marshes.

Dr. Nancy Rabalais is currently investigating the
fates and effects of produced water discharges
that originate on the Outer Continental Shelf
(OCS) in coastal and estuarine water bodies.
She is conducting field studies at 11 sites where
OCS-produced waters are discharged into
coastal waters. At these sites, sediment, water
column, and biological sampling is being done
to determine the effects of these discharges on
the coastal environment.

Dr. Norman Froomer is currently an
Environmental Analyst on the Environmental
Assessment staff of the Minerals Management

Service Gulf of Mexico OCS Regional Office.
He earned a Ph.D. degree in geography and
environmental engineering from Johns Hopkins
University and was previously on the faculty at
the University of New Orleans.

Mr. Dennis Chew is a biologist with the
Environmental Operations staff of the Minerals
Management Service Gulf of Mexico OCS
Regional Office. He has worked as a marine
biologist since 1970 with emphasis on wetlands
and coastal areas. Mr. Chew earned a B.S.
degree in marine biology from Auburn
University and a M.S. in biological sciences from
the University of Southern Mississippi/Gulf
Coast Research Laboratory.

A STUDY OF WETLANDS
MITIGATION: MARSH
MANAGEMENT

Dr. Donald R. Cahoon
and
Dr. Charles G. Groat
Louisiana Geological Survey

INTRODUCTION

A wetlands mitigation study is being undertaken
for the Minerals Management Service (MMS)
by the Louisiana Department of Natural
Resources (DNR) through the offices of the
Louisiana Geological Survey and the Coastal
Management Division, with assistance of the Sea
Grant Legal Program of Louisiana State
University (LSU). The purpose of this two-year
study is to determine the suitability of marsh
management practices for mitigating wetland
loss in the varied habitats of coastal Louisiana.
The study will result in seven reports summa-
rizing the essential aspects of marsh manage-
ment in Louisiana: the administrative frame-
work within which it occurs, public interest
goals, engineering and construction techniques,
an annotated literature review, environmental
conditions within which it occurs, historical and
field monitoring, and ecological consequences.
This abstract presents a summary of our
accomplishments since the last Information
Transfer Meeting (ITM) in October 1988.



METHODS AND RESULTS

We presented a review of the project design and
methodology and the first two reports,
administrative framework and public interest
goals, at the last ITM. Since that meeting, we
have completed the annotated bibliography and
the report on general environmental conditions
of the coast. Also, continuous progress has been
made on preparation of the engineering and
construction techniques report and completion
of the monitoring program.

Annotated Literature Review

Nearly 800 literature citations from the "grey"
literature (e.g., reports with limited circulation)
as well as serial publications were reviewed and
150 included in the annotated bibliography.
Citations pertinent to marsh management were
identified using computerized literature searches,
perusing journals known to contain marsh
management articles, searching the references
of articles related to marsh management,
contacting personnel in government agencies
involved in marshmanagement, and interviewing
researchers working on the ecology of coastal
marshes. This literature review focuses mainly
on structural management techniques.
Approximately 45% of the annotated articles
describe/evaluate impoundment techniques (the
use of levees and water control structures to
manipulate water levels), 25% report research
on fixed-crest weirs, and the remaining 25%
report on other management techniques or do
not differentiate between management strategies.
The effects of structural management on
fisheries are reported in 30% of the selected
citations, followed by management effects on
vegetation (20%), water quality (15%), and
waterfowl and wildlife (10% each). A review of
these 150 citations revealed several topics
important to an evaluation of structural marsh
management that have not been adequately
researched and/or reported. These data needs
are summarized in Table 2.1.

General Study Area Conditions Report

A narrative description of the general study area
has been prepared that summarizes
hydrologic/geologic conditions, habitat
characteristics, and feasibility for marsh manage-
ment of the coastal environment as well as
providing an informational profile of marsh
management projects.
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Hydrologic/Geologic
Characterization

This report describes the environmental charac-
terizations of the hydrologic basins in
Louisiana’s coastal marshes. Marsh manage-
ment is taking place in all the coastal basins of
Louisiana. The Louisiana coastal zone is both
spatially and temporally heterogeneous. The
chenier and delta plains differ significantly in
geomorphology, soils, and geologic history.
Some coastal basins are dominated by river flow;
in others, tidal processes dominate. However,
nearly all management areas lie within the reach
of tidal influence. Water quality and human
development impacts are concentrated in areas
of intense human activity. Threatened or
endangered plants and animals live in all coastal
basins. Annual and seasonal changes in climate,
particularly the occurrence of major storms,
influence  hydrologic and sedimentologic
processes along the coast.

Habitat Characterization

This section describes the habitats and habitat
change in areas where marsh management is
occurring in coastal Louisiana. The habitat
characterization consists of a description of
vegetative habitats and associated vegetation and
wildlife for 15 habitat classifications. Areal
extent or land cover of each habitat was calcu-
lated for 1956, 1978, and 1984 using a computer
database and portrayed on computer-generated
maps. A literature search was conducted for the
habitat description and species composition.

Coastal habitats are undergoing rapid changes
with much of the coastal wetlands being
converted to open water. In 1956 there were
approximately 125 million hectare (ha) of
coastal marsh (i.e., emergent marsh only). In
1978 total marsh habitat decreased to 1.0 million
ha and was only approximately 0.82 million ha
in 1984 with another 0.26 million ha of broken
marsh identified. Between 1956 and 1978, 12%
of all classified lands had changed category,
including approximately 243,000 ha of marsh
that changed to open water. Sixteen percent of
all classified lands changed category between
1978 and 1984, including approximately 93,000
ha of marsh that changed to open water and
nearly 200,000 ha of marsh that converted to
broken marsh. From 1956 to 1978, the greatest
land classification change occurred in the
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Table 2.1. Marsh management topics either not adequately researched or reported.

1. The effects of various structural management techniques on land loss, sediment deposition,
subsidence, plant health, and target species, as determined from a comparison of managed with

nearby, unmanaged areas;

2. The cumulative impacts of structural management on hydrologic processes, land loss, and secondary

productivity;

3. The development of management tools and techniques designed to maximize marine fisheries access
while reducing land loss or providing beneficial wildlife habitat;

4. The environmental effects of operational failure or abandonment of the management plan;

5. The identification and evaluation of factors affecting the success and cost-effectiveness of structural

marsh management.

Calcasieu (25%), Mississippi River (19%),
Barataria (18%), and Sabine (18%) basins. In
the years from 1978 to 1984, the greatest land
classification change occurred in the Sabine
(33%), Calcasieu (26%), Barataria (25%), and
Terrebonne (22%) basins.

Marsh Management Plan Profile

A computerized database was created of all
marsh management permit files on record at
DNR as of May 15, 1989. The database was
analyzed statistically to develop a profile of
marsh management activities in coastal
Louisiana.

Since the State of Louisiana began in 1980 to
require landowners to obtain a permit to
manage their marshes, 165 applications have
been received to manage 203,000 ha of coastal
wetlands, or 12% of all Louisiana’s coastal
wetland habitats (based on the 1984 inventory
described above). During that period, 126
permits were issued to manage nearly 122,000
ha, or 9% of all coastal wetland habitat. Most
applications are from Terrebonne, Barataria,
Mermentau, and Vermilion-Teche basins; most
permits are issued for wetlands in the
Terrebonne, Barataria, and Vermilion-Teche
basins. Terrebonne basin has the highest
number of applications and implemented plans,
but Barataria basin has the greatest wetland
area proposed for and under management. Only
43 permittees have officially indicated to the
state that they have commenced their manage-

ment plan. Of these 43 implemented plans, only
a portion are fully implemented. The average
size of a management area is 1,344 ha in the
delta plain and 952 ha in the chenier plain.

Most plans are designed to manipulate water
levels for the purpose of mitigating land loss.
The second- and third-ranked purposes (ie.,
goals) are improving waterfowl and furbearer
habitat. Approximately 80 km of new levees and
80 km of new trenasses have been requested
since 1980. The number of requests for levee
construction and repair is three to four times
greater in the deltaic plain than in the chenier
plain. Most applications are requests to manage
brackish marsh; permits for fresh marsh are the
second-most requested, but the greatest wetland
areca applied for management lies in fresh
marsh, followed by brackish and intermediate
marsh. Landowner response to monitoring
requirements is poor. Only nine private marsh
management programs have ever provided
monitoring data.

Marsh Management Feasibility

The environmental and socioeconomic condi-
tions that affect the feasibility of marsh manage-
ment in coastal Louisiana have been identified
by reviewing the literature and consulting with
personnel working in the structural management
field. This analysis of feasibility will provide a
general, broad-scale description of those coastal
environments which have a low feasibility for
successfully supporting marsh management. It



is not intended to be a definitive explanation of
the feasibility of marsh management at every
specific locale within coastal Louisiana. It is
intended as a reference source for permit
applicants and reviewers to provide a general
indication of the suitability of an area for
structural marsh management. The final deter-
mination of feasibility for any proposed
management plan should be based on a detailed
evaluation of the specific locale.

Environmental factors may substantially
influence the feasibility of marsh management
by increasing construction and/or maintenance
costs, increasing the probability of structural
failure, and hence decreasing the operational
efficiency of a management plan. Eight factors
were identified as influencing marsh
management feasibility but three are most useful
in determining it on a broad-scale: soil
properties, habitat stability, and, the rate of
relative sea level rise.

Management is least feasible on soils with high
organic content in brackish and saline habitats
because of the high potential for subsidence and
the corrosive action of salt. These soils provide
poor support for water control structures and
artificial levees. These soil types occur in the
southern portions of all basins in the delta plain.
Areas of low habitat stability (i.e., high rates of
wetland deterioration and loss) have a low
feasibility rating because of the high water:land
ratio. Levee construction is more difficult and
costly in open water than it is in vegetated
marsh. The potential for erosion and levee
failure caused by wave action is also greater
there than in vegetated areas. Areas of high
land loss density occur in all the coastal basins.
Relative sea level rise affects the feasibility of
structural marsh management by increasing the
costs of maintaining levees, decreasing the
effectiveness of many types of water control
structures, and increasing the duration and
effects of inundation caused by storm tides and
precipitation. The highest rates of relative sea
level rise occur in southern Terrebonne basin.

Engineering and Construction
Techniques Report

This report describes the design, uses, feasibility,
engineering, construction, and maintenance of
several water management structures, most of
which can be found in Louisiana wetlands. A
few structures that are used in other states have
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been described because they may be useful in
Louisiana. Structures being evaluated include
wakefield, slotted, rock weirs, plugs, stop-logs,
embankments, flap-gated culverts, South
Carolina trunks, Florida structures, double
divergent pumps, and trenasses. A draft narra-
tive of this report is 80% complete.

Monitoring Program

A monitoring program was established to
evaluate the quality of current monitoring efforts
and provide new monitoring data through both
historical analysis of habitat change and
monitoring of ecological processes. The
monitoring program, therefore, consists of three
parts: review of file monitoring data, historical
analysis of habitat change through aerialimagery
analysis, and field evaluation of management
impacts.

Review of File Monitoring Data

Every operator of a permitted marsh manage-
ment plan is required to submit annual
monitoring data to DNR. Only nine operators
have submitted monitoring data to DNR. The
data are mainly descriptive with little or no
analysis and interpretation, often have large gaps
in time, and rarely are compared to non-
managed areas. We are in the process of
evaluating and summarizing this database.

Historical Analysis of
Habitat Change

Changes in land:water ratios and dominant
vegetation types in 16 fully implemented plans
and associated controls (32 sites in total) are
being determined from color infra-red photo-
graphy for 1956, 1978, 1981 or 1983, 1985, and
1988. The imagery has been photointerpreted
and digitized into the DNR computer. Data
generated from this digitization process is being
analyzed for trends in marsh:water ratios,
fresh:non-fresh marsh ratios, and changes in
species dominance. The 30 year time span
provides for historical analysis of habitat change
before and after management began and direct
comparison to non-managed areas. An example
of the type of results being generated is
presented in Figure 2.1.
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Figure 2.1. Marsh:water ratio for managed and control areas at Fina La Terre.

Field Monitoring

Intensive field sampling is being conducted at
2 of the 16 sites (with their associated control
areas) evaluated above: Fina La Terre, Inc.
mitigation bank site and Rockefeller Refuge. In
response to information needs indicated by a
technical advisory panel, we are monitoring and
comparing hydrology, vegetative dynamics (e.g.,
plant stress, production, and composition), soil
erosion-accretion, sediment-nutrient dynamics
(e.g., flux), soil characteristics, and fisheries
access and production between the managed and

control areas at each site. Field monitoring
commenced in January 1989. Field data collec-
tion was completed by December 1, 1989 for
vegetation dynamics, sediment-nutrient
dynamics, and soil characteristics. Field data
collection will continue through January 1990 for
hydrology, soil erosion-accretion, and fisheries
studies. Sample and data analysis and report
preparation are on-going for all phases of this
program.

It would be premature to draw conclusions at
this time from six to nine months of field




monitoring data. However, it can be noted that
during the first six months when the water
control structures were being operated to
drawdown the water levels and thus keep water
from entering the managed marsh, more
transient marine organisms were collected in the
control area than the managed area, salinity was
consistently higher in the managed area, and
sediment accretion was greater in the control
area at the Fina La Terre site. A final analysis
of the influence of management on all the
ecological processes described above at both
locations will be made after all data collection
and analysis are complete.

SUMMARY

A factual array of data and data analysis is being
prepared for all aspects of marsh management
in coastal Louisiana. This analysis will provide
an evaluation of the effectiveness of marsh
management to mitigate land loss. Four of the
seven volumes of the report are completed in at
least draft form with two others (Engineering
and Construction Techniques and Monitoring
Program) 80% complete. All of this information
will be synthesized into a seventh volume
presenting an ecological evaluation of the
influence of marsh management on wetland
processes and a suitability index describing the
effectiveness of marsh management techniques.

Dr. Donald R. Cahoon is an Assistant Professor-
Research at the Louisiana Geological Survey.
He is project manager for the Wetlands
Mitigation Study and is charged with coordina-
ting all project efforts. He is experienced in
coastal regulatory affairs and is actively involved
in scientific research into the causes of wetland
loss in Louisiana. Dr. Cahoon, a wetlands
ecologist, received a B.A. from Drew University
in botany, and a M.S. and Ph.D. in plant ecology
from the University of Maryland.

Dr. Charles G. Groat is State Geologist and
Director of the Louisiana Geological Survey
(L.GS). He is project director for the Wetlands
Mitigation Study being conducted by the
Louisiana DNR through LGS and the Coastal
Management Division, with assistance of the
LSU Sea Grant Legal Program. Dr. Groat, a
geologist, holds a Bachelor’s degree from the
University of Rochester, a Master’s degree from
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the University of Massachusetts, and a Ph.D
from the University of Texas at Austin.

OVERVIEW OF USFWS
COASTAL LOUISIANA
WETLANDS INITIATIVE

Dr. Ed Pendleton
and
Dr. Mary Watzin
U.S. Fish and Wildlife Service

Presentation Summary
Text Not Submitted

Dr. Ed Pendleton
Dr. Mary Watzin

NEW PHYSICAL PROCESS
RESEARCH ON WETLANDS
LOSS IN LOUISIANA

Dr. Harry H. Roberts
Coastal Studies Institute
Louisiana State University

Coastal wetland loss in Louisiana, now
considered to amount to more than 100
km?/year, is receiving ever increasing amounts
of attention. This loss is the result of a variety
of complex interactions among a number of
physical, chemical, biological, and cultural
processes. Important geologic phenomena
include sea-level change, subsidence,
compaction, and change in location of deltaic
depocenters. Of the many catastrophic events
that cause erosion, the hurricane with its high
energy is the most important in Louisiana.
Biological factors include rates of marsh growth
(especiallyin relation to subsidence, compaction,
and saltwater/freshwater proportion) and the
degradation caused by marsh fauna.
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During the last few decades, the human factor
in wetland loss has increased drastically. The
placement of dams and levees across and along
the tributaries and distributaries of the
Mississippi River have reduced both the amount
and texture of sediment reaching the coast. In
addition, canal and highway construction in the
wetlands has altered drainage patterns and
caused marsh deterioration. Fluid withdrawal
is also causing local subsidence.

To date, few of the processes responsible for
land loss in south Louisiana have been quanti-
fied and the data sets that do exist are often in
conflict with each other and reflect multiple
interactions. Hopefully, the U.S. Geological
Survey sponsored study of physical processes
associated with coastal land loss will provide a
quantitative and new appraisal of this complex
problem.

Within the framework of this wetland loss study,
a team of physical, geological, and biological
scientists has been assembled to study the role
of critical physical processes in the overall
problem of coastal marshland deterioration.
Since our present database on this subject is
extremely limited, products from the proposed
rescarch should reveal fundamental mechanisms
of marsh accretion and deterioration related to
combined effects of physical processes and
sediment transport. Knowledge of these
mechanisms can be applied to managing and/or
mitigating wetland loss. A significant part of the
final year’s effort will be focused on applications
of our results.

Studies will be conducted in both sediment-rich
(Atchafalaya) and sediment-poor (Terrebonne)
basins as well as on both regional and local
scales. Because of equipment and financial
constraints, detailed data collections will be
concentrated on only one basin at a time for the
first two full years of activity after the startup
period. Instrument arrays will be placed in both
basins simultaneously for high-priority events
during the third year of data acquisition. Bay-
scale studies of circulation and water-level
fluctuations will be accomplished with an array
of near-continuously recording current meters
and water-level gauges. This measurement net
will be augmented by acquisition of event-related
airborne multispectral scanner data with simul-
taneous collection of basinwide surface-water
turbidity data. The high-resolution scanner data
will be augmented with coarser-resolution and

more regional satellite data. Remote sensing
data (NOAA AVHRR) can be captured and
processed in real time. In situ measurements
provide the inputs for modeling bay-scale
circulation and sediment flux under a variety of
conditions ranging from spring floods to winter
cold-front passages.

Developing methods to improve or reverse the
trend of marsh deterioration requires a better
understanding of sediment flux in both the bay
and marsh. Crucial to this understanding is
quantification of critical erosion velocities of
wetland sediments and of their transport magni-
tudes and directions. A project objective is to
measure flood and long-term (annual) transport
of suspended sediments within the wetland
complex and to characterize the forcing
mechanisms that induce resuspension and
transport of the fine-grained components. The
measurement program entails deployment of
current meters and suspended-sediment sensing
instruments at five stations, four within a coastal
bay control area and one in a contiguous tidal
channel. Pairs of these sensors at two levels in
the water column will provide data necessary for
estimating sediment flux through the volume
encompassed by the sensors.

Coincident with the current, wave, and sediment
transport studies will be sedimentological studies
measuring erosion and accretion related to
events of days’ duration by radionuclide techni
ques utilizing naturally occurring” Be and 2 Th.
These measurements will actually allow us to
assess the sedimentological responses of tides,
storms, and floods in both the nearshore bay
bottom environment and various sectors of the
marsh. Longer-term radionuclides such as
¥ Cs and '°Pb have proved extremely useful
for measuring vertical accretion of marshes,
which maintains marshes against rising water
levels due to a variety of processes, including
sea level rise and subsidence.  Although
numerous studies have incorporated these
methods, the role of physical processes in
interpreting results has not been evaluated in the
framework of maintaining marsh viability.

Previous studies have determined that one of the
major mechanisms of wetland loss is the conver-
sion of interior marsh to open water. This
project will address the physical mechanisms
that cause small ponds and lakes in the marsh
to enlarge and coalesce. The balance of physical
forces, marsh resistance, and sediment dynamics



of a representative pond will be assessed in the
control site of each basin. Measurements of
wave and current stresses on the pond bottom
and perimeter as well as sediment transport to
and from the pond will be quantitatively
evaluated. Rare earth tracers will be used to
evaluate sediment transport routes and sinks.
Measurements will be planned around key
physical process events.

Underlying the overall problem of coastal land
loss is subsidence, which includes a spectrum of
processes from surficial sediment compaction to
downwarping of the Gulf Coast geosyncline.
The variability in published subsidence data is
great. This project is designed to determine
rates of subsidence on a variety of spatial and
temporal scales as well as to quantify the
geological and human-induced processes driving
subsidence in Louisiana’s wetlands. Site-specific
research will establish age, rate, morphostrati-
graphic, geotechnical, and diagenetic process
relationships in fresh, brackish, and saline
habitats within basins of contrasting age and
originn. The stratigraphic and radiocarbon
analysis of representative wetland habitats will
establish the subsidence framework within basins
on a scale of centuries. Analysis of tide gauge
and geodetic leveling data will establish the
subsidence framework on a scale of decades for
the basins. A detailed analysis of the geological
processes controlling marsh substrate develop-
ment and wetland stability of sediment-rich and
sediment-poor basins will complement this
effort. These research elements will be
integrated and linked together in a model
describing the mechanics and processes of
subsidence and marsh substrate development
during the transgression and rejuvenation of an
abandoned delta complex system. Results of the
subsidence research element will be tested by
analyzing the geomorphic changes that have
occurred within each wetland study area in order
to determine the contribution of the controlling
critical processes driving habitat change.

Dr. Harry H. Roberts is Director of Coastal
Studies Institute, Louisiana State University in
Baton Rouge, Louisiana. He is a marine
geologist/sedimentologist who has actively
worked on Mississippi River delta problems for
nearly 20 years and is currently coordinating
the multiyear study of “Critical Physical
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Processes of Wetland Loss" sponsored by the
U.S. Geological Survey.

LONG-TERM RECOVERY OF A
BRACKISH MARSH FROM AN
OIL SPILL IN COASTAL
LOUISIANA: A RESEARCH PLAN

Dr. Irving A. Mendelssohn
Center for Wetland Resources
Louisiana State University,
Dr. John M. Hill
Remote Sensing and Image
Processing Laboratory
Louisiana State University,
Dr. Marion E. Fischel
Shell Oil Company,
and
Mr. Mark W. Hester
Center for Wetland Resources
Louisiana State University

On April 23, 1985 a break in an oil pipeline near
Nairn, Louisiana resulted in the release of
approximately 300 barrels of Louisiana crude oil
into a brackish to saline marsh. An assessment
of the impact of the spill to the marsh vegetation
and benthos was conducted approximately three
months after the spill. Vegetation response to
the spill was determined in 68 permanent plots
randomly selected within (1) the visually oil-
contaminated marsh, (2) the marshes, which
may have received some oiling, located imme-
diately north and south of the oil-contaminated
marsh, and (3) reference marshes located
further north and south of the oil-contaminated
marsh. Assessment of the oil impact within
these permanent plots in conjunction with soil
petroleum hydrocarbon determinations resulted
in the conclusion that impact to the vegetation
was primarily confined to the marsh immediately
surrounding the pipeline rupture. Our under-
standing of the capability of this type of marsh
to recover from an oil spill is unknown.

Thus, the primary goals of the present study
were to determine the degree of marsh recovery
since the spill and evaluate marsh degradation
at this site relative to natural and man-induced
causes. The specific objectives are as follows:
(1) document pre-spill land loss rates using
historical aerial photography, (2) document post-
spill rates of marsh recovery using recent aerial
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photography and vegetation monitoring,
(3) determine the effect of the oil spill, if any,
on the study area’s rate of deterioration, and
(4) determine the growth response of
transplanted marsh grasses in impacted areas for
remediation strategy considerations.

Historical photography is being acquired and
photomosaics constructed to visually assess
regional land loss rates. The historical imagery
will also be used to generate detailed maps of
the original study site (impacted and control
marshes). Approximately 8-10 year intervals will
be mapped. Comparison of these maps will
establish pre-spill marsh deterioration rates.
Color infra-red imagery will also be acquired of
the study site every other year and used to
determine post-spill recovery rates. The mosaics
will be photointerpreted and land cover
categories assigned and digitized. Acreage
estimates will be acquired for both pre- and
post-spill conditions. By comparing these data,
an estimate of the impact of the spill on back-
ground rates of marsh deterioration can be
established.

The ground-truth research will consist of re-
analyzing the vegetative status in the 68
permanent plots established after the spill in
1985. In addition, sites that were delineated as
oil-stressed in 1985 will be randomly chosen
and plant carbon assimilation determined and
compared to immediately adjacent non-stressed
sites to determine if any residual oil impact is
apparent.

We shall also assess the potential of mitigating
oil impacts by determining if vegetative trans-
plants can be used to re-establish vegetation at
sites that have deteriorated due to the oil
impact. The purpose of this transplantation
study is to test a number of hypotheses
concerning why vegetation is not recolonizing
the previously oil-affected sites. Elevation will
be manipulated to test whether this factor is
primarily responsible for the negligible plant
recolonization at certain sites. Transplant
success will be correlated with initial oil impact
at each of the sites to indicate whether initial
intensity of stress determines recovery potential.

Dr. Irving A. Mendelssohn is Professor in the
Department of Marine Sciences and in the
Laboratory of Wetland Soils and Sediments at

Louisiana State University. He is a coastal plant
ecologist who has specialized in studying the
response of coastal marsh vegetation to various
stressing factors, and in the use of vegetation to
restore and preserve eroded and eroding coastal
areas.

Dr. John M. Hill received his Ph.D. in biology
from Texas A&M University. Dr. Hill is
presently Associate Director of the Remote
Sensing and Image Processing Laboratory and
Associate Professor of Civil Engineering at
Louisiana State University. Dr. Hill has
specialized in the acquisition, processing, and
interpretation of photographic and digital
remotely sensed data for the monitoring and
analysis of environmental and ecological condi-
tions. Dr. Hill is an active member of numerous

professional societies and has authored over 50
technical publications.

Dr. Marion E. Fischel is a Staff Specialist-
Biological Sciences, Environmental Affairs
Department with Shell Oil Company and serves
as internal consultant to the company on a
broad range of biological issues including
wetlands, natural resource damage assessment,
biological monitoring, marine flora and fauna,
endangered species, artificial reefs, and oil spill
cleanup. Dr. Fischel holds a B.A. degree in
zoology from the University of California,
Berkeley, an M.A. degree in biology from the
University of California, Santa Barbara, and a
Ph.D. degree in biology from the University of
Southern California.

Mr. Mark W, Hester is research associate IV at
the Center for Wetland Resources, Louisiana
State University, Baton Rouge. Mr. Hester
received his B.A. in biology from Indiana
University in 1980 and a M.S. in marine sciences
from Louisiana State University with a minor in
experimental statistics in 1985. Mr. Hester is a
coastal plant ecologist/ecophysiologist with
research interests that include factors controlling
wetland plant species distributions, plant stress
physiology, barrier island vegetation dynamics,
and wetland restoration/stabilization projects.



EFFECTS OF SPILLED OIL
ON SMOOTH CORDGRASS

Dr. James W. Webb
Marine Biology Department
Texas A&M University at
Galveston
and
Dr. S.K. Alexander
Mary Hardin-Baylor College

INTRODUCTION

Salt marshes are important environmental
resources. They provide food and protection for
estuarine organisms, waterfowl, wading birds,
terns, mammals, alligators and other species
(Davidson and Chabreck 1983; Beccasio et al.
1982). Approximately 66% of the commercially
irnportant fish and shellfish of the Atlantic and
Gulf waters of the U.S. utilize estuarine
wetlands during young and juvenile stages of
their life cycle (McHugh 1968; Lindall and
Saloman 1977; Peters et al. 1978; Herke 1971).
The smooth cordgrass (Spartina alterniflora)
zone, which occurs at elevations of daily tidal
fluctuations, is an extremely important part of
a salt marsh. Some estuarine species invade
marshes, particularly the smooth cordgrass
zone, at flood tide zone in significant numbers
to derive nutrition and protection from
predators (Zimmerman and Minello 1984a).
Brown shrimp (Penaeus aztecus) strongly select
for vegetated habitat dominated by smooth
cordgrass (Zimmerman and Minello 1984b).
The large amount of biomass produced in salt
marshes, particularly by smooth cordgrass, may
be an important source of energy in the form of
detritus to estuarine ecosystems (Odum et al.
1972). Smooth cordgrass marshes are instru-
mental in prevention of shoreline erosion
(Knutson et al. 1981).

Since smooth cordgrass is the dominant lower
intertidal salt marsh plant on the Gulf and
Atlantic coasts of the U.S., this species is often
impacted by oil spills. The Gulf of Mexico is
one of the most intensive oil-producing areas in
the world and is heavily traveled by tankers
(Geyer 1980). The largest percentage (37%) of
oil spills in U.S. coastal waters have occurred in
Gulf waters (Fletcher 1977). With 2.43 million
hectares of salt marsh on the Gulf coast (Lindall
and Saloman 1977), spilled oils often enter salt
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marshes (Crow 1974; Holt et al. 1978; Webb et
al. 1981).

Because of the importance of salt marsh habitat
and the likelihood of oil spills, the effects of oil
on smooth cordgrass were examined in a series
of studies in Galveston Bay from 1981 to 1986.
Our preliminary studies from 1977 (Webb et al.
1981) plus various studies have shown that the
response of salt marsh plants to oil varies with
oil type, amount of plant coverage, components
of the oil and alteration by weathering prior to
plant contact, soil penetration, seasonal effects
related to plant phenology, and tidal inundation
associated with differences in elevation. We
designed a controlled study of impact to
determine with more certainty the effects of
future oil spills in Gulf Coast marshes. These
studies were conducted to clarify the effects of
oil due to those factors.

METHODS

Preliminary observations - 1977  study:
Observations were made on a salt marsh
dominated by smooth cordgrass after an oil spill
October 31, 1977. Effects of the spill at three
sites were recorded. Notes also were made on
a spill in 1978 (Webb et al. 1981).

First series of experiments: Four types of oil
were applied on November 11, 1981 and to a
second area on May 23, 1983 to smooth
cordgrass in a randomized complete block
design. The two dates correspond to periods of
declining and increasing growth for smooth
cordgrass. The four oils were a light crude
(Arabian), a heavy crude (Libyan), a heavy fuel
oil (No. 6), and a light fuel oil (No. 2). A set of
64 plots (1 m?) was established at each of two
elevations that were 20 m and 60 m from and
parallel to the shoreline. Commercial sprayers
were used to apply oil. The four oils were
applied at four levels (no oil, 11 on the sediment
surface, 1.5 1 on the sediment surface and lower
portions of plants, and 2 1 on the sediment and
entire plant surfaces). No barriers were
established around plots to contain the oil
(Webb and Alexander 1985; Alexander and
Webb 1985).  Measurements of smooth
cordgrass were made in 0.25 m? sub-plots to
determine the effects of the oils at the different
levels and seasons. Measurements included live
and dead biomass, live and dead stem density,
and stem height. Plots were monitored for one
year.



30

Second series of experiments: No. 2 fuel oil
effects were examined in larger plots to
determine if regrowth in plots was actually from
surviving roots and rhizomes or from
encroaching tillers outside plots and from seeds.
Oil was applied at levels described above. Plots
were 4 m? and live stem densities were
compared in 0.25 m? inner and outside sub-plots
at monthly intervals for one year. Oil was
measured in sediment to a depth of 5 cm. Oil
also was measured in plants in a nearby marsh
sprayed with No. 2 fuel oil (Webb and
Alexander 1989).

Third series of experiments: Cleanup techniques
were evaluated on three types of oil spills that
simulated long-term damaging types of spills
(based on our previous findings). The first type
represented a No. 2 oil spill in the fall in which
oil only reached lower portions of plant and
sediment surfaces. The second series simulated
a winter spill with only partial coverage of plants
but large quantities penetrating the marsh
sediment. The third series simulated a crude oil
spill that completely covered plant surfaces
during an active growth period. Six treatments
were applied to each series of randomized
complete blocks with four replications.
Treatments were (1) no oil/no clean, (2) oil/no
clean, (3) oil/flushing with sea water,
(4) oil/flushing with sea water plus dispersant,
(5) oil/clipping and sorbent pads, and
(6) oil/burning. Qil was applied with sprayers
and retained in plywood retaining structures.
Cleanup was delayed 18 to 24 hours and then
plywood structures were removed and cleaning
initiated. For the flushing treatment, plots were
flushed for 60 seconds. Corexit 7664
(manufactured by Exxon Chemical Americas)
was added to plots receiving dispersants.
Designated plots were clipped at ground level
and sorbent pads (Type 157, 3M Company) were
stepped on to remove remaining oil. A propane
torch was used to burn plots (Kiesling et al.
1988).

The amount of oil removed from the sediment
and damage to smooth cordgrass were assessed.
Sediment to a depth of 5 cm was taken from
each plot immediately after cleanup and total
hydrocarbons were later determined from frozen
samples. Plant samples were collected 1, 5, and
12 months after each spill from 0.25 m? sub-
plots. Live and dead plant biomass were
measured and analyzed.

RESULTS

Results of 1977 No. 6 fuel oil spill: Above
ground biomass was removed with shovels by
cleanup crews at one site but plants regrew the
following spring without apparent ill effects. In
a second and third area where cleanup did not
occur, above ground plant parts were killed
when complete or near complete coverage of
plants by oil occurred. Partial coverage by No.
6 fuel oil caused no apparent damage to above
ground plant parts. Clipping of oiled vegetation
did not negatively affect growth the following
spring. Plants that were partially oiled by a
crude oil spill in spring 1978 were not negatively
affected by crude oil. These data indicated that
smooth cordgrass response varied with the
amount of coverage and that above ground
growth could be removed during cleanup
without long-term adverse effects.

Effects of oil types, seasons, and plant coverage:
Partial coverage of plants did not significantly
damage plants. Complete coverage of plants by
crude and No. 6 fuel oils caused death of above
ground plant parts but below ground plant parts
(roots and rhizomes) regenerated new growth.
Complete recovery of plots occurred but
recovery of plots oiled in the spring was signifi-
cantly slower. The plots oiled in late fall
apparently were near dormancy and were less
affected than the spring oiled plots, which were
actively growing and in which root reserves may
have been low after initiation of spring growth.
No. 2 fuel oil caused complete death of plants
(above ground and below ground) when oil
completely covered plants. Slow recovery
occurred in plots with initial mortality of above
ground and below ground plant parts. Seedling
growth and little oil residue in sediments
indicated that plants could recolonize or be
transplanted into some areas that had complete
death of plants.

No. 2 fuel oil also caused decreases in biomass
and stem density when oil partially covered
plants but plants were able to initiate new stems
from below ground material. Recovery was
much quicker in those plots. Plants responded
similarly at low and higher elevations of the salt
marsh.

No. 2 fuel oil studies: The severe effects of No.
2 fuel oil warranted further examination of the
effects of this oil. When plants were completely
covered with No. 2 fuel oil, no regrowth from



rootstock occurred. When oil was applied to
the sediment alone, a slight reduction in stem
density occurred. Presumably, oil penetrated the
soil and contacted the root system and caused
damage. Since hydrocarbons were in the root
system after application to the foliage, the oil
apparently was translocated from the foliage to
the root system. Regeneration is prevented by
damage to the root system.

Cleanup studies: Cleanup techniques, which
were applied 18 to 24 hours after the oil spill,
did not remove oil that had penetrated into the
sediment. However, flushing techniques reduced
oil levels present on sediment surfaces by 73 to
83%. Addition of a dispersant to the flushing
waters only slightly enhanced oil removal
Clipping of vegetation followed by sorbent pad
utilization was moderately effective, reducing the
oil from sediments by 36% to 44%. Burning
actually increased oil in the sediment by 27% to
72%.

None of the cleanup techniques reduced initial
plant damage and none of the cleanup tech-
niques enhanced long-term recovery. Flushing
did not cause further damage but clipped and
burned plots sustained additional initial damage.
"No cleanup" appears to be the least disturbing
alternative where adequate tidal flushing occurs.
Flushing is warranted where large accumulations
of oil occur and tidal flushing is not adequate to
remove the oil. Flushing may require that oil be
located on the edges of streams where oil can
be easily skimmed. Clipping can serve as an
alternative technique in marshes that can not be
adequately flushed by pumps or natural means.
Burning is not recommended because of
enhanced oil penetration into sediments and
substantial plant damage. Ignition of the oil in
this study also was very difficult.
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FATE AND EFFECTS OF
PRODUCED WATER
DISCHARGES IN THE
NORTHERN GULF OF MEXICO

Dr. Nancy N. Rabalais
Louisiana Universities
Marine Consortium

Daily, there are an estimated 3.4 million barrels
of produced waters discharged into the estuarine
and marine waters of the Gulf of Mexico
(Boesch and Rabalais 1989). Over 1 million
barrels per day are generated in the federally-
controlled outer continental shelf (OCS). Of
this total, over two-thirds are discharged into the
federal OCS, but the remainder (434,772 barrels
per day) are discharged into the state waters of
Louisiana. These produced waters generated in
the federal OCS but disposed of in Louisiana
state waters are the focus of our current
resecarch program funded by the Minerals
Management Service.

There are 16 discharges at 11 sites where OCS-
generated produced waters are discharged into
Louisiana state waters (Figure 2.2). Eleven of
the discharges are being investigated in our
current research program. The studies of the
fates and effects of these produced water
discharges are multidisciplinary (Table 2.2) and
are in-progress. Some of the study sites are
being investigated in more detail, temporally
and/or spatially. Others are being characterized
during a single sample period.

At any one study site, a grid of stations is
arranged around the discharge and in a gradient
of increasing distance away from the discharge.
An example of the station grid at the Pass
Fourchon study area is given in Figure 2.3.
Within each station grid, some stations are
"vertical" stations where deeper sediment cores
are taken for a vertical characterization of
chemical constituents and sediment characteris-
tics. At the "vertical® stations, near-bottom
water samples are also taken. "Surface" stations
are those at which only surface sediments are
analyzed for chemical constituents and sediment
characteristics and no water samples are taken.
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Table 2.2. Fate and effects of nearshore discharges of OCS produced waters.

LOUISIANA UNIVERSITIES MARINE CONSORTIUM

LOUISIANA STATE UNIVERSITY, INSTITUTE FOR ENVIRONMENTAL STUDIES

Nancy N. Rabalais
(LUMCON)

Denise J. Reed
(LUMCON)

Brent A. McKee
(LUMCON)

Jay C. Means
(LSU)

Program Manager
Hydrography
Sulfides

Benthos
Interstitial Salinity

Currents
Sediment Total Organic Carbon
Sediment Grain Size

Radionuclides
Sedimentation Rates

Hydrocarbons
Trace Metals
Bioavailability

The produced waters from the discharge points
are being characterized for salinity,
hydrocarbons, trace metals, and radionuclides.
The sediments and water column from the
surrounding environments are being charac-
terized for similar constituents. Sediments are
also being analyzed for grain size composition,
total organic carbon, and interstitial water
salinity. Water column measurements include
hydrographic structure, near-bottom water
sulfide concentrations, and current speed and
direction.  Biological studies include the
community structure of the macroinfaunal
organisms at all stations at all sites and bioavail-
ability studies of moored filter feeding molluscs
at selected stations at selected sites in gradients
away from the discharge point.

Sample analyses, data analyses, and interpreta-
tion of results are in progress for this study.
Additional samples are due for collection in
February of 1990. The completion of the project
is targeted for January of 1991.
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OIL SPILL RESPONSE:
SESSION OVERVIEW,
PART I

Ms. Darice K. Breeding
Minerals Management Service
Gulf of Mexico OCS Region

The prevention, containment, and cleanup of oil
spills has become an even greater area of
concern and focus for Minerals Management
Service (MMS), the oil industry, and the general
public after the March 24, 1989, Exxon Valdez
grounding on Bligh Reef in Prince William
Sound, Alaska, where 260,000 bbls of oil was
spilled. As a result of the Exxon Valdez
incident, greater emphasis has been placed on
potential spill response research, planning, and
equipment needs. This session was initiated to
gain information on some of the recent spill
response developments that could be used to
enhance the MMS oil spill contingency planning
program.

The first presentation was given by Mr. Robert
Meyers, president of Robert J. Meyers and
Associates, an environmental consulting and
emergency response firm which specializes in
contingency planning and training for responding
to oil spills. Mr. Meyers discussed the
effectiveness of exercising an oil spill
contingency plan through a computer enhanced
crisis management simulation exercise, and
stressed the advantages of conducting such a
drill before a spill occurs to assure that the
contingency plan will work when the real event
happens.  Simulated exercises teach the
participants how to solve problems associated
with emergency response situations and help
identify appropriate individuals on the response
teams to address particular problems associated
with the response operation.  Computer
enhancement provides interactive graphic
representation of spill movement and of the
response team’s interventions. By adjusting
graphic displays in response to actions taken by
tecam members during the simulation, the
participants actually see the effects of their
actions and decisions, e.g., boom placements.
Mr. Meyers reported that computer
enhancements greatly enhance the effectiveness
of simulation exercises.

Mr. Skip Onstad, manager of Clean Seas, an
industry owned oil spill cooperative located in
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Santa Barbara, California, discussed Clean Seas’
response to the sinking of the PacBaroness, and
the lessons learned as a result of the incident.
On September 21, 1987, the bulk carrier
PacBaroness collided with another vessel
approximately 14 miles west of Point Conception
and resulted in an initial slick 1.5 miles long and
0.5 miles wide in the vicinity of the wreck site.
A large quantity of bunker oil (IFO 180)
continued to bubble to the surface for several
days. The exact quantity is unknown, but was
believed to be several thousand barrels. As the
oil spill resulting from the sinking of the
PacBaroness was the first major incident in
Clean Seas’ area of responsibility since the
cooperative’s formation in 1970, the event posed
the first opportunity for Clean Seas to test its
manpower and equipment under “"real world"
conditions.

The incident revealed several areas where Clean
Seas felt its response capabilities should be
enhanced to improve the cooperative’s ability to
respond to future incidents. These areas
included: administration of a nonmember spill;
establishment of a prespill contractual relation-
ship with the U.S. Coast Guard; an improvement
in the cooperative’s slick surveillance capabili-
ties; the development of multiple vessel response
techniques; and the establishment of procedures
for the coordination of dispersant application
operations. Mr. Onstad further defined the
positive steps taken to preclude future
occurrences and to make improvements in the
aforementioned areas.

Mr. Don Smith, the U.S. Environmental
Protection Agency’s Region VI On-Scene
Coordinator, discussed emerging sorbent
technologies. Of the wide array of sorbent
products available, the most widely used sorbent
for ol spill cleanup is melt-blown polypropylene
which comes in a wide variety of forms. Criteria
that should be considered when selecting a
sorbent would include an assessment of its
ability to take up and retain oil; its cost,
including the cost of the labor required to
deploy and retrieve a particular type of sorbent;
and its disposal requirements. Advantages of
sorbents are found in the variety of configura-
tions available, selectivity for sorbing oil even in
low concentrations, and the ease of application
in hard to reach places. Disadvantages include
the relatively high costs per unit of oil removed,
high labor requirements, the relative difficulty
in retrieval, and disposal problems.
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During the shoreline cleanup in Prince William
Sound, Alaska, a sorbent boom was used to
capture oil outflow following high pressure water
spraying of beaches and in conjunction with
deflection booms to protect high-priority areas
such as fish hatcheries. Additionally, the organic
sorbent, peat moss, was used effectively early on
in the spill for soaking up oil on rocky beaches.
Peat moss was less effective on weathered oil,
however, as it was reported to have hardened
and sunk. The use of geotextile bags filled with
absorbents was also proposed for use in Alaska.
It was proposed that these bags be tied to the
beach where wave action would cause the oiled
scdiments to contact the sorbents in the bags.
The bags would later be recovered and
discarded.

One emerging sorbent technology mentioned by
Mr. Smith was the use of a polymer absorbent
which allows oil to be initially absorbed into the
product and then plasticized into hard chunks of
rubber. Once the oil is absorbed it will
reportedly not leach back into the water column
and can be landfilled as the oil will not be
released at pressures exceeding 50 pounds per
square inch,

Dr. Mark Reed, operations manager and senior
scientist with Applied Science Associates, Inc.,
discussed the field test of satellite-tracked
surface drifting buoys for simulation oil spill
trajectories that were conducted in late
June/early July 1989 at Haltenbanken about 150
km from the Norwegian Coast. The primary
objectives of the experiment were to identify
which surface drifting buoy configuration(s) best
simulated the drift of crude oil on the sea
surface under a variety of real environmental
conditions, and to develop reliable mathematical
transfer functions from buoy to oil to assist in
the future interpretation of buoy trajectories.
The field test, which involved an oil spill of 30
tonnes of crude oil, represented the second
phase of a three-phase program during which
the two top rated buoys (a disk and a sphere),
recommended as a result of the first phase of
the study, were field tested. The final goal of
this program will involve the acquisition and
deployment of large numbers of drifting buoys
in the various Outer Continental Shelf Planning
areas. The trajectories of these buoys can then
be used as measures of potential oil spill trajec-
tories, and as test data for trajectory models.
The data analysis for the field test is currently
ongoing.

Dr. Jerry Galt of the National Oceanic and
Atmospheric  Administration (NOAA)
Hazardous Materials Response Division
provided a presentation on real-time trajectory
modeling of a spill event. Dr. Galt’s discussion
covered the general uses for trajectory analyses
or modeling, particularly during a spill response.
Some of the questions/problems that can be
addressed during a spill event through the use
of a trajectory analysis include: (1) Will there be
landfall? (2) Would it be preferable to disperse
the oil or leave it alone? (3) Will it hit high
value targets? (4) What is the length of time
projected before landfall? and (5) Where are the
most advantageous areas to place booms?
Trajectory results can also be used in deciding
where to move a stricken vessel and whether
offloading or refloating such a vessel should be
attempted.

The NOAA model was designed to be
communicated quickly and has the ability to run
in a short period of time. This model works on
a relatively coarse resolution (80 x 48 standard
line printer graphics picture) and is designed to
be transmitted by a variety of modes. In the
NOAA model areas reporting floating oil are
assigned numerical values ranging from 0-9
which reflect the concentration of spilled oil.
Once floating oil approaches shoreline or beach
in the NOAA trajectory, the numerical value is
then assigned a "letter” designation. Trajectory
requests to NOAA are made for approximately
200 spills per year. Half of these requests
involve oil spills. The model is run for
approximately 80% of the requests received to
aid in the prediction of spilled oil movement.
If NOAA has run trajectories in a subject area
previously, it takes approximately 1 to 1.5 hours
to run the analysis. If NOAA has no previous
experience or information on an area, the
trajectory will take approximately 2 to 3.5 hours.

The final presentation was provided by Vice
Admiral John Costello, who is currently serving
as president of PIRO Implementation Inc. Vice
Admiral Costello stated that in its report of June
14, 1989, the American Petroleum Institute’s
(API) oil spill task force recognized the nation’s
oil spill problem and recommended several
initiatives to prevent and remove catastrophic oil
spills and to conduct spill related research.
Among the initiatives were the establishment of
an industry response organization to be known
as the Petroleum Industry Response
Organization and the development of an



aggressive oil spill research and development
program. Vice Admiral Costello emphasized,
however, that these initiatives cannot be fully
implemented at this time, because of pending
legislature presently before Congress, which is
likely to determine their final scope.

The estimated cost for PIRO over the first five
years was originally estimated to be 250 million
dollars. (However, the cost for the first five
years has recently been projected to require
between 450-500 million dollars.) This would
create a system with 5 regional response centers,
18-22 sites for prepositioned materials, and a
small headquarters in Washington, D.C. The
APT’s report also identified a comprehensive 30-
35 million dollar 5-year research and develop-
ment program for PIRO that would cover such
issues as prevention of oil loss from/away from
ships, on-water oil recovery and treatment,
prevention and mitigation of shoreline impact,
oil-in-water fate and effects research, wildlife
research, and worker health and safety. Vice
Admiral Costello further reported that it was
presently hoped to have PIRO in initial opera-
tional capacity 12 months after the pending oil
spill legislature becomes law and to have the full
system operational 12 months thereafter.

Ms. Darice K. Breeding is a physical scientist
in Leasing and Environment, Environmental
Operations Section of the Minerals Management
Service Gulf of Mexico OCS Regional Office.
Her responsibilities include the research, assess-
ment, and reporting on the interrelationship of
the OCS oil and gas program in the Gulf of
Mexico OCS Region with oil spill response and
contingency planning issues.

OIL SPILL RESPONSE:
SESSION OVERVIEW,
PART II

Mr. Michael D. Joseph
Minerals Management Service
Gulf of Mexico OCS Region

The National Oil and Hazardous Substances
Pollution Contingency Plan (40 CFR Part 300),
effective February 18, 1986, requires that the
predesignated U.S. Coast Guard (USCG) On-
Scene Coordinator make every reasonable effort
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to have the responsible party voluntarily and
promptly perform removal actions when an oil
spill occurs. So that Outer Continental Shelf
operators can effectively accomplish these
removal actions, the Minerals Management
Service (MMS) requires in 30 CFR 250.33 and
30 CFR 250.34 that all Exploration Plans and
Development Operations Coordination
Documents include oil spill containment and
cleanup plans.

This portion of the session was designed to
address issues pertaining to oil spill response
planning.  Included were discussions on
contingency planning, state regulations governing
disposal of recovered oil and oiled debris, and
effectiveness of response equipment and
methodologies.

For the first presentation, a panel was convened
to discuss recovered oil disposal options, regula-
tions, and considerations of the States of
Florida, Louisiana, Alabama, Mississippi, and
Texas.

Mr. Greg Lee of the Florida Department of
Environmental Regulation was the first panel
member to speak. Mr. Lee discussed disposal
options in the State of Florida. He stated that
land disposal of any pollutants should be dealt
with as near the source as possible. Thermal
destruction was recommended as the most cost
effective method of disposal. The discussion
covered three types of thermal destruction
methods including: municipal solid waste
combustion, stationary thermal treatment
facilities, and mobile incinerators.

Mr. R. Bruce Hammatt of the Louisiana
Department of Environmental Quality provided
an overview of his state’s procedures for disposal
of recovered oil and debris. The presentation
included discussions of the state offices respon-
sible for regulating disposal and disposal sites.
Additionally, the state’s air quality regulations
were discussed in relation to burning recovered
wastes as a method of disposal. The State of
Louisiana classifies recovered oil and oily debris
as a Nonhazardous Qilfield Waste.

Mr. John C. Carlton of the Alabama
Department of Environmental Management
provided an overview of disposal options in the
State of Alabama. The discussion included
topics from regulatory authority to methods of
disposal. The practice of burning as a method
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of disposal is expected to increase in the future
as the capacity of available facilities capable of
land farming dwindles.

The panel member representing the State of
Mississippi was Mr. Richard Ball of the
Mississippi Department of Environmental
Quality. Mr. Ball’s presentation addressed the
limited capacity of disposal facilities capable of
handling oiled debris. The state classifies
recovered oil and oiled debris as nonhazardous
waste. Open burning of solid waste is prohibited
in the State of Mississippi.

Mr. David Barker of the Texas Water
Commission was the final panel member to
speak on the topic of Regulations Governing
Disposal of Recovered QOil and Oiled Debris.
Mr. Barker discussed the procedures involved in
the classification of solid wastes for the State of
Texas. Disposal options were also addressed
and state offices with regulatory authority were
identified. The State of Texas generally
classifies oiled debris as nonhazardous waste
with some exceptions. All disposal requests are
handled on a case-by-case basis after proper
waste classification is accomplished.

Mr. Jim O’Brien of O’Brien’s Oil Pollution
Service presented a paper prepared by himself
and Dr. Bela M. James of Continental Shelf
Associates, Inc. The presentation addressed
contingency planning for exploration activity.
Mr. O’Brien discussed oil spill contingency plan
requirements of the MMS. An outline was
presented of the information necessary to
develop adequate response plans for implemen-
tation in the case a spill occurs. Responses to
oil in open water as well in the coastal zone
were discussed.

Mr. Parag Gandhi and Mr. Mark Ploen of Ajat
Shaw, Inc. provided an overview of state-of-the-
art oil spill response equipment. The presenta-
tion included discussions on aerial surveillance,
containment, recovery, separation, storage and
transportation, and shoreline remediation.
Airborne surveillance systems were discussed as
a source to provide real time information
necessary for the spill response decisionmaking
process. The advantages and disadvantages of
the different types of booms available and their
intended uses were addressed. Skimmer systems
were identified by type and working conditions
best suited for their use. Alternative methods
of storage were discussed, including portable

storage devices that were easily transportable
when conventional methods were not available
or logistically possible. Shoreline remediation
techniques were addressed, including several
useful mechanized techniques. However, the
most commonly used shoreline techniques
include manual labor working with pressure
washers and oleophilic hand tools.

The final presentation of the session was a paper
prepared by Lieutenant Commander Glenn A.
Wiltshire as presented by Chief Warrant Officer
(CWO) Fred Gonzales, both of the USCG.
CWO Fred Gonzales presented an overview of
the oil spill response methodology and equip-
ment used during the cleanup of the Exxon
Valdez spill. Weir type skimmers were effective
while the oil was still fresh, however, as the oil
weathered they became ineffective and belt type
skimmers worked better. Problems were
encountered in off-loading recovered oil from
onboard tanks. The massive size of the spill
overwhelmed response capabilities. One of the
most significant problems encountered was the
availability of temporary storage devices to hold
recovered oil. Additionally, the USCG’s Atlantic
Strike Team capabilities for response in the Gulf
of Mexico were addressed. The discussion
included a summary of equipment most likely to
be used in the Gulf and an overview of the
mission of the strike team.

Mr. Michael D. Joseph is a petroleum engineer
in the Exploration/ Development Plans Unit of
the Office of Field Operations of the Minerals
Management Service Gulf of Mexico OCS
Region. He has 10 years of government
experience relating to the oil and gas industry.
Currently, he is involved in the review and
approval of Oil Spill Contingency Plans required
of the companies operating in the Gulf.
Mr. Joseph received his B.S. in civil engineering
from Tulane University.



EXERCISING THE OIL
SPILL CONTINGENCY
PLAN: COMPUTER
ENHANCED CRISIS
MANAGEMENT SIMULATION
EXERCISES

Mr. Robert J. Meyers
Robert J. Meyers and Associates

INTRODUCTION

To ascertain the effectiveness of an oil spill
contingency plan, it must be exercised, either
during an actual oil spill or through some type
of training activity. The key, however, is to
exercise the plan before a spill occurs to assure
that it will work when the real event happens.

One way to exercise the plan is through
Computer Enhanced Crisis Management
Simulation Exercises. These simulations are not
necessarily limited to environmental type
incidents, but could include all types of
emergencies.

Simulations address all types of problems that
can arise during response to an oil spill,
hazardous material spill, vapor cloud,
fire /explosion, or any other type emergency. In
addition to teaching the participants how to
solve problems associated with emergency
response teams, simulations also help identify
appropriate individuals on the response team to
address particular problems associated with the
response operation. Computer enhancement
provides interactive graphic representation of
spill and release movements and of the effect of
the response team’s interventions. Among other
functions, the computer is also used to provide
important information comparing "idealized"
contingency plans with actual performance of
response teams during the simulation.

This paper describes these type simulations.
The utilization of "event cards” and role playing
techniques to prompt the response team is
discussed. The use of the computer for
helicopter surveillance and tracking of the spilled
oil and the effects of response team actions and
decisions, i.e., boom placements, etc., are also
described.
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The use of computer enhanced crisis manage-
ment simulations to exercise oil spill response
teams has proven very effective. This paper
describes how these simulations are conducted.

PLANNING

Preparations for conducting a simulation begin
with the design of a scenario. A practical oil
spill scenario that will provide the response team
with a "test” simulation that relates directly to
the operations and risks for the personnel
participating in the drill will exercise the plan
most effectively. This will insure the maximum
benefits gained for the response team.

The next step is designing problems that present
realistic situations that can arise during an actual
oil spill response. These problems will not only
serve to train the participants on how to solve
specific problems, but will also identify the
appropriate individuals on the response team to
address the particular problem at hand. The
problems can be "served up" to the response
team through the use of event cards and/or role

playing.

Several problems that are likely to arise during
an oil spill can be role played. On-scene
inquiries from irate citizens, concerned public
officials, regulators (if not participating in the
exercise) and interested environmentalists and
others can be role played. Role playing adds
to the realism of drills and trains response team
members in the proper handling of the public.

SIMULATION METHODOLOGY

The next step is conducting the simulation itself.
First you need a proper location. Ideally, four
separate rooms within an office or hotel will be
required with telephone and/or portable radio
communication between rooms; and a small fifth
room as a control center where a computer can
be operated and a resource desk manned.

Figure 3.1 outlines a typical agenda for the drill.
The exercise begins with the presentation of the
ground rules and the scenario. After an initial
gathering of the response team led by the On-
Scene Commander, the team groups then go to
their respective rooms, and the drill commences.
The team is then prompted with event cards and
role plays while the computer is utilized to
provide helicopter overflight searches and spill
tracking. The simulation can either be real time
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or accelerated time based on the experience of
the response team and the objectives of the
exercise. A "resource desk” manned by an
individual experienced in the support and
logistical demands of an oil spill response
operation is set up. This "resource desk"
simulates all "outside" requirements such as
manpower, equipment, food, lodging, medical
services, etc. and regulatory agencies (if not
participating in the exercise), in a realistic
manner. (The participation of regulatory
agencies, however, is strongly recommended.)

First Day

0800-0815 Welcome - Introductions -
Purpose

0815-0845 Ground Rules for the
Simulation

0845-0915 Team Organizes for
Simulation

0930 Simulation Begins

1400-1500 Simulation Ends

1500-1600 Wrap-Up

Second Day

0800-0815 Review of Scenario

0815-0915 Team Groups Critique
Actions

0915-1015 Team Group Presentations

1015-1030 Critique of Simulation

1100 Wrap-Up - Farewell

Figure 3.1. Typical agenda.

With graphics, the movement of the spill is
displayed in relation to natural and man-made
features in response to a simulated helicopter
overflight. By adjusting graphic displays in
response to actions taken by team members
during the simulation, the participants actually
see the effects of their actions and decisions, i.e.,
boom placements, etc.

With polaroid film, pictures can be taken during
the surveillance flight in response to "flight plan”
requests and then distributed to team members.
These pictures provide a realistic dimension to
the simulation by helping the response team
locate the spill or discharge and allowing

participants to describe spillmovements, develop
search patterns, develop and adjust response and
surveillance operations, and make appropriate
responses to what they find in the overflights.

At the completion of the simulation, all resolu-
tions to event cards, self-initiated actions, and
logs are collected. A brief wrap-up session is
conducted to summarize and advise team
members of the next day’s activities. After the
drill, all materials collected are reviewed during
the evening. The data collected is then returned
to the response team groups at a critique session
the next morning. Each group is asked to self-
critique their actions at that time and then
report back to the entire response team on how
well they believe they did, what actions they took
they felt were good, those which were not so
good, and lessons learned. (A self analysis and
self critique can contribute greatly to the success
of the simulation exercise in training response
team members for an actual incident.)

A comprehensive report is then prepared on the
simulation exercise to include the scenario, event
cards, routing and actions taken, the critique,
and recommendations for improvements. This
documented complete record can then be used
by management to evaluate response capability
and plan contingency planning improvements
and pursuant training needs.

Computer enhancements serve not only to
increase the effectiveness of the simulations, but
also to increase management’s ability to assess
the performance of team members during the
simulation. In addition, a better perspective can
be obtained regarding the comprehensiveness
and effectiveness of emergency response plans.

CONCLUSIONS

Simulation exercises are an ideal way to exercise
a contingency plan and a response team to
prepare for the real thing. Computer enhance-
ments greatly augment the effectiveness of
simulation exercises.

Mr. Robert J. Meyers is president of Robert J.
Meyers & Associates, an environmental
consulting and engineering firm he founded in
1986 which specializes in contingency planning
and training for responding to oil spills. Prior
to that, Mr. Meyers spent over 20 years with



Exxon where he occupied numerous
management positions: the last seven years as
Environmental Conservation Coordinator for
Exxon Shipping Company responsible for oil
spill response planning and oil spill manage-
ment. Mr. Meyers has chaired and served on
many committees which have addressed oil spill
response capabilities and techniques. Most
recently, he was a member of the National
Academy of Sciences Committee that studied
the effectiveness of oil spill dispersants.

CLEAN SEAS’ RESPONSE
TO THE SINKING OF THE
PACBARONESS

Mr. Skip Onstad
Clean Seas
and
Mr. Thomas McCloskey
The McCloskey Group, Inc.

INTRODUCTION

Clean Seas is a nonprofit oil spill cooperative
headquartered near Santa Barbara, California.
The organization, which was formed by the oil
and gas industry in 1970, is structured to provide
a prompt and effective response capability for
marine oil spills. The Clean Seas designated
area of responsibility comprises the open ocean
and coastline of California between Cape San
Martin on the north and Point Dume on the
south, including the Channel Islands.

Within its area of responsibility, Clean Seas
maintains a multimillion dollar inventory of
state-of-the-art response equipment, including:
3 fully equipped oil spill response vessels, 12
response vans positioned at strategic locations
along the coastline, and a large inventory of
containment, recovery, and other equipment.
This equipment is available 24 hours per day
to member and nonmember companies, and
government agencies.

The purpose of this paper is to report on Clean
Seas’ response to the "PacBaroness” oil spill
which occurred in fall 1987. The events
surrounding this oil spill are important because
they constitute Clean Seas’ first significant test
of its oil spill response capability.
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DESCRIPTION OF THE INCIDENT

At 0530 Monday, September 21, 1987, the
PacBaroness, a 562-foot, Liberian dry bulk
carrier collided with the Atlantic Wing, a 494-
foot, Panamanian car carrier. The PacBaroness
was damaged below the water line and began to
take on water in two holds on the starboard
side, forward of the bridge. The crew of the
PacBaroness abandoned ship to the Atlantic
Wing which, though damaged, was able to
maneuver on its own. By 0730, the PacBaroness
was reported to have a 10-degree list to star-
board, and its stern was under water.

The PacBaroness foundered throughout the day
and, at one point, was drifting toward an oil and
gas production platform. The PacBaroness
agreed to take on a tow line at 1300 and was
under tow, out to sea, when it sank at 1618.

Prior to sinking, the PacBaroness released a
small quantity of oil (ie., < 25 barrels). At
1700, a large discharge of oil began rising to the
surface from the sunken vessel, and by 1800 a
slick had formed in the vicinity of the wreck site
which was 1.5 miles long and 0.5 miles wide.

A large quantity of bunker oil (IFO 180)
continued to bubble to the surface from the
sunken ship for several days. The exact quantity
will never be known, but estimates put this spill
at several thousand barrels. Initially, wind and
current conditions combined to confine the slick
to an offshore area well away from the Channel
Islands and mainland. By Thursday, however,
a shift in wind direction and intensity caused the
slick to move to the south toward San Miguel
Island which is part of the Channel Islands
National Marine Sanctuary.

By Friday, a reduced quantity of oil bubbling to
the surface, favorable weather conditions which
enhanced natural dispersion and degradation
processes, and response efforts which included
both mechanical recovery and dispersant
application operations succeeded in eliminating
the threat to San Miguel Island. Although the
PacBaroness was still leaking a small quantity of
oil by October 12, 10 days of observation over-
flights indicated that the slick was confined to
the wreck site and did not pose a threat to the
Channel Islands or the mainland.
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SUMMARY OF RESPONSE
OPERATIONS

The Clean Seas response organization was
activated minutes after the collision. Mr. Clean
111, an oil spill response vessel (OSRV) owned
by Clean Seas and stationed in the Point
Arguello oil field, was notified of the collision
and dispatched to the scene. Mr. Clean III
arrived on-scene at 0745, accompanied by a
smaller fast response vessel. At 0730, the
Manager of Clean Seas dispatched Mr. Clean II
from Avila Beach to the western portion of the
Santa Barbara Channel to stand by, and
Mr. Clean departed its mooring in Santa
Barbara Harbor at 1045 for a sheltered
anchorage just east of Point Conception.

All three of Clean Seas’ OSRVs were on-scene
from Tuesday, September 22 to Friday,
September 25, when the U.S. Coast Guard
(USCQG) released Mr. Clean and Mr. Clean II
from service. Mr. Clean III remained on-scene
until September 29. During the incident, Clean
Seas engaged in the following activities:

» search and rescue operations, including the

transfer of the crew of the PacBaroness
from the Atlantic Wing to another vessel for
transport to shore;

*  monitoring and reporting of weather condi-
tions;

» surveillance of the slick by vessel, helicopter,
and tracking buoys;

* at sea containment and recovery of 350
barrels of oil during day 2 and 3 of the spill;

¢ the test application of 100 gallons of

dispersant, and the monitoring of results
on day 2;

» the operational application of 250 gallons of

dispersant, and the monitoring of results on
day 4;

* participation in the test application of
dispersants for a government sponsored
research program; and

e oiled seabird cleaning, rehabilitation and
release operations.

The management of Clean Seas’ response
operations was hampered by the fact the oil
spill incident involved a nonmember company
which resulted in difficulties in signing a contract
with Clean Seas.

In addition, conditions at the wreck site were
not, for the most part, conducive to the conduct
of operations. Because of the water depth at the
wreck site (i.e., approximately 1,500 feet), Clean
Seas was unable to station containment booms
and surround the oil as it bubbled to the surface.
As a result, the oil (IFO 180) spread out on the
ocean surface, primarily in the form of sheens
and discontinuous windrows of heavier
concentrations. In addition, low visibility
throughout the entire period, caused by dense
fog, restricted vessel and aerial observation of
the slick. This affected Clean Seas’ ability to
direct its OSRVs and aircraft to areas where
slick concentrations were conducive to mecha-
nical recovery and/or chemical treatment
operations. Finally, strong winds and high seas
on day 1 of the spill and days 4 and 5 either
prevented the deployment or reduced the
effectiveness of equipment and spread the
relatively light oil over a wide area. Despite
these problems, Clean Seas OSRVs were able
to recover 350 barrels of oil, and treat approxi-
mately 100 barrels of oil with dispersants.

LESSONS LEARNED
Strengths

The oil spill resulting from the sinking of the
PacBaroness was the first major incident in
Clean Seas area of responsibility since the
cooperative’s formation in 1970. As such, the
event posed the first opportunity for Clean Seas
to test its manpower and equipment under "real
world" conditions.

Manpower

There was a good response from the Clean Seas
Executive Committee and personnel. The
Chairman of the Executive Committee was able
to poll Executive Committee members and
authorize the Clean Seas Manager to respond
by 1030 on September 21.

Equipment

The responsible party and the USCG relied
exclusively on Clean Seas equipment throughout



the incident. Although slick characteristics and
scvere weather conditions reduced the
effectiveness of the equipment, the major
systems utilized by Clean Seas operated without
mechanical breakdowns throughout the incident.

Weaknesses

The incident also revealed several areas where
Clean Seas believes its response capabilities
should be enhanced to improve the cooperative’s
ability to respond to future incidents. These
include: administration of a nonmember spill;
establishment of a prespill contractual relation-
ship with the USCG; an improvement in the
cooperative’s slick surveillance capabilities; the
development of multiple vessel response
techniques; and the establishment of procedures
for the coordination of dispersant application
operations.

Administration of a Nonmember Company

During the PacBaroness incident, Clean Seas
rcached a “verbal" agreement with the ship
owner on September 21, but was unable to get
him to sign Clean Seas Standard Nonmember
Contract throughout the incident. On
September 24, the impasse with the owner
forced a breakdown in negotiations and the
USCG stepped in and assumed financial respon-
sibility for the response effort until September
28 when the owner acted to meet its financial
obligations to Clean Seas.

The Clean Seas Standard Nonmember Contract
was developed in 1975 and never used until the
PacBaroness incident (it is similar to those of
other oil industry cooperatives in terms of
indemnification requirements and other
conditions.). In light of the problems it
engendered in this case, it has been reviewed to:
(1) make sure that its terms are still acceptable
to the Clean Seas member companies;
(2) protects the interests of the Clean Seas
member companies; (3) guarantees full
reimbursement of all costs incurred by Clean
Seas; and (4) specifies responsibility for liabili-
ties incurred by Clean Seas during the response
operations.

The difficulties in this case also pointed out the
need for a rapid and efficient way to provide a
nonmember company with the following
information:
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* the purpose of Clean Seas, and how the
cooperative is organized,

e the capabilities of Clean Seas;

* therole of nonmember company (i.c., where
they fit in and what they are expected to
do); and

* the terms and conditions of Clean Seas
involvement (i.e., both contractual and
financial);

Since the incident, this information has been
compiled in a concise document that can be
telefaxed, express mailed, or hand delivered to
a nonmember company as quickly as possible
after the initial contact.

Basic Operating Agreement
With the U.S. Coast Guard

When the USCG assumed financial responsi-
bility for the response effort on September 24,
an inordinate amount of time and resources
were devoted to negotiations over a Basic
Operating Agreement (BOA) which would
specify the terms and conditions of Clean Seas
involvement in a USCG-funded response opera-
tion. Following the incident, negotiations began
anew on the development of a BOA between
Clean Seas and the USCG to cover any future
USCG-funded response operation.

Slick Surveillance

One of the biggest operational problems Clean
Seas encountered during the PacBaroness
incident was its inability to observe the slick
from the air due to thick fog. During the
incident, the only instrument able to penetrate
the fog and obtain a picture of the slick was the
side looking airborne radar (SLAR) on the
USCG AirEye system. Since the incident, the
AirEye system has been moved to the East
Coast and there are no plans, at the present, to
replace the system.

Aerial surveillance is absolutely essential to
determine the position of the slick, the threat
the slick poses to coastline areas, and the
optimum locations for mechanical containment,
recovery, and dispersant application operations.
Because of this, Clean Seas and other west coast
oil spill cooperatives are examining the
availability of aerial surveillance systems which
can provide at least a SLAR capability for use
during future oil spill incidents.
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Multiple Vessel Response Techniques

Problems were encountered by the OSRVs
working together in a closely coordinated
fashion during the incident. This highlighted the
need to develop multiple vessel response
techniques (e.g., using containment boom on one
vessel to direct oil to the advancing skimmer
system on another vessel). Since the incident,
exercises have been held to test techniques.

Dispersant Application Procedures

Clean Seas experienced difficulties in the coordi-
nation of dispersant spraying operations. There
were more aircraft on-scene than necessary,
some carrying too many people.
Communications between the helicopters and
OSRVs were poor. Terminology was used by
people in the helicopters which was ‘foreign’ or
confusing to those in the spray aircraft who were
experienced with the vernacular used in the
spraying business. Clean Seas is in the process
of improving procedures to be followed to
coordinate spraying operations. At a minimum,
the procedures will include information on:
(1) how the target slick will be identified, and by
whom; (2) how the spray aircraft will be directed
to the target slick, and by whom; (3) how
communications will be handled between the
spotter aircraft and the spray aircraft; and
(4) the terminology to be used during the course
of operations.

Future operations will also keep to an absolute
minimum the number of "observers” who are
carried in the spotter aircraft. While it may be
necessary for agency decision-makers to be on
scene during all or a portion of the spray
operations, they should not be in the spotter
aircraft, but in a separate observation aircraft.
Their instructions or information should be
passed by radio to the spotter or control aircraft.

CONCLUSION

This was an excellent spill as a test of Clean
Seas’ capabilities. The lessons learned were
many but dealt mostly with dispersant use and
spill administration. Considering the conditions,
a reasonable amount of oil was recovered.
When the spill was perceived to threaten
sensitive areas, agency response personnel acted
quickly to counter the threat. There were no
shoreline impacts throughout the incident and
only minor oiling of seabirds. Finally, the

weaknesses identified have allowed Clean Seas
to take positive steps to preclude future
occurrences and make improvements.

Mr. Skip Onstad is Manager of Clean Seas, an
industry-owned oil spill cooperative located in
Santa Barbara, California. Prior to becoming
Clean Seas Manager, he served for over twenty
years in the USCG dealing with maritime
operations, safety and pollution preparedness,
and response matters. He is a USCG Academy
graduate and holds an MBA from the George
Washington University.

Mr. Thomas McCloskey is President of The
McCloskey Group, Inc. (formerly Hooks,
McCloskey and Associates, Inc.), a full service
consulting firm which specializes in regulatory
and environmental matters relating to the
permitting of offshore and onshore energy
facilities, particularly in California and Alaska.
Prior to cofounding the firm, he served as
Special Assistant to the Assistant Secretary for
Energy and Minerals in the U.S. Department of
the Interior and was the Executive Director of
the Citizens Advisory Council to the
Pennsylvania Department of Environmental
Resources. Mr. McCloskey holds a Master’s
Degree from the Monterey Institute of Foreign
Studies.

EMERGING SORBENT
TECHNOLOGIES

Mr. Don Smith
Environmental Protection Agency
Region VI,

Ms. Julie Jordan
Scientex Corp.,
and
Mr. Thomas Spargo
Ecology and Environment, Inc.

INTRODUCTION

A paper entitled, "Sorbent Performance Study
for Crude and Refined Petroleum Products,"
(Flaherty and Jordan 1989) presented at the
February Oil Spill Conference in San Antonio,
Texas, addressed various types of sorbents,
performance criteria, tests performed in previous
studies, and guidance on sorbent application.



Based on a review of available literature on
sorbents, the paper discussed desirable sorbent
performance traits and offered a range of
characteristics to consider when selecting a
sorbent. The paper also raised a number of
issues with regard to sorbent performance and
noted that several characteristics were often
incompatible. Brief mention of an emerging
technology was made in the paper as well. The
purpose of this paper is to revisit some of the
characteristics discussed in the earlier paper
from the perspective of an On-Scene
Coordinator (OSC) and to provide an elabora-
tion of the emerging technology presented in the
first paper.

PRODUCT AVAILABILITY

There is a wide array of sorbent
products/available. The World Catalog of Oil
Spill Response Products (Schulze 1987) cites
over 30 manufacturers offering sorbent products
in a variety of configurations including booms,
pillows, rolls, sweeps, and pads. These products
are manufactured from natural organic and
inorganic materials such as treated peat moss
and perlite and man-made products including
polyurethane and polypropylene. Combinations
of natural and synthetic products are available
as well. According to the publisher of the
World Catalog, the most widely used sorbent for
oil spill cleanup is melt-blown polypropylene
which comes in a variety of forms including rolls,
pads, booms, sweeps, sheets, and particulate.

SORBENT SELECTION
CONSIDERATIONS

Response to a major discharge of oil which
invariably requires large expenditures of
manpower, time, and money, could quickly
exhaust stockpiles of equipment and materials,
including sorbents. The OSC or incident
commander must expediently consider the range
of options available and choose response
methods for each operable unit that are effective
for the situation, cost efficient, and will not
cause more harm than the oil they are intended
to remove.

From the perspective of the responder, the most
important feature of a sorbent is its ability to
take up and retain oil. How this is
accomplished, whether by absorption or adsorp-
tion, is not particularly relevant during the
cleanup action. Current American Society for
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Testing and Materials (ASTM) testing standards
specify different measures of effectiveness for
absorbents and adsorbents which prevent

meaningful cross comparison of the two classes
of sorbents (ASTM 1987).

Another concern of the OSC is cost. Given the
current state of the 311(k) Fund, finite resources
are a reality in a Federally financed cleanup
effort. Guidance on cost versus the capacity of
a particular type of sorbent to recover oil is not
available.  Synthetic sorbents, while more
effective than natural products, are more expen-
sive. The cost of the labor required to deploy
and retrieve a particular type of sorbent must
also be factored into the cost equation. The
ability to evaluate cost and effectiveness would
be of great assistance to the OSC.

As a rule, sorbents are used for final cleanup of
trace amounts of oil or to remove oil from areas
inaccessible to skimmers and other large equip-
ment. Sorbents are the preferred method for
removing oil from confined areas or sensitive
habitats such as wetlands, where mechanical
equipment would be disruptive.

The limited scope of sorbent use has evolved
through time and experience which balances the
advantages of sorbents against their limitations.
Advantages of sorbents are found in the variety
of configurations available, selectivity for sorbing
oil even in low concentrations, and ease of
application in hard to reach places.
Disadvantages are relatively high costs per unit
of oil removed, high labor requirements, relative
difficulty in retrieval, and disposal problems.

During the shoreline cleanup following the spill
in Prince William Sound, Alaska, sorbent booms
were used to capture oil outflow following high-
pressure water spraying of beaches. They were
also used in conjunction with deflection booms
to protect high-priority areas such as fish
hatcheries.

Historically, disposal of oil-contaminated debris
including sorbents, has been accomplished by
openburning, incineration, landfarming (aerobic
biodegradation), or burial or landfilling
(anaerobic biodegradation). Oiled sorbents
must be disposed of in a safe manner and in
compliance with State and U.S. Environmental
Protection Agency (EPA) regulations. However,
up-to-date published information regarding
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reccommended disposal practices is not readily
available.

Regarding the disposal of oil-contaminated
sorbents, there are several regulatory initiatives
that will likely complicate the selection process
even further. The characteristics of a sorbent
have a bearing on the disposal options available
to the OSC, and the OSC’s initial choice may
limit subsequent disposal options. Once the oil
or hazardous material has been removed, the
OSC may end up with a solid or hazardous
waste problem.

Sanitary landfilling at established sites may be
the most commonly selected method of disposal.
However, recent regulatory actions regarding
solid waste disposal are likely to impact landfill
disposal decisions which require that this issue
be more closely examined.

A solid waste not otherwise listed as a
hazardous waste may still be defined as such if
it exhibits any of the following characteristics:
ignitability, corrosivity, reactivity, or toxicity.
Since several refined petroleum products such
as gasoline would meet the ignitability criterion,
sorbents contaminated with these products
would be subject to Section 3004(c)(2)(B) of the
Hazardous and Solid Waste Amendments of
1984.

This section also requires EPA to develop
regulations to prohibit land disposal of liquids
absorbed in materials which biodegrade or
release liquids when compressed, as might occur
during routine landfill operations. To ascertain
structural stability of sorbents, proposed EPA
regulations may require that a 50 pounds per
square inch pressure test be used to determine
if a product can be landfilled or not.

Furthermore, both solid and hazardous waste
landfill space is becoming scarce throughout the
United States and finding a landfill willing and
able to accept large quantities of oil-
contaminated sorbents may become increasingly
difficult. Wastes generated by another
community or state are meeting increasing
resistance and public outcry from the
communities and states in which disposal facili-
ties are located.

Because it eliminates the need for costly
transportation and minimizes disposal fees for
oiled sorbents and debris, on-site incineration

might be a practical and efficient method of
disposal, especially in remote locations. For
successful incineration, the sorbent should not
contain too much water. The amount of ash
that will be generated by the oil and sorbent
package is also a concern and may preclude the
burning of some organic sorbents. The fumes
from some synthetic sorbents may be toxic, so
additional information should be obtained on
these products before incineration. Pursuant to
air quality regulations, state and Federal
approval would have to be obtained before
incineration operations can be initiated.

ENVIRONMENT CANADA TESTS

The reports on the four series of tests
performed on 45 sorbents by Environment
Canada between 1974 and 1985 provide the most
complete and comprehensive evaluation of
commercially available sorbents and lay the
groundwork for a quantitative basis of
comparison (Environment Canada 1976, 1978,
1983, 1985).

One important outcome of the Canadian tests
was the development of an alternative measure
of sorbent effectiveness, referred to as "sorption
capacity” which is composed of three quantitative
parameters. Initial Capacity (g of test liquid/g
of sorbent) is the amount of test liquid picked
up by a sorbent on initial exposure to a
particular test liquid. Maximum Capacity (g of
test liquid/g of sorbent) refers to the maximum
amount of test liquid picked up by a sorbent
either on initial exposure to a particular test
liquid or in subsequent reuse trials. Water
Pickup (g of water/g of sorbent), is the weight
of water picked up by a sorbent during a given
test. A 48 hour immersion test to measure a
sorbent’s ability to stay afloat was also
performed.

To simulate realistic conditions, diesel, crude
and Bunker "C" oils were weathered for periods
of one day and seven days. However, in
presenting the results of the studies,
Environment Canada made the caveat that
laboratory and simulated field tests cannot cover
the range of environmental circumstances during
an actual oil spill. It should be cautioned that
the data from the four test series are not always
comparable since protocols varied. As evidence
of the trend emphasizing sorbent effectiveness
with regard to hazardous substance spills, tests
using toluene and cyclohexane were performed



in the 1985 tests (Environment Canada 1985).
A fifth study in the series is planned by
Environment Canada.

RECENT EXPERIENCE
WITH SORBENTS

A recent article in "THazmat World" (Fahys 1989)
highlighted several sorbent products that were
used in cleaning up the shoreline around Prince
William Sound. The organic sorbent, peat moss,
was found to be effective in the early days of the
cleanup for soaking up oil on rocky beach areas
used by seals for pupping. While the material
prevented oil from leaching beneath the beach
surface and protected wildlife, it was less helpful
on weathered oil in later applications.
According to the article, one such problem arose

when the oil-soaked peat hardened and sank.

The article also noted that oleophilic, synthetic
pompons were used successfully for picking up
stray oil in the waters off the coast of the
Olympic Peninsula in Washington State last
year. Made out of the same plastic used to coat
telephone wires, the pompons consisted of thin
stands bound together with a wire puff and
strung into a chain,

The "Hazmat World" (Fahys 1989) article also
reported that the use of geotextile bags filled
with absorbents was being proposed by the state
of Alaska for treatment of Valdez oiled beach
sediments. The bags would be tied to the beach,
where wave action would drive contact with the
sediments. The sediments would become
trapped in the sorbents and the bags would then
be recovered and discarded.

EMERGING TECHNOLOGIES

One emerging sorbent technology is a polymer
absorbent sold under the name of OIL
SOLIDIFIER. Manufactured by Liquid Waste
Technologies, the active ingredient of the
product is polynorbornene developed by a
French company, Cdf Chimie, and sold under
the name of NORSOREX AP. Consistent with
the requirements of Subpart H of the National
Contingency Plan (NCP), Liquid Waste
Technologies submitted data to the EPA
Emergency Response Division (ERD) and the
product called OIL BOND-100 was listed on the
NCP Product Schedule in the miscellaneous
category in 1986.
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Recently, the particulate form of OIL
SOLIDIFIER was added to the Schedule as an
"also known as" for OIL BOND-100. The EPA
ERD is reluctant to set the precedent of listing
products such as sorbent booms and pads. A
major consideration in this decision would be
the requirement that products on the Schedule
are governed by the authorization of use
procedures in Subpart H. There are a great
many sorbents, booms, and other products that
are used literally every day that are not listed on
the NCP Product schedule.

Anaalternative to dispersants, OIL SOLIDIFIER
is an absorbent and plasticizer. The oil is
initially absorbed into the product and then
plasticized into hard chunks of rubber. Once
the oil is absorbed it will not leach back into the
water column. Solidifiers immobilize the oil and
keep it out of the water column.

The manufacturer asserts that the particulate
form of OIL SOLIDIFIER will work effectively
on calm water spills. Effectiveness is enhanced
in rough waters. The products can be applied
around the outer edges of the spill initially to
start solidifying the oil and impeding its spread
by manual, blowers, or high pressure water
methods. If rough waters prevent the pick up
of the solidified oil, it will not leach oil to the
water column and will remain floating until such
time as weather conditions permit its retrieval.
Solidifier products are nontoxic, nonbiodegrad-
able and hydrophobic. They do not mix into the
water column.

According to Liquid Waste Technologies (pers.
comm. 1989), OIL SOLIDIFIER booms are
available in 5 inch and 2.25 inch diameters which
can be used to line both sides of a containment
boom to absorb oil and prevent entrainment.
The booms are also recommended for use as
containment booms for small spills in calm or
very slow moving water.

In the information provided to EPA’s ERD, oil
viscosity affects the amount of oil that an OIL
SOLIDIFIER boom or pillow can absorb, and
temperature also has a bearing on the rate of
absorption. Liquid Waste Technologies asserts
that 4 feet of a 2.25 inch diameter boom can
pick up 1 gallon of diesel fuel, and a 10 foot
length of the 5-inch boom can sorb 8 gallons of
diesel fuel. A one-foot square pillow can take
up one gallon of diesel fuel.
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Solidified oil after it is collected can be
landfilled. It will not release the oil at pressures
exceeding 50 psi. Solidified oil can also be
incinerated or ground up and used as fuel for
boilers in the wood pulp or other industries.

According to EPA’s researchers in Cincinnati,
the product OIL BOND-LOQ is under active
consideration for use in an in-situ removal
process for PCBs and hydrocarbon based
pollutants found in sediments in rivers, harbors,
and industrial lagoons. OIL BOND-100
performed well in laboratory scale tests, sorbing
up to 10 times its weight in these pollutants.
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FIELD TESTS OF
SATELLITE-TRACKED
SURFACE DRIFTING
BUOYS FOR SIMULATION
OIL SPILL TRAJECTORIES

Dr. Mark Reed
Applied Science Associates, Inc.

The experimental oil spill and associated
analyses described here represent the second
phase (field portion) of a three phase program.
Phase I was a theoretical review of surface
drifting buoys (Reed et al. 1988), and resulted
in a ranking of candidate drifters for their ability
to track oil slicks. Phase II involved field testing
the two toprated buoys recommended as a result
of Phase 1, a disk and a sphere. The final goal
of this program will involve the acquisition and
deployment of large numbers of drifting buoys
in the various Outer Continental Shelf Planning
Areas. The trajectories of these buoys can then
be used as measures of potential oil spill
trajectories, and as test data for trajectory
models.



Phase II focused on three objectives:

1. field test the selected buoys during a
planned oil spill, and evaluate their perfor-
mance relative to slick movement;

2. duringthe field test, measure physical forces
moving the oil and the drifters;

3. based on detailed analysis of drifter and oil
motions and forcing functions, make
appropriate recommendations to Minerals
Management Service, potentially including
design modifications to improve drifter
performance.

The experiment took place in late June/early
July 1989 on Haltenbanken, about 150 km from
the Norwegian coast (Figure 3.2). The primary
objectives of the experiment were to identify
which surface drifting buoy configuration(s) best
simulate the drift of crude oil on the sea surface
under avariety of real environmental conditions,
and to develop reliable mathematical transfer
functions from buoy to oil to assist in the future
interpretation of buoy trajectories.

Specific components of the experiment included:

» a spill of 30 tonnes of crude oil;

* deployment of 11 copies of two satellite-
tracked surface drifting buoys;

* a meteorological buoy recording residual

current at 3 m depth, wave period and
height, wind velocity, air and sea surface
temperatures, and air pressure;

» a wave-riding buoy recording wave height,
direction, and period;

» an acoustic surface velocity profiler;

+ airplane overflights with vertical
photographic, ultraviolet, infrared, and side-
looking airborne radar sensing;

* a moored current string with acoustic
meters at 3, 10, and 20 m below the surface;

» time series of oil properties (density,
viscosity, evaporation/ composition, water
content);
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e a horizontal array of satellite-tracked

flooded volume Stokes drifters to produce
a record of the mean surface current field;

» three hydrographic surveys (before, during,
and at the end of the test) recording salinity,
temperature, density and acoustic doppler
current profiler measurements.

The results of these various components will be
used to achieve project objectives as outlined in
Figure 3.3. Here the statistical and engineering
modeling components represent the key
analytical steps in the process. The data analysis
is currently in progress.
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Figure 3.2. Map showing the geographical location of the experimental oil spill on Haltenbanken.
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REAL-TIME TRAJECTORY
MODELING OF A
SPILL EVENT

Dr. Jerry Galt
National Oceanographic
Atmospheric Administration

Presentation Summary
Text Not Available

Dr. Jerry Galt

THE PETROLEUM INDUSTRY
RESPONSE ORGANIZATION
(PIRO)

Vice Admiral John D. Costello
PIRO Implementation, Inc.

BACKGROUND

In its report of June 14, 1989, the American
Petroleum Institutes’s Oil Spill Task Force
recognized the nation’s oil spill problem and
recommended initiatives - both legislative and
from private industry - to prevent and remove
catastrophic oil spills and to conduct spill-related
research. The focus of the report was the 30,000
ton, open ocean spill. Major report recommen-
dation areas included:

* improvement to the tanker movement

system external to the ship;

+ changes relating to tanker personnel;

* changes relating to tanker design and
construction;

* establishment of an industry response
organization - PIRO; and

¢ development of an aggressive oil spill
research and development program.

The Petroleum Industry Response Organization
(PIRO) will be concerned with only the last two
of the Task Force’s recommendations.

In a real sense the "R" in PIRO captures our
missions; Readiness, Response, and Research
and Development (R&D) are at the heart of
what PIRO will eventually become. At this time
these missions cannot be finally described
because oil spill legislation presently before
Congress is likely to affect their final scope.
Until that legislation is law, the definitive nature
of PIRO’s activities in each of these missions
must remain incompletely resolved. However,
irrespective of the outcome of those delibera-
tions, we believe it is safe to assume that these
three "Rs" will be part of the final program.

The 5-year implementation cost for PIRO was
originally estimated to be 250 million dollars,
however, this cost has recently been expanded
to 450-500 million dollars. This would create a
system with 5 Regional Response Centers and
18-22 sites for prepositioned materials. A small
headquarters in Washington, D.C. is included in
the organization.

PIRO MISSIONS
Readiness

Readiness is the most fundamental of the three
"Rs" and must be first addressed in planning.
Pending Federal oil spill legislation mandates
preapproved contingency plans before vessels
and facilities can handle oil. The requirement
for oil spill prevention and control contingency
plans will enhance the nation’s ability to
effectively deal with oil spills. Unlike today
these plans will not be "paper tigers." Likely
legislation will mandate that those transporting
or handling oil over water must have a pre-
approved plan that deals with a worst case spill
scenario and must show satisfactory evidence
that a ready capability exists to carry out that
plan should the need arise. All plans will be
approved by the Federal Government. The
process of plan development will insure that all
aspects of spill prevention, containment, mitiga-
tion, recovery, and disposal are covered. Before
the fact, tough questions like whether or not to
use dispersants; how/where recovered oil will be
disposed of, etc. should be resolved. The critical
time right after a spill occurs will not be lost in
getting decisions. Approved plans will have
been coordinated with environmental groups,
local, state and Federal agencies.

Readiness means more than better planning
however. Of equal importance, people will be



available and trained to combat a spill. It is
expected that pending legislation will require
this. It is in this response readiness arena that
PIRO sees one of its important roles: the
maintenance of a continuing relationship with oil
spill cooperatives and contractors as a leader,
trainer, and auditor of operational performance.

Response

In spite of even the best of efforts, spills will
occur. Therefore, response is the heart of
PIRO. A tiered concept of operational forces
is central to the PIRO approach. The first line
of defense listed in contingency plans will be
company resources or local cooperatives and/or
contractors. Should these prove inadequate,
PIRO regional assets listed in the contingency
plan would respond. If more resources are
needed, other PIRO regions would be tasked
from our headquarters. Importantly, PIRO
looks for the Federal Government to play the
critical leadership role in directing, overseeing,
and managing response and cleanup efforts. An
important point to underscore is that PIRO will
not compete with contractors and cooperatives.
Its role will be to assist them when the task at
hand exceeds their capabilities and responding
to federal directions during a spill.

Research and Development

It is no secret that today, even with the best
equipment and trained personnel our present
knowledge and technology is not sufficient to
insure oil will not reach our shorelines.

Technological innovation and equipment
improvements need to be made. A commitment
to increased R&D is important but it is not the
entire answer. The full answer lies not only in
more - but in a coordinated R&D program.
Industry, federal agencies, and academia must
join together and channel scarce R&D dollars
and talent into the most promising projects.
One of PIRO’s important responsibilities lies in
being part of such a program. The American
Petroleum Institute’s (API’s) report identified
a comprehensive 30-35 million dollars five year
R & D program for PIRO. Some categories
making up such a program are:

»  prevention of oil loss from /away from ships;

* on-water oil recovery and treatment;

* prevention and mitigation of shoreline
impact;
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¢ oil-in-water fate and effects research;
« wildlife research; and
*  worker health and safety.

CURRENT STATUS

Establishing PIRO in a timely fashion will be a
challenge. Since the publishing of the API
Report in June, 1989, approximately 75 oil
industry experts (divided into 8 subcommittees)
have been working on a comprehensive
requirements analysis for PIRO. For example,
we are looking at state-of-the-art spill response,
containment, and removal equipment designed
and constructed to meet offshore conditions.
This includes lightering pumps, fenders, and
dracones; offshore and medium booms;
skimmers, powerpacks, and skimming barriers;
dispersant equipment and miscellaneous support,
command, control, and communications gear.
All of this will be air transportable, yet rugged.
Much of what is needed for a national system is
not immediately available. Some will have to be
custom manufactured. The original capital cost
estimate for outfitting a regional center was 14.7
million dollars.

In September, 1989, PIRO Implementation, Inc.
was formed as a transitional entity, to develop
specific implementation plans for a permanent,
not for profit corporation, called the PIRO. We
at PIRO are presently engaged in melding the
work of these subcommittees into a cohesive
action plan needed to create PIRO. We hope
to have an initial operational capability 12
months after oil spill legislation becomes law
and the full system operational 12 moanths
thereafter.

Vice Admiral John D. Costello is currently
serving as the President of PIRO
Implementation, Inc. He is a 36-year veteran of
the U.S. Coast Guard. His last assignment was
Commander of the U.S. Coast Guard’s Pacific
Area. Vice Admiral Costello has also served as
the Secretary of Transportation’s Emergency
Transportation Coordinator for Federal Region
IX with responsibilities for the coordination of
Federal transportation activities in peace and
wartime emergencies, and as the Commander,
U.S. Maritime Defense Zone Pacific also known
as Task Force 16, under the Commander In
Chief, U.S. Pacific Fleet. Major awards include
a Coast Guard Meritorious Service Medal, four
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Legion of Merit medals, and the Distinguished
Service Medal. Vice Admiral Costello is a
graduate of the U.S. Coast Guard Academy, the
Naval Post Graduate School, where he was a
distinguished graduate in management, and
George Washington University, where he earned
a Masters degree in government.

STATE OF FLORIDA -
DISPOSAL OPTIONS FOR
RECOVERED OIL AND
OILED DEBRIS

Mr. John K. Gentry
and
Mr. Greg Lee
Florida Department of
Environmental Regulation

The purpose of this discussion is to review the
disposal options that the Florida Department of
Environmental Regulation (DER) has identified
for the recovered oil and oil contaminated debris
that would be generated by the cleanup of a
petroleum spill in Florida’s coastal waters.

It is the intent of the DER, to identify the range
of disposal options that are available, list the
facilities that can provide these services, and to
provide case-by-case technical assistance in
sclecting the options most suitable for the nature
and volume of the recovered material.

Before detailing preferred disposal options it is
necessary to discuss the issue of land disposal of
pollutants. Florida has no permitted land
disposal facilities designed to accommodate
bazardous waste or significant petroleum
contaminated residues. The hydrogeology over
most of the state is such that valuable ground-
water resources would be at risk from land
disposal of pollutants.

It has been suggested that the DER should
predesignate locations in the state where these
contaminated materials could be taken to be
landfilled or landfarmed. We do not believe
that this is the correct approach for several
reasons. First, pollutants should be dealt with
as near the source as possible. This minimizes
the chance of additional accidental spills and it
reduces transportation costs. Unless a large
number of disposal sites were identified

throughout the state, transportation costs could
be enormous. Second, and more importantly,
in the hierarchy of waste management options
that the DER has established, land disposal of
any pollutant is the least attractive option. Even
in a secure location, the contaminants in landfills
will have to be managed and monitored for a
long period.

The DER proposes that residue from coastal
cleanups be staged in the contaminated area on
synthetic flexible membrane liner material until
disposal occurs. In most cases, thermal destruc-
tion of the residue will be the most cost effective
option. Options for thermal treatment fall into
three categories:

*  municipal solid waste combustors;
* stationary thermal treatment facilities; and
* mobile incinerators.

Which of these facilities or combination of these
facilities to use will depend on the following
factors:

e where the release occurred;

*  what was spilled;

¢ how much came ashore;

» what type of coastal environment was
affected; and

* what type of residue must be disposed of
and how contaminated the material is.

The following guidelines are recommended:

» Heavily contaminated residue such as
sorbent pads, seaweed, and debris should go
to solid waste combustors. With operating
temperatures approaching 1800 °F, these
facilities can blend the residue in with the
solid waste and effectively destroy it. As a
side benefit, most of these facilities recover
energy in the form of steam or electricity so
that some resource recoveryis accomplished
in the process. These facilities cannot,
however, handle residue containing a great
deal of sand or soil. Fine grained materials
would fall through the grates in the burner
and generally be hard on machinery at the
plant.

*  Contaminated soils should be disposed of at
one of the thermal treatment facilities
located in the state. These facilities are
either rotary kilns or asphalt dryers and are



designed to process fine grained materials.
Depending on their intended primary use
such as cement production, clay processing,
or asphalt drying, they operate at varying
temperatures and have different throughput
capacities. The choice of which to use will
depend on location, how contaminated the
soils are, and the capacity of the facility.
Soils heavily contaminated with heavy
petroleum such as bunker C should go to
treatment facilities with higher operating
temperatures. Once the soil is treated to
the standards established by DER it can be
sold as clean fill.

If a spill were to occur in a remote area,
bringing in a mobile incinerator might be the
most cost effective option. DER has permitted
three such units on a statewide basis. The
choice would once again depend on location,
what type of cleanup residue was present, and
how much of it there was. An advantage with
this method is that treated soils could be
replaced in the once contaminated area.

A final option to be considered would be to use
lightly contaminated sand as daily cover material
for one of the lined landfills in the area. This
option would be at the discretion of the operator
and would require some review by the DER
staff before it could be implemented.

In summary, the most cost effective and environ-
mentally sound disposal option for the residue
from a spill is highly dependent on a number of
factors. Rather than pursuing the designation
of landfill disposal areas for the material, the
DER has identified thermal treatment as the
most likely means of disposal. Lists of these
facilities are available from the DER. When the
need arises, DER staff can provide case-by-case
assistance to determine what option or combina-
tion of options should be employed.

The DER maintains the following specific
information to assist in determining the available
options of disposal:

* "Guidelines for the Assessment and

Remediation of Petroleum Contaminated
Soil";

* a list of permitted heat treatment facilities
in Florida including mobile incinerators;
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* A complete directory of solid waste facilities

in the state by county (includes mass burn
and refuse energy facilities);

* a list of permitted hazardous waste
storage /treatment facilities in Florida;

* a list of hazardous waste transporters; in

Florida demonstrating the required financial
responsibility; and

¢ a list of commercial facilities nationally by
treatment method.

Mr. John K. Gentry is a P.E. with 18 years
experience in water supply, groundwater
resource evaluation, and environmental
protection. Mr. Gentry has a degree in water
resources engineering from the University of
South Florida and his work experience includes
consulting, municipal engineering, and environ-
mental regulation. Mr. Gentry is presently the
Deputy Director of the Division of Waste
Management at the Florida DER.

Mr. Greg Lee is the Environmental
Administrator of the Emergency Response
Section of the Florida DER. Mr. Lee has been
in this position since 1984 and has been a state
representative on the Regional Response Team
since 1982. Mr. Lee has a degree in biology
from Florida State University.

LOUISIANA STATE
REGULATIONS GOVERNING
DISPOSAL OF RECOVERED

OIL AND OILED DEBRIS

Mr. R. Bruce Hammatt
Louisiana Department of
Environmental Quality

Louisiana’ s economy is based to a large degree
upon the production and transportation of crude
oil and petroleum products. Since Louisiana is
one of the nation’s leading producers of
petroleum, with extensive maritime and pipeline
transportation of both crude and refined
products, the State is vulnerable to significant
and numerous oil spills.



62

The Louisiana Department of Environmental
Quality (DEQ) is the lead agency in the state
responsible for environmental protection, regula-
tion, and planning and will, therefore, assume
the lead role for the proper cleanup and mitiga-
tion from crude oil spills within the state.

Louisiana’s primary concern is to minimize the
potential for these spill events; however, it is
recognized that with the best of planning and
prevention, spills are going to continue to occur.
A coordinated effort will be needed to properly
handle the recovered oils and waste debris
resulting from these spill events. The DEQ
encourages that as much of the spilled material
as possible be recovered for processing or
recycling to a useable product.

The materials collected in a crude oil cleanup
operation such as the oil itself, any oiled vegeta-
tion, absorbent pads, etc., are considered as
Nonhazardous Oilfield Waste (NOW) under
Statewide Order No. 29-B. Nonhazardous
oilfield waste is not currently regulated by the
provisions of the Louisiana Hazardous Waste
Regulations, but falls under the jurisdiction of
the Department of Natural Resources (DNR).
The generator of the NOW is responsible for
the proper handling and transportation of the
wastes to an approved commercial facility.

Several commercial facilities within the state can
accept NOW collected in crude oil spill cleanup
operations. These sites operate under permits
issued by the Office of Conservation which is
within the DNR. Questions regarding Statewide
Order No. 29-B and the proper disposal of
NOW materials should be addressed to the
Office of Conservation at (504) 342-5440.

There are instances where it would not be
possible nor prudent to collect and transport
wastes gathered during major oil spill cleanup
efforts. Examples include spills occurring far
from highway or navigable waterway systems,
and cleanup operations along many of our
coastal marsh regions.

In some cases, the cleanup operations may be
more damaging to our natural resources than
the wastes themselves. Waste hydrocarbons
spilled from pipeline breaks or other transport
failures which cannot practicably be recovered
or disposed of, may be burned at the site where
the spill occurred due to safety considerations,
or a different location may be chosen.

Regulations pertaining to outdoor burning may
be found in the state’s Air Quality Regulations
(LAC33:1111109). In general, burning must not
be within or adjacent to a city or town or in
such proximity as to affect the ambient air in the
city or town. Burning must be conducted
between the hours of 8:00 a.m. and 5:00 p.m.,
and prior approval to conduct these open burns
must be obtained from the DEQ.

Cleanup activities will be closely monitored to
avoid excessive disturbances of the environment
including any affected vegetation. Burning of
the oiled debris will probably be considered as
an effective mitigating measure in our relatively
inaccessible and highly sensitive coastal marshes.

The DEQ should be contacted by the persons
responsible for the spill by wusing the
Department’s 24-hour notification number (504)
342-1234. All spills and the resultant cleanup
activities appropriate for each incident will be
handled on a case-by-case basis.

Mr. R. Bruce Hammatt is the Louisiana
Member of the Federal Region VI Regional
Response Team. He is currently the depart-
ment-wide Emergency Response Coordinator in
the Office of the Secretary. He worked for the
Water Pollution Control Division for 10 years as
the Emergency Response Coordinator for that
Division dealing with all aspects of oil and
hazardous materials releases prior to his current
assignment. Mr. Hammatt received his B.S. and
M.S. degrees from Louisiana State University
with primary courses in wildlife management
and chemistry.

ALABAMA’S REGULATIONS
GOVERNING THE DISPOSAL
OF RECOVERED OIL
AND OILED DEBRIS

Mr. John C. Carlton
Alabama Department of
Environmental Management

The Alabama Department of Environmental
Management (the Department) is the state
agency within Alabama responsible for
implementing the various environmental



regulatory programs and, as such, has the
responsibility of responding to environmental
incidents. The Department’s role in oil spill
response varies somewhat depending on the
location of the event, but generally entails
coordination of the state’s resources to insure
environmental impacts are minimized and
mitigated. This may be as involved as: first
response to scene; deployment of containment
booms; identification of a responsible party;
coordination and monitoring of cleanup;
enforcement action; or, as uninvolved as
remaining on stand-by.

Recovered oil disposal is generally left up to the
responsible party or cleanup contractor, subject
to the Department’s approval. Recycling or use
as a fuel is strongly encouraged.

The Department closely monitors the disposal
of oiled debris. Although there are no specific
regulations for oiled debris, it is considered a
solid waste and subject to the Department’s
Division 13 regulations. Fortunately most spills
which occur in Alabama have been small and
have resulted in small quantities (<10 yds.) of
contaminated debris, soil, and sorbents. These
small quantities are routed to the closest
permitted facility which has a groundwater
monitoring system and must be, bladeable with
no free oil. There are six sites within the two
coastal counties (Mobile and Baldwin) which
meet the Department’s requirements to receive
oiled debris. The operators of these facilities do
retain the right to refuse the material, but to
date this has not presented a problem. Disposal
charges (tipping fees) average approximately
$10/ton. Transportation cost is unavailable.

In a catastrophic event which would result in
large quantities of debris, the Department,
under Rule 13.4.21(b), would permit burning of
debris at permitted facilities and/or special
areas. These activities are coordinated with the
Department’s Air Division and other appropriate
state and local agencies. This practice will
undoubtedly increase in light of the fact that
many of the permitted facilities are reaching
capacity and the new siting and construction
requirements are expected to result in a substan-
tial increase in disposal charges.

Both disposal and burning are handled on a
case-by-case basis and require reasonable
assurance that the material is nonhazardous as
defined by the Department’s Division 14 regula-
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tions. At this time, there are no pre-approved
disposal/burn sites.

Mr. John C. Carlton is Chief of the Alabama
Department of Environmental Management’s
Mobile Field Office where he has served in that
capacity for 10 years. He has a B.S. degree in
marine biology from the University of South
Alabama, Mobile. Mr. Carlton’s experience
spans a period of 12 years and includes water
quality studies and spill response.

MISSISSIPPY’S
REGULATIONS GOVERNING
THE DISPOSAL OF
RECOVERED OIL AND
OILED DEBRIS

Mr. Richard Ball
Mississippi Department of
Environmental Quality

Recovered oil and oiled debris is classified as
nonhazardous waste. Mississippi requests that
all oil recovered, that can be processed, be
processed.

Oiled debris associated with the clean-up of a
crude oil spill may be disposed according to
Mississippi Solid Waste Regulations with stipula-
tions. These stipulations will be developed on
a case-by-case basis.

At present, no facility in Mississippi is designed
for the disposal of a large volume of oiled
debris. Mississippi’s permitted solid waste
disposal facilities are designed for the disposal
of household waste.

With approval by the Bureau, oiled debris may
be taken to these facilitiecs. When a disaster
occurs, and results in the urgent need for a solid
waste disposal facility, the Bureau may approve
a site for immediate operation, subject to
stipulated conditions, and for a limited period
of time.

Open burning of solid waste shall be prohibited.

Further questions should be directed to
Mr. Richard Ball, Emergency Response and
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Transportation Division, of the Department of
Environmental Quality at (601) 961-5171.

Mr. Richard Ball has served as an on-scene
coordinator in the State of Mississippi’s
Emergency Services and Transportation
Division of the Department of Environmental
Quality since 1984. Mr. Ball has responded to
over 400 oil and chemical spills from the Gulf
of Mexico to the Tennessee State line. Mr. Ball
received a B.S. degree in marine biology from
the University of South Alabama in 1983.

TEXAS STATE
REGULATIONS GOVERNING
THE DISPOSAL OF
RECOVERED OIL AND
OILED DEBRIS

Mr. David Barker
Texas Water Commission

During an emergency situation involving a
discharge or spill, the Texas Water Commission
(TWC) responsibilities, as outlined in the State
of Texas Oil and Hazardous Substances Spill
Contingency Plan (GP 88-01) and the Texas
Hazardous Substances Spill Prevention and
Control Act (Chapter 26, Subchapter G, Texas
Water Code), include the approval of the spill
cleanup, restoration of the spill site, and disposal
of spill waste. Any temporary storage area for
recovered materials shall also be approved prior
to use. On a limited basis, these responsibilities
are shared with or delegated to the Texas
Department of Health - Bureau of Radiation
Control (TDH) as they relate to spills of radioa-
ctive materials. These responsibilities may also
be shared with or delegated to the Railroad
Commission of Texas (RRC) as they relate to
spills of crude oil: (a) from a pipeline in the
state; (b) a truck on an oil or gas lease; (c) into
coastal waters from a transportation-related
storage facility in the state; or, (d) a well, rig,
platform, storage tank, or other nontransporta-
tion-related facility in the state associated with
the exploration, development, or production of
oil and gas.

The TWC does not consider spill materials that
are recovered in a form suitable for

reprocessing, recycling, or other beneficial uses
to be waste. Viable options for dealing with oil
and/or certain liquid recoverables may include
separation, refining, and marketing as fuels.
Additionally, depending on the specific spill site
or circumstances, some solids may have a
beneficial use. The State of Texas has made
allowances for the placement of lightly oiled
sand from spill cleanups at the foot of dunes for
dune stabilization in certain dune-blowout areas
as well as placement in temporary disposal sites
on the barrier islands in an effort to minimize
sand loss from the Texas Coastline.

Spill waste is generally not managed in the same
way as other solid wastes covered under the
Texas Solid Waste Disposal Act (Article 4477-7,
Vernon’s Texas Civil Statutes). Under Texas
law, the TDH regulates nonhazardous municipal
solid waste and the TWC regulates hazardous
and industrial solid waste. It is neither
necessary nor appropriate to attempt to
categorize spill waste as municipal or industrial
for purposes of determining jurisdiction.
However, all spill cleanup waste is subject to the
requirements of a hazardous waste
determination. This determination should be
made by the person responsible for causing or
allowing the spill since the spill event and the
subsequent TWC-directed cleanup will, in effect,
cause that person to assume waste generator
status. In most instances, oiled debris will be
classified as nonhazardous.

Four possible options exist regarding the use of
state-permitted or regulated disposal sites.
These are:

1. TDH-permitted sanitary landfills;

2. TWC-permitted commercial disposal sites;

3., TWC-registered noncommercial disposal
sites; and,

4. RRC-permitted disposal wells or pits.

If the waste is determined to be hazardous, a
TWC- or RCR-permitted site is the only option.
Waste generator identification numbers and
waste codes are then issued by the TWC for
waste tracking and data management purposes.

If the waste is determined to be nonhazardous,
all of the aforementioned disposal options may
be available.

Figure 3.4 depicts the waste classification
systems used by the TWC and the TDH. Class



I wastes require the manifesting of any waste
shipments. Wastes classified as special wastes
are not manifested to TDH disposal sites. In
considering the use of a TDH-permitted sanitary
landfill for disposal of spill waste, the waste
should not have the potential to adversely affect
the liner material, commingling with putrescible
wastes should be safe, and the waste should be
essentially insoluble. For oil-contaminated soils,
disposal in a TDH-permitted site as a special
waste is possible if the soil: (a) is not saturated,;
(b) has low levels of BTEX (benzene, toluene,
ethylbenzene, and xylene) and TPH (total
petroleum  hydrocarbons); and (c) does not
contain hazardous levels of metals. Soils
contaminated with used motor oil should also be
tested for organic chlorine since it will be
considered a hazardous waste if the chlorine
concentration exceeds 1000 parts per million
(ppm). Soils should not exceed the following
test values for disposal at TDH-regulated sites:

Parameter Value
TPH < 1000 ppm
BTEX < 500 ppm
Total organic

halogens (TOX) < 100 ppm
Total metals < 500 ppm

EPToxic (EPTOX) - Lead < 2.5 ppm
Toxicity Characteristic
Leaching Procedure

(TCLP) - Lead < 5.0 ppm

Waste Classification Systems

Texas Water Texas Department

Commission of Health
Hazardous
Class | Nonhazardous
Special
Waste
Class Ul
Class it

Figure 3.4. Waste classification.
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Approval of arrangements for spill waste
disposal at TDH-regulated sites is documented
in writing by a letter from the TWC to the
TDH.

Disposal arrangements utilizing any of the
options listed in this abstract are approved on
a spill-by-spill basis. Information on permitted
disposal sites is available through the TWC. For
assistance in the disposal of spill waste, the
person responsible for the spill should contact
the appropriate TWC Field Office or the TWC
Emergency Response Unit at (512)463-7727.

Mr. David Barker is the Texas member of the
Federal Region VI Regional Response Team.
He is the supervisor of the Emergency Response
Unit of the TWC and has been involved with
Texas’ spill response program for over 18 years.
Mr. Barker was instrumental in developing the
State of Texas Oil and Hazardous Substances
Spill Contingency Plan as well as Coastal and
Inland Spill Response Map Series, both of which
have proven invaluable for deployment of spill
response resources and the development of
cleanup strategies. Mr. Barker received his B.S.
and M.S. from Southwest Texas State University
with major and minor courses in biology and
chemistry, respectively.

CONTINGENCY PLANNING
FOR EXPLORATION
ACTIVITY

Mr. Jim O’Brien
O’Brien’s Qil Pollution Service
and
Dr. Bela M. James
Continental Shelf Associates, Inc.

Prior to early 1988, Federal rules governing oil
and gas operations on the Quter Continental
Shelf (OCS) were contained in OCS Orders,
Notice to Lessees, and related documents. On
April 1, 1989, rules of the Offshore Program of
the Minerals Management Service (MMS) that
govern oil, gas, and sulphur exploration,
development, and production operations in the
OCS were presented in the Federal Register
(Vol. 53, No. 63, pp. 10596-10776) and codified
in 30 CFR Parts 250 and 256. Regulations
governing the Oil Spill Contingency Plan
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(OSCP) are found in 30 CFR 250.41-43. The
MMS Gulf of Mexico OCS Region, in a Letter
to Lessees (LTL) dated February 1, 1989,
presented guidelines for the content and format
of regional and site specific OSCP’s. Following
the March 24, 1989, oil spill of the Exxon
Valdez, both industry and regulatory agencies
have increased their scrutiny and requirements
for OSCP’s. The present-day trend of the
regulatory agencies, with respect to Site Specific
OSCP’s, is to have the operator prepare an
almost stand-alone document.

Table 3.1 summarizes the general content of a
Site Specific OSCP. The topics are presented
in the order that they occur in 30 CFR 250.42,
and they follow the sequence suggested in the
February 1, 1989, LTL. The Introduction should
describe the function of the document, present
the location of the drilling activity, and discuss
the type of prospect (oil and/or gas) and the
probabilities of encountering various API
gravities of liquid hydrocarbons. Following the
outline, the next section should discuss in detail
the risk of spilling liquid hydrocarbons from
refueling operations as well as from a blowout.
In addition the section must summarize the
results of trajectory analyses and address the
general response strategies necessary to mitigate
oil reaching the identified environmentally
sensitive areas. The results of trajectory
analyses may be taken from Environmental
Impact Statements or other public documents;
however, affected states may require additional
trajectory information. The general response
strategy should address the following topics:
(1) spill discovery; (2) spill evaluation;
(3) containment and countermeasures;
(4) recovery, mitigation, and disposal;
(5) cleaning and repositioning of equipment;
(6) documentation. Section 3.0 of the outline
requires the operator to present in detail the
initial response equipment that can be utilized
in the event of a spill, and the operator is also
required to present operational response scena-
rios for single incident spills (fuel) and a
continuous (blowout) spill. Response times for
equipment and personnel are to be calculated
according to the guidelines of the September 5,
1989, LTL. Information on the remaining
scctions of the outline are detailed in the
February 1, 1989, LTL. In these latter sections,
the operator should list the primary and
secondary source of personnel and equipment
(with phone numbers) for each activity. In all
sections, it must be perfectly clear as to who has

the responsibility to make the decision and to
initiate the notifications and requests.

Mr. Jim O’Brien is currently president of
O’Brien’s Oil Pollution Service (OOPS, Inc.).
Mr. O’Brien is a retired commander of the U.S.
Coast Guard, Pacific Strike Team. Mr. O’Brien
has been a technical response supervisor for
over 100 major oil spills including the Exxon
Valdez. Mr. O’Brien is principal author of the
"MIRG Response and Logistics Directory" and
has been technical consultant and author for
over 30 Oil Spill Contingency Plans.

Dr. Bela M. James is currently a senior scientist
with Continental Shelf Associates, Inc.
Dr. James has 18 years experience with
programs involving oil and hazardous wastes.
He has authored over 25 oil spill contingency
plans for locations within the Gulf of Mexico,
the Santa Barbara Channel, and off the East
Coast for 11 oil and gas companies.

"STATE-OF-THE-ART
OIL SPILL RESPONSE
EQUIPMENT"

Mr. Parag Gandhi
and
Mr. Mark Ploen
Ajat Shaw, Inc.

The purpose of this presentation is to illustrate
progressive technologies regarding oil spill
response equipment in the areas of aerial
surveillance, containment, recovery, separation,
storage/transportation, and shore-line remedia-
tion.

AERIAL SURVEILLANCE

Flexible documentation of all relevant
information regarding oil spill tracking,
qualifying, and quantifying is important in any
oil spill recovery operation. Airborne surveil-
lance systems utilizing side-looking radar,
infrared and ultraviolet scanning systems, micro-
wave radiometer, camera, data link, and flight
logging information can provide much of the
necessary information.
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Table 3.1. Contents of a typical site specific oil spill contingency plan.

1.0 Introduction

20 Risk of Oil Spills, Oil Spill Trajectory Analyses, and Response Strategies

[30 CFR 250.42(a)]

21 Risk of Oil Spills

22 Summary of Oil Spill Trajectory Analyses

23 General Response Strategies

30 Response Equipment and Response Strategies [30 CFR 250.42(b)]

31 Response to Oil on Open Water

312 Response Equipment at the Drillsite

313 Response Equipment at the Shorebase

3.14  Response Scenarios to Single Incident Spills

3.1.7 Response Scenario to a Continuous (Blowout) Spill

32 Response to Oil in the Coastal Zone

40 Dispersant Use Plan [30 CFR 250.42(c)]

50 Inspection and Maintenance of Equipment [30 CFR 250.42(d)]

6.0 Detection and Notification of a Spill [30 CFR 250.42(¢)]

7.0 Local and Regional Inventory of Equipment and Services [30 CFR 250.42(f)]

8.0 Logistical Response Actions [30 CFR 250.42(g)]

8.1 On-Site Personnel

8.2 Local Contractors

83 Company’s Response Team Organization
8.4 Drills

9.0 Provisions for Disposal of Oily Wastes [30 CFR 250.42(h)]

10.0 Provisions for Monitoring and Predicting Spill Movement [30 CFR 250.42(i) }

Appendices

combating a spill. A typical system is capable
of covering up to a 50 mile wide path regardless
of most weather or light conditions.

CONTAINMENT

There are many different types of containment
booms presently being manufactured. Generally
they all fit into three basic categories: self

inflating or rapid deployment booms, fixed
flotation booms, and long term deployment
booms. For rapid deployment, self inflating light
weight booms provide the best means for quick,
effective containment. = These booms are
constructed of light weight material with an
inner spring device built into the buoyancy
chambers of the boom. Upon deployment, the
spring expands allowing the buoyancy chamber
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to fill with air, thus providing flotation. The
advantages of this boom over others are guick
deployment and recovery, light weight for ease
of transport and excellent stowability.

These systems can also supply real time infor-
mation vital to the decision process required in
Fixed flotation booms are the most popular and
widely used booms in the United States. In
part, this is due to their moderate price and
wide availability. There are numerous types of
fixed flotation booms manufactured for a
multitude of applications. Shoreline barrier
booms are designed specifically for protecting
the shoreline, fast water booms are designed to
work in greater currents, and external tension
booms are designed to maintain good
performance while withstanding the pressure
encountered in towing operations and river
operations. For best results, the boom must be
matched to the specific task and conditions.

For long term deployment, the larger inflatable
booms constructed of heavy synthetic rubber and
hypalon provide superior resistance to the
elements. Typically, these booms range from
four feet to seven feet in height. Due to their
size and durability they can be deployed and are
effective in rough seas.

RECOVERY

Over the years there have been many different
types of skimmers available for recovering oil.
The many different operating principles make
it difficult to identify a skimmer ideally suited
for a particular operation. However, extensive
testing has shown that weir principle skimmers
operating with a rotor to create a surface
current and vortex to draw the oil into the pump
drastically increase the efficiency of the
skimmer. Although ideally suited for fresh or
less viscous oil, these skimmers decrease in
efficiency rapidly as the oil weathers and picks
up debris. This creates an altogether different
scenario in which a skimmer utilizing a screw
pump equipped with cutters for handling debris
would be more advantageous. Such skimmers
incorporating a modified archimedean screw
pump will devour sea weed, tin cans, drift wood,
plastic bottles and a host of other items
invariably encountered during recovery opera-
tions.

Another principle which has proven itself over
the years is the belt skimmer. This method

incorporates a belt much like a conveyor belt
designed to carry the oil up out of the water
where it can then be deposited into an onboard
holding tank. A popular version of this skimmer
came out of France in the wake of the Amoco
Cadez spill of 1978. This was the first to
combine the capabilities of a large holding
capacity with built-in separation and a double
screw pump for off loading oil incorporated with
a paddle belt which could be operated in a
stationery or advancing mode.

For larger response capabilities, a dedicated
vessel should be utilized. The built-in rotary
brush principle skimmer for weathered and
debris laden oil and the weir principle skimmer
for fresh, less viscous oils have proven to be the
two most efficient systems available for a
dedicated skimming vessel, particularly if side
arm sweeps mounted alongside such vessels have
been incorporated enabling them to cover swath
paths with widths in excess of 150 feet through
a slick. This type of system offers several
advantages; on-board skimmers, built-in
separators, and holding tanks all can be
integrated into a vessel large enough to handle
sea states where smaller skimmers would fail.
This method not only solves the problem of
transportation, but the crew can be trained to
operate the response equipment eliminating the
problem of skilled response equipment
operators.

SEPARATION

For an efficient skimming operation, the use of
an oil/water separator on location reduces the
problem of handling and disposing of water. In
most cases, a typical baffled gravity separation
tank would be sufficient for decanting the
recovered oil. For larger tasks, systems are
available as a permanent installation or as a
transportable unit which can handle as much as
8,600 barrels of oil polluted water per hour.

STORAGE AND TRANSPORTATION

Storage and transportation of recovered product
presents numerous problems when responding
to a spill. This has created a demand for
products that go beyond the capabilities
available from conventional tanks and barges.
Portable tanks, storage bladders, towable
bladders, and inflatable barges are examples of
light weight, easily transportable -effective



alternatives to storage and transportation
problems.

SHORELINE REMEDIATION

Steam cleaning, hot pressure washing, cold
pressure washing, high volume water flushing,
oleophilic hand tools, absorption, collection
trenching, and bio-remediation are examples of
techniques available to aid in the monumental
task of removing oil from the shoreline or tidal
interfacial zone. Due to the many varying
characteristics in the immediate environment
that make up a particular section of shoreline,
a flexible combination of the aforementioned
techniques may be utilized. Although the advent
of several mechanized techniques for shoreline
cleanup has been useful, manual labor armed
with pressure washers and oleophilic hand tools
is still the most popular and commonly used
technique throughout the world.

SUMMARY

The state-of-the-art equipment for one
application may be totally ineffective for another
by changing a few variables on any recovery
operation. Therefore, all aspects of a proposed
spill scenario should be explored in an effort to
provide the most effective equipment available
for the identified task and each set of circum-
stances that may be encountered. In order for
any equipment to be effective, it must be
properly maintained; and trained, competent
operators must be available.

Mr. Parag Gandhi is the Marketing Executive
for Ajat Shaw, Inc. with whom he has been
employed for the last three years. Mr. Gandhi
has worked on several spills, exercises, and
demonstrations in California and Alaska,
including the Valdez spill in Prince William
Sound. Mr. Gandhi has a B.S. in business
administration.

Mr. Mark Ploen has been employed by Ajat
Shaw, Inc. (ASI) since 1985. Mr. Ploen has
served both as ASI’s North Slope Operations
Manager and ASI’s General Manager in Alaska.
Mr. Ploen has been employed in the oil spill
industry for over seven years where he has
played a major role in the remediation of several
major oil spills including the Glacier Bay spill in
Cook Inlet in 1987 and was contracted to the
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Exxon Command Team during the recent Exxon
Valdez oil spill.

AN EVALUATION OF
OIL SPILL RESPONSE
METHODOLOGY/EQUIPMENT
USED DURING THE
CLEANUP OF THE EXXON
VALDEZ SPILL AND U.S.

COAST GUARD ATLANTIC

AREA STRIKE TEAM
RESPONSE CAPABILITIES
IN THE GULF OF MEXICO

LCDR Glenn A. Wiltshire*
U.S. Coast Guard

INTRODUCTION

By now everyone is aware or the grounding of
the Exxon Valdez in Prince William Sound,
Alaska, the resulting catastrophic oil spill, and
the monumental cleanup effort that continues
today. While many people assume that the
cleanup was a failure based on the news
coverage of the activities carried out by the
Federal, state, and local governments, Exxon,
and their contractors, this was not the case.
During the response to the spill, almost every
cleanup technology and method ever tried was
used, and new methods were developed and
implemented with varying degrees of success.
The purpose of this presentation is to
summarize some of the methods that were used
and to provide an assessment of the
effectiveness of these methods for recovering or
mitigating the effects of the Alaska North slope
crude oil on the environment. The names of
particular brands of equipment have been left
out, since the intent is to discuss the
effectiveness of the type of equipment, not a
specific brand or manufacturer.

Since the question has risen on many occasions
since March, "What if the Exxon Valdez
occurred in the Gulf of Mexico? Would we be
ready," I will also briefly describe the capabilities
of the U.S. Coast Guard’s (USCG) Atlantic
Area Strike Team to respond to oil spills in the
Gulf of Mexico.
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EXXON VALDEZ RESPONSE

As almost everyone is aware, the grounding of

the Exxon Valdez resulted in the rapid discharge
of approximately 11,000,000 gallons of Alaska
North Slope crude oil into Prince William
Sound. Over the next few months, this oil
spread over 500 miles and impacted hundreds
of miles of shoreline. With this amount of oil
entering the water in such a short period of
time, the available response equipment was
overwhelmed, requiring an air and sealift of
thousands of tons of cleanup equipment from
around the world. Below is a summary of the
operations and problems encountered when
using each type of equipment.

Skimmers

Almost every type of skimming technique that
exists was used during this response. Initially,
weir type skimmers were used for oil recovery.
These were effective for the first week or two
while the oil was still light and had not
weathered extensively. As time went on,
however, weir skimmers became ineffective both
due to the viscosity of the oil and the amount of
debris and kelp mixed with the floating oil; that
clogged the weirs. A large number of belt and
paddle-belt type skimmers were used as the oil
weathered. These were very effective recovering
the oil from the water but were hampered by
problems emptying recovered product from the
onboard tanks. Archimedean screw or auger
pumps were added to move the oil/debris
mixture from the onboard tanks to the storage
devices. The thick consistency of the weathered
oil also required the use of suction devices such
as "supersuckers” and "vac-alls." These devices
were placed on barges or vessels with large tank
capacity for mobility. While these were all
generally effective picking up the oil from the
water or from tankage of smaller skimming
devices, those with gravity type discharge were
inefficient due to their slow emptying times.
This required the use of devices that had a
pressurized discharge capability to facilitate
emptying into the vessel’s storage tanks. Rope-
mop and disk type skimming devices were also
used to a limited extent but were not as efficient
due to the consistency of the oil. Two U.S.
Army Corps of Engineers hopper dredges were
also brought in along with a Soviet oil
recovery/dredge ship and acted as ”skimmers.”
To do this, the dragheads were inverted and the
dragarms lowered into a pool of oil collected by

boom-towing vessels. The large centrifugal
pumps would suck anything within the boom
into the dredge’s hopper where gravity separa-
tion would occur. While this operation was
effective in recovering oil, it turned out to be
very difficult to remove the recovered product
from the enclosed hoppers since the oil debris
mixture congealed and had to be broken up with
high pressure hoses to allow the pumps to get
suction.

While the skimming systems were effective for
what they were designed to do, there were a
number of problems that reduced their
efficiency. These included the lack of onboard
tankage or rapid offloading systems, the
sensitivity to sea conditions, the lack of sufficient
trained and experienced operators to sustain
operations over the months of the cleanup, and
the inadequacy of berthing for the skimming
crews in the early stages of the response.

Booms

Hundreds of thousands of feet of boom were
used throughout the cleanup operation, ranging
in size from small 8-12 inch calm water booms
to massive 84 inch offshore booms. The wide
range of sizes was necessary due to the varying
environmental conditions encountered during the
cleanup. The larger offshore booms were used
primarily in the Gulf of Alaska and other
unprotected areas to attempt to corral and
collect free-floating patches of oil or to protect
fish hatcheries threatened by the oil. Hundreds
of small fishing boats were used to tow booms
in a "U" configuration to concentrate and collect
the floating patches. Once these booms were
full, they would be emptied by a recovery device,
towed to a bay, and emptied into a larger
"storage boom," or sometimes formed into a
"donut" and anchored or cast adrift until a
recovery device became available. In many
areas along the southern Alaska coast, villages
constructed log booms to protect their harbors
and coastlines from the approaching oil.
Smaller booms were used in conjunction with
the shoreline cleanup operations to contain oil
flushed from the shore during cleaning and to
protect treated shorelines from recontamination.
The large tidal range adversely affected the
ability to deploy and maintain these booms.
Sorbent booms were used with some success
during the shoreline cleanup operation to
contain and recover the sheens resulting from
the shoreline flushing operations and miles of



"snare boom" were fabricated by the workers for
shoreline oil collection and recovery.

Recovery and Storage Devices

What may have been the most significant
problem faced by the responders was the availa-
bility of temporary storage devices to hold the
recovered product. In the early stages of the
response when the skimming resources were
most effective, there was a shortage of barges to
transfer the recovered product to. Thus,
skimmers had to sometimes wait for hours to
empty their onboard tanks or had to transit long
distances to empty their tanks at the closest
storage device. For remote operations or where
barges were not available large rubber storage
bladders were used for temporary holding. This
created additional problems when the bladders
were filled and became difficult to empty due to
the consistency of the oil. Holds of fishing
vessels were also used for temporary storage.
As noted above, as the oil weathered and mixed
with debris and kelp, recovery and storage
became even more difficult. Auger pumps had
to be used to transfer the product between
devices, a slow and frustrating process.
Attempts to use steam coils and emulsion
breakers to ease the transfer process were
partially effective. As the cleanup progressed,
sufficient storage capacity became available to
hold the recovered product while disposal
options were identified and approved by the
appropriate regulatory officials.

Shoreline Cleanup Methods

Initial shoreline cleanup operations were carried
out using a deluge flushing system and both low
and high pressure hot and cold water pumps to
break the oil free from the shoreline and refloat
it where skimmers could be used for recovery
from the water. In more environmentally
sensitive or inaccessible areas along the Alaska
coastline, shoreline cleanup consisted of large
groups of workers using rakes and shovels to
collect and bag mousse paddies and oily debris
or wiping oiled rocks with sorbents or snare.
While this was very inefficient, in many areas it
was the only method acceptable to the various
Federal and state environmental agencies
overseeing the cleanup. As shoreline operations
progressed, more efficient methods using barges
equipped with remote controlled articulating
arms, high volume water heaters capable of
using sea water, and high capacity pumps were

n

developed. These were used primarily on rocky
shorelines and cliffs that were inaccessible to
cleanup crews. Shoreline treatment using
chemicals and bioremediation techniques
(fertilizers) were tried during the latter stages
of the cleanup and have not yet been fully
evaluated for their effectiveness.

Cleanup Logistics Support

This cleanup, more than any other ever done,
required a monumental logistics network to
support the thousands of workers deployed in
the field. Hundreds of boats were chartered to
transport personnel, equipment, and supplies to
the remote areas. This included a number of
offshore supply vessels brought around from the
Gulf of Mexico. Self-supporting task forces
were developed to allow for independent opera-
tions during the cleanup. Because of the remote
areas affected, cleanup crews operated
independently in the field for weeks with daily
logistics support by boat and helicopter from
shore bases in Valdez, Seward, Homer, Kodiak,
and other communities. Vessels ranging from
small pleasure craft to large Navy troop ships
and deck barges with house trailers were
brought in to house the cleanup workers along
with various support personnel. A constant flow
of food, fuel, water, and cleanup supplies as well
as field equipment repair facilities were needed
to support the massive cleanup force.
Obviously, an operation such as this could not
be set up overnight, and there was a "learning
curve" as personnel gained experience.

Disposal

- A major problem encountered was what to do

with the thousands of barrels of oily material
recovered from the water and the tons of oily
debris and sorbent material, contaminated
protective clothing, garbage, sewage, and other
wastes generated during the cleanup. Much of
this material had to be placed in temporary
storage locations while the necessary permits
were obtained to properly dispose of it.
Portable incinerators were brought in to burn
some of the oily material; open burning was
authorized in very limited circumstances; oil
liquid was transported by barge to refineries for
reprocessing; sewage was transported by vessel
to shore-based reception facilities; and garbage
was transported to shore for disposal at
permitted landfills. Some of the disposal issues
remain unresolved.
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STRIKE TEAM CAPABILITIES

The USCG’s Atlantic Area Strike Team, based
in Mobile, Alabama, is one of two Strike Teams
maintained by the USCG to assist in responding
to oil or hazardous materials spills throughout
the country. The Team’s operating area covers
36 states in the East, South, and midwestern
U.S., the Caribbean, Puerto Rico, and the U.S.
Virgin Islands. Within this area, we may be
called on to respond to both incidents involving
water as well as incidents on land. The Pacific
Area Strike Team provides the same support in
12 states in the western portion of the
continental U.S., Alaska, Hawaii, and the Trust
Territories of the Pacific.

The primary mission of the Strike Teams is to
provide support to the predesignated Federal
On-Scene Coordinator (FOSC) responsible for
Federal response actions within a given
geographic area. The FOSC is provided by the
USCG in the coastal areas of the U.S. and by
the U.S. Environmental Protection Agency for
inland areas. The Strike Team offers a wide
range of support to these FOSC’s. Capabilities
iriclude providing trained personnel for on-scene
technical assistance, safety monitoring,
monitoring of responsible party cleanup actions,
supervision of Federally-funded commercial
cleanup contractors, and cost documentation.
The Strike Teams also maintain an extensive
inventory of response equipment that is available
to conduct or support cleanup activities. As a
government agency, a Strike Team is not
authorized to compete with commercial
contractors. Thus, Strike Team cleanup equip-
ment is used only when it can be deployed and
used faster than commercial equipment, when
a similar piece of equipment cannot be obtained
from commercial sources, or when the
equipment will significantly enhance response
efforts and supplement responsible party actions.
When Strike Team equipment is used, the
responsible party is financially liable for the
costs incurred.

Although there are many types of equipment in
our inventory, this discussion will focus on that
most likely to be used responding to a major oil
spill in the Gulf. This includes our skimming
barrier, pumping systems, dracone barges, and
various support gear.

The primary oil containment and recovery device
in the Atlantic Strike Team inventory is the

Open Water Oil Containment and Recovery
System, commonly referred to as the Skimming
Barrier. This system has three components: the
containment barrier, a pump subsystem, and a
prime mover for the pumps. The containment
barrier is 612 feet in length with a draft of 27
inches and a freeboard of 21 inches. It consists
of 102 struts each with flotation bags, with 6
weir-type skimming struts in the middle of the
barrier. It is outfitted with towing lines to allow
its use in the normal "U" configuration. The
pumping subsystem consists of three
hydraulically-driven single diaphragm, double
action pumps to transfer liquid collected in the
weirs. These pumps have a combined capacity
of 825 gallons per minute. The prime mover
used to run the hydraulic pumps is our Air-
Deployable Anti-Pollution Transfer System
(ADAPTS) III prime mover. There is no oil
storage capability with the system. A ship,
barge, or other portable container such as a
Dracone barge is needed to operate the system
in the recovery mode. The system is designed
to operate in up to 6 foot seas and can survive
10-12 foot seas. The entire system can be
delivered by truck over the road or transported
by air to an airport close to the staging area.
Once at the dock, the system can be deployed
and towed to the scene or placed aboard a
vessel or barge for transportation to the spill
area. Three of these systems are located in
Mobile.

The pumping systems, the ADAPTS, and the
Viscous Oil Pumping System (VOPS) are used
for lightering damaged vessels or transferring oil
or other products at high flow rates. Both use
diesel-powered hydraulic prime movers to drive
hydraulic submersible pumps. There are six
different submersible pumps in the Atlantic
Strike Team’s inventory which could be used
depending on the products involved and the
pumping capacity required. Pumping rates vary
from 200-1,800 gpm. These pumping systems
can be deployed to the scene by vessel or
airlifted by helicopter. Seven ADAPTS and two
VOPS systems are located in Mobile.

If a ship or barge cannot be obtained to store
the recovered product, one of the Dracone
barges in the inventory can be used. These are
large buoyant rubber bladders. There are 3
sizes in the Strike Team’s inventory; 10,000
gallons, 42,000 gallons, and 240,000 gallons. The
largest one weighs 14,300 lbs empty and is 300
feet long and 14 feet in diameter when deployed.



This equipment is used to provide temporary
storage until a suitable barge or other vessel
becomes available.

In addition to these three major systems, the
Sirike Team inventory also includes a wide
range of support equipment including small
boats, command posts, generators and portable
lighting systems, communications systems,
chemical protective clothing and all monitoring
instruments, and portable computers. All of this
equipment is made available to provide support
to the FOSC.

This paper only covers the Strike Team’s equip-
ment and does not address the large quantities
of equipment and response resources available
or inventoried throughout the Gulf of Mexico
from Clean Gulf Associates, the Marine Industry
Group, and numerous other commercial cleanup
contractors and spill cooperatives. These would
be the primary resources brought to bear during
a major spill in the Gulf.

SUMMARY

In summary, it is wrong to say that the Exxon
Valdez response was a failure. Each piece of
equipment worked as it was designed to. As the
physical properties or the oil changed with the
weathering, so did the effectiveness of various
equipment types. The responders took this into
account and developed new equipment or new
configurations of existing equipment to make the
cleanup as efficient as possible. While hindsight
is always 20/20, it is safe to say the cleanup
forces did the best they could given the situation
at hand: the largest oil spill ever in the United
States in one of its most remote areas.

LCDR Glenn A. Wiltshire is presently the
Commanding Officer of the USCG’s Atlantic
Area Strike Team. He has over 11 years of
experience in the USCG’s Marine
Environmental Response program both in the
field and at Headquarters. He has a B.S. degree
in marine sciences from the USCG Academy
and a Master of Public Administration degree
from the John F. Kennedy School of
Government, Harvard University.

CWO Fred Gonzales has over 19 years of
experience in the USCG and is currently
assigned to the National Strike Force, Atlantic
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Area Strike Team in Mobile, Alabama. He has
had extensive sea duty and has worked in the
areas of law enforcement and marine sciences.

*As presented by CWO Fred Gonzales, U.S.
Coast Guard
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GULF OF MEXICO ISSUES
AND INITIATIVES
(CONTRIBUTED PAPERS):
SESSION OVERVIEW

Dr. Richard E. Defenbaugh
and
Mr. Ted Stechmann
Minerals Management Service
Gulf of Mexico OCS Region

The objective of the Contributed Papers Session
is to provide a forum for presentation and
discussion of recent research or other efforts
which pertain to the overall purposes of the
Information Transfer Meeting (ITM), but which
are not among the various subjects developed
into technical sessions by Minerals Management
Service (MMS) staff.

As part of the springtime ITM announcement,
MMS solicited "contributed presentations” on
current or recently completed research or other
efforts which pertain to the ecology of Gulf
coastal or marine communities or species, or to
the effects of oil and gas activities in coastal or
marine environments, or to similar topics of
interest to the ITM audience. Presentations
offered by respondents were screened by MMS
management; some were selected for this
session, some were incorporated into other
technical sessions, the remaining offers were
declined.

Dr. Pulak Ray, of the MMS Headquarters
Office Division of Resource Evaluation, spoke
on Outer Continental Shelf (OCS) hydrocarbon
production in the coming decade, and the
relative role of the Gulf of Mexico. Dr. Ray’s
predictions are based on statistical analyses of
current and historic trends in exploration,
discovery, development, and production.
Current production from the Gulf OCS is
substantial: about 10% of all oil produced in the
U.S., and about 95% of all oil produced from
the US. OCS; as much as 25% of all gas
produced in the U.S., and about 99% of all gas
produced from the U.S. OCS. Dr. Ray suggests
that the larger oil/gas fields on the Gulf
continental shelf are now known, and that
exploration and production of smaller fields is
not economically feasible, so that new resources
developed on the Gulf shelf will be
intermediate-size fields. The major opportunity
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in the Gulf is in "deep-water", where little
exploration has occurred to date. However,
economic constraints on deepwater exploration
and development will require higher oil prices
or federal encouragement of some sort. In any
event, the Gulf of Mexico is expected to be a
major producer of oil and gas throughout the
1990’s.

Dr. Semoon Chang, of the University of South
Alabama’s College of Business and Management
Studies, described and discussed an economic
model he has developed to assist coastal
planners who may be considering development
of offshore artificial reefs. The model can be
used to assess the economic benefits of fishing
prior to development of an artificial reef, and
can project the probable benefits of the artificial
reef. The model is of particular interest to the
offshore oil and gas industry, since all offshore
platforms must be removed from their locations
following cessation of oil or gas production, and
are scrapped, refurbished for further use, or may
be converted into an artificial reef.

Dr. Gene Turner, of Louisiana State University’s
Center for Wetland Resources, presented data
on long-term changes in the Mississippi River,
with interpretations of the impact of these
changes on the ecology of the River and of the
continental shelf. The Mississippi River drains
about 40% of the continental U.S. and is
affected by various land-use practices and river-
control activities. Analysis of available historical
records demonstrates an enormous range of
variability in river flow, both month-by-month
and annually. Flow during peak flooding has
decreased since the turn of the century,
apparently due to storage capacity of upstream
reservoirs. River flow onto the continental shelf
has a major impact on shelf ecology, due to
salinity depression, limitation of light penetration
into offshore waters, and enhancement of
nutrient or trace chemicals. Dr. Turner
presented statistics on historical trends in
riverine suspended sediments, nutrients (phos-
phorus, phosphate, silicate, nitrogen, nitrate),
and other metals (lead), and postulated that the
changes in Mississippi River flow, suspended
sediments, and water chemistry have had
profoundinfluences on phytoplankton communi-
ties within the river and on the continental shelf.
The consequences of these changes in phyto-
plankton communities to other components of
the offshore ecosystem are currently unknown.
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Dr. Ren Lohoefener, of the National Marine
Fisheries Service’s (NMFS) Pascagoula
Laboratory described and discussed aerial
surveys he is currently conducting to assess the
occurrence and distribution of deepwater
cetaceans in the northern Gulf, primarily
offshore Louisiana and the Mississippi Delta.
This study is cooperatively supported by the
MMS and the NMFS to support assessments of
the potential effects to large cetaceans from
deepwater oil and gas exploration and develop-
ment. Data now available from historic whaling
records, from stranding network records, and
from aerial surveys shows that 26 species of
dolphins and whales have been reported in the
Gulf of Mexico. Dr. Lohoefener presented
slides of the species his team has observed, and
commented on the natural history of each
species.

Dr. Fred Kopfler, of the Environmental
Protection Agency’s Gulf of Mexico Program
Office presented an overview of the goals,
organization, and activitics of the "Gulf
Program”, and described a pilot project for
development of a sophisticated database
management system for the Mobile Bay area.
The "Gulf Program" is being developed as a
forum for coordination and communication of
agencies involved in management of resources
or activities which affect the Gulf of Mexico,
with particular focus on environmental problems
which are cross-jurisdictional or pervasive
(rather than localized). The Program is being
developed and implemented through the actions
of three committees: a Policy Review Board
(agency heads with authority to commit action
or support of their agencies); a Technical
Steering Committee (scientists, technical staff,
or resource managers who have identified the
issues of concern and are undertaking studies to
prepare action plans); and a Citizens Advisory
Committee (imminent citizens appointed by
Governors of each state). The Mobile Bay
Demonstration Project is being developed as a
pilot effort for exploration of resource
management options and strategies. The project
involves cooperative efforts of several Federal
(Environmental Protection Agency, Corps of
Engineers, Fish and Wildlife Service, Soil
Conservation Service, NMFS) agencies and State
of Alabama agencies to develop a geographic
information system (GIS) based management
tool to assess the effects of natural processes
and man’s activities in the coastal zone; to
understand the consequences of activities

permitted by these agencies in the past; and to
support the review of future permit applications.
The system is scheduled to be operational by
December 1990.

Ms. Patty Debenham, of the Center for Marine
Conservation’s Marine Debris Information
Office, described the efforts of the Center to
develop and conduct a national education
program pertinent to marine and beach debris.
Ms. Debenham reviewed the magnitude of the
marine debris problem at various locales, from
various sources, and the impacts of marine
debris on marine life and aesthetic values. Steps
to control marine debris include the recent
MARPOL treaty, which includes an Annex to
control dumping of trash and debris at sea.
With support from Environmental Protection
Agency (EPA) and National Oceanic and
Atmospheric Administration (NOAA), the
Center for Marine Conservation (CMC) has
developed educational materials and has coor-
dinated with certain groups which produce
marine debris (including the commercial fishing
industry, the marine transportation industry, the
plastics industry, and the recreational fishing and
boating sector) to enhance their awareness of
the issue and to gain their support and involve-
ment in controlling marine debris. CMC has
organized beach cleanups to promote public
awareness and to implement actions to assess
and alleviate the problem. Ms. Debenham
showed a nicely produced public service video
which stars the cartoon character "Popeye"” which
will be released to television stations to promote
further public awareness and participation in
beach cleanups.

The Contributed Papers Session met our objec-
tives well. The presentations were well-given
and well-received, and were clearly of interest
to the ITM audience, as evidenced by
attendance and by questions or discussion
following each presentation. Although the
theme of this session, "Gulf of Mexico issues
and initiatives," was more diffuse than themes
of other technical sessions, the session provided
a useful forum for presentation and discussion
of information on recent research, current
thinking, and on-going programs of interest and
concern to the Gulf community.

Dr. Richard E. Defenbaugh is Chief of the
Environmental Studies Section of the MMS Gulf



of Mexico OCS Regional Office. His graduate
work on the natural history and ecology of
estuarine and continental shelf invertebrates at
Texas A&M University lead to a M.S. in 1970
and a Ph.D. in 1976. He has been involved with
the MMS/Bureau of Land Management
environmental studies and assessment programs
since 1975.

Mr. Ted Stechmann is a biologist on the
Environmental Operations Section staff, also of
the MMS Gulf of Mexico OCS Regional Office.
He holds a B.S. in biology from the University
of Southern Mississippi at Hattiesburg, and
taught biology, chemistry, and marine biology in
Mississippi and Louisiana high schools for 12
years prior to his Government career. He has
worked for the U.S. Geological Survey and the
MMS for 11 years, primarily involved in review
of offshore oil and gas operational plans to
assure their compliance with environmental
protection requirements. Special interests
include protection of biological resources,
particularly Eastern Gulf live-bottom areas;
structure removal operations; and deep-Gulf
chemosynthetic communities.

OCS HYDROCARBON

PRODUCTION IN THE
1990’S: THE ROLE OF
THE GULF OF MEXICO

Dr. Pulak Ray
Minerals Management Service
Headquarters Office

Presentation Summary
Text Not Submitted

Dr. Pulak Ray
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AN ECONOMIC MODEL
FOR ARTIFICIAL REEFS
WITH SPECIAL
REFERENCE TO THE
USE OF OBSOLETE OIL
AND GAS PLATFORMS

Dr. Semoon Chang
Center for Business and Economic Research
University of South Alabama

This study is intended to suggest guidelines in
converting obsolete oil and gas platforms into
artificial reefs. Illustrative figures are presented
for population centers in Alabama, Florida, and
Mississippi.

SUMMARY OF FINDINGS

Artificial reefs are established if their benefits
are greater than their costs of installation. Oil
and gas platforms are a special case of artificial
reefs.

The decision by oil companies on whether to
sell platforms for scrap or to donate them for
use as artificial reefs is a matter of economics.
Public policy may influence decisionmaking by
oil companies by allowing oil companies to claim
tax deductions for donating platforms for use as
artificial reefs, and by allowing fishermen or
local agencies to assume part of the transporta-
tion costs of platforms.

PROCEDURES OF APPLYING
THE MODEL

Summarized below is a cookbook procedure of
making decisions as to whether a population
center should have an artificial reef established
in its waters.

Step 1: Identify the population center.

A given community that considers establishing
an artificial reef is the population center.

Step 2: Develop an exclusion map.

An exclusion map should identify areas where
artificial reefs may not be placed. These areas
include shipping lanes, offshore ports, biologi-
cally sensitive areas, marine sanctuaries, military
areas, and areas of particular shipping interests.
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Step 3: Clarify the requirements and procedures
of obtaining a permit to establish an
artificial reef.

Early in the process, the population center
should make sure that no problems arise from
the permit procedure.

Step 4: Obtain the numbers of commercial and
recreational fishermen for the popula-
tion center.

These numbers are necessary in estimating
potential benefits from use of the artificial reef
under consideration. The local fishermen’s
association, the U.S. Coast Guard, or a state
office issuing fishing licenses may be the source
for this information. Estimates by fishermen in
the Biloxi area, for instance, indicate that there
are approximately 800 commercial fishermen
and 4,000 recreational fishermen in the area.

Step 5: Estimate the dollar value of additional
fish catch.

The dollar value is the sum of retail prices of
fish that both commercial and recreational
fishermen are expected to catch off the artificial
reef under consideration. Opinions of local
fishermen and marine biologists would be the
source of estimates.

Step 6: Obtain the numbers of resident and
tourist recreational fishermen in the
population center.

These numbers are necessary to estimate total
fishing days of recreational fishermen in the
population center. Fishing communities may
use the findings of the National Survey of
Fishing, Hunting, and Wildlife Associated
Recreation published in November 1988 by the
U.S. Department of the Interior and the U.S.
Department of Commerce. The surveyindicates
the ratios of resident recreational fishermen and
tourist recreational fishermen relative to an
area’s residence recreational fishermen (Fr).
Residence fishermen refer to fishermen who live
iri the population center. Resident fishermen
refer to residence fishermen who fish in waters
of the population center. If a residence
fisherman fishes in areas other than the
population center, the residence fisherman is not
a resident fisherman. Our assignment is to
obtain the number of resident recreational
fishermen and the number of tourist recreational

fishermen on the basis of the number of
residence recreational fishermen (Table 4.1.).

Step 7: Estimate the total annual fishing days
of the population center’s recreational
fishermen.

Total annual fishing days of the population
center are obtained by adding total annual
fishing days of the resident recreational
fishermen and total annual fishing days of the
tourist fishermen. According to Bell, Sorenson,
and Leeworthy (1982), the annual fishing days
for the northwest Florida area are 17.5 days per
resident recreational fisherman and 8.1 days per
tourist recreational fisherman. Since no
comparable data are available in the national
survey, the same numbers may be applied for
other areas.

Estimates by fishermen who attended town
meetings for this study indicate that the fishing
days of a typical recreational fisherman in Biloxi
are 25 days (based on 20 responses) and the
fishing days of a typical out-of-town fisherman
in Mobile is 8.4 days (based on 17 responses).

Step 8: Estimate the total dollar value of
recreational fishing,

To estimate the dollar value of recreational
fishing, the total number of fishing days for
recreational fishermen should be multiplied by
how much each day is worth to each fisherman
(Table 4.2). Unless reliable studies are available
for particular population centers, population
centers may use the guidelines for assigning
points for special recreation, developed by the
Corps of Engineers (1983). The unit-day value
for saltwater recreational fishing in 1990 price
is $17.28. Based on estimates of fishermen who
attended town meetings, however, even this
figure may be an overestimation. Recreational
fishermen in the Biloxi area were willing to pay
only $72.76 in 1990 price (based on 21
responses) for use of artificial reefs for the
entire year.

Step 9: Estimate the value of recreational
fishing for the artificial reef under
consideration.

The value of recreational fishing derived in step
8 is based on the assumption that all fishing days
of all recreational fishermen are spent around
the artificial reef. The value, therefore, should



Table 4.1.
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The number of resident recreational fishermen (Fr) and the number of tourist recreational

fishermen on the basis of the number of residence recreational fishermen.

Population Centers In

Alabama Florida Mississippi
Area’s residence recreational Fr Fr Fr
fishermen (from step 4)
Multiplied by x 094 x 097 x 0.96
Resident fishermen 0.94 Fr 0.97Fr 0.96Fr
Multiplied by x 0.31 x 0.61 x 0.49
Tourist fishermen 0.29 Fr 0.59Fr 047Fr

Table 4.2. Estimate of the dollar value of recreational fishing, the total number of fishing days for
recreational fishermen (Fr) multiplied by how much each day is worth to each fisherman.
Alabama:
Resident annual fishing days = 0.94Fr x 175 = 16.45Fr
Tourist annual fishing days = 029Fr x 81 = 2.35Fr
Total annual fishing days + 18.80Fr
Multiplied by X $17.28
Value of recreation = $324.86Fr
Florida:
Resident annual fishing days = 097Fr x 175 = 16.98Fr
Tourist annual fishing days = 059Fr x 81 = 4.78Fr
Total annual fishing days + 21.76Fr
Multiplied by X $17.28
Value of recreation = $376.01Fr
Mississippi:
Resident annual fishing days = 096Fr x 175 = 16.80Fr
Tourist annual fishing days = 047Fr x 81 = 3.81Fr
Total annual fishing days + 17.28Fr
Multiplied by X $17.28

Value of recreation

$356.14Fr
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be multiplied by the percentage of fishing days
spent on fishing around the artificial reef relative
to total fishing days. The population center
must make the best judgment for the
percentage. For the purpose of illustration, the
percent is assumed to be 25. The percent of
fishing around artificial reef is approximately
35% (based on 21 responses) in the Biloxi area,
according to the questionnaire survey at town
meetings. The option and existence values may
also be included if they can be estimated
abjectively.

Step 10: Estimate the expenditure impact owing
to the artificial reef.

The net economic development impact from
expenditures by out-of-town fishermen and
additional local fishermen, if there are any,
should be included in estimating the expenditure
impact. The annual expenditure per fisherman
by state for each recreational activity is available
in the national survey. The annual expenditure
for one saltwater fisherman in 1990 price is
$190.66. The expenditure impact by out-of-town
and local (commercial and recreational)
fishermen who are newly attracted to the area
due to the artificial reef under consideration is
obtained by multiplying additional fishermen by
$190.66. A more accurate study will differen-
tiate expenditures by out-of-town fishermen
from those of local fishermen.

Step 11: Estimate the total annual benefit from
the artificial reef.

The total annual benefit from the artificial reef
under consideration is obtained by adding the
following benefit categories.

(A) the dollar value of additional fish catch
from the artificial reef [step 5]

(B) the dollar value of recreational fishing
for the artificial reef [step 9]

(C) the expenditure impact of the artificial
reef [step 10].

Step 12: Convert the total annual benefit from
the artificial reef to its present value.

Since total benefit figures are recurring each
year, these figures should be converted to their
present values so that benefits can be compared
with costs for the same price level. To simplify
the computational procedure, it may be assumed
that the discount rate is 10% and the life of an

artificial reef is 25 years. The present value of
the total annual benefit then is obtained by
multiplying total annual benefit by 9.077040.

Step 13: Estimate the total cost of establishing
the artificial reef.

The total cost of establishing an artificial reef
consists of (a) manufacturing or dismantling
cost, (b) transportation cost that may include a
liability insurance on shipment of an artificial
reef, and (c) the maintenance cost including an
annual liability insurance premium. The mainte-
nance cost should be discounted to the present
value since it is recurring annually.

Step 14: Identify the sources of external funding
and apply for funds.

The amount that can be acquired from external
sources should be subtracted from total cost
obtained in Step 13 to obtain the net cost of
establishing an artificial reef to the population
center.

Step 15: Make the decision

NTB = Present Value of TB
TB = Bc + Br + Be
Bc = additional catch
Br = user value + option value +
existence value
Be = additional income
(+ employment + tax revenue)
NTC = Present Value of TC
TC = Cd+Ct+Cm-Fe
Cd = dismantling cost
Ct = transportation cost
Cm = maintenance cost
Fe = external funds

If NTB - NTC > 0, establish the artificial
reef.

If NTB - NTC < 0, do not establish the
artificial reef.

This study is a summary of an earlier project
that was supported in part by National Oceanic
and Atmospheric Administration, National
Marine Fisheries Service, U.S. Department of
Commerce under Grant Number
NA84-WC-H-06150, the Mississippi-Alabama
Sea Grant Consortium, and the University of



South Alabama. The ecarlier study was
published by the Mississippi-Alabama Sea Grant
Consortium,
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Quarterly.

SOURCES OF LONG-
TERM VARIABILITY
IN THE NORTHERN
GULF OF MEXICO
CONTINENTAL SHELF
ECOSYSTEM

Dr. R. Eugene Turner
Department of Marine Sciences
Louisiana State University
and
Dr. Nancy N. Rabalais
Louisiana Universities
Marine Consortium

Variability in the ecosystem of the northern
Gulf of Mexico continental shelf occurs, in part,
because of changes in the water quality of the
Mississippi  River which are generally
concentrated relative to its oceanic mixing end
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member. River water quality has changed
considerably this century and these changes are
reviewed. The concentration of suspended
sediments has declined this century due to flood
protection and navigation improvement efforts.
Further, channel shallowing below New Orleans
and channel deepening in the Atchafalaya Basin
have contributed to varying amounts of
suspended sediments being delivered to offshore.
These changes affect the light regime, thus
influencing phytoplankton production rates.

The various estimates of light transparency using
secchi disk measurements are summarized for
the northern Gulf of Mexico continental shelf,
especially for the near Mississippi River delta.
These data include results from in situ studies,
monthly across shelf transects, plume surveys at
the river deltas, and continental shelf surveys
from Mobile Bay to Texas.

Concurrent measurements of light transparency
(submarine photometer) and extinction
coefficients estimated from secchi disk depths
(SDD) are very similar, especially in well-mixed
water columns. In addition, the extinction
coefficients estimated from secchi disk data and
estimated from in situ phytoplankton production
are also strongly correlated.

SDD varied between 0.2 cm and >30 m and
were, of course, lowest in salinity waters located
near sediment sources. SDD changed slightly
in the Mississippi River turbidity maximum and
substantially increased around 20 °/,  and
<20 mg/] suspended sediment concentration.
It appears as if SDD increased from the 1950’s
to the 1980’s.

Nitrate, silicate, and phosphate concentrations
in river water have also changed, probably
reflecting the general increased eutrophication
of freshwaters through increased fertilizer
usages. These changes undoubtedly have
resulted in increased phytoplankton production
on the continental shelf, perhaps influencing
hypoxic conditions, presently widespread and
severe.

Additional sources of variation are eustatic sea
level rise, climatic cycles (many of which operate
over periods longer than decades), river
discharge, and solar radiation. All of these
sources of variation, and others, will cause
measurable variability in the aquatic
communities offshore, and complicate
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discernment of impacts due to Outer
Continental Shelf activities.

Dr. R. Eugene Turner is a Professor of marine
sciences in the Center for Wetland Resources,
Louisiana State University. His interests include
wetland management, mitigation and restoration,
biological oceanography, and fisheries ecology.
Dr. Turner received his Ph.D. from the
University of Georgia.

Dr. Nancy N. Rabalais holds concomitant
positions as Assistant Professor at the Louisiana
Universities Marine Consortium, Cocodrie,
Louisiana; Department of Marine Sciences,
Louisiana State University, Baton Rouge; and
the University of Southwestern Louisiana,
Lafayette. Her research interests focus on
processes in biological and physical oceano-
graphy. Dr. Rabalais received her B.S. and M.S.
in biology from Texas A&M University and her
Ph.D. in zoology from the University of Texas
at Austin.

DISTRIBUTION, RELATIVE
ABUNDANCE, AND
SEASONALITY OF OUTER
CONTINENTAL SHELF
CETACEANS IN THE
NORTH-CENTRAL GULF OF
MEXICO: A PILOT STUDY

Dr. Ren Lohoefener,
Dr. Keith Mullin,
Mr. Wayne Hoggard,
Ms. Carol Roden,

Ms. Carolyn Rogers
National Marine Fisheries Service
and
Lieutenant Brian Taggart
Office of NOAA Aircraft
Operations Center

INTRODUCTION

Except for data from strandings (Schmidly 1981;
Odell 1989) and from Fritts et al. (1983) surveys,
virtually nothing is known about cetaceans in
Gulf of Mexico waters deeper than 180 m (100
fm). Historically, about 26 species or types of
cetaceans occurred in the Gulf of Mexico

(Schmidly 1981). Recently, only 24 species have
been documented (Odell 1989).

Fritts et al. (1983) used aerial surveys to study
areas offshore of southern Texas and western
Louisiana. About 69% of the Texas and 27%
of the Louisiana study areas had water depths
exceeding 180 m. Their study was well planned
and very productive. However, their primary
objective was not surveys of deep water and only
one-fourth of the survey effort in each study
arca was over deep water. They surveyed these
areas in June, August, and October 1980 and
February and April 1981. They identified eight
species or types of deep-water cetaceans.

In 1989, the National Marine Fisheries Service
(Mississippi  Laboratories), Minerals
Management Service, and Aircraft Operations
Center (National Oceanic and Atmospheric
Administration) cooperated in planning and
conducting a pilot study in the north-central
Gulf of Mexico. The objective of our research
was to determine whether aerial surveys would
be an efficient method of studying deep water
cetaceans along the continental shelf,

METHODS

It has been speculated that areas of high sea
floor relief may concentrate cetaceans (Collum
and Fritts 1985; Payne et al. 1986; Kenney and
Winn 1986; Selzer and Payne 1988). From July
through November 1989, we selected and studied
four study areas that had high degrees of sea
floor relief (Figure 4.1).

"Sea Mountains"

This area covered about 2,930 km? and was
centered at 27 °55 and 91 °19.5. The
"mountains" were northwest and south of the
center. Water depths ranged from about 90 to
over 1,080 m. The southern "mountains" were
about 200 m high.

Mississippi Canyon

The canyon area covered about 2,370 km? and
was centered at 28 °25° and 89 °42.5’. Water
depths ranged from less than 180 to greater than
900 m.
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Figure 4.1. Locations of study areas.

Mississippi River Cliff

The area offshore of the mouth of the
Mississippi River covered about 1,450 km? and
was centered at 28 °45° and 88 °53.5. Water
depths ranged from less than 180 to greater than
1.260 m.

DeSoto Canyon

This area was selected to survey the abrupt
change in water depths (less than 180 to greater
than 1,800 m) associated with the DeSoto
Canyon. The area covered about 1,210 km? and
was centered at about 28 °11’ and 87°36’.

We used the same aerial survey methods used
to study sea turtle and petroleum platform
associations (Lohoefener et al. 1989). To
summarize, we used National Oceanic and
Atmospheric Administration’s (NOAA) Twin-
Qtter aircraft to survey each study area three to

five times a month (except DeSoto Canyon,
which was only studied from September through
November, and, in October, poor weather
prevented surveying the Sea Mountain area).
During each survey, a series of systematically
located transects, from a single randomly chosen
starting point, were surveyed. The surveys were
conducted at 229 m altitude and about 204 km/h
ground speed. Two observers, one on each side
of the aircraft, observed the trackline and
adjacent water areas through large plexiglass
bubbles. The observers relayed observations to
the computer operator. The computer was
interfaced with a Loran-C receiver and automa-
tically recorded the study area, date, time, and
location for each data record. Many observer-
supplied variables described the survey environ-
ment and animal behavior. A high resolution
video camera, mounted in a belly porthole, was
used to record sightings on and near the
trackline. Cetacean sightings were circled,
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sometimes for periods exceeding 30 minutes,
and 35 mm cameras and SVHS video cameras
with telephoto lenses were used to document the

sightings.
RESULTS AND DISCUSSION

Sightings were made most frequently in the
DeSoto and Mississippi Canyon study areas and
lcast frequently in the Sea Mountain study area
(Table 4.3). During the course of the pilot study
we identified 11 species or types of deep water
cetaceans in the 4 study areas.

"Spotted” Dolphin types (Stenella
frontalis and/or S. attenuata)

We observed about 1,260 dolphins in 27 herds.
Twenty-two of the herds were sighted in water
less than 540 m deep. Spotted dolphins were
sighted every survey month but were least
common in November. Spotted dolphins were
sighted in all study areas. Fritts et al. (1983)
thought spotted dolphins were the most common
deep water cetacean in the Gulf. At least in
water from 180 to 720 m deep, our data suggests
this statement may be correct.

"Spinner” Dolphin types (S. longirostris,
S. coeruleoalba, and/or S. clymene)

We observed about 600 spinner dolphin types in
6 herds. Four of the herds were sighted in
November. No herds were sighted in the Sea
Mountain study area. Herds occurred in water
from less than 360 to grater than 1,080 m deep.

Fritts et al. (1983) identified one herd of spinner
dolphins in their south Texas study area.

Common dolphins (Delphinus delphis)

We observed about 680 dolphins in 9 herds.
Common dolphins were only sighted in the
Mississippi River Cliff and DeSoto Canyon study
areas and were not sighted during the July
surveys. Herds were sighted in water from 180
to greater than 1,620 m deep. Fritts et al.
(1983) did not identify any common dolphins
during their surveys.

Risso’s Dolphins (Grampus griseus)

We sighted 154 Risso’s dolphins in 14 herds; 11
of the herds were sighted in July and August.
Herds were sighted in all study areas but were
most common in the Mississippi River CLiff
study area (seven herds). Herds were sighted
in water from 180 to 720 m deep. Jennings
(1982) reported 5 Risso’s dolphin herds were
sighted in Gulf waters from 200 to 1,800 m deep.

Short-finned Pilot Whales
(Globicephala macrorhynchus)

We sighted 5 herds of pilot whales that totaled
about 91 animals. One herd was sighted in
August in the Sea Mountain area in water about
450 m deep. These whales were associated with
Risso’s dolphins. The other 4 herds were
sighted in November in the Mississippi River
Cliff study area in water ranging from 540 to 900
m deep. Fritts et al. (1983) identified pilot
whales in their Texas and Louisiana study areas.

Table 4.3. Deep-water cctacean sighting rates per 100 km of transect in four study areas from July
through November 1989. (A dash [---] indicates that the area was not studied. Numbers
in parenthesis are monthly study effort [100 transect km]).

1989 Study Month

Study Area July August September  October November
River CHLff 10 (84 24 (68) 23 (9.6) 23 (57 1.1 (9.2)
Miss. Canyon 1.8 (44) 16 (4.5) 15 (4.0) 18 (5.0) 54 (1.7)
Sea Mountains 13 (40) 12 (49 1.0 (4.1) --- 12 (1.6)
DeSoto Canyon --- --- 40 (1.8) 20 (36) 1.7 (54)




False Killer Whales
(Pseudorca crassidens)

During the August surveys we sighted one herd
of three whales. The herd was in the Mississippi
River Cliff area in water about 1,000 m deep.
Fritts et al. (1983) did not recognize any false
killer whales in the Gulf.

Pygmy Killer Whales
(Feresa attenuata)

During the August surveys we sighted one herd
of 25 whales in the Mississippi Canyon study
arca. The herd was in water about 300 m deep
over the west wall of the canyon and was
associated with a herd of Risso’s dolphins. Fritts
et al. (1983) sighted one herd of pygmy killer
whales during their southern Texas surveys.

Pygmy and Dwarf Sperm Whales
(Kogia simus and K. breviceps)

We sighted 16 groups of Kogia that totaled 32
whales. Nine groups were sighted in the
Mississippi Canyon study area and all but one
were in water about 360 to 540 m deep over the
west wall of the canyon. No Kogia were sighted
in the Sea Mountain area. Three Kogia sighted
in the DeSoto Canyon appeared to be smaller
and more sleek than other Kogia sighted; they
may have been K. simus. Fritts et al. (1983) did
not report any Kogia sightings from their Gulf
surveys.

Sperm Whales (Physeter macrocephalus)

Sperm whales were sighted 27 times and totaled
63 whales. Twenty-three of the sightings and 59
of the whales were sighted in the Mississippi
River Cliff study area. Herd sizes ranged from
one to eight whales and included three cow and
calf pairs. Almost all of these sightings were in
water ranging from about 700 to 920 m deep.
Three sperm whales were sighted in the DeSoto
Canyon and one whale was sighted in the
Mississippi Canyon. Most sightings were in
September and October. Collum and Fritts
(1985) reviewed 17 sightings of 59 whales. Their
herd sizes ranged from one to 14 whales. Most
of the whales they sighted were in water greater
than 200 m deep. Gulland (1974) thought sperm
whales were most common near areas of
upwelling and high productivity. Perhaps the
Mississippi River Cliff area, where water depths
ranged from about 720 to 920 m, was an area of
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high productivity during the September and
October surveys.

Beaked Whales (Mesoplodon spp. and
Ziphius cavirostris)

Three species of Mesoplodon (M. densirostris, M.
europaeus, and M. bidens) have been docu-
mented in the Gulf. We sighted eight
unidentified beaked whales in six herds. Beaked
whales were observed in all of the study areas
but were not sighted in October. One beaked
whale in the DeSoto Canyon was photographed
and identified as Z. cavirostris. This whale was
in water about 1,800 m deep. Fritts et al. (1983)
sighted unidentified beaked whales three times
during their southern Texas surveys.

Fin Whale (Balaenoptera physalus)

Only one baleen whale was sighted during the
pilot study. During the November surveys, a
large baleen whale was photographed and
identified as a fin whale in the DeSoto Canyon
study area. The whale was observed in water
about 180 m deep. Fritts et al. (1983) did not
sight any baleen whales in the Gulf of Mexico.

SUMMARY

We used aerial surveys to study four areas of the
north-central Gulf of Mexico from July through
November 1989. Each area had high relief in
sea floor topography. Water depths ranged
from less than 90 to over 1,800 m. Not counting
unidentified cetacean sightings, we made 113
sightings that totaled about 2,900 dolphins and
whales. Average sighting rates ranged from
about 1.2 to 2.5 sightings per 100 transect km.
Ten species or types were sighted in August,
nine in November, six in September, and five in
July and October. Among study areas, nine
species or types were sighted in the Mississippi
River CIiff, eight in the DeSoto Canyon, seven
in the Mississippi Canyon, and four in the Sea
Mountain study areas. We concluded that aerial
surveys are an efficient method of studying the
distribution, seasonality, and relative abundance
of deep water cetaceans in the Gulf of Mexico.
Continued cooperative research in 1990 will
study a larger portion of the north-central Gulf
of Mexico.
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THE GULF OF MEXICO
PROGRAM MOBILE BAY
DEMONSTRATION PROJECT

Dr. Frederick C. Kopfler
U.S. Environmental Protection
Agency

INTRODUCTION

The environmental problems of the Gulf of
Mexico are the result of broad regional activities
and consequentlyrequire broad-based regionally
coordinated efforts to mitigate or resolve them.
While the effects of environmental degradation
in the Gulf are manifested locally, they result
from sources and activities that are regional,
national, and international in nature. Currently,
there are no effective regionally focused institu-
tional procedures to address them; instead there
are a number of state, local, and Federal
agencies working under the auspices of
individual environmental statutes.

The Gulf of Mexico Program was established by
the US. Environmental Protection Agency
(EPA) in August, 1988 to develop and
implement a comprehensive strategy for
managing and protecting the resources of the
Gulf. It is an effort to achieve a balance
between the needs and demands of modern
society and the preservation and enhancement
of the Gulf’s living marine resources. The Gulf
Program provides a mechanism for addressing
complex problems that cross state and federal
jurisdictional lines and a focal point for better
coordination among federal, state, and local
programs affecting the Gulf. Through these
efforts the effectiveness and efficiency of
pollution control measures and resource
management will be enhanced. The agencies
involved, recognizing the need for coordination
of these activities, have supported the establish-
ment of the Gulf of Mexico Program as a
vehicle for this purpose.

Therefore, a principal element of the Gulf of
Mexico Program is the development of an
institutional structure that will:
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* provide a mechanism for addressing
complex problems in the Gulf of Mexico
that cross federal, state, or international
jurisdiction;

» provide systematic coordination among
federal, state, and local programs affecting
the Gulf which will increase the effective-
ness and efficiency of long-term efforts to
manage and protect Gulf resources;

» provide aregional perspective to identifying
information needs and subsequent direction
to research efforts with ultimate utility for
managing and protecting Gulf resources;
and

» provide a forum for affected user groups,
public and private educational institutions,
and the general public to participate in the
resolution of problems.

A second principal element of the Gulf of
Mexico Program is the development of a
regional framework for action through the newly
comprised institutional structure. It is
envisioned that this framework for action will
consist of management options for resolving
selected environmental problems through
implementation of federal and state regulatory
controls, enlistment of public and private parti-
cipation, and provision for direction of research
and information gathering efforts.

Therefore, the Framework-for-Action Plan will
address the following general areas with greater
specificity in programmatic direction being
identified as the communication process
matures:

» assessment and characterization of environ-
mental problems in the Gulf of Mexico;

+ selection of key Gulf of Mexico

environmental issues having a reasonable
prospect of solution;

e establishment of an interactive database

system for use in scientific and regulatory
determination; and

*  development of management control options
for resolution of environmental problems.
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PROGRAMMATIC OBJECTIVES
AND GOALS

The principal goals of the Gulf of Mexico
Program are as follows.

Goal I--Establish an effective infrastructure for
resolving complex environmental problems
associated with man’s use of the Gulf of Mexico.

Objective 1: Establish and provide support to a
Gulf of Mexico Program Office.

Objective 2: Establish and implement a Gulf of
Mexico Program committee
structure.

Objective 3: Establish a public education
network that includes information
transfer, educational outreach, and
participation activities.

Goal II--Establish a Framework-for-Action for
implementation of management options for
pollution controls, remedial and restoration
measures for environmental losses, and for
research direction and environmental direction
and environmental monitoring protocol.

Objective 1: Prepare environmental characteriza-
tions.

Objective 2: Prepare environmental assessments.

Objective 3: Develop an interactive data
management system.

Objective 4: Develop predictive assessments,

Objective 5: Develop and implement a Gulf of
Mexico Environmental Management
Plan.

Objective 6: Develop and implement a Gulf of
Mexico Monitoring Plan.

PROGRAM STATUS

During the first year of the Gulf Program a
significant effort was focused on forming an
effective  infrastructure and informing
participants about potential roles and responsi-
bilities. A Gulf of Mexico Program Office was
established in August, 1988 at the John C.
Stennis Space Center, Mississippi and Dr,
Douglas Lipka was selected as Director. The

three committees making up the principal
infrastructure were formed and convened by
December.  These committees and their
responsibilities are:

* Policy Review Board--The Policy Review
Board consists of senior level representatives
from state and Federal agencies across the
Gulf and representatives from the Technical
and Citizens Committees. This board,
chaired by the EPA Regional
Administrators, guides and reviews the
overall activities of the Program. The board
approves program goals and objectives and
establishes priorities and direction for the
program. The Policy Review Board
provides broad-based support for the
program in all policy and political matters
while leaving operational duties to the other
working committees.

»  Citizens Advisory Committee--The Citizens
Advisory Committee is comprised of
representatives of five areas in the public
sector (environment, agriculture,
business/industry, tourism/development,
and fisheries) from each of the five Gulf
coastal states. Each citizen representative
was selected by the governor of his
respective state. This committee provides
a mechanism for structured citizen input
into the program from their respective states
and areas of interest. They assist in
dissemination of information relevant to the
goals and results of the program. The
committee is also active in public outreach
and consensus building and implementation
of program strategies.

e Technical Steering Committee--The
Technical Steering Committee is comprised
of representatives of state and federal
agencies, academia, and private and public
sectors. The Technical Steering
Committee’s principal responsibility is to
provide technical support to the Policy
Review Board in the form of development
and evaluation of environmental issues and
development of program options. This
committee provides advice and guidance
related to research, data management,
modeling, and sampling and monitoring
efforts that affect the scientific adequacy of
the program. The committee conducts peer
review of studies, reports on the status and
trends in the Gulf, and alerts the Policy



Review Board to emerging environmental
issues. The Technical Steering Committee
has established a standing subcommittee to
address each of the following issues: habitat
degradation, nutrient enrichment, toxic
substances and pesticides, marine debris,
freshwater inflow, public health, coastal
erosion, public education and outreach, and
data and information transfer.

MOBILE BAY DEMONSTRATION
PROJECT

At a meeting of the Technical Steering
Committee (TSC) in March, 1989, acting on a
proposal of the Data and Information
Subcommittee, recommended that a prototype
project be initiated to focus existing but
disparate data and information on a single
decisionmaking problem in a specified area of
the Gulf. This project would serve as a model
for developing such a system on a small scale
which could later be used as the basis for the
establishment of an interactive database system
for use in scientific and regulatory determina-
tion. This project supports one of the objectives
of the Gulf of Mexico Program.

After discussions among members of the TSC,
a decision was made to develop a user-friendly
geographical information system (GIS) that
could be used to address the cumulative effects
of natural processes, Section 404 permitted
activities and other human activity on wetlands
in the vicinity of Mobile Bay, Alabama. The
principal agencies participating are the EPA,
U.S. Fish and Wildlife Service (FWS), US.
Army Corps of Engineers (COE), the National
Marine Fisheries Service (NMFS), the Soil
Conservation  Service (SCS), National
Aeronautics and Space Administration
(NASA),Alabama Department of Economic and
Community Affairs (ADECA) Alabama
Department of Environmental Management
(ADEM), and numerous other state and local
agencies.

After identification of the problem area,
numerous meetings were held in April and May
to finalize the proposed project. Guidelines
were: (1) the project should demonstrate that
information brought together in a single infor-
mation system can be applied in a more
systematic, consistent, and useful way; (2) the
project should demonstrate how various agencies
can pool both monetary and human resources
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to better address wetland issues in the Bay; and
(3) the preliminary results should be completed
for presentation at the proposed International
Symposium on the Status of the Gulf of Mexico
in December 1990.

The objective of this effort is to develop and
demonstrate a wetland regulatory and resource
management system for the Mobile Bay area
which (1) utilizes automated wetland and permit
inventories; (2) enhances determination of
cumulative losses; and (3) aids in identifying
appropriate needs for mitigation, restoration,
and enhancement. The project has three major
tasks: (1) establishment of a Mobile Bay
wetland digital database; (2) development of a
regulatory (Section 404 permits) database for
the Bay; and (3) development of a user-friendly
GIS system that will allow these two databases
to be overlaid along with others. Features of the
project include the development of a
comprehensive digital database on wetlands for
1956, 1979, and 1988-89 and Section 404 permits
for use by numerous federal and state agencies.
The primary GIS to be utilized will be the
ARC/INFO system.

Using this system, agencies will be able to
determine wetland losses between the mid 1950’s
and late 1980’s, locations and types of losses,
and better determine if the causes and changes
of loss are a result of various man-induced
activities and natural loss. Lastly, since the cost
to produce digitized maps from aerial
photographs for a GIS is costly and
time-consuming, one of the tasks will explore the
validity and cost-effectiveness of wetland geo-
referenced data from LANDSAT thematic
mapper (TM) imagery. Recently acquired TM
data will be classified and compared to 1989
wetland maps to determine their validity in use
for regulatory decisions.

During the first year of the project, the following
agencies will be responsible for completing the
following and contributing funds, as well as
personnel, for the tasks.

+  EPAwill be responsible for coordinating the
overall effort and will take the lead in
development of the user interface for the
GIS and in the feasibility study to determine
the validity of using TM data for wetlands
mapping. EPA will provide funds to update
the existing wetlands digital database for
the western and eastern portions of Mobile
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Bay and to remake selected portions of the
1956 wetland digital database which was
deemed unusable due to drought conditions
that prevailed when the photographs were
taken.

» FWS will arrange to have the maps made
by their contractor and will provide funds
and personnel for quality control of maps
and digital databases being prepared. FWS
will be responsible for transferring the
digital databases to other agencies. FWS
will also provide other digital databases on
selected biological information and other
available features for use in the project.
FWS will assist EPA in development of the
GIS and the TM effort.

» COE will provide funds and personnel to
complete the computerized database on
Section 404 permits in selected U.S.
Geological Survey (USGS) quadrants for
use in the GIS. In order for the demonstra-
tion project to be successful, historical
permit information must be entered for at
least the past five years. However, 10 years

is preferred to assess wetland changes
between 1979 and 1989.

» SCS will digitize the medium intensity

standard soil survey maps of the study area
and provide this data to the other agencies.

» ADECA will provide funds to update
existing wetland digital database for the
northern portion of the Bay. They will have
lead responsibility for coordination of
databases and information to other state and
local agencies.

+ ADEM and NMFS are providing advice
from the user perspective and NMFS is also
providing advice and expertise on GIS
development.

+ NASA is providing satellite imagery and
software and assistance in processing of the
raw data.

For the first year of the project, emphasis is on
developing an operational GIS covering eight 7.5
minute USGS quadrangles in the upper bay.
This geographic area was selected because it
includes a wide variety of wetland types and a
high number of permit actions. This can be used

to demonstrate the usefulness of the system in
managing the wetland resources of the bay, such
as reviewing Section 404 permits at the Status
of the Gulf Symposium in December, 1990.

In subsequent years, the effort will focus on
completing the wetland and regulatory digital
databases for the Bay, analyzing effectiveness
of TM data for wetland mapping and
establishing GIS user system for federal, state,
and local agencies.

Dr. Frederick Kopfler serves as Chief Scientist
for the EPA’s Gulf of Mexico Program Office,
at Stennis Space Center, Mississippi. He earned
his B.S. in chemistry at Southeastern Louisiana
University, and his M.S. in biochemistry and
Ph.D. in food sciences from Louisiana State
University, Baton Rogue. He performed post-
doctoral research on the chemistry of milk
proteins at the U.S. Department of Agriculture’s
Philadelphia Agricultural Research Service
laboratory; worked on oyster and shellfish issues
for the Public Health Service at Dauphin Island;
and worked at several laboratories of the EPA’s
Office of Research and Development on public
health aspects of wastewater and drinking water.
He joined the EPA Gulf of Mexico Program
Office in 1988.

EDUCATION AND
AWARENESS: KEYS
TO SOLVING THE MARINE
DEBRIS PROBLEM

Ms. Kathy O’Hara
and
Ms. Patty Debenham
Center for Marine Conservation

The Center for Marine Conservation (formerly
known as the Center for Environmental
Education) is a non-profit conservation organiza-
tion. The Center for Marine Conservation
(CMC) currently conducts a national education
campaign on the problems caused by plastic
debris in the marine environment. The
campaign includes the development and distribu-
tion of educational materials to the commercial
fishing, merchant shipping, and plastics
industries as well as to recreational fishermen,



pleasure boaters, and the general public. This
program is sponsored in part by the National
QOceanic and Atmospheric Administration’s
(NOAA) Marine Entanglement Research
Program and the Society of the Plastics Industry.
Under contract to NOAA, CMC operates
NOAA’s Marine Debris Information Office to
distribute information about marine debris.
CMC also administers the National Marine
Debris Data Base. With support from NOAA,
the US. Coast Guard (USCG), and the
Environmental Protection Agency (EPA), in
1989 CMC distributed 70,000 data cards to
volunteers in all 25 coastal states. Information
obtained from volunteer data collection efforts
will become part of CMC’s national analysis of
marine debris data.

DISCUSSION

There is virtually unanimous agreement that
education is necessary to motivate groups and
individuals to properly dispose of plastics and
marine debris. Severalinternational conferences
have stressed the need for marine debris educa-
tion programs, including the 1984 International
Conference on the Fate and Impacts of Marine
Debris, the North Pacific Rim Fishermen’s
Conference on Marine Debris, and the Oceans
of Plastic Fishermen’s Workshop. Federal
legislation entitled the Marine Plastic Pollution
Research and Control Act of 1987 mandates that
the NOAA and the EPA conduct a three-year
public education program. The 1989
Interagency Task Force on Marine Debris
encourages marine debris education, “Concerned
federal agencies should work with each other,
state and local governments, private industry,
and environmental groups to develop
comprehensive  educational materials on
problems caused by marine debris and on ways
to solve those problems (Interagency Task Force
on Persistent Marine Debris 1988)."

Marine debris is an international problem that
impacts marine wildlife, coastal economics, and
boater safety. In 1974, the National Academy
of Sciences estimated that 14 billion pounds of
litter are dumped into the oceans every year.
That’s almost three times the weight of all fish
and shellfish caught in the U.S. in one year. A
more recent study estimates that the world
merchant shipping fleet alone dumps more than
5.5 million metal, glass, and plastic containers
into the ocean every day. Recreational vessels
also contribute to the problem. The USCG
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estimates that 1.5 pounds of trash is dumped
every time a boat goes out for a cruise. Other
contributors to the marine debris problem are
the U.S. international navies, commercial
fishermen, and various Gulf industries.

The problem of plastics in the ocean is more
than a litter problem. Plastic trash kills wildlife.

Northern fur seals were once so abundant they
were commercially harvested. In recent years,
scientists have documented that 30,000 northern
fur seals die each year as a result of
entanglement. For marine animals, entangle-
ment is just part of the problem. Many animals
also die from eating plastic. Sea turtles have
been shown to mistake plastic bags for one of
their favorite food items, jellyfish. Eighty of
the worlds 280 seabird species have been shown
to eat plastic, mistaking it for real food and
vessel disablements have burdened Gulf
fishermen with costly delays and repair bills. In
some instances entanglement can endanger
human safety. Many coastal communities are
suffering economic burden as a result of dirty
beaches.

CMC knows that education will be the most
effective method to alter 4,000 years of ocean
disposal behavior. When mariners realize and
understand the effects that their age-old habits
have on wildlife, human, and vessel safety, they
are willing to make a change.

Since 1985, CMC has developed a unique
education campaign that encourages all
members of industry, the general public, and the
maritime community to get involved. CMC
publishes documents, organizes beach cleanups,
and responds to requests for information that
encourages groups and individuals to take part
in the solution to ocean pollution.

Prior to 1984 there were only a handful of
programs working to teach people about the
problem of marine debris. Judie Neilson’s "Get
the Drift and Bag It" campaign was not only the
first marine debris education program, but also
a highly successful coastal cleanup in Oregon
(Neilson 1985).

In 1986, the EPA commissioned CMC to
prepare a report on the plastic debris problem
in the marine and Great Lakes waters of the
US. As the first comprehensive review of
available information on marine debris, this
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document showed that plastic debris is a
nationwide problem for marine wildlife. The
report identified the major ocean and land-based
sources of plastic debris, and indicated that the
total amount of debris generated by these
sources is unknown. The report noted the
absence of appropriate laws to address the
plastic debris problem (CMC 1987a). Finally,
the study helped to redirect attention from
general marine debris to those problems caused
specifically by plastic items.

Upon completion of the document, CMC
presented the report to members of the Society
of the Plastics Industry (SPI). CMC explained
that plastic debris was threatening wildlife and
vessel safety in addition to being unsightly. The
Plastics Industry accepted CMC’s invitation to
become part of the solution. The result has
been the development of numerous brochures,
books, and posters geared at promoting proper
disposal of plastics at sea.

CMC’s most successful efforts have been our
citizen beach cleanups in Texas, Florida, and
California. Volunteers work in pairs to share
the tasks of debris collection and data recording.
From volunteer data, CMC published two
reports on the Texas debris problem (CMC
1987b, CMC 1988a). Our work that started in
1986 in Texas has now spread to all Gulf states.
Texas now has a thriving Adopt-a-Beach
program and all 5 states participate in the Gulf’s
"Take Pride-Gulf-Wide" effort during the fall
beach cleanups.

From 1986 to 1988 CMC organized the largest
beach cleanups in American history accounting
for one-third of the nation’s total participation.
These cleanups are also the perfect example of
CMC’s efforts to involve diverse groups working
toward a common goal. Industry provides
financial and in-kind support; for example,
Mobil Chemical provided free garbage bags to
all beach cleanups in the Gulf states.
Government and environmental organizations
act as regional coordinators; all these groups,
and the general public remove trash from the
beaches.

Since 1984, there has been a steady growth in
beach cleanup participation (Figure 4.2). In
1984 Judie Neilson encouraged 2,100 Oregonians
to clean the beaches. Nationwide during
COASTWEEKS 89, more than 65,000 people
participated in coastal cleanups. In 1990 we

hope to encourage 100,000 citizens to clean the
beach.

A beach cleanup is not just a one-day event, but
rather an ongoing education campaign. CMC’s
volunteer data collection system is one
mechanism that ensures continuing education.
Beach cleanup data helps identify possible
sources and quantifies the amounts of debris
found by volunteers. Each cleanup volunteer
receives a data card and a Guide to Good Data
Collection. The data card lists 65 items volun-
teers will likely collect during a beach cleanup.
The Guide explains the importance of data
collection and describes items that are found on
most beaches yet are difficult to identify. For
example, not many volunteers can recognize
write-enable protection rings used by vessels
conducting seismic exploration activities in the

Gulf.

In 1988, CMC expanded its Texas data collection
efforts to establish a National Marine Debris
Data Base. With support from the EPA,
NOAA, and the USCG, CMC distributed 70,000
data cards to cleanup volunteers in all 25 coastal
states. In addition, Spanish data cards were sent
to cleanups in Puerto Rico, Mexico, and the
Virgin Islands. The resulting data base is
providing essential information for
understanding specific debris problems in each
part of the country. Information about the types
and amounts of trash found during the 1988
National Beach Cleanup is available from CMC
(1989) in a report entitled Cleaning America’s
Beaches: 1988 National Beach Cleanup Results.

CMC’s data base relies on volunteer cooperation
and we realize it is not the same as a rigorous
scientific survey. Nonetheless, CMC’s data gives
consistent perspectives of the problem and
indicates some common trends. For example,
in all states plastics account for 62% of all
debris types collected. Other items such as
metal and glass are less abundant. In some
cases it is possible to attribute certain types of
beach debris to a specific source. CMC labels
these materials as "indicator items." For
example, volunteers found 4,170 plastic light
sticks on Texas beaches in 1987. Fishermen
commonly use light sticks to attract fish to their
hooks. Nationwide last year, these groups
contributed at least six percent of all trash items
collected. Recently CMC has begun working
with the passenger cruise line industry to insure
that beach cleanup volunteers don’t find trash
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Figure 4.2. Participation in National Beach Cleanups - 1984-1990.

items such as those listed in Table 4.4 that were
collected during the 1989 Florida Coastal
Cleanup. Although it is counter productive to
point accusatory fingers, CMC uses indicative
data to encourage possible debris contributors
to become active contributors to the solution.

In 1988, Florida volunteers collected 304 miles
of monofilament fishing line. This information
showed us that we need to encourage recrea-
tional fishermen to keep their trash on board.
Subsequently, CMC conducts "Stow It, Don’t
Throw It" activities to encourage fishermen to
bring back their trash and monofilament fishing
line.

Press generated from a cleanup also helps
maintain the long term education effects. Media
generated from a cleanup reaches people who
may not donate their Saturday morning to clean
the beach, but may unconsciously discard their
boat or beach trash. CMC uses the media to

remind the public that their plastic trash can
have disastrous effects on marine wildlife.

Coastal Cleanup reports and current data are
available through NOAA’s Marine Debris
Information Office. Under contract to NOAA,
CMC operates two Marine Debris Information
Offices (MDIO). The first is in Washington,
D.C. to serve the Atlantic Coast and Gulf of
Mexico. The second in San Francisco,
California responds to Pacific Coast inquiries.
NOAA created these offices in response to a
growing number of requests for information on
the marine debris problem. NOAA’s MDIO
functions to disseminate educational materials
and other information on marine debris to
government agencies, industry groups, educators,
the press, and the general public. In most cases
requests for information fall into specific
categories. To efficiently respond to these
requests we developed 15 standardized educa-
tional packets:
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Table 44. Debris from cruise lines reported during 1989 Florida cleanup.

CRUISE SHIP INDICATED

Chandris Fantasy Cruise Lines

TYPE OF DEBRIS'

whole bag of debris; plastic cups; cans; other garbage (near

Marathon Key); name on cups (near Marathon Key)

Crown shampoo bottle and cups
Holland America shampoo bottles and cups
SS Norway toiletries; caps and lighters
Norwegian cups

Premier shampoo bottles

Princess item not identified

Royal Caribbean

Starlite Princess

napkins

shampoo bottles; cups; bottle; pencil

" Information reported by regional beach cleanup coordinators (*Zone Captains®).

¢ General Public
¢ Teachers and Educators
* Elementary (K to 5th grade) Middle School,

High School (6th to 12th grade) and
College Students
¢ Beach Cleanup Information

* Recreational Fishermen and Boaters

¢ Press and Media Personnel

*  Plastics Recycling and Degradable Plastics
Information

*  Cruise Ship Passengers

*  Fishermen and Fish Processors

*  Cargo Vessel Operators and Crews

*  Offshore Oil and Gas (companies)

»  Offshore Oil and Gas (workers)

* Plastics Manufacturers and Resin Pellet

Producers
*  Port and Terminal Operators

*  Charter Vessel Operators

All packets contain general information about
the marine debris problem with additional
information specific to the requestor’s interest.
From the establishment of the MDIO in

October 1988 until October 1, 1989, CMC
responded to over 6,000 requests for informa-
tion including 2,000 requests for large amounts
of materials that they in turn distributed to
members of their group.

Also available from NOAA’s MDIO are
numerous education materials developed by
NOAA, SPI, and CMC as part of a national
campaign to promote the proper disposal of
plastics.

Chronologically, the first element of the joint
educational campaign consisted of print public
service advertisements developed for commer-
cial fisheries, merchant shippers, the plastics
industry, recreational boaters, and recreational
fishermen. To date these ads have appeared in
30 magazines and major trade journals in
addition to several regional and local
publications including National Fisherman,
Marine Log, Modern Plastics, Outdoor Life, and
Saltwater Sportsman. FEach advertisement
directs interested persons to contact the MDIO
for more information about marine debris. The
MDIO in turn responds to each request by



sending the appropriate information packet and
rclevant materials.

Each public service advertisement has a
corresponding eight-panel brochure with more
information on how marine debris affects their
group. For example, commercial fishermen may
be more interested in the fact that discarded gill
nets will foul their propeller rather than the
cffects it may have on a seal, that in some cases
are viewed as competitors. Groups often
request large quantities of brochures for their
own distribution. To date, the MDIO
distributed over 200,000 brochures to educators,
individuals, and the government including 15,000
National Safe Boating Week press packets, 8,000
for National Fishing Week, and the 3,000 to
USCG Port Captains.

The Citizens Guide to Plastics in the Ocean:
More Than a Litter Problem is another product
of the cooperative NOAA /SPI/CMC campaign
that is now available through the MDIO (CMC
1988b). The book informs citizens of the
growing problem of plastics in the ocean and
gives suggestions on how individuals can become
involved in solving this problem. We have
distributed 30,000 copies of this guide since
September 1988 including 5,000 copies to the
U.S. Navy as part of their educational package
on marine debris. This education program will
be especially useful on the U.S.S. Lexington
based out of Pensacola, Florida. Beginning in
the spring of 1990 the U.S.S. Lexington will
begin a zero-discharge demonstration program.
This demonstration program is concurrent with
discussions by the USCG and the International
Maritime Organization to designate the Gulf of
Mexico as a "Special Area." "Special Area"
designation would prohibit dumping of any trash
in Gulf waters.

F.ecently, CMC obtained permission to use the
cartoon character of Popeye the Sailor in our
marine debris materials. As a result, CMC has
distributed 39,000 copies of a poster that has
Popeye saying "I Hopes Ya Swabs Won’t Be
Throwin’ No Plastics Overboard.” In addition,
CMC produced a 30-second television public
service announcement that will be released to air
during the summer of 1990.

The MDIO also distributes materials produced
by other groups. Fran Recht’s Reference Guide
for Ports is a valuable source of information on
how ports can comply with the requirements of
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MARPOL Annex V and the U.S. Marine
Plastics Pollution Research and Control Act.

CMC staff believe each person requesting
information is a potential grassroots organizer
able to educate others about the problems of
plastic debris. We cultivate each request and act
to network people and information. CMC will
be happy to work with any group that wants to
produce their own educational materials, back-
ground statistics, information, or graphic
materials on marine debris.

CMC makes one primary assumption in its
approach to solving the marine debris problem.
CMC believes that education will motivate
people to alter any harmful disposal behavior.
Enforcement of international and national
legislation will be very difficult. Marine debris
research is both expensive and difficult to
conduct in the ocean environment. CMC feels
that education in the form of publicity, books,
and if possible hand-on education events such
as beach cleanups will encourage people to keep
harmful trash out of the water.
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MISSISSIPPI/ALABAMA
SHELF MARINE
ECOSYSTEMS STUDY:
SESSION OVERVIEW

Dr. Robert M. Rogers
and
Dr. Robert M. Avent
Minerals Management Service
Gulf of Mexico OCS Region

Early in the planning process for this studies
series, the Minerals Management Service (MMS)
recognized that the Mississippi/Alabama region
was an area of unique resources requiring special
environmental protective considerations.
Concentrated in this relatively small area are
productive commercial and recreational fisheries,
significant tourism and recreational interests,
and waterborne transportation systems including
well-developed ports and harbors. In light of
increasing outer continental shelf oil and gas
development interest in this area, the MMS
initiated a data search and synthesis study to
provide an information base for the planning
of needed data gathering efforts. In 1985 this
culminated in a report and atlas entitled the
"Tuscaloosa Trend Regional Data Search and
Synthesis Study."

From this information base, study needs were
identified and in 1986 a multi-year, multi-
disciplinary project was begun to address these
information gaps. A contract was awarded to
Texas A&M University to carry out the field
effort and subsequent sample analysis and
information synthesis. This study is now entering
the final year of a three year study effort. All
field efforts have been completed and current
meter arrays were removed in February 1990.
The program is now entering a synthesis phase
where results from the different project aspects
(hydrocarbons, trace metals, sedimentology,
satellite imaging, current movements, infaunal
numbers and variability, macroepifauna, and
demersal fishes) are being correlated to observe
relationships in environmental processes.

In the early planning stages of this study it was
thought that the Mississippi/Alabama continental
shelf was a relatively homogeneous study area
consisting mainly of a mud bottom environment
occasionally punctuated by a number of sharply
rising topographic features previously termed
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pinnacles. This has proven to be far too
simplistic. There is a vast array of topographic
features ranging from small rock outcrops to
high relief pinnacles harboring extensive live
bottom communities and diverse fish
populations. Processes on the mud bottoms
are complex with extensive seasonal changes in
sediment composition, benthic chemistry, and
biological diversity probably explained by active
currents and storm events. Interpretations of
the data are presently at a draft stage of
development and are subject to a great deal of
further synthesis.

Dr. Robert M. Rogers has served as Contracting
Officer’s Technical Representative (COTR) on
numerous marine ecosystem studies, including
the Mississippi/Alabama Marine Ecosystem
project.  His graduate work in trophic
interrelationships among Gulf marine fishes led
to a Ph.D. from Texas A&M University. He has
been with the MMS/Bureau of Land
Management (BLM) environmental studies
program since 1977.

Dr. Robert M. Avent received the M.S. and
Ph.D. degrees in biological oceanography from
Florida State University in 1970 and 1973. His
main fields of interest include marine physiolo-
gical ecology and deep-sea biology. He has
pursued investigations on the biological effects
of hydrostatic pressure, animal zonation, and
reef morphology. He has worked in the
consulting industry and for state government,
He came to the MMS/BLM in 1981 from the
National Marine Fisheries Service.

MISSISSIPPI/ALABAMA
MARINE ECOSYSTEM STUDY

Dr. James M. Brooks
Geochemical and Environmental
Research Group
Department of Oceanography
Texas A&M University

An organizational plan for the
Mississippi/Alabama Marine Ecosystem Study
(MAMES) was presented and discussed. The
MAMES study is being managed by Dr. Jim
Brooks in the Geochemical and Environmental
Research Group (GERG) at Texas A&M
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University.  Principal investigators for the
biological, geological, chemical, and physical
oceanography components are drawn from
GERG, the Department of Oceanography, Civil
Engineering Department, and Texas A&M
University at Galveston. The study is currently
entering the last year of a three year study. A
summary synthesis effect will be developed
during this third year.

The four major headings of the
Summary/Synthesis effect will include: The
Natural System, Human Effects, Sensitive
Biological Areas, and Knowledge Gaps. Heavy
emphasis will be placed upon understanding the
composition and process of the natural system
in relation to external driving mechanisms.
Historical data suggest that there are two basic
scenarios for control of the shelf ecological
systems: those which operate in regular cyclic
fashion versus those which involve massive
episodic intrusive events. Efforts will be made
to examine the ecological systems from both
perspectives.

Biological, physical, chemical, and geological
characteristics were studied in a series of five
cruises between March 1987 and February 1989
along three north-south transects across the
continental shelf of Mississippi and Alabama.
Four stations in depths of approximately 20, 40,
100, and 200 m were sampled along each of
these transects. Side-scan sonar, Remotely
Operated Vehicle, underwater color photo-
graphs, and video data were collected around
topographic features in the study area.
Subbottom profiler records indicate that the
shelf edge is built upon delta-front forest beds
that were truncated by erosion during the last
low stand of sea level in the Pleistocene.
Holocene sediments thickness (15 m) in the
central part of the survey area cap the erosional
surface, and the topographic features were
constructed on top of these sediments.
Topographic features were, generally, of three
classes: (1) pinnacles, with heights of about 2-
15 m and widths of 2-200 m, probably formed
by coral-algal assemblages; (2) linear ridges,
perhaps lithified coastal dunes; (3) enigmatic
features. Sediments contained a mixture of
biological and petroleum hydrocarbons.
Biological hydrocarbons were predominantly
plant biowaxes (n-C;-n-C;,) with a possible
minor planktonic input (n-C5-n-Cy).
Petroleum hydrocarbons were present as
polynuclear aromatic hydrocarbons (PAHs), a

complete suite of n-alkanes, and an unresolved
complex mixture. Sediment PAHs on the shelf
are on average six times lower than PAHs
analyzed in sediments in adjacent bays. High
hydrocarbon concentrations were generally at
the seaward end of the transects between the
100 and 200 m isobaths with the stations closest
to the delta containing the highest concentra-
tions of hydrocarbons. Observed variations in
sediment chemistry between samplings is
possibly explained by a large episodic influx of
riverine material followed by slow biological
mixing by bioturbation or active currents on the
shelf scouring the organic matter out of the
sediments and depositing the organic rich
material in a band along the shelf break.
Sediments varied greatly in iron and trace metal
content, but the variations seem to be largely the
result of natural variability in grain size and
mineralogy. Deep water sediments were
enriched in iron and trace metals compared to
shallow water ones, but all were typical of
unpolluted Gulf of Mexico shelf sediment.
Manganese concentration was only about half of
that expected based on iron concentration for
many of the samples. This shows the sediments
of the area to be biochemically active and
capable of solubilizing manganese and perhaps
other metals. Fish food analyses have been
completed for 2,500 specimens representing 42
fish species. Adequate depth, transect, and size
representations are being attempted. Types of
results being obtained are illustrated for the
longspine porgy, Stenotomus caprinus. The food
of this species is primarily polychaetes and small
crustaceans, with significant amounts of organic
detritus (mainly polychaete mucous mixed with
sedimentary materials). The percentage of
polychaetes is highest in young fish, nearshore
areas, and on muddy/sandy bottoms off Mobile
Bay and near the Mississippi River Delta. The
percentage of crustaceans increases with age,
distance from shore, and proximity to DeSoto
Canyon.

Dr. James M. Brooks is a Senior Research
Scientist and Director of the GERG in the
Department of Oceanography at Texas A&M
University. He is Project Manager for the
Mississippi/Alabama Marine Ecosystem Study.
His expertise is in trace contaminant analysis
and marine chemistry. He has authored over
100 papers.



THE MISSISSIPPI/ALABAMA
MARINE ECOSYSTEM STUDY
SEDIMENT CHARACTERIZATION

Dr. Mahlon C. Kennicutt II
Geochemical and Environmental
Research Group
Texas A&M University

Sediments in the study area contain a mixture
of biological and petroleum hydrocarbons.
Biological hydrocarbons are predominantly plant
biowaxes (n-C,;-n-C;;) with a minor planktonic
input (n-C,5-n-C,g) possible. Petroleum hydro-
carbons are present as polynuclear aromatic
compounds (PAHs), a complete suite of
n-alkanes, and an unresolved complex mixture.
Sediment PAHs on the shelf average six times
lower than PAHs analyzed in sediments in
adjacent bays. High hydrocarbon concentrations
are generally at the seaward ends of the transects
between the 100 and 200 m isobaths with the
stations closest to the delta containing the highest
concentration of hydrocarbons. Large variations
in sediment chemistry were observed between
samplings, apparently related to the influx of
riverine material. One possible scenario is a
large episodic influx of riverine material followed
by slow biological mixing (bioturbation) diluting
the input. It is also possible that active currents
on the shelf scour the organic matter out of the
scdiments, transport it offshore, and deposit the
organic rich material in a band along the shelf
break. Shelf sediment PAHs are typical of
unprocessed petroleum as contrasted to adjacent
bay sediment PAHSs which are predominantly of
a pyrogenic origin. Pyrogenic sources include
fossil fuel combustion, carbonization of coal, and
forest fires. The bay sediments were
intentionally sampled away from point sources
of pollution such as large urban areas and
industrial complexes. In general, higher hydro-
carbon concentrations are associated with finer
grained, organic rich sediments, but the
association was weak. Normalization of hydro-
carbon data to grain size or organic matter
content did not significantly reduce data variabil-
ity.

The temporal variations in sediment properties
ir the study area can be explained by various
scenarios. Individual sediment components vary
independently and are subject to a variety of
different processes. These scenarios are as
follows:
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* cyclic - on time frames of six months, one
year, two years and possibly longer. This
can be explained by regular inputs (such as
seasonal variations) being balanced by either
removal processes or dilution events (i.e.,
aromatic and aliphatic hydrocarbons).

» steadily increasing - in this scenario input
continues overtime with no efficient (or
active) removal process. The episodic
occurrence of mass movement of sediments
only redistributes components within the
system. Amnother possible explanation is
input exceeds removal processes thus
leading to a build-up (i.e., the unresolved
complex mixture - residual petroleum).

» random variation - episodic perturbation
due to one-time or infrequent events such
as major storm events (i.e., extractable
organic matter).

* no change - could reflect input equal to
removal rate with a relatively constant rate
of input or the timeframe of change is
greatly in excess of the two years monitored
in this study (i.e., carbonate content at some
locations).

Sediments on the Mississippi/Alabama shelf are
very dynamic and change on time scales varying
from less than six months to more than two
years. Inputs are complex and often indepen-
dently driven. Removal processes are complex,
constituent dependent, and vary independently.
Sediment properties vary by an order of magni-
tude or more over the two years of the study.
Many of these variations can be directly related
to variations in land derived inputs that are
mediated by river outflow from the Mississippi
River/Delta system as well as other rivers in the
area. Hydrocarbon pollutant loading to sedi-
ments is primarily derived from fresh, unrefined
petroleum closely associated with fine particu-
lates derived from riverine transport. Aeolian
transport and outflow from coastal bays appear
to be minor influences.

In contrast to the view of sediments as relatively
stable repositories of particulate matter, very
dynamic interactions are apparent. Clearly, if
sediments are to be characterized temporal as
well as spatial, variations need to be considered.
As an intimate part of the benthos as well as an
interface with the overlying water column, these
dramatic variations in sediment composition and
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character need to be assessed in light of
ecological assessments of man’s potential impact
on these areas.

Dr. Mahlon C. Kennicutt II, Associate
Researcher/Scientist, is a senior member of the
Geochemical and Environmental Research
Group within the Oceanography Department
at Texas A&M University. Dr. Kennicutt has
expertise and research interests in marine
chemistry, environmental chemistry, and organic
geochemistry. He received a B.S. in chemistry
in 1974 from the Union College and a Ph.D. in
Oceanography from Texas A&M University in
1980.

MISSISSIPPI/ALABAMA
SHELF MARINE
ECOSYSTEM STUDY:
PHYSICAL OCEANOGRAPHY
CHARACTERIZATION

Mr. Frank J. Kelly
Civil Engineering Department
Texas A&M University
and
Dr. A.C. Vastano
Department of QOceanography
Texas A&M University

INTRODUCTION

The physical oceanography component of the
project has as its primary objective the
characterization of the circulation on the outer
shelf, with emphasis on exchange processes
between the outer shelf and the deep ocean.
We are synthesizing the results of previous
studies (e.g., Dinnel 1988) and the new data
obtained during this study from CTD surveys,
moored instruments, satellite imagery,
meteorology, river discharge, and tide gauges.
A total of 5 inter-disciplinary cruises collected
CTD/Transmissivity, dissolved oxygen, and
nutrient data at the 12 primary stations shown
in Figure 5.1, and at additional
stations-of-opportunity, between March 1987 and
February 1989. The time-series data from the
moored instruments constitute the bulk of the
new data set. A cross-shelf array of three
current meter moorings, designated A, B, and

C (Figure 5.1), was deployed in December 1987.
In February 1989, Moorings D and E (Figure
5.1) were added. All five are scheduled to be
removed in February 1990. Moorings A, B, and
D, which are on the continental shelf in 30 and
60 m water depth, have instruments 10 m below
the surface and 3.5 m above the bottom.
Moorings C and E, located on the continental
slope in 430 m water depth, have instruments at
25 m below the surface, 150 m, and 4 m above
the bottom.

RESULTS

Although conclusions cannot be made until the
full data set is available, the results thus far
suggest that the circulation on the outer shelf is
dominated by large-scale, long-period mesoscale
flow events. Shorter, synoptic period fluctua-
tions modulate and intersperse the mesoscale
events. Figure 5.2 shows the currents observed
at Moorings B and C from September through
December 1988 in the form of 40-hour,
low-pass-filtered stick vectors. The vertical axis
in Figure 5.2 is oriented along the direction of
the trend of the isobaths, so that vertically up is
towards 55 degrees and horizontally to the right
is towards 145 degrees. (This orientation
empbhasizes the along-isobath flow.)

Some flow events, for example the ones that
occurred during the periods of 1-20 September
and 10-31 November, are coherent between
Moorings B and C and are probably caused by
mesoscale eddy flow in DeSoto Canyon. Also
note that the currents at 10 m at Mooring B are
more similar to those at 150 m at Mooring C
than they are to the shallower currents at 25 m
at Mooring C. The temperature and salinity
data recorded by the current meters are being
studied as part of an analysis of the vertical
structure of the currents.

Cross-isobath flow is strong at times in these
records, particularly during the longer-period
events, as, for example, during the period 10-31
October. Analysis by current roses shows that
the dominant flow direction is southeastward,
i.e., off-slope, at 25 m at Mooring C during the
period of September-December 1988, which is
consistent with Dinnel’s (1988) analysis of
historical hydrographic data for this region.
Westward and southwestward directions
dominate the flow records from the deeper two
meters at Mooring C and both meters at
Mooring B.
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Figure 5.1. Locations of the 12 primary sampling stations for the study and the five current meter moorings.
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INTRODUCTION

The middle and outer continental shelf off
Mississippi and Alabama, between the
Mississippi River mouth and DeSoto Canyon,
has previously received scant attention from
marine geologists. There has been only one
previous attempt at a comprehensive synthesis
of the geology of the outer-shelf region
(lLudwick and Walton 1957). Other studies have
either focused on the inner-shelf, omitted
discussions of topographic features and
hardbottoms, or examined only small, selective
areas of the outer shelf (Moore and Bullis 1960;
Ludwick 1964; Upshaw et al. 1966; Shipp and
Hopkins 1978, Doyle and Sparks 1980, Kindinger
1988; Schroeder et al. 1988a; 1988b).
Additionally, a few commercial reports of
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geologic studies of small areas (usually one lease
block) exist.

Ludwick and Walton (1957) found that topo-
graphic features, which they called "pinnacles”,
were found in clusters along the outer
Mississippi/Alabama shelf. They noted that
these were not like those commonly found
farther west in the Gulf of Mexico. In the
northwest Gulf, topographic highs generally tend
to be the result of uplift caused by salt, or
occasionally shale diapirs (Rezak et al. 1985).
However, on the Mississippi/Alabama outer
shelf, topographic features are apparently
calcareous reef structures built during the late
Pleistocene and early Holocene. They also
surmised that these reefs were not actively
growing, but were instead in an intermediate
stage between active growth and fossilization.

Our study has verified many of these conclu-
sions, but more importantly, it has shown that
there exists a far greater diversity and distribu-
tion of topographic features than envisioned by
Ludwick and Walton (Schroeder et al. 1989).
The topographic features range from <2 m to
greater than 20 m in height. Most are drowned
patch reefs which are more-or-less
equidimensional in plan view and occur singly
or in clusters often along preferred isobaths.
However, there are also numerous linear ridges
and scarps, up to 8 m in height, which are
probably constructed of indurated sand, shell,
and gravel,

During the first year of geophysical surveying,
approximately 2,160 km of side-scan sonar and
subbottom profile data were collected. All of
these were data collected in a reconnaissance
mode with the side-scan sonar imaging a wide
swath of seafloor (half-width either 300 or
400 m). The second year surveys were of two
types, reconnaissance surveys similar to those of
the Year 1 effort and detailed surveys of
features observed during the Year 1 cruises.
The latter used the side-scan sonar in a narrow
swath mode (half-width 100 or 200 m) with
closely spaced ship tracks.

The reconnaissance surveys extended east and
west from the area surveyed during Year 1
(Figure 5.3) and were positioned to follow the
40 fm (73.2 m) isobath which was found to be
the locus of numerous topographic features in
the previous survey. Approximately 620 km of
geophysical data were collected in the
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Figure 53. Locations of geological characterization surveys. (Heavy lines denote the boundaries of the MMS
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Detailed surveys labelled as follows: (A) flat-topped reef survey; (B) linear ridge survey; (C) patch reefs "boulder
field" survey; and (D) 40 fathom reefs survey. Light lines show lease block boundaries.)



reconnaissance mode along 20 lines to the west
of the Year 1 survey area and 3 lines to the east.
About 35 km of detailed side-scan sonograms
were obtained from the four smaller areas

(Figure 5.3).

In the northwest portion of the Year 1 survey
area, detailed studies were done on a cluster of
large flat-topped reefs and on a section of the
linear ridges following the 60 m isobath.
Detailed images were also obtained of the
drowned patch reef field (previously called
"boulder field") in the center of the Year 1 and
of some large reefs along the 40 fathom trend
in the southeast portion of the Year 1 area
(Figure 5.3).

RESULTS

Bathymetry plots have been made for the Year
1 survey area and contoured at 10 m intervals.
Generally, the shelf and slope are smooth,
except where they are punctuated by topographic
features which are usually limited in areal
extent. An accurate evaluation of the area
covered by the topographic features has not yet
been made, however, it appears to be small,
about 5 to 10%. The depth ranges from about
43 m along the north side of the survey to over
250 m in the southwest corner and 340 m in the
southeast corner. The shelf generally has a low
slope to a depth of about 100 m past which it
deepens rapidly to the south and southeast.

In the first year annual report, topographic
features were highlighted. Three different
classes of feature were recognized:
(1) coral-algal reefs, (2) linear ridges, and
(3) depressions. The reef category contains
most of the topographic features mapped in the
surveys. These range in size from about 20 m
tall and hundreds of meters across (pinnacles
and banks) to smaller than 1 to 2 m in height
and less than 10 m across (drowned patch reefs).
They often occur in clusters but are also found
as isolated features. The second class, linear
ridges, occur in various localities, but mainly
along the 70 m isobath. These are thought to
be shoreline sand ridges that have become
indurated. The last class contains enigmatic
features that were nicknamed “footprints”
because they are small, often elongated, shallow
depressions. These depressions are usually
found in clusters and are on the order of 10 m
in length. One remotely operated vehicle
(ROV) station was devoted to these features,
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but nothing other than apparently flat seafloor
was observed. It is not clear whether these
features are so subdued as to be hard to see
with the ROV cameras or that they are simply
so small and widely spaced as to be hard to find
with the ROV.

The completion of the side-scan sonar mosaics
for the Year 1 survey area has shown that
although the topographic features are
interesting, they are only one facet of the overall
geologic story. The most impressive aspect of
the side-scan mosaics is the complex variation
of seafloor reflections. These reflections were
divided into twelve classes as follows.

R1 - Low reflectivity--homogeneous light
area on side-scan record showing
usually featureless bottom; weak
seafloor echo.

R2 - Moderate reflectivity--homogeneous,
often featureless bottom producing
moderate acoustic backscatter.

R3 - Moderate to high reflectivity--
homogeneous, often featureless bottom
producing moderately high acoustic
backscatter; greater reflectivitythan R2,
but less than R4.

R4 - High reflectivity--homogeneous, often
featureless bottom producing high
acoustic backscatter; bottom appears
black on side-scan records.

R5 - Patchy reflectivity--discontinuous, but
predominantly strong acoustic back-
scatter; areas of strong reflections are
usually equidimensional, hundreds of
meters across, and show no preferred
trend.

R6 - Moderate reflectivity with linear,
high-reflectivity patches--seafloor
dominantly low to moderate reflectivity;
high-reflectivity patches usually lineated,
can occasionally be traced between
tracklines, and often show preferred
trends within small areas.

R7 - Mottle reflectivity--discontinuous
moderate to high acoustic backscatter;
areas of high reflectivity are usually
equidimensional and show no preferred
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trend, but are smaller in size than in
R5; called "pox” in previous reports.

R8 - Linear reflectivity, large features--
predominantly strong acoustic
backscatter with lanes of lower
reflectivity; lineations are subparallel,
trending generally northeast; lineations
are wide and long, measuring on
average about 150-200 m across and 500
to 1,500 m or greater in length.

R9 - Linear reflectivity, small features--
similar to R8 except that areas of strong
reflectivity are smaller and shorter,
averaging about 50 to 75 m across and
less than 500 m in length; there is also
a greater area of low to moderate
reflectivity between the linear features
than in R8.

R10- Confused reflectors--strong acoustic
backscatter with properties of R7, R8,
and RY; areas of high reflectivity
separated by areas of low to moderate
reflectivity, but with no preferred orien-
tation.

R11- Drowned patch reefs--areas containing
many small patch reefs, 5 to 10 m
across and 2 to 5 m high; previously
called "boulder fields".

R12- Other topographic features--areas of
strong reflectivity and shadow caused
by topographic relief.

Figure 5.4 shows the areal distribution of the
different types of seafloor reflections. The areas
of high reflectivity are mainly organized into two
patches and one long band. One patch is in the
northeast part of the survey and has no
dominant trend and the other patch is a small
linear band in the northwest part. The long
band trends across the southern part of the
survey. Most of the large reefs are associated
with these areas of highly reflective seafloor.
Furthermore, most of the linear ridges are
associated with the northwestern band of
moderate and high reflectivity sediments.

The high reflectivity sediments are found mainly
at 3 different depths, 70, 80, and 115 m. The
southern band of high reflectivity is misleading
in Figure 5.4 because it includes seafloor at two
of these levels. In mosaics 7 and 8 the high

reflectivity seafloor runs along a trend of large
reefs (the "pinnacles” of Ludwick and Walton
1957) located at a depth of about 115 m at the
edge of the shelf. To the northeast, in mosaics
10 and 11, at the other end of this band of
reflective sediments the high reflectivity is again
associated with reefs, these at depths of 70-80
m (the "40 fathom fishing ground" of Schroeder
et al. 1988a). The high reflectivity sediments in
the northwest section are associated with the
linear sand ridges. In mosaic 1 there is a patch
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