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PREFACGE

This Proceedings volume presents summaries of the presentations and
discussions of the Ninth Annual Information Transfer Meeting (ITM) held
on October 25-27, 1988, in New Orleans, Louisiana. These ITM'’s have been
sponsored by the Minerals Management Service (MMS), Gulf of Mexico
Regional OCS Office, annually 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 wishes to thank all ITM participants:
the MMS staff responsible for planning and conducting the meeting; the
invited speakers who have given their time and energies to share
information with all attendees; and to the staffs of Geo-Marine, Inc. and
the Doubletree Hotel, who have provided excellent logistical support for
the meeting. The Minerals Management Service also thanks Geo-Marine, Inc.
and the Economic Development Council and its Petroleum Committee of the
Chamber of Commerce/New Orleans and River Parishes, who each provided
attendees with an enjoyable reception.

The Minerals Management Service invites comment and constructive criticism
on the annual Information Transfer Meetings and the resulting Proceedings
documents.
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Opening Plenary Session
Overview

Dr. Richard 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.
Garza, who welcomed attendees,
introduced the staff responsible
for meeting 1logistical 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 environmental
assessments or studies in support
of offshore o0il and gas activities
in the Gulf of Mexico OCS Region;
to present the accomplishments 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 1is planned and
coordinated each 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 progranm;
accomplishments of the agency; and
regional information exchange. All
presentations are invited, through
personal contacts between session
chairpersons and the speakers, and
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 1is prepared
for each ITM, based on abstracts
or brief technical papers submitted
by each speaker and on session
overviews prepared by each session
chairperson.

Mr. Pearcy, Regional Director of
the MMS Gulf of Mexico 0OCS Region,
formally welcomed the audience on
behalf of the MMS and extended a
special welcome to members of the
MMS 0OCS Advisory Board’s Gulf of
Mexico Regional Technical Working
Group and Scientific Committee, and
to participants in the MMS
Managerial Development Program.

Our two Plenary speakers were Dr.
Pulak Ray and Mr. Don Howard, both
of the MMS Gulf of Mexico OCS
Regional Office, who spoke on
differing aspects of the future of
offshore oil and gas operations in
the Gulf of Mexico, in "deepwater"
areas.

Dr. Ray presented an excellent
overview of OCS oil and gas
production, including a ©brief






the lowering of minimum bids to
$25.00 per acre 1in 1987, the
extension of lease terms for deep-
water tracts from five to ten
years, and passage of the National
Gas Policy Act (1978) have had a
significant cumulative positive
impact on the leasing and
exploration activity of the Gulf.
Before the implementation of
areawide lease sales, 95% of the
tracts were leased in water depths
less than 600 ft. Since 1984, only
50 to 60% of the tracts leased in
the western and central Gulf were
in less than 600 ft water depth.
The number of tracts leased in
water depths between 600-3,000 ft
stabilized at around 10% in the
central Gulf. The percentage of
tracts leased in deeper water
(>3,000 ft) has steadily increased,
both in the central and western
Gulf of Mexico. Even though
extensive exploration and
development have taken place, a
significant portion of the geologic
column (>12,000 ft) and geographic
area (>600 ft water depth) still
needs to be fully explored.
Undiscovered resources from the
partially, sparsely, and unexplored
areas (Figure 1.1) are expected to
hold significant resources. A
review of the production trends of
the Continental Shelf and Upper
Slope, and the potential of the
deeper water areas, is presented
in this paper.

PRODUCTION TRENDS

Pearcy and Ray (1986) presented the
well-established shore-parallel
production trends of the central
and western Gulf of Mexico. These
trends include Miocene, Pliocene,
and Pleistocene sediments. The
Pliocene trend is present only in
the central Gulf (Figure 1.2). Of
more than 12,000 reservoirs
studied, the majority are of Upper

Miocene, Pliocene, and Pleistocene
age in the central Gulf, and Middle
Miocene and Pleistocene age in the
western Gulf. In the central Gulf,
even though the younger reservoirs
predominate, they are smaller in
size (6,000 acre-ft per reservoir)
than the older Miocene reservoirs.
The recoverable reserves of liquid
(oil and condensate) in the western
Gulf are primarily contributed by
the Pleistocene reservoirs (about
355 million barrels), Lower and
Middle Miocene reservoirs account
for 50 and 60 million barrels
(mmbbls) each, and the Upper
Miocene contributes 13 mmbbls. 1In
the central Gulf, the Pleistocene,
Pliocene, and Upper Miocene
reservoirs contribute about evenly
between 3-3.6 billion barrels each,
while Middle and Lower Miocene
account for less than 1 billion
barrels. The recoverable gas
reserves of the western Gulf are
contributed primarily by
Pleistocene, Middle Miocene, and
Lower Miocene reservoirs.
Pleistocene being the dominant
contributor (about 9 trillion cubic
ft), Pliocene and Upper Miocene
account for less than 1 trillion
cubic ft (TCF) of gas reserves.
In the central Gulf, while
Pleistocene reservoirs are the
dominant contributor to the total
recoverable reserve, Pliocene,
Upper Miocene, and Middle Miocene
account for 16 to 22 TCF each.
Less than 3 TCF of gas |is
contributed by the Lower Miocene
reservoirs.

Some of the hottest plays of the
Continental Shelf and Upper Slope
of the Gulf of Mexico include the
Corsair trend of the western Gulf,
Flexure trend of the central Gulf,
and Jurassic Norphlet trend of the
eastern Gulf. The Corsair trend
is a Middle Miocene geopressured
gas play where production depth
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ranges from 8,000 to 16,000 ft.
The reserve has been variously
estimated at about 2 TCF. The
plays of the Corsair trend are
associated with paleoshelf margin
deltaic deposits present on the
downthrow side of a listric growth
fault system. The exploration and
development activities are plagued
with the high cost of deep
drilling, falling gas prices, and
corrosive gas content. The first
discoveries of the Jurassic
Norphlet trend were made in the
state waters of Alabama. In the
federal waters thicknesses of
reservoir quality sand up to 1,000
ft have been encountered. The
depth of expected producing
horizons range from 16,000 to
21,000 ft. The first discovery of
the Norphlet trend in the federal
waters was announced in 1988 in
Destin Dome Block 111 (Amoco)
followed by the discovery of Destin
Dome Block 56 (Chevron). The
Flexure trend, which is located on
the Upper Continental Slope, 1is
both a gas and oil play. A total
of 72 wells have been qualified as
producible. Fifty-five fields have
already been established. The
Pliocene and Pleistocene pay
thickness of this play ranges from
75 ft to in excess of 200 ft at a
depth of 8,000 to 18,000 ft. The
first discovery in this trend was
the Cognac field 1located 1in
Mississippli Canyon Block 194
(Shell). The Flexure trend 1is
characterized by an intense
episodic salt activity which
includes both vertical and lateral
movement.

DEEPWATER POTENTIAL

The Continental Slope of the
northern Gulf of Mexico represents
an area of high hydrocarbon
potential. Exploration of the
shallow water portion of the slope

10

has met with extreme success. At
least 16 o0il and/or gas fields have
been discovered in this area
between East Breaks and Viosca
Knoll at water depths between 600

to 1,500 ft. Recent drilling at
water depths exceeding 7,500 ft
clearly indicates that the
exploration of the entire

Continental Slope is well within
technological limitations.

The reservoir rocks in the slope

area are Cenozoic clastics,
consisting of turbidite sands,
slump, and other mass wasting

deposits and intraslope blocked
canyon sediments. Reservoir
quality sediments are expected to
be present in the entire geologic

column from the Mesozoic to
Quaternary. However, the
Quaternary section, except in the
Mississippi fan  area, thins

considerably in the deeper water
areas. The Lower Miocene and Early
Tertiary sections in the east
central Gulf are also extremely
thin and totally absent in some

cases. The Mesozoic reservoir
rocks are expected to be reefs,
reef talus, limestone, and
dolomites.

Dolan (1986) presented a cursory
look at the structural styles and
traps of the Continental Slope of
the northern Gulf Basin. He
indicated that the structures of
the area between East Breaks to
western Green Canyon are related
to intense vertical and lateral
salt movements. He also emphasized
the importance of stratigraphic
traps in the Mississippi Canyon
area. Based on the interpretation
of thousands of miles of CDP
seismic lines, limited releasable
well logs, and published
literature, certain generalizations
can be made regarding the future



hydrocarbon prospects for the Gulf
of Mexico slope (Figure 1.3).

The future hydrocarbon prospects
for the East Breaks area may range
from Miocene to Pleistocene in age.
Structures related to dip reversal
near the mid-to-upper slope seem
to be very prospective. The
Alaminos Canyon area contains
large-scale structures. Foote et
al. (1983), 1in describing the
Perdido Fold Belt, suggested
Oligocene to Miocene as the time
of uplifting of these structures.
Presence of possible Middle Miocene
submarine canyons in the Brazos
area, as Interpreted from seismic
data, suggests possible conduits
of reservoir-quality deep water
sands for the Alaminos Canyon area.
Even though both suitable
structures and reservoir rocks are
present, the hydrocarbon
exploration of the upper slope area
of Garden Banks has not been as
successful as in the Green Canyon
and Mississippi Canyon areas.

Future discovery potential of
hydrocarbons from Mississippi
Canyon, Green Canyon and Atwater
Valley areas 1is high. Both

suitable structures and reservoir
rocks are believed to be present
in these areas. In addition to
structural traps, stratigraphic
traps are of equal importance in
this area. In the lower slope
portion of this area, the section
below salt tongues may also have
high potential.

CONCLUSIONS

Even though the Gulf of Mexico OCS
has had a 1long Thistory of
exploration and development, a
significant portion of the
stratigraphic section and
geographic area still remains to
be explored. Expected resource
discovery from the unexplored area

11

may be of significant importance.
The area of high hydrocarbon
potential includes the deeper water
(>600 ft) Pliocene, Pleistocene,
and Miocene sediments; deep lower
Middle Miocene and Lower Miocene
sediments of the inner shelf; and
shallow bright-spot-associated
shelf sediments.
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Deepwater 0il and Gas
Developments

Mr. Don Howard
Minerals Management Service
Gulf of Mexico OCS Region

In the past several years the
offshore o0il and gas industry has
shown extreme interest in deepwater
exploration in the Gulf of Mexico.
The industry has established record
after record for drilling and
production operations in water
depths greater than 600 ft, which
is what has ©been considered
"deepwater."

Prior to conducting exploration
activities in the Gulf of Mexico,
the operators must 1lease the
mineral rights from the Federal
Government. The first lease sale
was held in 1954 and the most
recent, held in August of 1988, was
the 60th. Currently 1,658
deepwater tracts have been leased,
encompassing over 6 million acres.
The majority of these tracts have
been leased since 1983 when
areawide leasing was instituted.

The primary area of interest for
the operators 1is the "flexure
trend,” which runs from the east
central Gulf through the western
Gulf in 600 ft to 7,500 ft of
water. To date there have been
over 70 discoveries made in the
flexure trend. Seventeen of these
discoveries currently have
platforms installed or plans to
install one in the near future.

In order to explore these deepwater
tracts, mobile offshore drilling
units (MODU’s) of two types have
been employed. The semisubmersible
MODU has been the workhorse of
deepwater exploration. It is a
floating drilling platform built

13

on pontoons for buoyancy and ease
of transporting. Once over the
desired location, it is lowered to
its working position by flooding
ballast chambers and moored in
place using eight to ten mooring
lines connected to anchors. The
other type of vessel used for
deepwater exploration is the
drillship. It resembles a
conventional ship with a drilling
rig centered on it. It can be
anchored to the bottom in the same
manner as a semisubmersible or held
on location using six to eight
thrusters attached to the ship’s
hull.

There are four unique types of
structures being used in the Gulf
of Mexico today.

The first 1is the guyed tower
installed by Exxon in the late
1970's in Mississippi Canyon Block
28 in 1,025 ft of water. The guyed
tower, known as the "Lena," is a
trussed structure that rests on the
seafloor, extends upward to a deck
supported above the waves, and is
held in position by multiple guy
lines. The unique mooring system
holds the tower and platform almost
completely stationary during
typical operational sea states and
allows the tower to move or become
compliant in heavy seas. The tower
is still being used to support
production and workover operations
in Mississippi Canyon Block 28.

The second type of structure is
exemplified by Shell Offshore
Inc.’'s 1,353 ft Green Canyon Block
65 "Bullwinkle" project. The
jacket was constructed at Ingleside
Point near Corpus Christi, Texas.
The jacket was towed 332 miles to
the site and installed on May 31,
1988. The deck sections were
completely installed on October 5,
1988. Currently, Shell Rig 12 is



being installed which is the first

of the two rigs planned for
installation. With the two rigs
installed, the entire structure

will stand approximately 1,615 ft
tall. It will be the tallest
structure in the world, surpassing
the Sears Tower in Chicago by 161
ft. Development drilling will
begin in the first quarter of 1989
and is scheduled to be completed
in late 1990. Peak oil production
is expected in 1991 at 50,000
barrels of oil per day (BOPD) and
peak natural gas production in 1992
at 90 million standard cubic ft
per day (SCFD).

The third structure discussed is
Placid 0il Company’s floating
production system (FPS) located in
Green Canyon Block 29 and 1its
shallow water central processing
platform (CPP) in Ship Shoal Block
207. The FPS system began
production in the first half of
October 1988 when satellite Well
No. 1 in Ewing Bank Block 999 in
1,460 ft of water was put on line.
The FPS system consists of subsea
trees, a subsea production
template, a production riser
flowlines/pipelines, a
semisubmersible drilling production
facility, a mooring system, and the
shallow water CPP. To date, the
entire system has been installed
with three satellite subsea wells
connected to the subsea production
template. Currently, one satellite
well is on production with a second
well in 2,437 ft of water scheduled
to be placed on production the last
week of October 1988. This will
set a new world water depth record
for production.

The fourth project currently under
construction for deepwater use to
be discussed was Conoco Inc.’s
tension leg well platform (TLWP).
The TLWP is to be located in Green
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Canyon Block 184. This TLWP was
designed to do only those functions
that are absolutely necessary at
the deepwater site. All other
functions will be performed at a

second shallow water central
processing platform. The drilling
template was installed in June

1987. The TLWP can accommodate 16
wells connected from the drilling
template by rigid risers. The TLWP
base template was installed in the
fall of 1988. Currently, a
semisubmersible is drilling one of
the planned 16 wells. The TLWP
will be available for installation
in May 1989 when the drilling of
the production wells is scheduled
to be completed. The entire system
is scheduled to be completed in
September 1989 for the start of oil
and gas production. Peak
production is expected to be 35,000
BOPD and 50 million SCFD.

Altermative structures for
deepwater drilling and production
activities which are currently in
the development stage are now being
developed.

The project that is farthest along
is the Ocean E1 Dorado being
designed by Odeco. It is unique
in the fact that it is a floating

system with rigid risers and
conventional surface trees. The
El Dorado relies on the
hydrodynamic performance of its
hull to remain relatively
transparent to the seaway. It will
be a symmetrically-shaped, six
column semisubmersible. Its

operating draft will be 180 ft as
compared to a 70 ft draft for a
typical semisubmersible. This will
reduce the hydrodynamic forces
acting on the 1lower hull and
increase the mass or displacement
of the vessel thus making it harder
to move. It is being designed for
30 wells and will be capable of



simultaneous drilling and
production in water depths ranging
from 1,000 ft to 8,000 ft.

Designs of various types of
compliant towers are also being
investigated. Examples are:

o Buoyant Tower - A tall
slender tower fixed to the
seabed with skirt piles and
gaining stability by means
of large buoyancy tanks
attached near the top.

o Rosean Tower - A tall slender
tower fixed to the seabed
with skirt piles and gaining
stability by means of large
water masses trapped inside
boxes built into the platform
near the water surface (about
200 ft down).

o Compliant Pile Tower - A tall
slender tower fixed to the
seabed with very long skirt
piles (attached to the
platform about 1/2 way wup)
and gaining stability from
the spring effect of the long
piles (piles stretch and
compress as platform moves
with the waves).

Modifications of FPS’'s, TLWP's, and
fixed platforms are also being
considered.

Mr. Don Howard is Supervisor of the
Platform/Pipeline Unit of the
Plans, Platforms, and Pipeline
Section of the Gulf of Mexico OCS
Region’s Field Operations Office.
He received his Bachelor of
Industrial Engineering from Georgia
Institute of Technology, and his
M.S. in petroleum engineering from
Tulane University. He has worked
for the MMS for approximately 5-
1/2 years, including positions as
District Drilling Engineer and
District Production Engineer, for
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the MMS Gulf of Mexico OCS Region’s
Houma District Office.
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Wetlands Concerns:
Session Overview

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

The 1impacts of Federal Outer
Continental Shelf (OCS) oil and gas
activities related to onshore
alterations in the coastal central
Gulf of Mexico have been a concern
of the Minerals Management Service
(MMS) for a number of years. In
the light of a declining economy
from oil- and gas-related
activities and accelerated wetlands
loss affecting the habitat of
valuable biological resources, many
unsubstantiated claims were being
made on who was responsible for the
loss and who should be addressing
the problem. In this emotional
atmosphere, study planning was
initiated in 1984 to investigate
what factors contribute to wetlands

loss and specifically what
percentage of this loss is due to
the approximately 125 0Cs
pipelines, several navigation
canals, and a number of OCS support
facilities 1located 1in wetland
areas.

In September 1985, MMS contracted

with the Center for Wetland
Resources of Louisiana State
University (LSU) to conduct a

comprehensive study entitled "OCS
Development and Potential Coastal
Habitat Alteration." This study
was completed in early 1988 and has
gone a long way toward describing

the complex processes and
interactions at work in the
wetlands. Definitive partitioning

of causes of wetland losses has
been effectively accomplished and
a groundwork has been laid for
further testing hypotheses and
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facing the problem of accelerated
wetlands loss.

In October 1986, MMS contracted
with Coastal Environments, Inc. to
conduct a two-part study to
determine the impacts of selected
OCS activities on sensitive coastal
habitats. The first part of this
study was designed to research the
impacts of Federal OCS pipelines
and associated facilities and
navigation channels on barrier
beaches and barrier islands along
the Gulf of Mexico from Cameron
County, Texas to Bay County,
Florida and on coastal wetlands
within this region, except those
areas addressed in the
aforementioned wetlands loss study.
Information obtained from this
study was designed to predict
impacts of future OCS activities
in the region and to document
measures that have been successful
in mitigating impacts for specific
habitats and environmental
conditions. The second part of the
study was a reconnaissance-level
assessment of the impacts of OCS-
produced water discharges in
coastal wetlands, primarily
Louisiana wetlands. This aspect
of the study carried out by the
Louisiana Universities Marine
Consortium (LUMCON) and LSU
Institute for Environmental Studies
was designed to extend, update, and
improve on an existing record
inventory approach and provide a
field assessment of the hypothesis
that there are existing conditions
that may have a locally severe
adverse impact. This study is
presently nearing completion with
distribution of a final report
scheduled for January 1989.

A third study recently initiated
by MMS to address the concern of
wetlands loss has been "A Study of
Wetlands Mitigation: Marsh



Management." This study is being
carried out by Cooperative
Agreement with the Louisiana

Department of Natural Resources.
The primary focus of this study is
to determine the most efficient
marsh management techniques in
light of a wide array of
environmental conditions that may
exist at a given site. This will
be accomplished by a study of the
overall coastal marsh environment
in Louisiana and an examination of
specific sites in a wvariety of
physiographic settings within the
study area. This study effort will

extend for two years with
completion scheduled for April
1990.

The Wetlands Concerns session

focused on these latter two studies
as well as recent efforts by
industry to manage and conserve
their coastal 1lands. Vast
quantities of Louisiana’s wetlands
are owned by oil and gas concerns
and the stewardship of their lands
will be instrumental in determining
the fates of the coastal marshes.

Dr. Robert M. Rogers is a marine
biologist on the Environmental
Studies Staff of the MMS Gulf of
Mexico OCS Regional Office. He has
served as Contracting Officer’s
Technical Representative on a
number of wetlands-related studies.
Dr. Rogers received his B.S. and
M.S. degrees in zoology from
Louisiana State University and his
Ph.D. in marine biology from Texas
A&M University.
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Impacts of OCS-Related
Activities on Sensitive
Coastal Habitats

Dr. Karen M. Wicker
Coastal Environments, Inc.

OBJECTIVE

The primary objective of this study
is to research the type, extent,
and cause of Iimpacts of Outer
Continental Shelf (0CS) related
activities on sensitive coastal
habitats. Coastal Environments,
Inc. conducted that portion of the
study involving OCS pipelines,
navigation channels, and related
facilities. Louisiana Universities
Marine Consortium (LUMCON)
investigated the effect of the
discharge of OCS produced waters
into coastal areas.

The area of study stretched from
Cameron County, Texas to Bay
County, Florida. The type of
habitats investigated for evidence
of impact 1included marshes and
aquatic grassbeds in selected areas

and all ©barrier islands and
beaches.

The study sought to identify
correlations between type of
construction, environmental
conditions at the construction

site, and the type and magnitude
of environmental impact associated
with a particular O0CS activity.
This information, in addition to
information on existing regulations
governing activities in coastal
areas, was used to predict future
onshore impacts of OCS activities
related to production in frontier
areas of the Mississippi to Florida
coast.



METHODOLOGY

Research consisted of four major
tasks: (1) literature review and
inquiries regarding identification,
location, and description of 0CS
activities and physical,
biological, and cultural conditions
within the study area; (2) air
photo interpretation and
quantification of parameters chosen
to document impacts where they
exist, such as shoreline change,
canal width change, and habitat
change between pipeline or
navigation channel right-of-way
(ROW) and control sites; (3)
investigations of differences or
similarities between selected
geologic, hydrologic, and
vegetative parameters at the ROW
and control sites for selected
pipeline and navigation channels
within each of the four coastal

systems (i.e., Texas Barrier
Islands, Strand - Chenier Plain,
Mississippi Deltaic Plain, and

North Central Gulf Coast); and (4)
documentation of Federal, State
and 1local regulations presently
governing installation of new
facilities.

DISCUSSION OF PIPELINE IMPACTS

A review of literature identified
at least eleven direct and fourteen
indirect impacts attributed to non-
backfilled and/or backfilled
canals. This study was designed
to investigate six of these direct
impacts: (1) immediate habitat
change and/or landloss, (2)
alteration of preexisting drainage
networks, (3) segmentation of
natural physiographic wunits or
forms, (4) breaching of foredunes
and removal of vegetation, (5)
creation of sediment sinks, and (6)
creation of weak section in island
at ROW. Four of the indirect
impacts were 1investigated: (1)
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erosion along canal banks and
adjacent wetlands, (2) impoundment
and flooding of marshland, (3)
alteration and/or disruption of
longshore drift, and (4) subsequent
breaching of island or beach at
ROW.

The type of construction technique,
including mitigation measures taken
to lessen environmental impacts,
was thought to be a major factor
influencing the type and magnitude
of impact. Historically, there
have been three major emplacement
techniques: (1) wupland trenching
(higher area of barrier islands),
(2) flotation canal (very
unconsolidated wetland and shallow
water bodies), and (3) push-pull
canal (for relatively short,
straight ROW in wetlands capable
of supporting marsh buggies).

Recently, a fourth technique, i.e.,
directional drilling, has been
utilized for short segments of line
where environmental or
socioeconomic conditions dictate
the use. Such conditions include
areas to be avoided: sensitive
habitats; areas where restoration
costs are more expensive; or areas
with a conglomeration of cultural
features such as roads, foreign
plpelines, utilities, or preeminent
utilization of site.

The method of canal closure can
also influence impact. Types of
closures include: (1) backfilling
flotation and push-pull canals;
(2) damming all canals at Gulf, all
water body crossings, and regular
intervals along the flotation
canal; (3) double ditching for
backfill; (4) recontouring of ROW
to preexisting contour; and (5)
replanting backfilled and
recontoured area.



Major environmental parameters
which were studied in order to
quantify impacts and explain
variations in type or magnitude of
impacts by coastal system and/or
construction technique include:
(1) shoreline change rate, (2) type
of shoreline (i.e., transgressive
or regressive), (3) nearshore
energy level, (4) land use, (5)
form and composition of beach-
barrier island, (6) susceptibility
of site to change, such as
saltwater intrusion via canal in
saline versus freshwater wetland,
and (7) elevational equilibrium of

area, if known.
FIELD STUDY AREAS
There are approximately 162

pipelines with OCS products making
landfall along the Gulf Coast: 6%
in the Texas Barrier Island System,
34% in the Strand-Chenier Plain,
57% in the Mississippi Deltaic
Plain, and 3% in the North Central
Gulf Coast System. Of these, 71%
cross or pass between barrier
island-beach systems.

Eleven pipelines were studied in
detail using air photo
interpretation and field sampling
techniques. These 1lines are
characterized by coastal system.

Texas Barrier Island System

Two gas pipelines, 30-in and 36-
in, were installed across Matagorda
Peninsula, East Matagorda Bay, and
the mainland in 1971 and 1985,
respectively. The beach here is
transgressive with sand, shell, and
rock fragments, and a local erosion
rate of about 8 ft/yr. Tides are
1l to 1.5 ft and the Pleistocene
surface lies about 40 ft below the
island. Marshes are saline.
Installation of both lines involved
flotation canals in the bay but
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only the 30-in line was installed
in a flotation canal through the
backside of the island. Push-pull
canals were used for the remaining
portions of the 30-in line and both
ROW were backfilled and recontoured
but not replanted.

Strand - Chenier Plain System

Two gas pipelines, both 26-in, were

installed in 1958 and 1968
respectively, using flotation
canals at the beach crossings.

Both canals were dammed at the
beach. The first canal continued
as a flotation canal across the
marsh and had dams at regular
intervals and continuous spoil
banks on both sides. The second
canal was dammed inland at the
point where the push-pull
installation technique began. The
third line was a 4-in oil 1line,
also installed in a push-pull canal
which was backfilled. A cattle
walkway-levee was constructed on
top of the backfill using material
obtained from borrow pits dug on
alternating sides of the levee.
The beach in this area 1is
classified as a transgressive
barrier with sand beach ridges,
marsh, and mudflats. The depth to
Pleistocene strata ranges from 30
to 68 ft. The tidal range is 1.5
to 2 ft and shoreline erosion rates
average 18 ft/yr for the zome.

Mississippi Deltaic Plain System

O0f the three lines investigated
here, one was a 16-in gas line
installed in 1961, in a flotation
canal with continuous spoil banks
on both sides. The canal was
dredged west of Belle Pass and
dammed at the beach and at regular
intervals, including all waterway
crossings. The second line was a
6-in o0il line installed in 1973,
apparently in a push-pull canal



leading toward the  Fourchon
terminal. Both 1lines crossed
transgressive barrier beaches where
the average erosion rates were 39
to 57 ft/yr. Shoreline here
consisted of marsh-bay muds fronted
by a thin sandy beach and tides
ranged from 1 to 1.5 ft.

The third line was a 20-in gas line
installed in 1956 in a flotation
canal, having continuous spoil
banks on both sides, and being
aligned parallel to the backbay
side of Grand Terre. Grand Terre
is also a transgressive barrier
island with an average retreat rate
of 39 ft/yr. Depth to Pleistocene
strata along all three 1lines is
over 490 ft.

North Central Gulf Coast System

One pipeline in this area was a
20-in gasoline line installed in
1970 using a push-pull canal which
was backfilled. The other two
lines were 30- and 36-in gas lines
installed in 1958 and 1965,
respectively, in canals adjacent
and parallel to each other. The
canals had continuous spoil banks
on the east and west sides and a
thin bank between them. After the
second line was installed, one
continuous dam was installed across
both canals about 600 ft from the
Sound. All three lines stretched
through a saline to brackish marsh
and a relict beach ridge (Campbell
Island) before continuing into
upland areas. The shoreline here
is classified as a transgressive
barrier beach but consists of marsh
and mudflats. Tidal range is 1.5
to 2 ft and the Pleistocene strata
is very near the surface.

25

RESULTS
Texas Barrier Islands System

The ROW for the 30-in 1line
installed in 1971 was completely
revegetated by the time of the
field investigation in 1987 except
for that portion of the backfilled
flotation canal entering from East
Matagorda Bay. The 36-in ROW had
not revegetated to any extent two
years after construction, but the
elevation had been restored to a
level comparable to that of
surrounding marsh and dune areas.
There was no evidence of beach
erosion nor had blowouts or tidal
passes formed. No dams or erosion
control measures were undertaken
at the Gulf.

Strand - Chenier Plain System

There was no evidence of
accelerated erosion, blowouts, or
formation of tidal passes along
the ROW of either of the two 26-in
or the 4-in lines. The flotation
and push-point canals were plugged
naturally at the Gulf shore with
material resembling that of
adjacent areas in both composition
and form. The flotation can was
also filled with sediment for 600
ft inland from the Gulf and half
of this distance nearshore was
vegetated by salt marsh. The push-
point canal was only 380 ft long
and had shoaled to less than 2 ft

deep as a result of trapping
sediment from the eroding
shorefront. The flotation canal

increased in width, from 74 to 82
ft between 1974 and 1980, before
it completely filled in. The push-
point canal also increased in width
from 83 to 106 ft between 1974 and
1985. The push-pull canal north
of the push-point canal was filled
but unvegetated in 1987. It was
about 26 ft wide and had round



spoil mounds 1lining the canal
banks. The levee over the
backfilled, push-pull ditch for the
4-in line, was about 50 ft wide,
2 ft high, and covered with shrubs
and cattle trails. Borrow pits
near the beach were filled and
vegetated by oyster grass.

Mississippi Deltaic Plain System

Shoreline changes along the 16-in
line installed in 1961 were
influenced by construction of a
Pipeline perpendicular to the line
and parallel to the Gulf, and by
construction and maintenance of the
Belle Pass Navigation Channel. The
normal rate of shoreline retreat

has been offset by shoreline
accretion since 1974 due to
periodic deposition of channel

dredge material west of the jetty.
The width of the canal near the
reconstructed dam mnorth of the
Belle Pass wing levee increased
from 84 ft in 1974 to 130 ft in
1985 for an erosion rate of 4

ft/yrx.

There is no evidence of the 6-in
line at the beach southwest of the
Fourchon terminal. Shoreline
change in this area, while one of
the highest in the United States,
has been influenced in recent years
by Belle Pass maintenance dredging
and shoreline measures undertaken
immediately east of the line.

Most of the 20-in pipeline ROW on
the backside of Grand Terre has
shallowed to less than 2 ft in
depth, but the canal has also
widened from 66 ft in 1955/56 (at
the time of construction) to 100
ft in 1987. A central portion of
this ROW has completely filled and
become vegetated by salt marsh.
Between 1932 and 1983, Grand Terre
decreased in size from 899 ac to
704 ac. The percentage of the

26

island covered by the 20-in canal-
spoil complex has increased
slightly from 2.2% in 1971 to 2.8%
in 1983.

North Central Gulf Coast System

While the two flotation canals are
clearly distinguishable on the
landscape, the backfilled, push-
pull canal is barely visible. It
is now completely revegetated.
However, the plant composition in
the ROW is oyster grass, rather
than blackrush, the dominant plant
in this marsh. The backfilled ROW
is also slightly less consolidated
that the adjacent marsh when trod
upon. There has been mno
accelerated erosion at the Sound
shoreline.

The two flotation canals have
averaged about 1 ft of bank erosion
per year. The older canal (dredged
in 1958) increased in width from
59 ft to 74 ft between 1969 and
1985. During the same period the
younger canal (dredged in 1965)
increased from 75 to 90 ft in
width. There appears to be some
impounding of adjacent marsh on the
northern portion of the 1line,
southeast of Campbell Island where
spoil obliterated a preexisting
drainage network. No impounding
appears along the southern two-
thirds of the line. Erosion has
occurred around the west end of the
dam near the Sound where it 1is
exposed to wave action.

SUMMARY

These case studies have illustrated
a few of the variations in pipeline
emplacement techniques within the
four major coastal systems of the
Gulf Coast. Impacts have been
shown to vary, In some cases
because of construction techniques
such as in the case of the three



lines installed east of the North
Central Gulf Coast system. In
other areas, such as the Chenier
Plain, impacts to the beach have
been short-lived as a result of
transported material healing the
cut.

In general, pipelines crossing the
Texas Barrier System appear to have
the 1least observable impacts
because of a combination of the
environmental factors and proper
installation techniques. Pipeline
impacts in the Mississippi Deltaic
Plain System can be mitigated by
suitable construction techniques,
but lines through this region have
the potential for least damage only
if there is an extensive, healthy
marsh behind the beach.

Dr. Karen M. Wicker received a B.A.
in American studies from Mary
Washington College and an M.S. and
Ph.D. in geography from Louisiana
State University. She is presently
Director of  Applied Science
Division of Coastal Environments,
Inc. Her research experience
includes habitat mapping, air-photo
interpretation, and the application
of scientific research principals
to the solution of environmental
and social problems, such as land
loss, property ownership, property
damage, management of wetlands for
multiple uses, and mitigation of
habitat loss resulting from
development.
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Impacts of OCS-Related
Activities on Coastal
Habitats: Produced Waters

Dr. Nancy N. Rabalais
Dr. Donald F. Boesch
Louisiana Universities
Marine Consortium;
Mr. Charles S. Milan,
Mr. Charles B. Henry,
Mr. Jay C. Means,
Mr. Robert P. Gambrell,
and
Mr. Edward B. Overton
Louisiana State University

Studies of the impacts of O0CS
produced waters on sensitive
coastal habitats were funded by
the Minerals Management Service
(MMS) through Coastal Environments,
Inc. The project has been
completed and the draft final
report (Boesch and Rabalais 1989)
submitted to MMS. The objectives
of one part of this study were to
(a) quantify the location and
characteristics of Quter
Continental Shelf (0CS) produced
waters into coastal environments
of the Gulf of Mexico, and (b)
provide an assessment of the
environmental fate and effects of
selected discharges. An inventory
of produced water discharges based
on records of regulatory agencies
in Texas and Louisiana was
compiled. The other Gulf States
(Mississippi, Alabama, and Florida)
do not permit the discharge of
produced water into surface waters.
A field assessment provided a
general delimitation of the scope
and nature of the impacts.

During the production of oil or
gas, water that is trapped within
permeable sedimentary rock may also
be brought to the surface. This
water 1s called produced water,
formation water, connate water, or



oilfield brine. These waters may
have dissolved solids levels, or
salinity, in excess of sea water.
In coastal Louisiana, the salinity
of produced water ranges from 50
to 150 parts per thousand (ppt),
and varies depending on the depth
of the formation or proximity to
a salt diapir. In addition to
elevated salinity, produced water
also contains elevated levels of
various inorganic compounds (trace
metals, sulfides, and elemental
sulfur) and organic compounds
(petroleunm hydrocarbons and
partially oxidized organics).
Produce waters contain high
concentrations of volatile
aromatics, phenols, aliphatic
acids, saturated alkanes, and low
molecular weight polynuclear
aromatic hydrocarbons (PAH) (Figure
2.1). The amount of produced water
generated also varies greatly with
an older field, with declining
petroleum reserves yielding a high
ratio of water to oil.

To transport and use the petroleum
product, water must be removed, as
completely as possible. This is
conventionally done by
depressurization and gravity
separation. The produced waters
are then reinjected into the well
or discharged into surface waters.
If discharged to surface waters,
the solution may be held additional
time in tanks or ponds to reduce
the o1l grease content of the

effluent.

There 1s a variability among
produced water discharges. The
hydrocarbon content of those

examined in our study varied from
10 to 55 parts per million (ppm),
alkanes from 6 to 55 ppm, and
aromatic hydrocarbons from 2.5 to
6 ppnm. Concentrations of the
organic constituents may depend on
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the separation and treatment

technologies employed.

The discharge of produced waters
is a widespread ©practice in
estuarine and marine environments
of the northwestern Gulf of Mexico.
In addition, discharge of produced
water into freshwater
distributaries of the Mississippil
and Atchafalaya Rivers and some
intermittent streams leading to
Texas estuaries 1is currently
allowed. Data assembled indicates
that 3.4 million barrels per day
are discharged into the estuarine,
coastal, and continental shelf
environments in the Gulf of Mexico.
Approximately 70% of these
discharges enter the estuarine
systems of Louisiana and Texas.
Produced water discharges are more
numerous and voluminous in
southeastern Louisiana and on the
upper Texas coast. The database
compiled also allowed wus to
determine the estuarine basin and
the habitat type (fresh marsh,
brackish marsh, saline marsh, open
bay, and offshore) into which the
effluent was discharged. Of the
produced waters generated on the
0CS, 38% are piped ashore for
separation and disposal in
Louisiana coastal waters.
Furthermore, approximately 23% of
produced water discharged into
Louisiana coastal and estuarine
waters emanates from the O0OCS.

There have been previous studies
of produced water discharges, some
quite exhaustive. None, however,
have examined large-volume
discharges such as O0CS-generated
produced waters discharged in
coastal Louisiana, nor into more
confined bodies of water. Three
sites representing large volumes
into different hydrological
conditions were selected for field
assessments: Bayou Rigaud, behind



Concentration, ng/mL (ppb)

-i N (2] & [34]

o o [=]

o (= o o o

o o o o o o

§ -y 1 P Y 1 | Y P |
BENZENE
TOLUENE
ETHYLBENZENE
XYLENES

PHENOL N
2900

p-CRESOL
m,0-CRESOL

PENTANOIC ACID
HEXANOIC ACID
HEPTANOIC ACID
BENZOIC ACID
METHYLBENZOIC ACID
METHYLBENZOIC ACID
OCTANOIC ACID
NONANOIC ACID
DECANOIC ACID
3-METHYLOCTANDIOIC ACID
NAPHTHALENE
C-1 NAPHTH.
C-2 NAPHTH.
C-3 NAPHTH.
FLUORENE [N _
DIBENZOTHIOPHENE N
C-1 DIBENZOTH. N\
C-2 DIBENZOTH. NN
C-3 DIBENZOTH. N,
PHENANTHRENE
C-1 PHEN.
C-2 PHEN. BN
C-3 PHEN. N
ANTHRACENE N 1.

Figure 2.1. Comparison of the relative concentrations of selected
compounds detected in a produced water discharge from the

Bayou Rigaud study area.
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Grand Isle; Pass Fourchon; and the
bay of East Timbalier Island.

Produced water effluents act as a
dense plume upon discharge into
estuarine waters. Elevated levels
of salinity and volatile organics
were found just above the bottom
near discharges in Bayou Rigaud and
Pass Fourchon. In Bayou Rigaud,
where bottom currents are swift,
sufficient turbulence is generated
to mix the bottom hugging plume.
At Pass Fourchon, on the other
hand, tidal flows are much less
energetic because of the dead-end
nature of the closed pass. The
dense plume retained its identity
until mixing at a point 1 km from
the discharge where the pass meets

a canal and tidal energy is
intensified.

Contaminated sediments were
typified by: (1) the presence of
petroleum-derived PAH; (2) alkyl-
substituted homologs at higher

concentrations than wunalkylated
parents; and (3) a fossil fuel
pollution index which indicated
that more than one-half of the PAH

were of petroleum origin
(FFPI>0.05). Sediments well
removed from the discharges

contained trace or non-detectible
levels of petroleum-derived
hydrocarbons and an FFPI<0.3. PAH
in these sediments, 1if detected,
were usually pyrogenic in origin.
Concentrations of PAH in sediments
exceeded apparent background levels
by over an order of magnitude
(Figure 2.2). Sediments within
several hundred meters and up to
one kilometer from the produced
water discharges studied exhibited
evidence of petroleum
contamination. The effect is more
extensive than reported for other
produced water discharges which
have been studied, because of the
lower physical dispersion in the
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bayous and canals into which the
discharges take place and the large
volumes of produced water
discharged.

The degree of contamination of
bottom sediments by trace metals
contained in the produced waters
is far less than that for petroleum
hydrocarbons.

The data on contaminants in biota
must be interpreted with great
caution because of the 1limited
number of samples on which the
results are based. The metals
results are ambiguous, and the
differences in concentrations
between produced water sites and
control sites are not great.
Results from hydrocarbon analyses,
however, demonstrate the clear
potential for uptake of produced
water-associated hydrocarbons by
filter feeding molluscs in the
vicinity of the discharge.

The environments which were studied
and received ©produced water
discharges are presently disturbed
benthic habitats even without the
effects of produced water
contaminants. Consequently, the
benthic fauna is of low diversity
and is composed of opportunistic
species. still, at 1locations
closest to the discharge, where
bottom sediments were heavily
contaminated, the macrobenthic
fauna 1is essentially eliminated
(Figure 2.3). Low densities of
organisms and few species were
found under conditions of moderate
hydrocarbon contamination of
sediments.

REFERENCES

Boesch, D.F. and N.N. Rabalais,
eds. 1989, Produced waters in
sensitive coastal habitats: an
analysis of impact, Central coastal
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Gulf of Mexico. OCS Report/MMS 89-
0031. U.S. Dept. of the Interior,
Minerals Management Service, Gulf
of Mexico OCS Regional Office, New
Orleans, Louisiana. 157 pp.

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
oceanography. 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.

Dr. Donmald F. Boesch 1is the
Executive Director of the Louisiana
Universities Marine Consortium.

One Company's Experiences with
Wetlands Conservation

Mr. W.L. Berry
and
Mr. G.J. Voisin
The Louisiana Land and
Exploration Company

The Louisiana Land and Exploration
Company (LL&E) has owned in fee
simple since the 1920’'s some
600,000 acres of land in south
Louisiana, mainly wetlands. Over
33 years ago, LL&E (1) recognized
the significance of the erosion
occurring on these properties, (2)
evaluated means to combat the
problem, and (3) initiated on its
own, pioneering efforts to preserve
Louisiana’s marshlands. In April
1954, the first "water control
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structure” (weir) to be used for
that purpose in the United States
was 1installed. Since then the
company has installed 400 such
structures, totalling almost five
miles in length. In addition to the
multimillions of dollars in
construction costs, LL&E currently
spends over §1,000,000 annually for
maintenance.

Furthermore, actions considered
detrimental to the wetlands are
restricted in contracts involving
LIAE property. Lessees have been
required to construct hundreds of
additional water control
structures, dams, and bulkheads,
and to take other actions to
prevent the loss of wetlands. Such
restrictions predate current
regulatory requirements.

LL&E has also entered into an
agreement with the U.S. Soil
Conservation Service (SCS) whereby
SCS conducts studies of existing
conditions in wvarious areas and
recommends means to prevent further

land loss. Based on SCs
recommendations three marsh
management units containing

approximately 20,000 acres have
been permitted. A number of
additional so-called "Marsh
Management Plans"” have been
completed and are ready to be
permitted.

Investigations by LL&E in recent
years have shown that LL&E's
programhas produced results beyond
expectations. with improved
conditions in the protected areas,

they have become, in effect,
nursery grounds for fish, shrimp,
and other marine life and

sanctuaries for waterfowl and fur-
bearing animals. The positive
results of such activities also
have been documented in the



literature. These results will be
detailed in the paper.

The paper also will cover: (1)
concerns with the present
regulatory scheme for permitting
"Marsh Management Plans,” such as
(a) inordinate time periods
required to obtain plan approval,
(b) the burden of onerous
monitoring requirements being
placed on landowners as permit

conditions, and (c¢) 1inadequate
permit terms which are even
inconsistent between state and

federal agencies; and (2) the need
for tax incentive to encourage

landowners to take measures to
protect their property from
erosion.

Finally, LL&E recommends that the
use of the much maligned term
"Marsh Management"” be dropped and
replaced with "Wetlands
Conservation," which is
considerably more descriptive of
a landowners goal in preserving
his property.

Mr. W.L. Berry has been the
Director of Environmental Affairs
& Safety for The Louisiana Land &
Exploration Company since June
1987. Prior to that he worked for
Shell 0il Company for 32 years in
various E&P oil and gas
assignments. Since 1971 his
experience has been related mainly
to environmental and safety
matters. He received a B.S. degree
in chemical engineering from the
University of Missouri in June
1955.

34

Wetlands Mitigation:
A Study of Marsh Management

Dr. Charles G. Groat
Dr. Donald R. Cahoon
Louisiana Geological Survey;
Mr. Darryl R. Clark
Louisiana Department of
Natural Resources;
and
Mr. James Wilkins
Louisiana State University

INTRODUCTION

A Wetlands Mitigation Study is
being undertaken for the Minerals
Management Service by the Louisiana
Department of Natural Resources
(DNR) through the offices of the
Louisiana Geological Survey and the
Coastal Management Division, with
the assistance of the Sea Grant
Legal Program of Louisiana State
University. 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 summarizing

the essential aspects of marsh
management in Louisiana - the
administrative framework within

which it occurs, public interest
goals, engineering and construction
techniques, annotated literature
review, environmental conditions
within which it occurs, monitoring,
and ecological consequences.
During the first seven months of
the project, work on project design
and methodology development was
completed while data acquisition,
data synthesis, and data reporting
were commenced.



PROJECT ACCOMPLISHMENTS
Administrative Concerns

A draft report has been completed
of the legal framework of marsh
management. The legal aspects of
marsh management activities in
Louisiana are affected by both
state and federal laws dealing with
property ownership, mariculture
operations, water pollution
control, and protection of
navigation, coastal wetlands,
endangered or threatened species,
and fisheries. Marsh management
activities are regulated by many
agencies acting under authority of
laws with widely varying purposes.
There appears to be no uniformly
accepted policy as to desired goals
and the best techniques that should
be used to achieve them.
Consequently, marsh management
operators feel either they are
overregulated or that various
agencies with cross purposes are
not doing enough.

Public Interest Goals

A draft report has been completed
of the public interest goals (i.e.,
policies) of marsh management. The
public interest goals surrounding
marsh management are often widely
divergent. While marsh management
is considered by some to further
certain public goals such as land
loss prevention and increasing
biological productivity, it is
considered by others to impede the
attainment of those same goals and
other goals such as public access
and state property ownership. The
dispute stems, in large part, from
a lack of scientific data on some
subjects and disagreement over
existing data. Policy of the
various regulatory agencies toward
marsh management is evolving as
understanding of the coastal land
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loss problem advances, and
decisions are made on the
inevitable trade-offs. Some key

policy issues being debated concern
the effect of marsh management on
landloss prevention, estuarine
organism access (e.g., fisheries),
and public access and property
ownership rights. Other key issues
include the use of mariculture in
marsh management operations and for
monoculture of target species. The
necessity for monitoring the
effectiveness of marsh management
(an expensive activity required of
the landowner) is being openly
debated, as is the concern that
marsh management activities may
interfere with freshwater and
sediment diversion projects
designed to restore wetlands.

Annotated Literature Review

More than 700 literature sources
have been reviewed with 100
identified as directly relating to
marsh management practices. The
bibliography will be computerized
with a retrieval code that allows
users to access citations by state,
basin, marsh type, management
orientation, resource (e.g.,
ducks), and reference source.

General Study Area Conditions

Approximately 130 applications have
been submitted to DNR to manage
nearly 198,000 hectares (16%) of
the wetland habitat in coastal
Louisiana. Of these, 95 have been
permitted, encompassing slightly
more than 9% of the wetland area.
At present, only 7% of the coastal
area is under private management
because only 52 of the permitted
marsh management plans have been

implemented. State and federal
management areas and refuges
encompass an additional 160,000
hectares. An atlas has been



prepared showing the location of
the private and public marsh
management areas. The atlas will
be updated to include 40 additional
plans prepared by the U.S. SCS and
all plans permitted solely by the
U.S. Army Corps of Engineers (COE).

Most applications for private plans
have been submitted in Cameron,
Terrebonne, and Lafourche Parish.
Most plans are intended to manage
fresh to intermediate marsh (45%)
and brackish marsh (39%). Over
two-thirds of the plans involve
structural control of water levels.
A profile of permitted private
marsh management plans is being
compiled from file data. A list
of variables has been compiled that
includes descriptive variables
(e.g., habitats, salinity,
operation schedules) not contained
in current databases. COE permit
file data will be included in the
profile and a system has been
established for exchanging
information with the COE.

All of the 1956 and 1978 habitat
maps for coastal Louisiana have
been gridded to a 25-meter-square
cell size and converted to ERDAS
GIS format. This will enable us
to produce maps and digital data
for statistical comparison of
habitats in the entire Louisiana
coastal zone. In order to save
time and computer storage space,
the Cowardin habitat codes are
being aggregated into 19
categories. Aggregation of the
1956 data 1is complete while
aggregation of the 1978 data is
ongoing.

The  hydrologic and geologic
conditions of the coastal zone are
being described for each hydrologic
basin. The types and rates of
natural and man-induced changes
will be documented as well as
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baseline environmental data

presented and evaluated.
Monitoring Program
The design of the monitoring
program has been completed and
monitoring work has commenced.
The monitoring program will be
completed in two parts. All
monitoring data submitted by
landowners as required by their
marsh management permit is being
reviewed and synthesized. In
addition, new field data is being
acquired. Historical change in
habitat for 16 select management
plans is being determined through
analysis of aerial photographs from
1956, 1978, 1981 or 1983, 1985, and
1988. Changes within the managed
area are being compared to nearby
unmanaged areas. At two of the 16
sites (and their control-unmanaged
areas) intensive field data
collection (i.e., monitoring) will
commence in November to address the
six major concerns of the
regulatory agencies who must
approve every marsh management
plan. The concerns are related to
the influence of marsh management
of marsh loss, fisheries, wildlife,
habitat change, water quality, and
cumulative effects (Table 2.1).
The intensive monitoring will take
place at the Tenneco-La Terre marsh
management site and the Rockefeller
Wildlife Refuge and Game Preserve.
The influence of marsh management
on hydrology, vegetation dynamics,
soil erosion-accretion, sediment-
nutrient dynamics, soil parameters,
and fisheries will be investigated.

Dr. Charles G. Groat 1s State
Geologist and Director of the
Louisiana Geological Survey (LGS).
He is project director for the
Wetlands Mitigation Study being
conducted by the Louisiana



Table 2.1. Six major concerns of the government agencies
regulating marsh management.

I. To what extent will the marsh management plan influence marsh loss and marsh
health?

II. To what extent will the marsh management plan impact fisheries?
III. To what extent will the marsh management plan impact wildlife?
IV. To what extent will the marsh management plan change marsh type?

V. What is the impact of the marsh management plan on water quality as related to
vegetation, fish, and wildlife?

VI. Will the marsh management plan contribute to off-site cumulative effects?
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Department of Natural Resources
through LGS and the Coastal
Management Division, with the
assistance of the LSU Sea Grant
Legal Program. Dr. Groat, a
geologist, holds a B.S. from the
University of Rochester, an M.S
from the University of
Massachusetts and a Ph.D. from the
University of Texas at Austin.

Dr. Donald R. Cahoon 1is an
Assistant Professor-Research at the
Louisiana Geological Survey. He
is project manager for the Wetlands
Mitigation Study and is charged
with coordinating all project
efforts. He 1is 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
an M.S. and Ph.D. in plant ecology
from the University of Maryland.

Mr. Darryl R. Clark is Chief of the
Wetland Resources Sections of the
Coastal Management Division,
Louisiana Department of Natural
Resources (DNR). He is part of the
DNR management team that will
perform the suitability analysis.
He is supervising all mapping and
computer-related efforts for the
Wetlands Mitigation Study. He has
over seven years experience in
regulatory affairs related to marsh
management. Mr. Clark, an aquatic
biologist, received a B.S. 1in
biology from the University of
Southwestern Louisiana and an M.S.
from USL in aquatic zoology.

Mr. James Wilkins 1is a staff
attorney for the Sea Grant Legal
Program at Louisiana State
University specializing in
environmental and coastal mnatural
resources law. He is preparing the
reports on Administrative Concerns
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and Public Interest Goals for the
Wetlands Mitigation Study. He was
formerly employed as a Coastal
Resource Analyst at the Coastal
Management Division, Louisiana
Department of Natural Resources and
as Research Associate at the Center
for Wetland Resources at LSU. Mr.
Wilkins received a B.S. in biology
from Centenary College of
Louisiana, an M.S. in biology from
Texas A&M University, and a Juris
Doctor from Louisiana State
University Law School.

The Disappearing Mississippi
River Delta

Mr. H. Leighton Steward
and
Mr. Bill Berry
The Louisiana Land and
Exploration Company

The Mississippi River Delta lies
in the northern Gulf of Mexico.
It 1is extremely important to
Louisiana and the entire Nation--
about 40% of the lower 48 states’
wetlands are located here. These
wetlands are the breeding grounds
and habitat for tremendous
quantities of aquatic life, fur-
bearing and other animals, and
waterfowl and song birds; all of
which are 1important to many
industries, inhabitants of the
lower Gulf Coast, and the entire
country. This presentation
addresses the formation of the
Mississippi River Delta and the
natural destruction of portions of
several of its major lobes, that
has occurred in approximately the
last 6,000 years.

During this time period a total of
14,000 square miles of new land
extending into the Gulf has been
deposited. Yet only 7,000 square



miles or 50% remains today and it
is disappearing rapidly, mainly
from natural causes--at a rate
estimated as high as 60 square

miles a year. The natural
destructive forces include
compaction, subsidence, and wave
action.

While most of the new 1land

disappeared before man set foot on
the northern coast of the Gulf of
Mexico, he has contributed to the
destructive cycle. By leveeing the
lower Mississippi River to prevent
the loss of life and property from
periodic flooding, he has channeled
the sediment-rich Mississippi River
water into the deep waters of the
Gulf of Mexico where it builds no
new land. Previously, the
Mississippi commonly overflowed its
banks and spilled a lot of sediment
which replenished low-1lying areas.
The new sediment previously kept
the land in the lower Mississippi
Delta above sea level--but not
anymore.

Other activities of man, such as
navigation and oil field canals,
have undoubtedly contributed to
the wetlands loss noted today in
coastal Louisiana. However, by

far the two dominant factors
involved are: (1) the natural
forces of nature and (2) the

leveeing of the Mississippi and

the resulting lack of sediment
replenishment.

Mr. H. Leighton Steward is
President of The Louisiana Land &
Exploration Company (LL&E) and
Chief  Operating Officer and
Director since January 1985. He

joined LL&E in August 1982 as
Senior Vice President, Exploration
and Production. His previous
experience in the o0il and gas
industry encompassed 20 years with
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Shell 0il Company, Burlington
Northern, and Kilroy Company of
Texas. Mr. Steward is a Director

of the American Petroleum Institute
and is currently Chairman of the
General Committee of Exploration
Affairs of API. He 1s also
Chairman of the Louisiana Division
of the Mid-Continent 0il and Gas
Association. He received B.S. and
M.S. degrees in geology from
Southern Methodist University.

Mr. Bill L. Berry has been the
Director of Environmental Affairs
& Safety for The Louisiana Land &
Exploration Company since June
1987. Prior to that he worked for
Shell 0il Company for 32 years in
various E&P oil and gas
assignments. Since 1971 his
experience has been related mainly
to environmental and safety
matters. He received a B.S. degree
in chemical engineering from the
University of Missouri in June
1985.
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0il Spill Control
and Cleanup:
Session Overview

Mr. Gerard H. Schonekas
and
Ms. Darice K. Breeding
Minerals Management Service
Gulf of Mexico OCS Region

Pursuant to 30 CFR 250.42, all
lessees in the Gulf of Mexico (GOM)
are required to submit an Oil Spill
Contingency Plan prior to Minerals

Management Service (MMS) plan
approval for oil and gas
operations. This requirement, as

well as the oil and gas industry’s

expansion into previously
undeveloped areas of the GOM,
requires MMS to address 1issues
relating to o0il spill response

equipment needs, time frames for
initiating response, logistics for
response, and equipment
capabilities. Consequently,
advances and/or developments in oil
spill contingency planning and
response are of great interest to
MMS. This session was injitiated
to provide input on these issues.

The first presentation was given
by Mr. Edward Tennyson of the
Technology Assessment and Research
Branch of MMS. Mr. Tennyson’s talk
included discussions on open ocean
oil spill response criteria and
MMS accomplishments in recent open
ocean o0il spill research including
the evaluation of shipboard
navigational radar as an oil spill
tracking tool during the 1987
Newfoundland oil spill experiment.
The discussion of open ocean oil
spill response criteria provided
detailed information on time frames
for initiating response; equipment
needs; logistics of notification,
containment, and recovery, storage,
transportation, disposal, equipment
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storage, training, and vessel
support; and drills, dispersant
equipment, and equipment
capabilities.

The utility of shipboard

navigational radar as an oil spill
tracking tool was evaluated in a
wide range of sea states during an
intentional oil spill exercise off
Nova Scotia, in September 1987.
Specially tuned ship’s navigational
radar on board the Canadian Coast
Guard Cutter "Mary Hitchens" was
able to detect slicks of five
barrels of spilled crude oil during
periods of fog, rain, and darkness.
Slicks were detectable in winds
ranging from less than 19 knots to
over 30 knots. There appeared to
be a correlation between slick
thickness and the capability for
radar detection.

Lt. Cmdr. Kichner, Chief of Port
Operations, U.S. Coast Guard,
Marine Safety Office, Mobile,
Alabama, provided a detailed
overview of the operational aspects
of the response to the oil spill
resulting from a barge hitting a
submerged object on August 11,
1988, in the Mississippi Sound.
A barge reported missing in the
aftermath of hurricane Florence on
August 8, 1988, was discovered
submerged 1.4 miles east of the
Gulfport ship channel at 3 AM on
August 11, 1988, when struck by two
Midstream barges hooked up stern
to stern. The grounded barges were
loaded with approximately 18,000
barrels of crude oil. The
immediate goals of the cleanup
effort were to (1) stop the source
of pollution and (2) clean up the
existing slick (3 mi long x 1 mi
wide) which was slowly heading in
a southwesterly direction. Weather
conditions were generally favorable
throughout the cleanup effort.
Containment and cleanup of the oil



before it hit the beaches was an
immediate concern due to the
environmental sensitivity of the
area's coastline and the barrier
islands (i.e., Ship Island, Cat
Island) in proximity. Most of the
0il leaking from the grounded barge
prior to its offloading was
contained by boom deployed around
the barge by Peterson-Reidel and
removed by sorbent pads. During
this time the wind shifted
direction to the advantage of the
cleanup operations, moving the
spilled o0il between Ship and Cat
Islands. With the wind picking up,
the o0il slick dispersed and the
threat to these barrier islands was
avoided. Skimming operations were
deemed unnecessary at this point.
No o0il was reported on the
shoreline of these barrier islands
as a result of this spill.

Mr. Jim O’Brien, president and
owner of O’Brien’s 0il Pollution
Service (00PS), a company involved
in developing oil spill response
plans for various segments of the
oil and gas industry, discussed oil
spill contingency planning and
logistics for oil spill response.
Regulatory requirements and/or
considerations, available equipment
listings, as well as how logistics
are considered in oil spill
response were reported on during
this presentation. Equipment
listings mentioned by Mr. O’Brien
included the Spill Cleanup
Inventory System (SKIM) maintained
by the U.S. Coast Guard, the Marine
Industry Group (MIRG) Resource and
Logistics Directories, various
telephone yellow page directories,
as well as publications such as the
World Catalog of 0il Spill Response
Products.

An important part of the logistics
of o0il spill response concerns the
packaging of the equipment so that
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it can be rapidly transported by
a variety of transportation modes.
The development of a planning
checklist for use by the on-scene
coordinator in selecting equipment
for use in an o0il spill incident
and the development of tables that
address logistical requirements for
a cleanup methodology are some of
the various efforts which have been
undertaken to ensure that the
logistical aspects are addressed
during an actual spill response
action. In summary, Mr. O'’Brien
stressed that logistics are the
single most important aspect of any
oil spill response operation and

in almost any instance will
determine the success of the
cleanup.

Mr. Bill Kohut of MMS, Pacific OCS
Region, reported on the onsite
drills and cleanup techniques
utilized in the Pacific OCS Region.
0il spill contingency planning for
this region is based on three
levels of oil spill response. The
first level of response 1is the
responsibility of the facility
operators and includes onsite
equipment capable of containing
small spills up to ten barrels.
The second 1level of response
provided by the two oil spill
cooperatives located in southern
California is designated to take
care of any spill the onsite
equipment is unable to handle. A
third level of response provided
by the U.S. Coast Guard Strike
Force located near San Francisco
is available as backup. In order
to ensure that operators are in
compliance with their approved oil

spill contingency plan in the
Pacific O0OCS Region, an  MMS
representative witnesses an
unannounced oil spill response

drill of its first-level response
equipment at least once a year at
each platform and at least once



during the course of drilling each
exploratory well from a mobile
drilling unit.

Spills are simulated by the use of
sorbent pads as targets during the
drills. Each hypothetical spill
scenario is specified by the MMS
representative and the operator is
expected to respond by deploying
equipment, containing the target
pads, and setting up spill
logistics as though it were an
actual spill event. Effective
operation of the onsite equipment
was reported to be limited to the
four- to six-ft sea range; however,
this response capability is
adequate for the environmental
conditions in this area as 75-80%
of the time the Santa Barbara
Channel experiences less than a 5-
knot wind. During a drill, the
operator is generally expected to
have the hypothetical oil spill
contained within one hour.

The final presentation was given

by Mr. Harry Young, progranm
coordinator of Texas A&M
University’s 0il Spill Control
School. Mr. Young expressed the

opinion that between the various
contingency plans in existence,

there was perhaps a need to
determine how all of these
documents fit together. He further

identified resources available for
use 1in oil spill response including
the MIRG directories and the U.S.

Coast Guard and Clean Gulf
Associates equipment and
capabilities. The need for

training was stressed, particularly
the need for conducting oil spill
response exercises to test (1)
communications, (2) lines of
authority, and (3) the capabilities
of the operations center in both
table-top and full-scale exercises.
Mr. Young also mentioned that more
interest was being expressed by

47

governmental offices at a local
level, and as a result the
possibility that problems may be
encountered when local contingency
plans differ from federal response
plans should be considered. Great
progress was cited over the last
ten years, particularly in the area
of planning for the wuse of
dispersants.

Mr. Gerald H. Schonekas is a
petroleum engineer in the Technical
Assessment and Operations Support
Section of the MMS. He has 15
years of industry experience as
well as 15 years of Federal
Government service relating to the
oil and gas industry. He was
previously employed by Schlumberger
Well Surveying Corporation as a
well logging and completion
engineer and by Avondale Shipyards
as an o0il rig design and test
engineer. He received his B.S.
degree in mechanical engineering
from Tulane University.

Ms. Darice K. Breeding 1is a
Physical Scientist in Leasing and
Environment, Environmental
Operations Section of the MMS Gulf
of Mexico O0OCS Regional Office.
Her responsibilities include the
research, assessment, and reporting
on the interrelationship of the 0CS
oil and gas program in the Gulf of
Mexico Region with o0il spill
response and contingency planning
issues.



Logistics Requirements
for 0il Spill Contingency
Planning and Equipment

Mr. E.J. Tennyson
Minerals Management Service
Branch of Technology
Assessment and Research
Headquarters Office

CRITERIA FOR EMERGENCY
OIL SPILL RESPONSE
PLANNING

The benefits of emergency oil spill
response preplanning are
significant as once an incident
occurs it’s too late to plan. The
U.S. Coast Guard (USCG) Commandant
Notice included in the Marine
Safety Manual at 5740.6 provides
specific guidelines on spill
response capabilities for the
preparation of 0il Spill
Contingency Plans (OSCP) required
of Outer Continental Shelf (0OCS)
oil and gas lessees/operators. An
OSCP is required to be submitted
for approval prior to the Minerals
Management Service (MMS) granting
a permit to conduct oil and gas
operations on the 0OCS. In the Gulf
of Mexico (GOM) Region, regional
OSCP’'s covering more than one area
of operations are generally
submitted. This is also the case
in the Pacific Region, with some
exceptions; however, in the Alaska
Region, due to 1limited drilling
activity, OSCP’s generally cover
only one area of operations. The
MMS is charged with the
responsibility for overseeing oil
spill response planning by the 0CS
lessee before a response is needed
while the USCG’'s responsibilities
include overseeing an actual spill
response.

A review of the oil spill events
occurring on the OCS over the past
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20 years (most of which have
occurred as a result of tanker
operations) has indicated two main
problem areas which significantly
reduce the cleanup capability at
a spill site: (1) the ability to
be onscene in a timely manner, and
(2) storage and disposal capacity
once and if the oil is recoverable.

Timeliness in spill responses is
of utmost importance. The time
frame for initiating response is
generally dependent upon a predone
trajectory analysis indicating the
amount of time it would take for
a spill to leave a predesignated
launch site and impact or reach a
specific resource. The time frame
for initiating response is
generally 6-12 hours; however, this
time frame may be shorter or longer
dependent upon the results
indicated by the trajectory
analysis. In the GOM, due to the
distance of some activities to
shore, a standard response time of
6-12 hours may be too short a time
frame for response in some
instances. Response times are
approved or disapproved for each
lease block or proposed activity
by the Regional Director (RD).

The USCG guidelines call for
initial response equipment to an

offshore spill to have 1,000
bbls/day fluid (oil and gas)
recovery capacity. Some OGS
regions accomplish this with a

tiered process combining the use
of a small amount of onsite
equipment with backup equipment
that 1is available within the
indicated response time. The
guidelines also call for the
identification of equipment and
personnel, as well as the location
and the logistics for the transport
of this equipment, which is capable
of responding on a continuous basis
to spills greater than 1,000



bbls/day. This equipment may be
required to be onsite within 48
hours of a spill report.

Historically, one of the greatest
problem areas in emergency oil

spill response is logistics.
Logistical problems can occur
during notification; containment

and recovery; storage;
transportation; and disposal of
spilled oil. Aspects regarding
equipment storage, personnel
training, and vessel support can
also produce logistical problems.
In the event that a spill of
reportable significance occurs,
immediate notification is required
by the responsible party to MMS,
the USCG, and various other
entities on a regional basis.
Sufficient equipment should be
onsite within the designated
response times to process the
required 1,000 bbls/day of
recovered fluids. Routinely in a
response mode there is a minimum
of a one to one oil/water ratio.
One of the biggest logistical
problems has been the storage of
the recovered oil. Storage
capacities must correlate with
spill recovery rates so that
recovery of fluids can continue at
the 1,000 bbls/day rate.
Additionally, methods must be
identified for the transportation
of recovered fluids to an approved
disposal facility. Approved
disposal facilities capable of
receiving and processing recovered
fluids for recovery rates of 1000
bbl/day and higher should also be

identified at the preplanning
stage.
Generally, oil spill response

equipment is stored at centrally
located depositories from which the
equipment can be brought onsite and
the cleanup effort initiated within
the time frame approved by the RD.
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In some cases equipment may be
located onsite as well. This
stored equipment should be

inspected periodically and selected
equipment should be deployed during

drilils. Equipment should be
maintained 1in accordance with
manufacturer’s or contractor’'s
schedules to assure proper
performance. Operators are

depended upon to maintain their own
equipment. This aspect is normally
reviewed by MMS during inspections
and drills.

Training 1is a key issue. It is
essential that personnel be trained
in the use of the equipment that
they will be expected to use. In
addition, a hierarchy of personnel
to oversee the spill situation and
the personnel familiar with
equipment deployment, recovery, and
operation should be identified at
the preplanning stage.

Tow, recovery, and transport
vessels must be identified to
operate the containment, recovery,
storage, and transportation aspects
of the response and should be
available within the designated
response time. Vessels involved
in containment and recovery must
be able to effectively maneuver
while towing containment booms at
relative speeds of less than 5
knots.

The USCG guidelines recommend that
drills be conducted at least
annually to exercise all components
of the plan including selected
equipment. This correlates with
MMS requirements for annual drills
(30 CFR 250.43(b)). Preplanned
and/or unannounced drills may be
required by MMS.

Regarding preplanning for
dispersant usage, it is recommended
that proper dispersants be



available in sufficient quantities
to be applied within the response
time frame. Sufficient application
equipment should be identified and
maintained as part of the spill
response effort. Trained personnel
should also be identified. One of
the biggest problems with
dispersant usage has historically
been the dispersant application

rate. Another problem area
involves the length of time it
takes to get permission for

dispersant use in some situations.
As the optimum response time for
mechanical or dispersant usage is
within the first six hours, efforts
are currently underway to shorten
the amount of time it would take
to get permission for dispersant
use in some areas/situations.

Examination of the available
database indicates that equipment
capability is essentially
undocumented over sea state 3-4,
containment booms lose o0il at
relative velocities greater than
0.5 knots, and the maximum wind
speeds for dynamic upwind recovery
are 15-20 knots.

SHIPBOARD NAVIGATIONAL
RADAR AS AN OIL SPILL
TRACKING TOOL

Introduction

The capabilities of two x-band
shipborne navigational radar units
to detect 01l slicks were evaluated
during a joint Environment Canada-
Minerals Management Service cruise
offshore of Nova Scotia, Canada,
in September 1987. Two series of
spills wvere conducted; each
consisted of five releases of five
imperial barrels of Alberta Sweet
Blend Mix (ASBM) crude and ASBM to

which Bunker C had been added. The
behavior of these slicks was
monitored until the slicks had
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visually dissipated. Radar was
used to track these slicks and the
radar images were compared with
visual observations when conditions
pernmitted. Winds ranged from less
than 10 to over 30 knots during the
radar elevation. Weather ranged
from fog to rain to clear
conditions.

The application of airborne x-band
and synthetic aperture radar for
slick detection 1is a proven
technique with a number of
worldwide operational units
routinely available. Previous
evaluation of shipborne radar
(Axelsson 1974) indicated that
detection ranges for oil slicks
were limited to approximately 1
kilometer even though the radar
unit evaluated had a maximum range
of 75 nautical miles. Discussions
of factors influencing radar
imagery conventionally describe a
critical viewing angle of at least
20 degrees for sufficient
reflection to yield a discernible
pattern of sea surface conditions
(Simonett 1983). One evaluation
of optimal antenna viewing angles
(C-Core 1981) indicated that 30° to
45° from the vertical angle would
be required. This lends credence
to the findings of Axelsson and
appears to explain the previously
reported limited range of shipborne
radar. However, evaluations during
this cruise indicated that clear
depictions of slicks are possible
at ranges of 12 nautical miles or
more.

Field Experiment

The joint Environment Canada-
Minerals Management Service cruise
to evaluate two oil spill chemical
additives was conducted from the
Canadian Coast Guard Cutter "Mary
Hitchens" on September 9-10, 1987,
offshore of Nova Scotia, Canada.



Two shipboard radar units were used
coincidentally to track and monitor
each of the ten 5-imperial-barrel
oil spills during this exercise.
It should be mnoted that an
unidentified freighter transited
the restricted exercise area and
discharged an oil slick
approximately 50 m wide from
horizon to horizon. The results
of the evaluation of the chemical
additives are reported elsewhere
in these proceedings.

The two radars evaluated were the
Sperry MK-340 and the Decca 914
with a Bright Track repeater. The
Sperry MK-340 is an x-band radar
with a horizontal beam width of
1.9° and nominal ranges of 0.24,
0.5, 0.75, 1.5, 3, 6, 12, 14, 24,
48, and 120 nautical miles. The
radar is a 50 kilowatt unit with
its antenna approximately 50 ft
above the ocean surface. The Decca
914 is also an x-band radar with
nominal ranges of 0.25, 0.5, 0.75,
1.5, 3, 6, 12, 24, 48, and 60
nautical miles. The horizontal
beam width is 1.9°. The radar is
a 25 kilowatt unit with an antenna
height of approximately 40 ft above
the ocean surface.

Results

Initial attempts to track the first
five of the 5-barrel slicks over
a range up to 12 nautical miles
were unsuccessful with both units
operating in standard navigational
mode. Both radar wunits had
sophisticated interference filters

to reduce sea return and
interference from rain.
Approximately two hours were

initially required to adjust the
gain and sea and rain clutter
filters to optimize the
representation of the sea return.
Once a relatively homogeneous sea
return was available on the radar,
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the observer analyzed areas of
diminished sea return representing
short wave damping due to the oil
slick. The radar could
subsequently be returned to
navigational or slick detection
mode by activating and deactivating
the automatic filter program. The
Decca did not offer the resolution
of the Sperry and was less
sophisticated so that initial
adjustment for optimal sea surface

return was more easily
accomplished.

No photographic capabilities
existed for the Sperry radar

screen. The Decca Bright Track
Unit allowed a wide range of screen
brightness control, and the
following photographs were taken
with this unit (Figures 3.1-3.4).

The Decca Unit did not have the
resolution of the Sperry;
therefore, the photographs do not
offer the detail observed during
the evaluations of the Sperry.

The presence of 1large swells
coupled with breaking wind-driven
waves obscured the slicks when
winds exceeded 30 knots. It is
unclear whether relatively advanced
and confused sea states, or the
rapid dissipation of the slick
under these conditions, was
responsible for the 1loss of
detection. Perhaps both
contributed to the apparent
inability of either radar to find
slicks in confused breaking seas.
Fog and rain had no effect on the
detection capabilities of either
radar.

There was an apparent correlation
between the observed thicker
portion of the slicks and the radar

image. As the slick dispersed into
sheen thickness, the radar image
became more indistinct. This



Figure 3.1. The "mast shadow" artifact caused by the mounting of the radar unit
just forward and starboard of the ship’s mast. This pie-shaped hole
in the sea return was apparent at all times.

A five-barrel slick (Slick No. 3) is visible at 11 o’clock (350
degrees relative). Range-3 nautical miles, winds 15-20 knots.
The slick had deteriorated with patches of thick oil and mousse
surrounded by sheen. The freighter’s slick is visible at 9 o’clock
(270 degrees relative).

Figure 3.2.
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Figure 3.3.

A slick is clearly visible from 6 to 7 o’clock (180-200 degrees
relative) even though partially obscured by the mast shadow. The

slick is very light, mostly sheen, winds less than 10 knots. The
range is 3 nautical miles.

Figure 3.4.

The mast artifact from 6 to 7 o’clock (180-200 degrees relative).
The slick from the freighter is visible at 4 o’clock and 9 o’clock
(110 and 270 degrees relative) and was a continuous slick. A
heavily dissipated sheen is visible at 12 o’clock (360 degrees
relative). The range is 12 nautical miles; winds are 25-30 knots.
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technique apparently discerns
thicker (more recoverable) slicks
from less recoverable portions and
could be used to guide recovery
vessels, reducing wunproductive
efforts in slicks too thin for
effective recovery.

One explanation of how the radar
receives returns from the ocean
surface is through backscattering.
Microwave backscattering from the
ocean surface may be due to Bragg
scattering by the short
(approximately 5 cm) waves for x-
band radar causing a resonance in

the microwave return to the
antenna. This constructive
interference is apparently

necessary for discernable depiction
of differences in sea surface
texture except when breaking waves
are present (Milgram, personal
communication, 1988). Bragg
scattering is also a function of
antenna viewing angle.

This evaluation of shipborne radar
was predicated on the damping of
short period waves by the slick and
the ability of radar to detect and
represent differences in the short
period wave field.

Conclusions

Shipborne x-band radar can readily
detect 0il spills in a range of sea
conditions if properly tuned.

Slicks were clearly detectable in
winds up to 30 knots as long as
major swells (8 to 10 ft) were not
also present.

Slicks were detectable in 5-10 knot
winds, which were the minimum
observed during the exercise.

Requirements for tuning the radar
to optimize sea return vary with
the sophistication of the unit.
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The higher the sophistication the
more difficult the initial tuning.

Radar is a readily available tool
to most responders, and its use
can expand slick tracking and can
eliminate many of the detection
problems associated with fog, rain,
darkness, and relatively high sea
states.

Further evaluation with a range of
oils and sea states is required to
quantify the 1limits of this
technique.

ENHANCEMENT OF OIL SPILL
RECOVERY OPERATIONS BY
USE OF A VISCO-ELASTIC

ADDITIVE

An intentional oil spill of 18,000
U.S. gallons was conducted on
September 24, 1987, offshore of St.
John’s Newfoundland to evaluate the
containment and recovery capability
of three booms and skimmers. The
spill also provided an opportunity
to verify a nonpolluting
performance evaluation procedure
for offshore 0il containment booms.
Results of this experiment have
been fully reported by Tennyson and
Whittaker (1988). The spill was
conducted approximately 25 nautical
miles east of St. John’s. Ocean
dumping permit requirements
included south southwest currents
and westerly winds to minimize
chance of shoreline contact; water
depths of at least 100 m; the site
had to be at least 25 nautical
miles from shore; and the area had
to be within 2 to 3 hours steaming
from St. John's. The center of the
area selected was 47°0'N and
52°03'W.

A crude similar to the typical high
wax Grand Banks crude was
unavailable. Brent crude from the
North Sea was treated by adding 1%



slack wax by volume to yield an oil
of similar physical properties to
the Grand Banks crudes. The
modified o0il was to have a density
of 839.8 kg/m® and a viscosity of
20 m Pas at 12°C (Ross 1987a).

Meteorological data conditions were
recorded on the Canadian Coast
Guard (CCG) Cutter Grenfell at 15
minute intervals. These include
corrected wind velocities and air
and water temperatures.

A wave rider was deployed at the
test site but failed to function
during the exercise. Consequently,
sea conditions were estimated, with
reasonable agreement, by various
trained observers.

The test plan called for the
deployment of three booms as
follows. A 250-m length of the
specially instrumented O0il and
Hazardous Material Simulated
Environmental Test Tank (OHMSETT)
boom would be deployed in normal
catenary. Approximately 18,000
gallons of treated Brent Crude
would be spilled by the
command/recovery ship Terra Nova
Sea into the catenary. The oil
would be held in the boom for
approximately 1 hour while
freeboard and draft data and visual
observations of oil retention were
recorded. During this period, 200
m of the Canadian Coast Guard’s RO-
BOOM would be deployed behind the
OHMSETT boom. The tow speed would
be increased to significant loss
speed (0.5-1.0 knot). One end of
the boom would then be released and
the oil discharged into the RO-
BOOM. 0il would be held in the RO-
BOOM for approximately 1 hour while
the oil retention capabilities were
observed. The St. John’s Coast
Guard Vikoma Ocean Pack boom (400
m) would be deployed behind the RO-
BOOM during the observation period.
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The last procedure involving lost
tow speeds would be repeated with
the RO-BOOM, and the oil would be
released into the Vikoma.

0il would be retained in the Vikoma
for approximately 1 hour. The
Terra Nova Sea would then commence
skimmer evaluations. Two skimmers,
the Framo ACW400 and an innovative
Coast Guard Heavy 0il Skimmer
(HOS), would be evaluated for 20
minutes each, and the remaining
contained o0il would be recovered
by the skimmer with the better
performance (Ross 1987b).

The intent of the OHMSETT boom
deployment would be to verify the
hypothesis that a boom's ability
to contain oil is correlated with
its ability to seakeep or comply
with wave-induced surface motion.
If this hypothesis could be
verified and quantified, future
performance evaluations of offshore
containment booms could be
restricted to measuring seakeeping
capabilities in a range of sea
states. No further spills of the
20,000 gallon size of light and
heavy oils would be required, in
a range of sea states, to evaluate
each type of boom. Ocean dumping
permits are difficult to obtain and
intentional oil spill exercises of
this magnitude approach themillion
dollar funding level. Intentional
spills also constitute a risk of
potential damage to the immediate
environment. Clearly a cost-
effective and nonpolluting
evaluation procedure for offshore
equipment is necessary to develop
a predictive capability for the
performance of offshore response
equipment. Wind conditions desired
were sea state 2 to 4, and winds
from 10 to 20 knots.

Conduct of the experiment included
a practice run as well as the



actual oil spill containment and
recovery experiment. At completion
of the skimmer evaluation trial,

measures were taken to ensure
recovery of the remaining contained
0il because the weather was
deteriorating and night was
falling. Accordingly,
approximately 7 pounds of the

visco-elastic agent "Elastol" were
spread from an 8-ounce styrofoam
coffee cup into the estimated 7,400
gallons of o0il and oil water
emulsion in the containment boom.
"Elastol" was added  because
previous research funded by the
Minerals Management Service and
Environment Canada had shown that
the elastic and adhesive properties
of the o0il could be increased by
addition of the agent, thus making
the o0il more readily capturable
with these types of skimmers. The
Framo ACW-400 was retrieved from

the slick as the "Elastol" was
added and because of the
operational constraints on the

recovery operation, due to the
weather and lateness of the day,
the skimmer was not redeployed.

The weir-type skimmer, Pharos
Marine GT-185, was deployed into
the treated slick and recovered
near capacity rates of 85 gallons
per minute of oil and oil emulsion
with no free water. This recovery
rate was higher than anticipated
and may have been even higher if
the o0il had been wuntreated.
Treatment significantly increased
the viscosity of the oil.

The HOS skimmer when deployed
yielded a recovery rate of 50
gallons per minute with a portion
of the oleophilic fabric on one of
its two drums damaged. Visual
observations on the amount of oil
adhering to the oleophilic fabric
of the HOS skimmer indicated that
recovery rates were significantly
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increased by the addition of

"Elastol."

Operations were suspended because
of the advancing sea states and
increasing darkness.

An overflight of the area, by
helicopter, was carried out during
the skimming operation. This
revealed a sheen approximately 2.5
by 0.5 mnautical miles with 3
patches of brown oil. It is
estimated that no more than 260
gallons of o0il remained in the
thick patches. A further flight
18 hours later showed that only
small brown patches and sheen
remained, and this was rapidly
dispersing.

Lessons Learned or Relearned

o Thorough proficiency with the
recovery equipment to be used
is essential. Routine
practice is required.

o Large volumes of o0il are
necessary to realistically
evaluate performance of
offshore response equipment.

o The use of helicopters to
direct the placement of tow
vessels and the use of small
vessels to monitor and advise

on boom conditions are
essential to maximize the
efficiency of conventional

recovery operations.

o Accurate measurements of the
meteorological and sea
conditions are necessary for
accurate analysis of equipment
performance.

o The requirements for slow-
speed towing and maneuvering
of large containment booms
necessitate the use of vessels
with variable pitched
propellers, thrusters, and
good seamen in control.



o It was not possible to form a
recovery configuration with
two vessels while towing
upwind despite two attempts
during the practice run. The
third vessel was necessary for
recovery in normal catenary.

o Upwind collection proved
impossible when winds
approached 15 knots. This is
consistent with most past

observations for containment
operations conducted upwind.

o The upper meteorological and
sea state limits for downwind
containment and recovery were
not reached during this test.

o Tankage should be available
for recovery of several times
as much fluid as discharged to
account for the oil and water
emulsions and free water
recovered.

0 Analysis of the correlation of
the ability of a boom to
seakeep with its ability to
contain oil indicates that the
nonpolluting test protocol has
been verified.

o Recovery of high wax oils
similar to Newfoundland crudes
in 10°C water is significantly
enhanced by use of "Elastol."
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Grounding and 0il Spill
of the GDM 264 in the
Mississippi Sound, August 1988
Lt. Cmdr. J.J. Kichner, P.E.
U.S. Coast Guard

The zone of responsibility of the
Marine Safety Office Mobile,
Alabama stretches along the coast
from St. Marks, Florida to Long
Beach, Mississippi and inland north
along the Tenn Tom waterway to the
Aliceville Lock and Dam in
Mississippi. This zone includes
over 500 miles of coastline and
1,700 miles of navigable inland
rivers. Included in this zone are
five ma jor coastal ports:
Gulfport, Mississippi; Pascagoula,
Mississippi; Mobile, Alabama;
Pensacola, Florida; and Panama
City, Florida. Within these ports
commerce includes the trans-
shipment of containers, and bulk
0il and chemical products. By the
Gulf Intercoastal and the Tenn Tom
Waterway, Mobile, Alabama serves
as the focal point of the shipment
of many products into and out of
the heartland of America.

The Commanding Officer of the
Marine Safety Office 1located in
Mobile, Alabama has a dual role of
Officer in Charge of Marine
Inspection and Captain of the Port.
In these roles he is responsible
for commercial vessel safety and
overall port safety and security,
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including the investigation of
casualties 1involving commercial
traffic. Along with these
responsibilities, under the Clean
Water Act, he 1is the designated
Federal On-scene Coordinator for
o0il and hazardous material releases
in the coastal zone. The office
is staffed by 24 officers, 30
enlisted personnel and 3 civilians.

August was going to be a busy month
for the Marine Safety Office (MSO),
even without response to a major
casualty. The MSO, for close to
a year now, was planning a major
Field Training Exercise (FTX) which
was going to test the Coast Guard's
organization and duties in time of
national crisis. This exercise was
large in terms of demands on
manpower and time. The MSO Mobile
was supposed to receive an
additional 190 reserve Coast Guard
personnel for a two-week period
starting on the 21st of August 1988
to participate in this FTX.
Simultaneously, in April of 1988,
the MSO was taken to provide
waterside security to a Joint
Chiefs of Staff Conference at NAS
Pensacola, Florida. The dates of
that security zone coincided with
the upcoming FTX. An additional
160 personnel and floating assets
from as far away as Buffalo, New
York were assigned. Needless to
say, the MSO’s normal duties were
on the backburner and all efforts
were being directed toward FTX
SOUTHERN TEMPEST 88 and POTENT
ARCHER 88.

Hurricane Florence struck the
Louisiana and Mississippi coast on
the 5th of August 1988. Although
spared any large-scale destruction,
the Captain-of-the-Port, as a
normal precaution, closed the
harbors of Gulfport and Pascagoula,
Mississippi and Mobile, Alabama
pending the survey of channel



conditions by the appropriate pilot
organizations, the U.S. Army Corps
of Engineers and the Coast Guard
Aids to Navigation teams. This
involved checking the channels for
silting and for the destruction or
movement offstation of any aids to
navigation. Mobile, Alabama and
Pascagoula, Mississippi were re-
opened within a few hours after a
quick survey. The Gulfport,
Mississippi pilots, however,
recommended that the channel remain
closed until a very thorough survey
was completed. This was due to
the fact that a 1local dredging
company working on deepening the
ship channel reported 1losing a
large amount of dredge pipe
sections. The pipe sections were
approximately 30 ft in length and
20 in. in diameter. Since a
collision with the pipe sections
could have caused substantial
damage to an unsuspecting vessel,
the Port of Gulfport, Mississippi
remained closed to deep draft
traffic until Monday morning, after
all of the dredge pipe was located.

Among the many routine calls that
come into the office concerning the
normal problems encountered with
the day-to-day operations of the
marine industry, the Captain-of-
the-Port receives some calls
concerning lost or sunken vessels.
One such call was for a barge being
towed by the M/V "Susan Vizier,"
an uninspected hopper barge filled
with scrap iron called the AGS 521.
As reported by the owner, the barge
had come loose from the tow on or
about the 8th of August in
approximate position 30°17'N,
88°33'W or in the vicinity of the
Morse Alpha buoy northwest of
Little Dog Keys Pass. The owner
had planned to obtain the services
of an aircraft to overfly the area
and try to locate the barge. The
Coast Guard Station in Gulfport,
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Mississippi issued a Hazard
Navigation report and the Eighth
Coast Guard District 1issued a
Notice to Mariners on the missing
barge.

At 3:40 a.m. on the 11th of August,
1988, the Command Duty Officer, MSO
Mobile received a call from
Midstream Fuel Services, 1Inc.,
stating that their M/V "Brooke"
with two oil barges in tow had
struck a submerged object and was
aground at Mile 74 of the
Intercoastal Waterway, about 1.4
miles east of the Gulfport Ship
Channel. The lead barge, the GDM
264, loaded with 18,000 bbls of
crude o0il, was holed and leaking
product into the Mississippi Sound.
The second barge, the TTT102 was
neither aground nor damaged.

The GDM 264 was a standard type
barge common in the fleets
throughout the Gulf Coast. It was
264 ft in length and 50 ft in
width, 1,192 gross tons, certified
by the Coast Guard for the carriage
of grade B and below petroleum
products over a route of lakes,
bays, and sounds. It had ten tanks
with a total capacity of 35,000
bbls. (Writers note: For interest,
1 barrel (1 bbl) is equivalent to
42 gallons).

The MSO was manned at approximately
4:30 a.m. and plans were being put
into place to effectively mitigate
the situation; personnel were being
recalled and the movement of assets
on scene was being planned. As per
the company’s 0il Spill Contingency
Plan, notifications were being made
to state and local government
agencies. Midstream Fuel
maintained responsibility for the
spill and hired Petersen-Riedel
Services as the pollution cleanup
contractor. The MSO’s role was to
act as an overseer and to ensure



that  Federal interests were
protected, that proper steps were
being taken to mitigate the
pollution, and that 1life and
property were being protected. As
per normal procedures the Atlantic
Area Strike Team was placed on
standby. An overflight by Coast
Guard aircraft was arranged to
oversee the area and the extent of
pollution. Up to this time,
because of darkness, there was no
accurate measure of the extent of
the damage, nor of the amount of

0il escaping from the ruptured
tanks.
At approximately 6:00 a.m.,

Midstream reported that the port
tanks Nos. 1, 2, 3, and 4 all
seemed to be holed and leaking
product. At this time, the MSO 32-
ft PWB (Ports & Waterways Boat)
got underway for Gulfport; the
estimated time of arrival was 6
hours. An overflight by an HU-25
Falcon Jet, was arranged with the
Commanding Officer of the MSO,
Captain Bill Loefstedt, on board.
An MSO port safety team also headed
for Gulfport via vehicle with the
intention of using the Coast Guard
Gulfport Station’s 41-ft Utility
Boat (UTB) to reach the incident
area. The National Response Center
was advised of a potential major
0il spill in the Mississippi Sound.

Preliminary reports from the
Commanding Officer on the HU-25
Falcon Jet, along with other
sources in the area, indicated a
black slick of oil heading toward
Ship Island. Due to the speed and
operating characteristics of the
jet aircraft, it was impossible to
linger onstation or get very low
for a close 1look. Therefore,
helicopter support was requested
from the Coast Guard Air Station
in New Orleans, Louisiana to allow
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for a better assessment of the
situation.

The Chief, Port Operations
Department, and a representative
from the Atlantic Area Strike Team
were onscene via helicopter at
approximately 10:30 a.m. to
ascertain the best means of
mitigating the pollution. As a
result of that flight and lessons
learned from other oil spills, it
was decided to stage Strike Team
equipment at Station Gulfport for
use if necessary. This equipment
included a Viscous 0il Pump System
or VOPS, a 32-ft Munson boat, and
a Side Mounted Skimming Barrier or
SMSB. The plan formulated was two
pronged; first, to stop the
pollution coming from the barge,
and second, as nearly
simultaneously as manpower would
permit, to monitor the track of the
0il spilled and to clean as much
up as possible prior to it coming
ashore on any of the barrier
islands or on the Mississippi
coast. Since it was felt that most
of the damage to the barge occurred
along the bottom, this plan called
for removing the o0il from the
damaged tanks, establishing a water

bottom, and therefore, stop the
escape of oil through those
openings. This lightering

operation would then naturally
proceed to the undamaged tanks,
removing the cargo until the barge

could float free from the
obstruction below. At 11:00 a.m.
two Atlantic Area Strike Team

trailers, loaded with equipment,
departed Mobile, Alabama enroute
to Station Gulfport.

The VOPS system consists of an
hydraulic pump powered by a 4-
cylinder Detroit Allison Diesel as
prime mover. This hydraulic pump
is able to drive two submersible
pumps simultaneously. The pump



assembly chosen was a single-stage
centrifugal weighing approximately
265 1bs with a capacity to pump
1,300 gpm. It was specifically
designed to fit into Butterworth
openings on a tank vessel and to
deploy for 1lightering disabled
tankships/barges. Along with it
came a stripping pump with the
ability to clean oil out to the
near bottom.

The SMSB was of a prototype design
for use on a vessel of opportunity
as small as 80 ft. It has the
operational characteristics of an
open water oil containment recovery
system barrier and consists of a
45-ft outrigger; 14 struts with
6 skimming weirs, capable of being
towed up to 7 knots. In 2- to 4-
ft seas a recovery efficiency of
74-84% was advertised. Skimmers
available from the Navy in
Pensacola, Florida also were being
considered for use, if necessary.

Until the divers hired by Midstream
arrived on scene at approximately
8:30 a.m., there was no indication
as to what type of obstruction the
GDM 264 had encountered. The GDM
264 was located within the
boundaries of the channel of the
Intercoastal Waterway and was
loaded to the ©proper draft.
Whatever it hit was hard, and in
the words of the Captain of the M/V
"Brooke," caused his tow to quickly
come to a dead stop from a speed
of advance of 7 knots. Divers
confirmed that the GDM 264 had come
hard aground over the missing AGS
521.

The location of the grounding and
the resulting pollution was in an
area of high environmental
sensitivity. The Mississippi Sound
is rich in various species of fish,
oysters, and shrimp. The
Mississippi coast east of Gulfport
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is a designated tern-nesting area
and is also famous for its oyster
beds just offshore. Cat Island is
abundant with ecologically delicate
salt marshes, sea grass beds, and
estuarine waters. Its white sandy
beaches serve as nesting areas for
endangered bird species. Ship
Island to the east has more of the
same. It was a definite conclusion
among all concerned that getting
the oil out of the water prior to
its impacting these beaches was the
most prudent thing to do.

At 11:45 a.m., Peterson-Riedel
Services placed an 18-inch boom
around the GDM 264 and, due to the
favorable weather conditions, it
was able to contain the oil.
Absorbent pads were used to pick
up the oil trapped within the boom.
Coast Guard and Midstream personnel
on the scene estimated that the
rate of seepage through the damaged
areas was about 20 to 30 gallons
per minute. A diver survey
revealed damage to numerous areas
along the bottom of the GDM 264.
The GDM 264 had come to rest
directly over the AGS 521 with the
AGS 521 lying in a relationship of
approximately a 45° angle running
from the GDM 264’s port bow to
starboard quarter.

The Strike Team equipment arrived
at Gulfport at 1l:15 a.m. The
prevailing winds were light from
the east, the seas were flat, the
sky was partly cloudy, and
temperatures were in the low to mid
80’'s: a beautiful August day. The
helicopter overflight earlier in
the morning had revealed a large
slick of black oil 1.5 to 4 miles
in diameter, 4 miles west of the
grounded barge. The slick’s
southern boundary was almost &
miles north of Cat Island, 1its
nearest potential landfall.
Constant monitoring of that slick,



luckily coupled with the favorable
weather conditions, revealed that
the o0il was not moving in any one
direction at any appreciable speed;
therefore, time was on our side.
Weather predictions for the next
24 hours 1indicated more of the
same, with the wind shifting to the
southwest and increasing in speed
to 10 to 15 knots that afternoon
or evening. Combined with the
prevailing rotary currents in the
area, it was a good possibility
that the o0il would stay in its
present general vicinity for at
least the next 24 hours.

The Mississippi Department of
Natural Resources (DNR) arrived on
the scene and brought with them
experts on the ecology of the area.
A meeting between the Coast Guard,
the Mississippi DNR, and Midstream
resulted in the decision that
arrangements would be made to
obtain booms to seal off sensitive
estuaries, should the need arise,
to protect them from intrusion by
oil. Beach patrols by the Gulf
Islands National Seashore park
rangers were started on a regular
basin at Ship and Cat Islands. The
salvage plans for the GDM 264 were
agreed upon and finalized between
Midstream and the Coast Guard. A
barge needed to lighter the GDM

264, luckily owned by Midstream,
was just completing transfer
operations at Pascagoula,
Mississippi. The estimated time

of arrival on the scene would be
at approximately 5:00 a.m.
Although smaller than the GDM 264,
it was felt that it would hold
enough product to allow the
refloating of the grounded barge.

Equipment was needed in place ready
for transfer operations to begin
upon the arrival of the lightering
barge. As Petersen-Riedel Services
could not have its transfer
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equipment onscene until 11:00 p.m.

that evening, another meeting
between the Coast Guard and
Midstream was held. The Coast
Guard cannot interfere with a

commercial enterprise in providing
pollution <cleanup or salvage
equipment and personnel as long as
the owner is taking adequate steps
to mitigate a pollution situation.
However, in this particular
situation, a complicating but
important factor was that low tide
was predicted for 11:00 p.m. that
evening. By waiting for Petersen-
Riedel’'s equipment to arrive, it
was felt that, although the tidal
range in the area was only two ft,
a loss of the water bottom by a
drop in the tide could increase
the rate of pollution. Therefore,
the owner decided to use the Strike
Teams VOPS equipment. The Coast
Guard 0SC federalized the spill,
requesting and receiving $10,000
from the 311 K fund, an oil
pollution cleanup revolving fund,
authorizing use of the equipment
with final costs to be reimbursed
back to the fund by Midstream after
the salvage and clean wup was
complete. At 7:00 p.m. lightering
operations started utilizing the
Atlantic Area Strike Team
equipment.

Another helicopter overflight was
conducted at dusk with the
Mississippi DNR. Observation of
the o0il revealed minimal changes
in slick size and position;
however, more o0il was now being
emulsified due to increased wind
and wave action. Television and
newspaper media interest was high.
A Coast Guard boat was used to
transport reporters on the scene
and allow them a chance to see the
situation first hand. Public
affairs support was provided by the
Eighth Coast Guard District in New
Orleans. All media requests were



handled out of the Command Post set
up at Station Gulfport. The story
made the 6 o’clock and 10 o’clock
news from Mobile, Alabama to New

Orleans, Louisiana.
At 10:00 p.m. that evening, the
wind shifted around to the

southwest and increased to 15 knots
as predicted. The sheen trailing
from the barge now headed out to
the northeast. With lightering
operations in full swing the rate
of o0il seeping from the barge was
decreasing and the boom in place
was holding its own. Pads were
being replaced as needed. With the
change in wind and data from the
helicopter overflight, it was felt
that oil might impact the
Mississippi coastline sometime the
following morning. Conditions of
the slick were right for skimming
recovery and with the owner's
concurrence, it was decided to
start skimming operations at first
light. The skimmers from the Naval
Air Station at Pensacola, Florida
were requested and it was expected
that this equipment would be
onscene at approximately 10:00 a.m.
the next day. At 4:30 a.m. on the
morning of the 12th, 10,000 barrels
of 0il were removed and the GDM 264
was refloated. It was then moved
away from the obstruction where it
was anchored and lightering
operations were continued to remove
the rest of the o0il from the
damaged tanks. Another helicopter
overflight was ordered for first
light. The amount of o0il seepage
from the damaged tanks was now
negligible.

The wind and seas had steadily
picked up throughout the night, and
at first light the wind was back
out of the northeast at 18 knots
with a good chop of 2-3 ft in the
Mississippi Sound. The helicopter
overflight revealed that the oil
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was now in the channel between Ship
and Cat Islands. What had been a
heavy solid slick had now broken
up into furrows of oil, and, due
to the increased wind and wave
conditions, was being quickly
emulsified. Skimming was not
feasible with any efficiency of
pickup; therefore, the request for
the skimmers from Pensacola was
cancelled. Extensive coverage of
the beaches by air showed no oil
had made it ashore either on the
islands or on the Mississippi

coast. Checking with the Gulf
Islands National Seashore park
rangers verified that fact. It was

felt with good confidence that the
0il would be completely emulsified
prior to landing on any beach.

At 9:00 a.m. on the 12th,
lightering operations from the
damaged tanks were finished. A
complete survey of the barge as to
its seaworthiness for transit to
a repair facility was conducted by
the Coast Guard. A repair
requirement commonly known as a CG-
835 was issued by the Coast Guard
to the owners of the GDM 264,
requiring complete repairs to all
damages prior to any further cargo
transfer operations. It was then
allowed to continue to New Orleans,
Louisiana for drydocking. A bottom
survey during that drydocking
revealed extensive damage to the
bottom and along the bilge knuckle.
A number of tanks had been breached
with long tears.

Oon final calculation an estimated
20,000 to 25,000 gallons of oil
were lost. An estimated 5,000
gallons of oil were recovered using
absorbent pads. No oil was
reported washing up on the beaches
at any time.

Due to the excellent cooperation
between the Coast Guard, Midstream



Fuel Services, Petersen-Riedel
Services, and the State of
Mississippi, a potentially worse

situation was mitigated and the
impact on the sensitive environment
in and around the area of the
Mississippi Sound was made minimal.

LESSONS LEARNED
Staging of Equipment

I feel that it 1s better to
overreact and stage equipment and
then stand down from an
overreaction as the situation
develops, than to scurry to try to
obtain equipment to compensate.
I believe that this medium-sized
spill (defined as 10,000 to 100,000
gallons in a coastal area) could
have easily turned into a major
pollution incident (defined as
>100,000 gallons) 1if the barge
hadn’t been lightered as quickly
as it was. A large amount of oil
was removed from the damaged tanks
prior to low tide that evening,
increasing the water bottom and
thereby 1lessening the rate of
pollution. If the equipment hadn't
been available, loss of the water
bottom could have significantly
increased that rate. Also, with
the increasing wind and seas, the
boom placed around the barge may
not have been able to contain that
oil. The Coast Guard does not
charge the responsible party for
staging equipment as a reimbursable
expense. The charge to the
responsible party is for the actual

use of the equipment in the
pollution cleanup. Actual hourly
rate charges are available on

request from the Strike Team. As
previously stated, the Coast Guard
cannot compete with the commercial

industry and must allow the
commercial contractor every
opportunity to provide his
services. However, if the
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situation becomes one of necessary
immediate action, Coast Guard
equipment can be utilized.
Working with the Media

Media relations and control, I
feel, are as important as the
actual cleanup; or almost so.
Effectively controlling the media
and providing them with timely and
accurate information are as
important as the actual cleanup;
or almost so, and are important
tasks. On large spills which impact
a huge segment of the population,
or have the potential to do so,
and/or impact environmentally
highly sensitive areas, a person
or persons should be dedicated to
that responsibility on a full-time
basis. In this particular
situation, media interest was very
high and reporting was very
favorable to the efforts of all
involved in the salvage and cleanup
operations.

NOTE: The opinions stated in this
paper are those of the author and
not necessarily those of the United
States Coast Guard.

Lt. Cmdr. J.J. Kichner is a 1974
graduate of the U.S. Coast Guard
(USCG) Academy with a B.S. in
chemistry and a 1982 graduate of
the University of Maryland with an
M.S. in chemical engineering. He
presently serves as Chief of the
Operations Department of the USCG
Marine Safety Office in Mobile,
Alabama. Past work experience
includes that of assistant
professor of chemistry at the USCG
Academy in New London, Connecticut
from 1983 to 1987; staff chemical
engineer in the Marine Technical
and Hazardous Materials Division
at the USCG headquarters office in
Washington D.C. from 1981 to 1983;



Assistant Chief of the Inspection
Department/Hazardous Materials
Officer at the USCG Marine Safety
Office 1in Boston, Massachusetts
from 1977 to 1979; Commanding
Officer at the USCG Jordan C
Station, Kuse Island, Hawaii from
1976 to 1977; and navigator and
operations officer, USCGC, CHASE,
WHEC 718, Boston, Massachusetts.
He 1is a member of the American
Institute of Chemical Engineers,
chairman of the Hazard Assessment
subcommittee for Mobile County
(EPC), and a member of the Advisory
Board of the University of South
Alabama, CERT.

0il Spill Contingency
Planning, Logistics for
0il Spill Response

Mr. Jim O'Brien
O0’'Brien’'s 0il Pollution
Service, Inc.

Webster’s New Collegiate Dictionary
defines logistics as the aspect of
military science dealing with the

procurement, maintenance, and
transportation of military
material, facilities, and

personnel. The work is considered
synonymous with the term strategy.
Historically, the need for adequate
logistical ©planning has ©been
recognized by all concerned as a
valid and valuable component of oil
spill contingency plans.

A more complete definition of the
term logistics, for oil spill
response purposes, would include
the necessary support activities
associated with operating machinery
and specialized equipment in a
severe marine environment, i.e.,
operators, fuels, spare parts, and
the requirements for conducting a
particular cleanup method.

This paper will divide the subject
of logistics into three separate
categories for the purpose of
discussion as follows:

o regulatory requirements and/or
considerations

o equipment listings

o spill response considerations

Until recently, the regulations
were silent on the subject of
logistics as it related to spill
response operations and contingency
planning. This is not to suggest
that it was not previously a
concern, only that governments had
not specifically addressed the
issue in a formal manner.

o Federal Requirement: 30 CFR
250.42 0il spill contingency

plans - requires that an
inventory of applicable
equipment, materials, and

supplies which are available
locally and regionally be
included as a section of the
plan.

o State Considerations:
Although not a formal
regulation, the State of
Florida, Office of the
Governor, has established
under the document outline for
the development of
"Considerations for an O0il
Spill Contingency Plan" the
need for the General 0il Spill
Response Plan to contain a
section related strictly to
logistics. This plan must be
filed with the State when
seeking consistency agreement
under the Coastal Zone
Management Program for
offshore drilling and/or
production in zones that might
impact the waters.

The most common means for
satisfying the logistics concerns



of an oil spill response activity

has been the development of
equipment 1listings in wvarious
formats. This is a valid approach

when the 1listing is wupdated and
the equipment totals and operating
conditions are validated on a
regular basis. A brief description
of some of the systems presently
in place is as follows:

o The Spill Cleanup Inventory
(SKIM) system is available to
help Federal Onscene
Coordinators and Regional
Response Teams and private
parties gain rapid information
on the location of response
and support equipment. The
inventory includes private,
commercial, and government
resources. The U.S. Coast
Guard (USCG) 1is responsible
for maintaining and updating
the system. The system is
computerized and can be
accessed through the National
Response Center and the USCG's
Federal Onscene Coordinators
(Federal system).

o Marine Industry Group (MIRG)
Resource and Logistics
Directories are a series of
directories that contain a
listing of services and
equipment available from the
commercial, private, industry,
and government sectors in 49
separate categories. The
directories include the major
port cities in the five-state
Gulf of Mexico region. The
information is validated and
updated on an annual basis by
an 1independent consultant.
The effort 1is funded by a
consortium of nine (9) major
oll companies. This type of
system has been established
on the east and west coasts
as well. Recent enhancements
include converting the
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directories to a computer
database while also
maintaining the catalog
format.

o Commercial equipment listings
are available in the form of
various telephone yellow page
directories as well as
publications such as the World
Catalog of 0il Spill Response
Products.

Several different and distinct
efforts have been undertaken to
ensure that the logistics aspect
is addressed during an actual spill
response action. The most
elementary of these 1is the
development of planning checklists
for use by the onscene coordinator
in selecting equipment for use on
an oil spill incident.

A partial checklist for selecting
a skimmer is offered below:

o Selections made for:

- vessels: number? type?
additional interim storage
requirements? extra on-
board handling equipment?

- appropriate skimming
equipment above
vessels?

- barges or other towable
bulk storage receivers?

1. pumps and/or hoses?
2. personnel protection
aboard barge?

- staging sites
1. loading equipment?

for

2. suitable for vessel

draft?
- recovered oil offloading

sites?

1. supplementary pumping
equipment?

2. tank trucks?

3. storage tanks?

4. disposal site?

5. debris handling?

- surveillance methods?



1. aircraft?

2. vessels?

3. specialized equipment

for weather conditions?

- personnel

1. skimmer crews?

2. surveillance crews?

3. barge crews?

4. other?

Some tables have been developed
that  address the logistical
requirements for a particular
cleanup methodology. The common
elements in these tables include
a description of the type of
equipment to be employed, an
estimate of the number of pieces
of equipment necessary to complete
a defined task, personnel
requirements, support requirements,
and access requirements.

Additionally, organizations such
as Clean Gulf Associates (CGA) have
realized the importance of
logistics related to delivery of
equipment and have devoted
substantial monies and efforts to
ensuring that the equipments are
packaged to be delivered by a
variety of shipping modes.

CONCLUSION

Logistics 1is the single most
importance aspect of any oil spill
response operation and in almost
every instance will determine the
success of the cleanup.

Mr. Jim O’Brien is the president
and owner of O’Brien’s 0il
Pollution Service, Inc. (0OOPS).
His company is involved in
developing 0il spill response plans
for wvarious segments of the
industry including exploration and
production. Mr. O’Brien has 18
years experience in o0il spill
response and has served in various
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capacities in over 200 major spill
incidents.

On-Site Spill Drills
and Cleanup Techniques on
the Pacific Offshore
Continental Shelf

Mr. Bill E. Kohut
Minerals Management Service
Pacific OCS Region

0il Spill Contingency Plans
established in the Pacific O0CS
Region are comprehensive documents
which detail the lessees’
commitment to «cleaning wup any
substance which causes a sheen on
the water. The plans are based on
three levels of readiness. Each
level of readiness depends on spill

size, environmental threat,
equipment, and personnel.

The first level is the
responsibility of the facility

operator. Equipment and personnel
are required to be onscene in an
hour or less in order to handle
small spills up to 10 barrels and
to provide initial containment for
larger spills.

The second level of response is
provided by o0il spill cooperatives.
These cooperatives, of which there
are two 1in Southern California
(Clean Seas and Clean Coastal
Waters), have large vessels with
equipment of the highest capability
for open-ocean response. There
are four of these full-time vessels
stationed in central and southern
California.

The third level of response is in
the U.S. Coast Guard National
Strike Force which has one of its
three teams located near San
Francisco. This team also has



open-ocean containment and recovery
equipment.

In order to verify that operators
are in compliance with their
approved 01l Spill Contingency
Plan, a Minerals Management Service
(MMS) representative witnesses a
surprise oil spill response
exercise at least once a year at
each platform and at least once
during the course of each
exploratory well drilled from
mobile drilling units.

After landing wunannounced by
helicopter on the platform or
drilling vessel, the MMS

representative advises the operator
of a spill scenario. If the drill
is for 10 barrels or less, only the
on-site crews and equipment are
used for the drill. If the drill
is for over 10 barrels of spilled
0il, Clean Seas or Clean Coastal
Waters are called for assistance.

A hypothetical spill is marked by
throwing 18-inch square sorbent
pads in the water to be used as
targets. The operator is expected
to respond as if it were an actual
spill, of the size and type
specified by the MMS
representative.

Except under unusual circumstances,
such as rough weather, the response
team is expected to have the spill
targets contained and the skimmer
inside the contained area and
operating within two hours from the
start of the exercise.

Drills are occasionally observed
by the U.S. Coast Guard or
representatives of other federal
or state agencies.

Mr. Bill E.
petroleum

Kohut graduated in
engineering from the
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University of California at
Berkeley. He joined MMS in the
Pacific Region in 1979 and is
presently employed as a Staff
Production Engineer in the Ventura
District. His responsibilities
include the review of oil spill
contingency plans for the Ventura
District. He has witnessed over
100 oil spill drills conducted in
the Santa Barbara Channel.

Contingency Planning -
Getting Ready for the Spill

Mr. Harry N. Young, Jr.
Texas A&M University

It became obvious during the
preparation for this session that
a lot of contingency planning has
been done. In fact, so much
contingency planning has been done
that there may be a need to take
stock and relate the impact of one
pPlan on another.

ADMINISTRATIVE PLANS

These are plans which
responsibilities and
during a spill situation. They may
be area specific (i.e., regional
or state), but usually are not site
specific. Some examples of
administrative contingency plans
which could be involved during a

assign
authority

spill are: the National 0il and
Hazardous Substances Pollution
Contingency Plan, Environmental

Protection Agency (EPA) Regional
Contingency Plans, U.S. Coast Guard
District Standard Operating
Procedures (SOP) on Port Security
and State Contingency Plans.

Site-specific contingency plans
address a particular geographic
area and should identify and
allocate specific resources to



protect specific areas. They
should be detailed enough to allow
the effective initiation of a spill
response to a particular spill.
Examples of site-specific plans
include U.S. Coast Guard local
contingency plans, company
contingency plans, facility spill
prevention and countermeasure
plans, facility operations manuals,
emergency action plans for
combatting oil spills, Minerals
Management Service (MMS) oil spill
contingency plans, and dispersant
application plans.

Additionally, local political
entities, or "districts," many of
which previously had no hazardous
materials contingency plans, are
now required, as of October 19,
1988, to have a Local Hazardous
Materials Emergency Response Plan
(Superfund Amendment and
Reauthorization Act of 1986--SARA

Title TIII). These plans are
prepared by Local Emergency
Planning Committees (LEPC). The

LEPC must include elected state
and local officials, police, fire,
civil defense, public Thealth
professionals, environmental,
hospital, and transportation, as
well as representatives of
facilities subject to emergency
planning requirements, community
groups, and the media. LEPC are
supposed to review other
contingency plans and coordinate
their plans with existing plans.

There are plans and operation
manuals for organizations which,
while mnot official contingency
plans, sometimes behave as such and
certainly influence the
implementation of contingency
plans, These include the Clean
Gulf Associates Operations Manual,
Interagency memorandums of
agreement, the U.S. Coast Guard
Spill Cleanup Inventory "Skim"
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Information System, the EPA
Dispersant Use Decision Tree,
American Society for Testing and
Materials Dispersant Application
Guidelines, the Marine Industry
Research Group S.L. Ross Dispersant

Use Decisionmaking Model,
environmental sensitivity maps,
etc.

Site specific contingency plans
should name specific equipment and
personnel resources which are to
be used during a spill. In the
case of the production and
exploration companies operating in
the Gulf of Mexico, it is believed
that all are members and rely upon
Clean Gulf Associates as a source
of oil spill response equipment.

In addition to the equipment
available from Clean Gulf
Associates, the U.S. Coast Guard

Strike Teams, Louisiana Offshore
Port, other companies operating in
the Gulf, and a number of
contractors maintain stockpiles of
oil spill response equipment.
Various types of aerial dispersant
spraying systems are available from
contractors at diverse locations
in the United States and Canada.

Trained personnel are required to
operate their equipment and to act
in a supervisory capacity during
a spill. Minerals Management
Service regulations (30 CFR 250.43)
require hands-on training classes
at least annually in the deployment
of assigned equipment. Supervisory
personnel are required to be
knowledgeable about the location
and intended use of available
response equipment, spill reporting
procedures, and deployment
strategies for the facilities under
their jurisdiction. Such
supervisory personnel shall be
trained in directing the deployment
and use of all response equipment.



Simulation exercises in training
programs can pave the way for a
coordinated and effective spill
response activity. In light of the
numerous and proliferating
information sources, operating
procedures, and interrelated and
multilevel contingency plans, the
supervisory personnel in a spill
response, particularly to a
"significant" event, may be
presented with more information and
be forced to deal with many more
levels and types of regulatory
personnel and other involved
parties than previously
anticipated. It is uncertain that
all of this additional involvement
may be beneficial to a smooth,

efficient, and cost-effective
response.

Since 1limiting the number and
involvement of many of these

entities is probably beyond the
control of the responder to a
spill, it would be well to consider
the impact of other contingency
plans during annual revisions and
updates to a company’s own oil

spill contingency plan. The
potential involvement of any
additional "players" may  be
identified and lines of
communication, authority, and

responsibility be delineated. By
so doing, an efficient spill
response can be maintained, while
allowing those with statutory
responsibility for involvement in
a spill response to fulfill their
obligations.

To see how a spill response will
work, a number of different types
of simulation exercises have been
developed--orientation and tabletop
exercises for sorting out the
details of a contingency plan and
management simulation and
functional exercise or command post
exercises where the players are
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brought together and forced to make
decisions in a highly stressed
environment. The culmination of
the exercise program is a full-
scale exercise where the command
post or emergency response center
is activated, and men and equipment
are moved to respond to a
particular event.

The cost of a full-scale exercise
is very high and the preparation
time and level of effort are also
very high. However, it is probably
the only way (other than a real
event) to teach the workings of the
entire response system.

As you can see, the planning has
been done in a number of areas and
many of the plans may overlap.
New entities have been charged with
responsibilities in hazardous
material response incidents, which,
under some interpretation, could
include oil spills. Equipment and
resources to combat a spill exist
and personnel have been trained to
utilize these resources. The
question remains as to how well all
of these will function together
should a significant spill incident
occur.

Mr. Harry N. Young, Jr. is program
coordinator for Texas A&M
University O0il Spill School in
Galveston, Texas. He received a
BBA degree in finance at the
University of Miami in 1968. Prior
work experience includes his
responsibilities as a Research
Associate in the Environmental
Engineering Department at Texas A&M
University and as the Chief of the
Environmental Protection Branch for
the U.S. Coast Guard Base located
in New Orleans, Louisiana. He has
attended numerous conferences and
workshops relating to oil spill
control.
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Marine Mineral Resources in
the Northern Gulf of Mexico:
Session Overview

Mr. Gary L. Lore
Minerals Management Service
Gulf of Mexico OCS Region
and
Dr. Chacko J. John
Louisiana Geological Survey

On December 31, 1986, Secretary of
the Interior Donald P. Hodel and
the Governors of Alabama,
Mississippi, Louisiana, and Texas
announced an agreement to establish
a joint Federal/State task force
to study the occurrence, location,
and economic feasibility of
developing marine mineral resources
offshore in those states. The task
force 1is jointly co-chaired by
representatives from the Alabama
Geological Survey, the Mississippi
Mineral Resources Institute (MMRI),
the Louisiana Geological Survey,
and the Texas Bureau of Economic
Geology.

The task force has spent the past
year developing an inventory of the
publicly available geologic and
geophysical data, identifying
mineral commodities and particular
areas of potential commercial
interest, and performing a
preliminary economic feasibility
study. A draft report is scheduled
for late October 1988, and a final
report with recommendations for
further action to the Secretary of
the Interior and the governors in
late December 1988.

The objectives of this session were
to provide:

o an opportunity to disseminate
information regarding the
preliminary findings of the
task force to the public,
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industry, academia, and other
interested parties;

o an overview of the Strategic
and International Minerals
Program of Minerals
Management Service (MMS); its
goals, objectives, and recent
activities;

o an opportunity for others
doing research related to
marine minerals to share
their work.

Presentations were heard from eight
speakers representing state members
of the task force, Department of
the Interior bureaus performing
marine minerals research and the
Marine Minerals Technology Center
(MMTC) .

The session began with a
presentation by Mr. James Workman,

Director of MMS’ Office of
Strategic and International
Minerals (OSIM). Mr. Workman

reviewed the goals and objectives
of the program. He stated that
OSIM was established in 1983 to

provide policy  guidance and
direction to the national
initiative announced in the

President’s March 1983 Exclusive
Economic Zone proclamation to
develop the United States marine
mineral resources. It was
emphasized that key elements to
OSIM'’s approach were to cooperate
and coordinate closely with the
coastal states through joint
federal/state task forces and to
provide a regulatory framework
under the authority of the Outer
Continental Shelf (0OCS) Lands Act
that was conducive to industry
while at the same time providing
due protection of the environment.
Mr. Workman next briefly reviewed
the activities of each of the joint
federal/state marine minerals task
forces and provided an update on
the status of the rulemaking



pertaining to marine mineral
prospecting, leasing, and
operations.

Following Mr. Workman'’s
presentation, Dr. J. Robert Woolsey
(Director, MMRI) reviewed the
operations of the recently

established MMTC administered by
the U.S. Bureau of Mines (BOM).
MMRI administers the activities
associated with nearshore marine

minerals. The MMTC hopes to
function as a focal point and
catalyst for the transfer of

information and technology linking
universities, research

institutions, and industry in a
cooperative effort. Dr. Woolsey
stated that additionally the

objectives of the MMTC were to
develop equipment for exploration
and exploitation, to perform
resource economic evaluations, to
maintain an environmental systems
engineering design program, and to
provide technical training support.
He then provided details of a
recent successful cooperative
project to develop a new technology
for the cost effective acquisition
of geologic core data related to
gold placer deposits in the Norton
Sand off Alaska.

Mr. Valentin V. Tepordei, BOM,
reviewed the historical production
of construction aggregate materials
and current BOM forecasts of
demand. During the last 40 years
annual production of sand and
gravel has risen to 896 million
tons, representing an average
annual growth rate of 2.7% and
crushed stone to 1.2 billion tons,
an average annual growth rate of
4.4%. Since a boom period between
1948 and 1966, when significant
reductions occurred in construction
work related to the interstate
highway system, the annual growth
rates have been only 0 and 1.9%,
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respectively. At the request of
MMS, the BOM recently undertook
economic reconnaissance study of
several sand and gravel deposits
within the OCS. In the Gulf Coast
Region they studied the Houston-
Galveston Area and concluded that
aggregate material reserves onshore
in the area were large, in excess
of 1 billion tons, and thus
anticipated no supply shortages in

the near- to mid-term. They
further anticipated foreign
supplies entering the market to
further discourage commercial
offshore development.

Mr. S. Jeffress Williams next
briefly reviewed the U.s.
Geological Survey'’s coastal
activities within the  marine
geology research program and

summarized the results of studies
to date along the inner continental
shelves of the Atlantic and Gulf
of Mexico. He characterized the
most prospective targets for sand
and gravel resources as being
buried tributary and distributary
stream channels, shoals, drowned
shorelines, and sheet deposits.
Williams emphasized the relative
paucity of data and information
available until recently in the
Gulf of Mexico as compared to the
Atlantic margin where research,
primarily in the North and Mid-
Atlantic regions, has been active
for years.

The remainder of the session was
devoted to presentations by each
of the states participating in the

Gulf Task Force. Messrs. Shea
Penland (Louisiana Geological
Survey), Steven J. Parker

(Geological Survey of Alabama),
Jeffrey G. Paine (Texas Bureau of
Economic Geology), and Ms. K.
Walton (MMRI presenting for Ms.
Robin G. Cranton) presented the
results of their respective



activities related to the task
force effort. Mr. Penland
discussed the dramatic wetlands
loss and coastal erosion problems
affecting Louisiana and the State’s
efforts in identifying potential
offshore sand deposits for beach
nourishment projects and in
understanding the full range of
effects associated with these
activities.

Texas and Mississippi expressed
similar interest in the utilization
of offshore sand deposits for beach
replenishment at South Padre
Island, Galveston Island, and the
Biloxi area. Several speakers
noted the potential of significant
heavy mineral deposits particularly
off Alabama, Mississippi, and South
Texas. Each speaker recognized
that while significant sand
resources exist offshore the mid-
term potential for exploitation as
a source of construction aggregate
was highly improbable due to the
abundance of 1low-cost resources
available onshore mnear major
markets. Several speakers
emphasized the scarcity of data
available over large areas of the
Continental Shelf and encouraged
funding for the systematic
gathering, on a regional basis, of
high resolution seismic data by the
U.S. Geological Survey, as well as
geologic sampling with analyses of
heavy mineral content.

Mr. Gary L. Lore received his B.S.
and M.S. degrees in geology from
Rensselaer Polytechnic Institute
in 1973 and 1974, respectively.
He worked as a soils engineer prior
to joining the U.S. Geological
Survey in 1975. During his career
with the U.S. Geological Survey and
MMS he has worked in the Gulf of
Mexico and Pacific Regions
performing reservoir studies and
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simulations related to production
plans, unitization proposals, and
reserve estimates. From late 1978
through early 1988 Mr. Lore held
numerous positions at headquarters
in Reston, Virginia where he was
primarily responsible for the
direction of bureauwide activities
associated with the resource
appraisal and resource economic
evaluation of OCS oil and gas. He
has developed several resource
assessment and discounted cash flow
simulation models. Since April
1988, Mr. Lore has been the
Regional Supervisor for Resource
Evaluation and Federal co-chair of
the Gulf Task Force. He is a
member of the American Association
of Petroleum Geologists, the
Society of Petroleum Engineers, and
several local professional
societies.

Dr. Chacko J. John received his
B.S. and M.S. degrees in geology
from the University of Nagpur,
India, in 1966 and 1968,
respectively. He then worked as
an instructor in geology at the
University of Kerala in Trivandrum,
India, and as Geologist-in-Charge
of English India Clay Mines, also
located at Trivandrum, India. He
later attended the University of
Delaware in Newark, Delaware, and
obtained his M.S. and Ph.D. degrees
in geology. Prior to joining the
Louisiana Geological Survey in
April 1987, where he serves as
Research Associate and Project
Coordinator for the Gulf Task
Force, Dr. John worked as advanced
geologist with Marathon 0il Company
at Lafayette and Houston for six
years in development and
exploration. He is a member of
numerous professional organizations
and has a number of publications
to his credit.



An Overview of MMS Strategic
and International Minerals Program

Mr. James W. Workman
Minerals Management Service
Office of Strategic and
International Minerals

It 1is noteworthy that the Gulf
Information Transfer Meeting (ITM)

is devoting a full afternoon
session to marine mineral
resources. It is a substantive

session as well, with reports by
Louisiana, Alabama, Mississippi,
and Texas on the results of the
preliminary economic reconnaissance
studies they have been working on
since the summer of 1987. These
studies, and the recommendations
of the joint Federal/multi-State
task force formed to coordinate
them, will largely determine the
future direction of our marine
minerals activities in the Gulf.

I was pleased to accept the
invitation to open the session with
an overview of the Minerals
Management Service’s (MMS)
Strategic and International
Minerals Program. I will take the
opportunity to explain how the
program came into existence, why
we think it is so important, the
goals we seek to achieve, and the
approach we are taking. I will
also provide a brief summary of the
various project activities.

The Office of Strategic and
International Minerals was
established in 1983 as a
Headquarters' program office to

provide policy and direction to
the national initiative to develop
the marine mineral resources of the
U.S. Outer Continental Shelf (0CS).

This was in support of the
President’s March 1983 Exclusive
Economic Zone proclamation,
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extending U.S. ocean jurisdiction
to 200 miles, and the policy behind
it asserting the national security
significance and importance to the
U.S. economy of this area as a
future source of strategic and
other minerals. For the Outer
Continental Shelf (0CS) marine
minerals initiative to be
successful, it was important to
have a focused and cohesive
program, access to top management
of the Interior Department, and
the ability to muster and
coordinate varied and diverse MMS
and department resources.

The overall goals of the program
are:

o to develop the potential of
U.S. offshore lands as a
minerals supply source, with
particular but not exclusive
emphasis on strategic and
critical minerals;

o to encourage development of
a visible ocean mining
industry, compatible with
other uses of the sea;

0 to assure protection of the
ocean and U.s. coastal
environments; and

o to provide a new source of
revenue for the U.s.
Treasury, assuring receipt
of fair market value for the
mineral rights granted.

There are five key elements to our
approach:

o providing a regulatory
climate and certainty
conducive to industry

initiative while protective
of the environment;

o cooperating and coordinating
with coastal states through
joint  Federal/State task
forces to identify and



resolve issues early in the

process;

o assuring effective
communications with the
public;

o using available program
resources efficiently and

effectively by focusing where
there is highest probability
of commercial feasibility and
wvhere there is industry and
state interest; and

o coordinating with other
federal agencies to facilitate
all related Federal decisions,
reduce regulatory burdens, and
maximize the efficient use of
the collective resources
available.

Current MMS project activities,
which all involve federal/state
task forces or similar coordination

arrangements, include: the Gulf
States’ economic reconnaissance
studies; the completion of a

technical assessment with Oregon
and Washington of Gorda Ridge
polymetallic sulfide deposits; the

environmental impact study of
possible future development of
cobalt-rich manganese crusts

offshore of Hawaii and Johnston
Island; an economic feasibility
study of mining for phosphorites
offshore of North Carolina; a
similar economic feasibility study
of phosphorites and heavy mineral
placers offshore of Georgia;
preparation and coordination of an
environmental impact statement for
a proposed gold placer lease sale
offshore of Alaska in Norton Sound;
and a new initiative with Oregon
to examine the strategic minerals
in offshore black sand placer
deposits.

From a programmatic perspective,
MMS is concluding the rulemaking
process it began over four years
ago to put in place a regulatory
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regime, under the Outer Continental
Shelf Lands Act, tailored to the
requirements of marine mining. On
August 4, 1988, the first of a
three-part series of regulations
took effect. This part dealt with
prelease prospecting. The two
latter parts--regulations dealing
with leasing and postlease
operations--were formally proposed
on August 18. The extended public
comment periods close on both these
rules on November 2, and
publication of the final rules is
anticipated in early 1989.

Mr. James W. VWorkman, Program
Director of the Office of Strategic
and International Minerals, 1is
responsible for OCS marine minerals
policy and programs of the U.S.
Minerals Management Service. Prior
to appointment to his current
position in March 1988, he served
three years as Deputy Director of
the Interior Department’s Office
of Surface Mining.

Mr. Workman'’s Federal career began
in 1961 with the Naval Ship
Research and Development Center.
In the early 1970’s, he was a Staff
Assistant to the Assistant
Secretary of the Interior for Water
and Power. He has held several key
positions in 10 years of service
with the U.S. Department of Energy
and its forerunner, the Energy
Research and Development
Administration. He was Director
of the Economic Regulatory
Administration’'s Office of Fuels
Programs from 1981 to 1985,
managing all of that agency’s coal
conversion, oil, natural gas, and

electricity programs. Mr. Workman
has a B.S. in electrical
engineering from Virginia

Polytechnic Institute and State
University and an M.S. in



engineering administration from
George Washington University.

The New Marine Minerals
Technology Center -
A National Perspective

Dr. J. Robert Woolsey
The Mississippi Mineral
Resources Institute

INTRODUCTION

The Marine Minerals Technology
Center (MMTC) was established by
Congress in fiscal year (FY) 1988
as part of the Mineral Institutes
Program, administered by the U.S.
Bureau of Mines under the auspices
of the Department of the Interior.
The primary objective of the MMTC
is to provide the focus and
guidance necessary to assure an
orderly development of the mineral
resources of the United States with
due regard for the protection and
conservation of the environment.
As a national research center, the
MMTC ©brings together leading
scientists and engineers in the
field of marine minerals and ocean
mining, thus linking universities,
research institutions, and
industry. The MMTC will also
function as a training center and
an information and reference
center, particularly with regard
to the transfer of technological
developments to industry as part
of the cooperative effort.

Because of the broad spectrum of
study encompassed by the field of
ocean mining and mineral resources,
the MMTC is organized to include
separate divisions for deep ocean
and nearshore research within the
U.S. Exclusive Economic Zone. The
Ocean Basins Division is
administered by the Center for
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Ocean Resources Technology (CORT)
and the Pacific Ore Resources
Technology Group (PORT) of the
University of Hawaii at Manoa. The
Continental Shelf Division (CSD)
1s administered by the Mississippi
Mineral Resources Institute (MMRI)
of the School of Engineering at the
University of Mississippi.

The CSD is presently administered
through offices on the campus at
the University of Mississippi and
maintains an office facility,
workshop, and research vessel in
Biloxi, Mississippi.
Interconnected through the Division
are a number of representatives
from government, academia, and
industry. Various university
departments; research institutes;
state and federal agencies; and
mining construction, equipment, and
consulting companies from around
the United States have expressed

interest in the CSD and have
offered their support iIin its
endeavors.

PROGRAM GOALS

The primary resources of interest
of the CSD include phosphorites,
sand, gravel, shell, and the placer
deposits of titanium, gold,
platinum, and rare earths.
Continuing program objectives of
the Continental Shelf Division are
as follows: (1) to develop tools,
equipment, and techniques for the
characterization, recovery, and
processing of continental shelf
mineral resources; (2) to acquire
data and information on continental
shelf mineral resources; (3) to
carry out economic evaluation of
continental shelf mineral deposits;
(4) to maintain a program of
environmental systems engineering
design; (5) to train scientists and
engineers and to provide student
support; and (6) to facilitate the



transfer of technology through
cooperative research projects.

AREAS OF RESEARCH AND
DEVELOPMENT ACTIVITY

Remote Sensing and
Sampling Systems

The most costly and time-consuming
phase of a marine minerals survey
involves core sampling, which is
critical to both the engineering
and economic assessment of any
project. Preliminary geochemical
and geophysical reconnaissance
techniques are often used in such
surveys In order to cut down on
the number of core samples required
on a given ©prospect, thereby
accelerating the project and
cutting overall cost. Existing
techniques have a number of
limitations Thowever and the
development of advanced, more
rapid, geochemical and geophysical
methods 1s necessary to aid in
regional reconnaissance surveys of
the mineral commodities of
interest. Improved geotechnical
systems for sampling wundersea
mineral deposits are also needed
and must be individually designed
for maximum efficiency with regard
to the various types of mineral
occurrences and sediment types.

Mining Systems

As offshore resource development
progresses, conceptual designs of
mining systems will be required.
Technological applications and
adaptations will depend on many
factors including the type of
deposit, lithologic associations,
prevailing oceanographic
conditions, and depth of burial.
Several different mining
technologies presently in existence
lend themselves well to offshore
adaptations, but the specific
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modifications required will depend
on the type and location of the
commodity being mined.

Mineral Processing Systems

Processing of marine minerals to
a practical level of concentration
at sea will draw heavily on
existing onshore processing
technology, modified for offshore
operation. The beneficiation or
preconcentration of marine minerals
on offshore platform or mobile
units must be considered in order
to reduce the cost of transporting
large quantities of ore to land-
based facilities. Design
adaptations will have to compensate
for the inherent instability of
processing on mobile platforms,
the unique minerals associations
that are found in the marine
environment, and numerous
environmental restrictions. New
technological concepts in
beneficiation must also be
considered for offshore use,

Environmental Concerns

As mining systems are developed,
the potential environmental effects
of resource development will have
to be carefully considered. The
probability and severity of the
impact of exploration and mining
operations will depend on site-
specific characteristics that will
have to be 1identified for each
project. Little research has been
devoted to these problems in the
past, but as exploration and
development of marine resources
proceeds, a comprehensive program
for environmental protection will
be developed in compliance with
Environmental Protection Agency
(EPA) regulations.



Technology Transfer

Because one of the primary
functions of the MMTC is to develop
a technological ©base for the
offshore mineral resource industry;
the acquisition, storage, and
transmittal of data will be of
prime importance to the success of
the division’s activities.
Maintaining a competitive
technological base will require
equipment and programs of training
for skilled personnel. Students
should be actively 1involved in
research projects funded through
the Center and should receive
educational grants for studies in
ocean minerals research.

CONCLUSION

Although the need to develop the
nation’s continental shelf mineral
resources has been recognized,
technology is currently
underdeveloped in the field of
ocean mining. The efficient and
environmentally compatible
exploration of these resources
requires the development of
techniques and systems that address
the unique problems of the offshore
environment. Research and
development in this new frontier
must be encouraged, particularly
with regard to those commodities
useful in the maintenance of
reasonable foreign trade balances
and in the prevention of emergency
shortages of strategic materials.

The CSD hopes to serve as a
catalyst for industrial involvement
in marine resource development of
the Continental Shelf by focusing
its activities largely on current
and projected industrial needs.
Cooperative research, exploration,
and educational efforts on a cost-
sharing basis will benefit the
marine minerals community as a
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whole and will foster growth in
this field.

Dr. J. Robert Woolsey 1is an
exploration geologist with
principal experience in the

reconnaissance and evaluation of
shallow marine mineral deposits.
His background includes work with
the United Nations and private
industry in North and South
America, Europe, Africa, Southeast
Asia, and the South Pacific
involving the exploration and
development of both industrial and
precious minerals. Dr. Woolsey
presently serves as Director of The
Mississippi Mineral Resources
Institute and the Continental Shelf
Division of The Marine Minerals
Technology Center, University,
Mississippi.

Current and Future Needs of
the U.S. Construction
Aggregates Industries

Mr. Valentin V. Tepordei
U.S. Bureau of Mines

Sand and gravel and crushed stone
are by far the largest mnonfuel
mineral commodities, by wvolume,
produced in the United States,
supplying some of the most
important construction materials.
In 1987, a total of 2.1 billion
tons of crushed stone and sand and
gravel valued at $8.3 billion of
f.o.b. plant were reported produced
by the two industries. Of this
total, 1.2 billion tons (57%) was
crushed stone, and 896 million tons
(43%) was sand and gravel.
Construction sand and gravel is the
only mineral commodity produced in
all 50 states, while crushed stone
is produced in 49 states. Their



average unit value 1is one of the
lowest of all mineral commodities.

The production of aggregates in a
particular area is a function of
the availability of natural
resources, the size of the
population, and the economy of the
area. In 1987, most of the crushed
stone was produced in (1) the South
Atlantic, (2) East North Central,
and (3) West South Central regions;
while most of the construction sand
and gravel was produced in the (1)
Pacific, (2) East North Central,
and (3) the Mountain regions. The
leading states in order of
production of crushed stone were

Pennsylvania, Texas, Florida,
Georgia, and Virginia; while for
sand and gravel they were
California, Texas, Michigan,
Arizona, and Ohio. In the Gulf
area, the 1leading states in

production of crushed stone were
Texas, Florida, and Georgia; while
for sand and gravel they were
Texas, Florida, and Mississippi.
While not a Gulf State, Georgia was
included ©because some Georgia
producers supply crushed stone and
sand and gravel to some Gulf
States.

The sand and gravel and crushed
stone industries are represented
by a large number of companies and
operations. A total of 6,113
companies operating 9,354 sand and
gravel pits and crushed stone
quarries were active in 1986-1987
in the U.S. In the Gulf States
and Georgia, 267 companies operated
439 crushed stone quarries, while
449 companies operated 582 sand and
gravel pits. While there are
significantly less companies and
operations producing crushed stone
than sand and gravel, their total
as well as individual operation
production is considerably higher
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than that of sand

operations.

and gravel

PRODUCTION AND GROWTH

In the last 40 years, the crushed
stone and sand and gravel
production registered a significant
growth: from 319 million tons in
1948 to 896 million tons in 1987
for sand and gravel, which
represents an average annual growth
rate of 2.7%; and from 224 million
tons in 1948 to 1.2 billion tons
in 1987 for crushed stone at an
average annual growth rate of 4.4%.

During this time period, two
distinct growth rate intervals can
be identified (Figure 4.1).

o sand and gravel:

- 1948-1966 with an average
annual growth rate of 6%,
and

- 1966-1987 with an annual
growth rate of 0%

o0 crushed stone:

- 1948-1966 with an average
annual growth rate of
7.4%,
and

- 1966-1987 with an annual
growth rate of only 1.9%.

A major reason for the low growth
rate or lack of it since 1967 for
both industries was a significant
reduction in the late 1960’s in
construction work under the
Interstate Highway Program. The
sand and gravel industry showed an
even lower growth rate than crushed
stone in the 1last two decades,
mainly because it became more
difficult to develop new
operations, largely as a result of
restrictive zoning regulations and
increased land values. The record
production 1levels in the two
industries were reached in 1978 for
sand and gravel with a total of 963
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Figure 4.1. Two distinct growth rate intervals identified for sand and
gravel and crushed stone during 1948-1987.



million tons, and 1in 1987 for
crushed stone with a total of 1.2
billion tons.

As the number of operations and

their size increased over the
years, so did their share of the
market. In 1948, 49% of the total

sand and gravel produced in the
U.S. came from operations reporting
between 50,000 and 300,000 short

tons, while 11% of the total came
from operations larger than 1
million short tons. In 1986, 34%

of the total sand and gravel
production came from operations
reporting between 100,000 and
400,000 short tons, while 24% of
the total production came from
operations larger than 1 million
short tons. An even larger
increase occurred among the crushed
stone producers. In 1948, 36% of
the total crushed stone production
came from operations reporting
between 100,000 and 400,000 short
tons, while 26% of the total came
from operations larger than 900,000

short tons. 1In 1987, 25% of the
total production came from
operations reporting between

100,000 and 500,000 short tons,
while 44% came from operations
larger than 1 million short tons.

The significant growth registered
by the construction aggregates
industry in the last 40 years, also
generated some of the major
problems facing it today.
Urbanization, which cannot occur
without abundant availability of
aggregates, 1is one of the major
factors limiting the growth or even
the existence of sand and gravel
and crushed stone industries in
some areas. Sources of
construction aggregates are still
sufficient for most of the country,
but more and more metropolitan
areas are experiencing supply
difficulties. Consequently,
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operations are moving farther and
farther from consumer markets.
Being a low-value, high-volume
mineral commodity, the prices of
aggregates are dramatically
affected by transportation
distances. In cities like Boston,
New York, Houston, Los Angeles, and
San Francisco, shipping distances
of 50 to 100 miles are not at all
unusual.

Urbanization has routinely occurred
atop unmined aggregate deposits
without adequate recognition of
their existence or an analysis of
the impact of their loss. The
social and economic consequences
of such inadequate planning have
as a result of high consumer costs,
environmental damage, and create
an adversarial relationship between
the aggregate industry and the
community. The impact of premature
loss of mineral resources for the
future development of an area was
recognized by the California
Department of Conservation early
in the 1970's. The problem was
later recognized by the California
Legislature which established the
Surface Mining and Reclamation Act
of 1975, commonly known as SMARA.
While many states and the Federal
Government had previously enacted
mined 1land reclamation laws,
California was the first to address
the issue of 1long-term mineral
resource availability.

Under SMARA, 1local governments
retain all land-use decisionmaking
authority relative to the granting
of mining permits, while
responsibility for preparing an
accurate, objective, and quantified
aggregate resource inventory is
given to the state. More than 50
billion short tons of high-quality
aggregate resources have been
identified and designated under
SMARA, a program that appears to



be working well in California, and
may serve as an example to other
areas of the country (Beeby 1988a).

The existence of sand and gravel
deposits on the continental shelf
has been known for decades.
However, thelr exploitation has
been 1limited to a few places,
mainly due to the availability of
land deposits which are relatively
low in price and in close proximity
to the point of use. As the land-
based deposits of aggregates become
exhausted or their exploitation is

more and more limited by
environmental and/or zoning
restrictions, the search for new

sources intensifies. The increased
interest in producing hard minerals
from the Outer Continental Shelf
(0CS) resulted in the establishment
by the United States in 1983 of the
Exclusive Economic Zone (EEZ) that
brought new responsibilities for
the Interior’s Minerals Management
Service (MMS). To assist the MMS
in their selection of specific
offshore deposits for consideration
as near-term lease offerings, the
Bureau of Mines (BOM) undertook two
studies of selected hard mineral
deposits occurring within the EEZ.
One of the two studies, entitled
"An Economic Reconnaissance of
Selected Sand and Gravel Deposits
in the U.S. Exclusive Economic
Zone," investigated seven offshore
areas near Boston, MA, New York,
NY, San Juan, PR, Houston, TX, Los
Angeles, CA, San Francisco, CA, and
Honolulu, HI (Beeby 1987).

The Houston Metropolitan Area (HMA)
is situated within the geomorphic
province known as the Northwest
Gulf of Mexico. Surface geology
consists of Pleistocene- and
Holocene-age sedimentary deposits,
mainly alluvial, deltaic,
estuarine, and marine sediments.
The main sediment type nearshore
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in the Houston-Galveston area is
a mixture of silt and clay, part
of which comes from the Mississippi
Delta. Sand in the area is
predominantly quartz, but fine- to
very fine-grained (0.0002 to 0.0l
in), making it wunsuitable for
construction applications. Also,
much of the sand is intermixed and
interlayered with silt and clay
which would make it relatively
expensive to mine and process.

After reviewing the demand/supply
relationship in the Houston
Metropolitan Area for land-based
deposits, the BOM report concludes
that "overall, combined sand and
gravel crushed stone resources of
the major suppliers to the HMA and
its adjoining counties are large,
in excess of a billion short tons.
Therefore, no significant supply
shortages are anticipated in the
foreseeable future. However, high
delivered prices of aggregates
encourage market Iincursions by
producers from outside the area."
The report also concludes that
"aggregate deposits suitable for
near-term commercial use apparently

do not exist in the Houston-
Galveston offshore region. Large
onshore resources and emerging

foreign supplies--Mexico, Jamaica,
Canada, and Scotland--combine to
further discourage any possibility
of commercial operations" offshore
in this area. Deposits suitable
for beach replenishment may exist
but at depths difficult to mine
with today'’s technology.

IMPORTS OF CONSTRUCTION
AGGREGATES

The widespread distribution and
abundance of domestic sand and
gravel and stone deposits and the
existence of 1large production
capacity in the United States for
years have limited the imports of



aggregates, mostly to local
transactions across the
international boundaries. But this

situation is changing. The imports
of crushed stone for wuse as
construction aggregates increased
from 869,000 tons in 1983 to 2.2
million tons in 1987; while total
imports of crushed stone, which
include 1limestone for cement
manufacturing, increased from 2.3
to 3.6 million tons for the same
period. The imports of
construction sand and gravel also
increased from 123,000 tons in 1983
to 494,000 in 1987. While these
imports represent less than 0.5%
of the U.S. production of both sand
and gravel or crushed stone, the
new trend is important and should
not be overlooked. Since 1985,
Lone Star Industries has produced
crushed stone in Nova Scotia and
shipped it to the United States,
mostly to the east coast; while
Foster Yeoman Ltd. of Somerset,
United Kingdom, has been shipping
crushed granite from Scotland to
Houston, Texas, since 1985. At the
same time, other companies are
planning or already developing
similar operations. The
Newfoundland Resources & Mining
Company, owned by Explaura Holdings
PLC of the U.K., 1is developing a
limestone quarry on the Port au
Port Peninsula, in Newfoundland,
that will produce between 1 and 2
million tons of crushed stone a
year. The quarry 1s scheduled to
begin producing in 1989, and most
of its production will be shipped
to the East Coast of the United
States. Vulcan Materials Company
of Birmingham, Alabama, is
developing a limestone quarry in
the Yucatan peninsula of Mexico

that 1is scheduled to Dbegin
producing in 1989, while Dravo
Basic Materials Co. of Mobile,
Alabama, is 1in the advanced
planning stage of a similar
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operation, also in Mexico. Both
operations will produce crushed
stone that will be marketed in the
Southern United States.

PUBLIC WORKS: PAST AND PRESENT
Between 80% and 95% of the

aggregates produced in the U.S. are
used for construction purposes like

highways, roads, ajirports,
buildings, dams, and in concrete
products. The public works
projects represent a very
significant part of the

construction activities in most

areas of the country.

The importance of public works for
promoting national defense and
economic development has been
recognized since the founding of
this Nation. The construction of
the first interstate highway, the
Cumberland Road, today’s Route 40,
was financed by the Federal
Government. Other construction
projects followed, and the Federal
Government became a major partner
with the states in the development
of the infrastructure of the
Nation. By the 1830's, 11% of the
Federal budget was devoted to such
construction projects that
developed new areas and promoted
national unity. Much of the basic
infrastructure in wuse today in
America’s older cities was put in
place just after the turn of the
century. The post-World War II
period also witnessed several major
public works initiatives. In 1956,
the U.S. Congress designated the
National System of Interstate and
Defense Highways and created the
Highway Trust Fund to finance its
construction and maintenance. The
project was intended to promote
interstate commerce, maintain the
United States’ international
competitiveness, and strengthen
the national defense. It became



the largest single public works
project ever undertaken by a
nation.

A period of constant growth and
rapid economic development followed
in the 1970’s. As the construction
of the Interstate Highway System
approached completion, the
construction activity decreased and
the aggregates industry became much
more sensitive to the ups and downs
of the economy. The roads and
highways built in the 1960’s and
1970's were used by more cars and
heavier trucks than originally
expected and designed for. The
volume of maintenance and expansion
work needed by these roads could
no longer be adequately supported
by the old Federal Highway Trust
Fund. Recognizing this fact, the
U.S. Congress approved the Surface
Transportation Assistance Act of
1982 that increased the Federal
fuel tax from 4 to 9 cents per
gallon, increased other fees paid
by highway users, and extended the
Federal Highway Trust Fund to
September 1988. This long-overdue
adjustment of the Federal fuel tax
provided the highest-ever funding
for highways and mass
transportation and was responsible
for the significant increase in the
demand for aggregates in the last
five years. Last year, the Surface
Transportation Assistance Act of
1987 was approved by the U.S.
Congress. This legislation
extended the Federal-Aid Highway
Program for another five years and
allocated a total of $68 billion,
with an annual authorization
ranging between $13.6 and $13.9
billion.

"But the Nation’s highways and
roads are not the only part of the
infrastructure that is recognized
as being important for the
development of the country, a
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critical 1index of 1its economic
vitality. Reliable transportation,
clean water, and safe disposal of
wastes are basic elements of a
civilized society and productive
economy" (Beeby 1988b) .
Recognizing these facts, the U.S.
Congress passed the Public Works
Improvement Act of 1984 that
created the National Council on
Public Works Improvement. The
Council was requested to prepare
and submit to the President and the
Congress a report on the state of
the Nation’s infrastructure and
develop guidelines with respect to
public works improvements.

The final report of the Council,
entitled "Fragile Foundations: A
Report of America’s Public Works,"
was released on February 1988.
Eight key categories of public
works were analyzed and a report
card that grades each one of them
was produced by the Council.
According to the report card, "the
quality of America's infrastructure
today is barely adequate to meet
current requirements and
insufficient to meet the demands
of and support future economic
growth and development.” The
grades on the report card are:

Report Card on the
Nation’s Public Works

Subject Category Grade
Highways C+

Mass Transit C-
Aviation B-

Water Resources B

Water Supply B-
Wastewater C

Solid Waste C-
Hazardous Waste D

The Council concludes that the

causes for the poor state of the
Nation’s infrastructure are largely



monetary. The overall investment
in public works has slowed in the
past 10-15 years, in absolute terms
and in relation to the demands
generated by economic growth and
increased environmental concerns.
Total public spending for the
infrastructure dropped from 3.6%
of the Gross National Product (GNP)
in 1960 to 2.6% in 1985. Spending
for operations and maintenance has
remained relatively steady, but
costs have increased. Capital
spending has dropped dramatically,
from 2.3% of the GNP in 1960 to
just 1.1% in 1985. Public works,
as a proportion of total spending
at all 1levels of government,
dropped from nearly 20% in 1950
to less than 7% in 1984.

A declining infrastructure
inevitably will jeopardize the
productivity of our economy and
our quality of l1life. Failure to
reverse this decline will impose
a high price on the Nation in the
future, both in the cost of
deferred investment and reduced
economic competitiveness.
"Therefore, the Council recommends
a national commitment, shared by
all levels of government, the
private sector, and the public, to
vastly improve America’s
infrastructure. Such a commitment
could require an increase of up to
100% in the amount of capital the
Nation invests each year in new and
existing public works. 1In 1985,
this amount was approximately $45
billion. The Council also
recommends that state and local
governments continue to play their
traditional leadership roles in the
construction and management of the
Nation’s infrastructure, and that
the Federal Government must be a
full and responsible partner on a
long-term basis in the national
effort to increase and sustain
public capital investment."
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FUTURE DEMAND FOR
CONSTRUCTION AGGREGATES

In today'’s economy, no significant
decisions regarding business or

government planning are made
without using some form of
forecasting. The basic question

is not if forecasting should be
used in the decisionmaking process,
but what approach and which
indicator should be used to make
a better forecast.

The forecasting of demand of
mineral commodities done by the
BOM every five years has two major
components:

o a statistical projection
based on regression analyses
made against several economic
indicators with high
correlation factors for that
commodity; and

o a contingency analysis of the
factors that could cause
demand for that commodity to
deviate from its historical
trend line.

Based on these components, a
forecast range is determined with
a "probable value" as the best
estimate.

In 1984 the BOM derived the latest
forecasted demands for construction
sand and gravel and crushed stone
for 1990 and 2000. These forecasts
are published in the Bureau of
Mines Mineral Facts and Problems,
1985 edition. The expected values
of probable U.S. demand for
construction sand and gravel
estimated at that time were 750
million short tons in 1990 and 1
billion tons in 2000, at an average
growth rate of 2.9% per year. For
crushed stone, the expected values
of probable demand were 1 billion
short tons in 1990 and 1.3 billion



tons in 2000, at an average growth
rate of 2.4% per year. It should
be noted that the forecasts for
both commodities had base years
with a very low production: 593
million tons for sand and gravel
in 1982, and 863 million tons for
crushed stone in 1983. If these
forecasts were made today, assuming

1987 as a Dbase year, the
projections would be somewhat
different. At the same time, the

contingency factors that would be
taken into consideration today
would be significantly different
from those used in 1984. One of
the major contingency factors that
would influence such a forecast
today is the impact that the final
recommendations of the National
Council on Public Works Improvement
will have on the two industries,
and to what extent the
recommendations would be acted upon
by our legislators.

Despite the fact that most of the
long-range forecasts are very
difficult to produce, they are
still being made because the users,
government agencles, industry, and
academia, need them. But for all
practical purposes, the short-range
local forecasts are much more
important and more accurate,
especially for commodities that
represent local industries 1like
sand and gravel and crushed stone.

Recognizing the increased need for
more and better information at the
local 1level, the BOM reporting
system for crushed stone and sand
and gravel production within each
state has been redesigned. The new
system, implemented for the first
time with the publication of the
1985 crushed stone production data,
subdivides 40 states into several
BOM districts by grouping adjacent
counties. In defining the
districts, factors like the number
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of aggregate producers, the size
and the location of markets and
major industries, and the existing
road system were considered.
Consequently, most of the districts
represent local market areas. The
new reporting system provides
production information by major
uses within each district--a
significant amount of detailed
information that was not available
in the past. By using the counties
as the basic building block of the
districts, the economic indicators
presently available from other
sources--such as the Census Bureau,
the Federal Highway Administration,
or McGraw Hill’s F.W. Dodge--can
be used in conjunction with BOM
data.

The demand for construction
aggregates in the U.S. will
continue to grow, especially in and
around large metropolitan areas.
The Census Bureau’s population
projections indicate that the U.S.
population in the year 2000 will
reach 268 millions, an increase of
12% compared to 1985. These
projections also indicate that the
population in general will decline
or will stagnate in most of the
northern states, while it will
increase in most of the southern
states. The largest increases in
population are expected to occur
in Arizona (23.1%), Nevada (21.1%),

New Mexico (20.5%), Florida
(20.3%), and Georgia (19.4%).
Significant increases are also
expected to occur in some states
with 1large populations, like
California (15.0%), and Texas
(14.1%).

Based on population projections as
well as the projections of the
growth of the economy, the U.S.
Department of Commerce estimates
that infrastructure use by industry
alone will increase by 30% over the



next decade. If we also add to
these projections the increase in
the volume of public works that
will occur in the next decade as
the result of the recommendations
made by the National Council on
Public Works Improvement in its
final report to the President and
the U.S. Congress, recommendations
that suggest "an increase of up to
100% in the amount of capital
invested each year in new and
existing public works," we begin
to have a better picture of the
size of the demand for construction
aggregates Iin the next decade.

the demand as well as
aggregates are

Therefore,
the prices of
expected to grow, especially in
major metropolitan areas. At the
same time, land-based sources of

aggregates will continue to
diminish and as a result, the
search of new sources will

intensify. The offshore mining of
sand and gravel will become a
reality and an important alternate
source of aggregates, at least in
some areas of the country, much
sooner than we anticipate today.
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MARINE GEOLOGY RESEARCH PROGRAM

The U.S. Geological Survey (USGS)
has over the past three decades
carried out a broad spectrum of
geologic studies and research in
marine areas of the Exclusive
Economic Zone (EEZ) around the U.S.
and its territories, as well as in
the Great Lakes region. Regional



and topical investigations have

been undertaken throughout the
entire range of marine
environments: estuarine, wetlands,

coastal, shelf, slope, and the deep
ocean basins.

The USGS’' marine research program
comprises the four elements shown
in Table 4.1. The first consists
of studies using interpretations
of bathymetry, seismic reflection
and sidescan sonar data, and
analyses of sediment grab samples
and cores to develop a general
understanding of the geologic

framework. Information on the
geologic setting, as well as the
subbottom structure and
stratigraphic relationships, and

the geologic history and evolution

of the areas surveyed 1is an
important part of the program
objectives.

A second element entails carrying
out quantitative studies of the
sedimentary processes that control
the origin and evolutionary
development of marine sedimentary
deposits and shape the morphology
of the coastlines and sea floor.
Oceanographic measurements of
waves, currents, and suspended-
sediment concentrations, combined
with direct observations and
acoustic 1imaging 1lead to an
increased understanding of the
erosional and depositional
processes and events.

The third research element in the
USGS marine program is locating,
characterizing, and assessing
marine energy and nonenergy mineral
formations and deposits. Surveys
are conducted to collect the
information with which to measure
the three-dimensional geometry of

such  deposits, and resource
potentials are derived from the
maps and cross sections
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constructed. A major focus is on
the processes by which mineral
deposits originate, how the
deposits may be modified or
remobilized through time, and what
controls preservation of mineral

deposits.

Each of these three main elements
have parts that interrelate with
each other. Maximum scientific
productivity comes from blending
the results and interacting closely
with other federal agencies,
coastal states, and with university
research scientists.

The last element, as shown in Table
4.1, is that of presenting the
scientific results from the various
investigations in forms that can
be understood and used in an
applied manner to address immediate

or short-term problems. Ultimate
users include the research
community, state, and local

agencies, and private industry.

GEOLOGIC FRAMEWORK AND HARD
MINERAL RESOURCES

This paper summarizes the results
of studies that have been conducted
on the inner continental shelves,
including areas under the
jurisdiction of both the state and
federal governments. As the title
suggests, the emphasis is on the
shallow subbottom geology,
generally Quaternary-age sediments
that extend from the sea floor to
perhaps 50 m below the seabed, and
on the assorted hard minerals
(e.g., sand, gravel, shell, placer
heavy minerals).

The continental shelves of the
Atlantic and Gulf of Mexico regions
have been greatly affected by a
combination of glacio-fluvial,
coastal and estuarine, and marine
processes operating over the past



Table 4.1.

Main research elements of USGS marine program.

DECIPHER GEOLOGIC FRAMEWORK OF SEAFLOOR AND SUBBOTTOM

- bathymetry

- seismic reflection

- sidescan sonar

- sediment samples (grabs, cores)

BETTER UNDERSTAND AND QUANTIFY SEDIMENTARY PROCESSES

- measure waves, currents, sediment concentrations
- rates of change in relative sea level

- effects of storms on the coast and nearshore

- identify sediment sources

LOCATE, ASSESS, CHARACTERIZE MARINE HARD MINERAL RESOURCES
- 3-dimensional geometry

- resource potential

- processes of origin and preservation

APPLICATION AND TRANSFER OF RESULTS

- reports

- maps
- seminars
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several million years. These
include four or more major advances
of glacial ice sheets in northern
latitudes, accompanied by crustal
deformation due to ice loading,
and worldwide lowering of sea level
in excess of 100 m. During major
lowstands, all of the major rivers
extended across the then-exposed
shelf and the shorelines were many
kilometers seaward, near what is
now the shelf edge (McKelvey 1986).

The combination of rivers that
transported large volumes of
terrestrial coarse sediment onto
exposed shelf areas and the
repeated transgressions and
regressions of coastal barriers
has resulted in the formation and
preservation of large sand bodies
(Williams 1986). These sand
deposits vary greatly in vertical
and horizontal scales: some are
only a meter or less in thickness,
others measure as much as 50 km in
length. The most promising targets
for sand and gravel appear to be
buried tributary and distributary
stream and river channels, shoals
(e.g., relict deltas, drowned
barrier shorelines, linear shoals),
and blanket-like sheet deposits
(Williams, in press). Figure 4.2
shows the location of sand and
gravel resources identified from
offshore studies conducted to date,
as well as places where sand and
gravel deposits are likely to be
found based on more 1limited
information. The north Atlantic
region (Maine to Long Island, N.Y.)
contains an estimated 340 billion
cubic meters (Table 4.2) of sand
and gravel resources, much of which
is an admixture of gravel-size and
fine-grained material due to its
glacial history.

In contrast to mnorthern shelf
areas, the middle Atlantic region
(New Jersey to South Carolina) has
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an estimated 190 billion cubic
meters consisting of largely sand

(Table 4.2). Gravel in this region
is very scarce and patchy in
occurrence, and it 1is  mostly

restricted to ancestral fluvial
channels and deltas. Linear and
ebb-tide shoals, the most promising
deposits, are composed generally
of medium to coarse sand and have
textural properties similar to
sediments on the adjacent
shorelines.

Our limited knowledge of nearshore
regions in offshore South Carolina
and Georgia is reflected in Figure
4.2 and Table 4.2. Most of the
sand and gravel resources,
estimated to be 220 billion cubic
meters, are based on early surveys
on the eastern inner shelf of
Florida by the Corps of Engineers.

In contrast to the Atlantic shelf,
very 1little attention had been
focused on hard mineral resources
in the Gulf of Mexico until the
last several years (Figure 4.3).
Cooperative programs between the
USGS and Louisiana Geological
Survey have been underway since
1981 and have resulted in detailed
isopath maps and cross sections
constructed from densely-spaced
seismic profiles and 12-m-long
vibracores of the major sand bodies
(Suter and Penland 1987). Many of
the shoals in the Gulf are composed
of fine sand, and the seismic and
coring evidence suggests that they
originated when barrier islands
were submerged due to rapid sea-
level rise and a lack of sediment
at the coast. The estimate of sand
and gravel resources for the Gulf
of Mexico, 269 billion cubic meters
in Table 4.2, is conservative based
on only limited studies performed
offshore at Galveston, Texas
(Williams et al. 1979), the
Louisiana delta plain (Suter and
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Table 4.2. Estimates of sand and gravel resources within part of the U.S.
exclusive economic zone (modified from Williams 1986).

PROVINCE VOLUME (cubic meters)
ATLANTIC

Maine-Long Island 340 billion

New Jersey-South Carolina 190 billion

South Carolina-Florida 220 billion
GULF OF MEXICO 269 billion
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Penland 1987), and along parts of
the Florida western shelf and
panhandle.

In conclusion, while it appears
from Figure 4.3 that a large number
of marine studies have been
conducted on Atlantic and Gulf of
Mexico continental shelf areas of
the U.S., the EEZ covers vast areas
in which existing information on
the geologic framework and
potential hard mineral resources
is sparse and coverage is not
nearly adequate. Only through a
well-coordinated national program
of mapping and research involving
federal agencies working in close
cooperation with the states and
universities, can we expect to gain
the information needed to manage
and protect the Nation's resources.
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INTRODUCTION

The Louisiana continental shelf
stretches 450 km between Sabine
Bank east to the St. Bernard
shoals. It is the broadest portion
of the northwest Gulf of Mexico
continental shelf and is 240 km

wide south of Holly Beach,
Louisiana. An inventory of
existing geophysical data

supplemented by more than 15,000

km of high-resolution seismic
profiles and 400 vibracores
collected cooperatively by the
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Louisiana Geological Survey (LGS)
and U.S. Geological Survey (USGS)
since 1981 indicates that a wide
range of aggregate minerals occurs
on the continental shelf in a
variety of depositional settings.
The distribution of these deposits
is controlled by the geometry of
the preexisting fluvial and deltaic
channel systems and the
stratigraphic signature of the
Holocene transgression across these
features. The geology of coastal
and offshore Louisiana is tied to
the depositional history of the
Mississippi River (Coleman 1988).
The physiography of this region can
be divided into the chenier plain
and the delta plain. Offshore of
the chenier plain, three types of
aggregate mineral sources can be
identified: (1) undifferentiated
sand shoals, (2) Late Wisconsinan
fluvial channels, and (3) Holocene

fluvial channels (Suter et al.
1987). Offshore of the delta
plain, five types of aggregate

sources can be identified: (1)
inner shelf shoals, (2) submerged
barrier islands, (3) tidal inlets,
(4) distributary channels, and (5)
barrier platforms (Penland et al.
1988a). This paper Dbriefly
describes the geology of offshore
Louisiana, the available
geophysical data sets, and the
distribution of aggregate mineral
resources.

REGIONAL GEOLOGY

At the end of the Late Wisconsinan
18,000 yrs B.P., sea level stood
about 130 m lower than at present,
with the shoreline withdrawn below

the shelf break (Suter et al.
1987). The surface of the
continental shelf at this time

represented a lowstand subaerial
erosion surface. As the
continental glaciers melted, the
Holocene transgression drove the



sea landward, submerging and
reworking the coastal zone. Sea
level rise was mnot constant;

instead the rise was punctuated by
a series of stillstands and
accelerations before reaching its
current highstand about 3,000 yrs
B.P. The delta plain is composed
of a series of smaller delta
complexes and the chenier plain is
composed of a series of shore-
parallel alternating linear ridges
separated by marshes clustered
between submerged river valleys.

Offshore of the delta plain 1lies
a series of the stacked Holocene
shelf-phase delta plains of the
Mississippi River, which represent
submerged transgressive systems
tracts (Boyd et al. 1988). Along
the ancient shoreline of each of
these delta plains is a submerged
sand shoal trend. As a
consequence, the shallow subsurface
is made wup of 5-10 m-thick
regressive delta sequences lying
on a ravinement surface and
overlain by a 5-10 m-thick
transgressive shoreline sequence
(Penland et al. 1987). The
individual delta plains are stacked
en echelon landward. Offshore of
the chenier plain the sediment
supply is limited compared to that
offshore of the delta plain. Here
the Holocene transgression produced
a regional ravinement surface that
truncated the preexisting Late
Wisconsin 1lowstand surface and
generated a series of transgressive
sand shoals (Suter et al. 1987).

OFFSHORE DATA SETS

On the Louisiana continental shelf,
three extensive seismic survey
grids have been developed by the
Louisiana Geological Survey, U.S.
Geological Survey, and the U.S.
Minerals Management Service. These
seismic surveys represent the best
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regional coverage in offshore
Louisiana and 1include: (1)
southwest Louisiana shelf collected
in 1981 (U.S. Geological Survey and
Minerals Management Service), (2)
southeast Louisiana shelf collected
in 1981-1987 (Louisiana Geological
Survey and U.S. Geological Survey),
and (3) LA/MS/AL shelf collected
in 1981 (Louisiana Geological
Survey, U.S. Geological Survey, and
Minerals Management Service).

The southwest Louisiana shelf data
set consists of 20,000 km of 5.5
km x 5.5 km (3 mi) spaced high-
resolution seismic profiles between
90° and 92°N 1longitude (Suter
1986a). Minisparker and 3.5-kH,
subbottom profiler were the primary
tools used (Figure 4.4). The
southeast Louisiana shelf data set
consists of 14 surveys containing
more than 15,000 km of high-
resolution seismic profiles between
88°30’ and 92°30'N longitude
(Figure 4.5). Data were collected
at variable spacing and using ORE
Geopulse, EGG Uni-boom, 3.5-kH,
Datasonics subbottom profiler, and
3.5-kH, ORE subbottom profiler
seismic systems (Figure 4.5). The
LA/MS/AL shelf data set consist of
3,200 km of 5.5 km x 5.5 km spaced
profiles (3 mi) between 88° and
89°N longitude (Figure 4.4).
Minisparker and 3.5 kH, subbottom
profiler were the primary tools
used (Kindinger, in press).

Two university-industrial shelf
consortiums have compiled known
sources of existing nonproprietary

geophysical information. Moslow
and Pope (1986) collected
information on the existing

geophysical data between 90° and
92°N longitude. Coleman et al.
(1986) built and interpreted a
large data set which covered the
entire Louisiana continental shelf.
Emphasis in the Coleman et al.
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Figure 4.4, Location of the USGS/MMS southwest Louisiana and southeast
Louisiana and Mississippl seismic data sets (Suter et al.
1987; Kindinger, in press).
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Figure 4.5. Location of 14 seismic and vibracores surveys in southcentral
and southeast Louisiana collected cooperatively by the U.S.
Geological Survey and Louisiana Geological Survey.
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(1986) report was on the
correlation of Quaternary
depositional sequences with oxygen
isotope stages.

OFFSHORE CHENIER PLAIN

Offshore of the southwestern
Louisiana chenier plain lie
undifferentiated sand shoals, late
Wisconsin fluvial channels, and
Holocene fluvial channels. Sabine
Bank and 1its associated retreat
path of shore-parallel sand shoals
are a surficial deposit of medium
to coarse sand. Thicknesses reach
7.5 m at Sabine Bank and decrease
towards the south to 2-3 m. Sabine
Bank is 70 km long and 15 km wide,
and it lies 30 km offshore (Suter
et al. 1987). Little is known
about the facies of this sand body.
Late Wisconsinan fluvial channels

represent a shallow subsurface
source for coarse sand. Suter
(1986b) has mapped the late

Wisconsinan channel pattern from
the shoreline to the shelf break
using high resolution seismic
profiles. Generally, these
channels coalesce and become larger
and fewer offshore. Typical
thicknesses of these channel
sequences range from 10-20 m in the
north to 40-60 m at the shelf
break. Lying within the Holocene
section of the chenier plain are
isolated fluvial channels. The
channels are 5-10 m thick and the
texture 1is highly wvariable. At
Holly Beach, an ancient course of
the Calcasieu River 1is found
exposed on the shoreface.

OFFSHORE DELTA PLAIN

Offshore of the southeastern
Louisiana delta plain one finds
submerged barrier islands,
distributaries, shelf reefs, inner
shelf shoals, tidal inlets, beach
ridge plains, and barrier platforms
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(Figure 4.5). West to east along
the delta plain lies Trinity Shoal,
an ancient submerged barrier island
associated with the late Holocene
delta plain (Suter and Penland
1987). This feature is 30 km long,
10 km wide, and 8 m thick. The
texture of Trinity Shoal is very

fine sand and 1is estimated to
contain some 2 billion m® of
material. Between Marsh Island and

Sandy Point, the LGS documented 55
nearshore sand resource targets,
ranging in size from 2 km? to
greater than 400 km® with estimated
volumes of available sand varying
from less than 2 million m® to
greater than 1.6 billion n’
(Penland et al. 1988b; Suter et al.
1987; Louisiana Geological Survey
1988). The most prospective
resources found are the huge sand
bodies of Ship Shoal and associated
distributaries, Cat Island Pass
tidal channels and associated tidal
deltas, and Barataria Pass/Grand
Terre tidal channels and associated
tidal deltas (Penland et al 1986;
Suter and Penland 1987). East of
the mouth of the Mississippi River
are the Chandeleur Islands, where
LGS identified seven major sand
resource targets truncated barrier-
spit and tidal inlet deposits,

submerged Dbeach ridges, and
distributaries associated with
abandoned St. Bernard delta

complexes (Penland and Suter 1985;
Penland et al. 1985; Suter et al.
1988).

SUMMARY

Abundant sand resources can be
found in offshore Louisiana. Many
of the sand bodies contain heavy
minerals, but their concentration
and distribution is unknown. Other
potential sand resources not yet
adequately explored include Sabine
Bank, the Outer Shoal, and the St.
Bernard shoals. The sand resources



are best documented offshore of the
delta plain. Offshore of the
chenier plain, the locations of
potential targets have Dbeen
documented, but the facies
architecture and texture are
unknown. The utilization of these
resources either as borrow material
for beach nourishment or for
industrial use will depend upon the

economics of dredging at their
offshore locations and the
potential environmental effects

resulting from altering existing
continental shelf geomorphological
and biological conditions.
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Data Applicable to Hard Mineral
Exploration on the Alabama
Quter Continental Shelf

Mr. Steven J. Parker
Geological Survey of Alabama

INTRODUCTION

Recently, the Minerals Management
Service (MMS) has initiated studies
to assess the potential of hard
mineral resources within the
Exclusive Economic Zone (EEZ).
These studies involve joint efforts
by federal and state agencies and
are aimed primarily at the
reconnaissance of sand and gravel,
heavy minerals, precious metals,
and other economic nonenergy
minerals. Joint efforts by
agencies of the States of Alabama,
Mississippi, Louisiana and Texas
(Gulf Task Force) are aimed at
providing MMS with preliminary

evaluation of the occurrence,
economic potential, and mining
feasibility for developing

nonenergy resources in the northern
Gulf of Mexico.

The objective of this study is to
evaluate available data applicable
to the assessment of hard mineral
resources in the EEZ in offshore

Alabama to make a preliminary
assessment of the occurrence,
economic potential, and mining

feasibility for developing these
resources within this area. This
study encompasses the area offshore
of Alabama under Federal
jurisdiction from the state-Federal
boundary to the 200-m isobath.

MINERAL RESOURCES

Hard mineral resources identified
in the Alabama offshore area
include sand, gravel, heavy mineral
placers, and carbonate rock rubble.
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The occurrence of these resources
in the Alabama offshore area is due
to the formation and migration of
estuarine, marine, and fluvial
systems on the shelf during the
Quaternary period as the result of
sea-level fluctuations. Holocene
transgression allowed marine
processes to rework and modify
sediments and geomorphic features
associated with these environments;
however, preserved buried fluvial
channels have been identified in
the offshore Alabama area. In
addition, large bedforms, which are
in equilibrium with the current
hydraulic regime, consist of
reworked sediments and are
potential sites for hard mineral
deposits.

Previous reports, sidescan sonar
data, and bottom-sampling data
indicated that sand covers most of
the Alabama offshore area (Figure
4.6). Overall, sand deposits are
typically fine- to medium-grained
and consist of greater than 75%
quartz sand. Sand deposits that
accumulate on the seaward sides of
offshore ridges contain greater
than 90% quartz sand. Shell gravel
deposits, containing up to 70%
gravel-sized particles, occur on
the landward sides of offshore

ridges. These deposits may be over
100 m wide and extend several
kilometers along the ridge.

Terrigenous gravel has not been
identified in the offshore Alabama
area; however, geophysical records
indicate numerous buried channels
which are potential sites for sand
and gravel deposits.

Offshore heavy mineral resources
have not been well delineated.

Several economic minerals,
including zircon, rutile, ilmenite,
leucoxene, kyanite, sillimanite,

and monazite, have been identified
in the Alabama offshore area. The
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possibility exists for commercial
concentrations of these minerals
to occur in the EEZ, offshore
Alabama. In heavy mineral studies
of offshore Florida, westward
increases in heavy mineral
concentrations were observed
(Arthur et al. 1986). In addition,
potential economic deposits of
these minerals have been identified
in the nearshore and barrier island
environments south of Alabama.
Mechanisms which concentrate these
minerals in the nearshore area were
active on the shelf during periods
of lower sea levels. This
observation indicates that similar
deposits may occur in the Alabama
offshore area.

Carbonate rock rubble consists of
algal 1limestone and carbonate
cemented sandstone, mudstone, and
coquinas. These deposits occur
along the continental shelf break
and in scattered localities in the
central portion of the Alabama
offshore area (Figure 4.6).

RESOURCE APPRAISAL

Data on the occurrence of hard
mineral resources are sparse, thus,
accurate estimations of the volume
of these resources are difficult.
Because of these limitations,
quantity estimates are classified
as inferred resource estimates.

Based on the preliminary
evaluations, the potential exists
for the occurrence of significant
deposits of nonenergy minerals in
the study area. Inferred resource
estimates indicate that over 35
billion short tons of quartz sand
occurs within recoverable depths
in the EEZ in offshore Alabama.
The most promising uses for these
generally fine-grained sands are
beach replenishment, the
manufacture of glass, and foundry
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applications. Size specifications
for wuse in the construction
industry, which wusually require
coarser-grained sand, may limit the
use of this resource for
construction applications. Shell
gravel deposits potentially may be
utilized as sources for lime and
aggregate In road construction.
Although sand and gravel are
apparently in good supply in the
EEZ of offshore Alabama, onshore
supplies of these resources
probably preclude the exploration
for offshore supplies in the near
future. As demand increases and
accessible onshore deposits are
depleted, marine mining of offshore
sand and gravel may Dbecome
economically attractive.

Heavy minerals of economic interest

have been identified in the
sediments in the study area. At
present, insufficient data are
available for identification of

specific sites containing possible
commercial concentrations of these
commodities. Interpretations of
geophysical data, along with
sedimentary history of the study
area, suggest that concentrations
of heavy minerals comparable to
those in the nearshore areas could
exist further offshore. Preliminary
estimates suggest the occurrence
of 400 million to 1.4 billion short
tons of heavy minerals in bottom
and subbottom sediments off the
Alabama offshore area.
Environmental factors concerning
natural hardbottom and reef areas
must be given thorough
consideration in mining feasibility
studies of these areas. The
feasibility of mining minerals in
the study area cannot be addressed
fully based on presently available
data. Studies by the U.S. Bureau
of Mines in other areas of the U.S.
suggest that dredge mining may be
possible in the Gulf of Mexico to



depths of about 130 ft. Available
data are insufficient for inference
or 1identification of specific
geographic areas suitable for
mining feasibility study for mining
on a commercial (economic) basis.

REFERENCES
Arthur, J.D., J. Applegate, S.
Melkote, and T.M. Scott. 1986.

Heavy minerals reconnailssance off
the coast of the Appalachicola
River Delta, northwest Florida.
Florida Geological Survey, Report
of Investigation No. 95.
Tallahassee, FL. 61 pp.

Ludwick, J.C. 1964. Sediments in
northeastern Gulf of Mexico, pp.
204-238. In Marine Geology.
Macmillan Co., New York, New York.

Stow, S.H., S.E. Drummond, and C.D.
Haynes. 1975. Occurrence and
distribution of heavy minerals,
offshore Alabama and Mississippi.
Society of Mining Engineers-AIME
Transactions 260:75-77.

Upshaw, C.F., W.B. Creath, and F.L.
Brooks. 1966. Sediments and
macrofauna off the coast of
Mississippi and adjacent states.
Mississippi Geological Survey
Bulletin 106. 127 pp.

Mr. Steven J. Parker is a geologist
in the Coastal and Marine Geology
Division of the Geological Survey
of Alabama. Parker has completed
course work for an M.S. degree in
geology and is currently completing
thesis work toward this degree.
His area of research includes
sedimentation and mineral resource
assessment of coastal and offshore
Alabama.

107

Assessment of Nonenergy
Minerals in the Exclusive
Economic Zone, Offshore
Mississippi

Robin G. Cranton
and
Dr. J. Robert Woolsey
The Mississippi Mineral
Resources Institute

Ms.

As a member of The Minerals
Management Services’ Gulf Task
Force, the Mississippli Mineral
Resources Institute prepared a data
inventory and summary of
information relevant to the
occurrence, distribution, and

feasibility of developing nonenergy
mineral resources of the Exclusive
Economic Zone, offshore
Mississippi. Minerals of interest
were identified as sand, gravel,
shell, and heavy minerals.

DATA SUMMARY
Sand and Gravel

Mississippi’s offshore areas have

been studied extensively with
respect to sediment composition
and distribution; however,

comprehensive studies have not been
directed toward resource
evaluation. In general,
Mississippi Sound sediments are
predominantly estuarine silts and
clays, with sands occurring
marginally along the mainland and
barrier 1island trend. These
marginal sands have been dredged
in the past for beach replenishment
purposes. Inner shelf surficial
sediments range from the Chandeleur
sand deposits in the western part
of the study area, to the centrally
located delta front silts and silty
clays, and finally to the
Mississippi-Alabama sand facies
found over most of the Alabama



shelf, extreme western Florida,
and extending just 1Iinto the
offshore Mississippi study area,
south of the easternmost barrier
islands. This sand sheet, though
not known in its vertical extent,
is thought to be less than 50 ft
thick. Ancient channel deposits
have been located through seismic
interpretation just west of the
Chandeleur Island area (Kindinger
et al. 1982). These channels
indicate possible areas of interest
with respect to sand, gravel, and
heavy mineral accumulation;
however, they appear to be covered
by relatively thick deltaic silts
and clays.

Heavy Minerals

Heavy minerals occur in two
distinct suites or provinces in
sediments offshore of Mississippi.
The Eastern Province typically
contains abundant ilmenite,
kyanite, staurolite, zircon, and
tourmaline. These minerals are
thought to be derived from the
Cretaceous and younger sediments
of the Appalachians. The Western
Province, composed chiefly of
pyroxenes, amphiboles, epidote,
ilmenite, and biotite, is believed
to be derived from the drainage
basin of the Mississippi River.
Those minerals of economic interest
include ilmenite, rutile, kyanite,
staurolite, zircon, monazite, and
xenotime. Many of these occur in
potentially economic quantities in
laminae in the foreshore and
backshore of the barrier islands;
however, these deposits are not
accessible in Petit Bois, Horn, and
Ship islands as they are a part of
the Gulf Island National Seashore.
It has been suggested that economic
concentrations of heavies exist in
surficial sediments between Petit
Bois Island and the western end of
Dauphin Island, extending seaward
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for about six miles (Van Andel and
Poole 1960) . However this
suggestion has not been
substantiated and in fact has been
disputed by several authors (Stow
et al. 1976, Wimberly 1985, Woolsey
1984, Woolsey et al. 1985).

Shell

Four reef areas have been
identified within Mississippi Sound
which have the potential of
providing 1,870,396 cubic yards of
shell (Demoran 1979). The amount
of overburden ranges from 0 to 3
ft. Water depth around these
deposits ranges from 7 to 27 ft,
deep enough to allow conventional
trailing suction dredges to
approach the deposits.

Through seismic record
interpretation, Kindinger et al.
(1982) identified buried oyster
reefs just southeast of the
Chandeleur Island chain. These
reefs appear to be blanketed by
thick deltaic deposits.

CONCLUSIONS AND
RECOMMENDATIONS FOR
FURTHER STUDY

Sand for beach replenishment has
been dredged successfully from
within the confines of Mississippi
Sound. Apparently the sand is of
sufficient size, however fine-
grained, to provide adequate
protection from beach erosion in
those low-energy settings, as
replenishment endeavors have only
been repeated approximately every
twenty years. It 1is desirable,
however, that periodic beach
nourishment be carried out on a
regular basis, at least every five
years. To do this, a comprehensive
study of Mississippi Sound
sediments must be undertaken in
order to fully characterize the



occurrence and distribution of
sands suitable for beach
replenishment purposes. Once
attained, these data can be
considered relative to pertinent
environmental and socioeconomic
information for optimum selection
of future borrow sites.

Ancient river channels, identified
by Kindinger et al. 1982, could
indicate the presence of economic
sand, gravel, or heavy mineral
deposits, but much more data would
be required in order to make an
adequate assessment. Detailed
grain size analyses should be
performed on sediment samples from
these channel areas. Additionally,
subsurface sediments beneath the
large Mississippi-Alabama sand
facies should be analyzed
extensively. The amount and type
of overburden for each area also
should be characterized, as
removing the overburden, beyond
the determined acceptable
overburden ration, can drive the
cost of dredging operation beyond
economic limits. All other
conditions, physical,
environmental, and economic, being
favorable, current technology would
easily allow exploitation of these
potential resources out to a water
depth of as much as 100 m.

Heavy mineral analyses could be
carried out concurrently with the
sedimentologic analyses. Emphasis
should again be placed on the
offshore channels and subsurface
sediments beneath the Mississippi -
Alabama sand facies. The heavy
mineral deposits of Mississippi
Sound and the barrier island chain
are not presently considered to be
of economic value, partially
because of the status of the
islands as a national seashore, but
also because environmental
constraints would not allow
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economic extraction without further

technological improvements to
present mining and processing
methods.

These barrier island heavy mineral

deposits are nevertheless
interesting from an academic
standpoint. The combined effects

of longshore drift and long-period
waves move the heavies shoreward
and deposit them on the Gulf side
of the barrier islands. Wind and
wave action effectively transport
them across the islands where they
are deposited as wash-over and
blow-over sands adjacent to the
leeward shore in the relatively
calm lagoonal environment of
Mississippi Sound. The Mississippi
Mineral Resources Institute plans
to conduct an extensive seismic
survey of the Sound followed by a
comprehensive drill sampling
program in an effort to describe
the characteristics of this low-
energy environment.

Reef shell resources within
Mississippi Sound can be mined by
the use of available technology
and with little disturbance to the
environment. However, similar
safeguards must be incorporated
into any mining plan as in any
other mining scheme. Onboard
processing would require that silts
be washed back down into the water
column, most assuredly causing a
turbidity plume. Coping with
environmental regulations may
render the venture uneconomic.
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Preliminary Assessment of
Nonfuel Minerals on the Texas
Continental Shelf

Mr. Jeffrey G. Paine,
Dr. Robert A. Morton,
and
Mr. William A. White
The University of Texas at Austin

The primary objective of this study
was to prepare a preliminary
assessment of nonfuel mineral
resources of the Texas Exclusive
Economic Zone (EEZ) from the Gulf
shoreline to near the shelf edge
(approximately 200 m water depth).
Several steps were required to
satisfy this objective, including
(1) inventory available geological
information; (2) locate potentially
economic offshore deposits
(prospects) using available data;
(3) characterize these prospects
as accurately as possible with
existing data, including areal
extent, thickness, and sediment
composition and texture; and (4)
if sufficient data exist, determine
whether exploitation of the
prospect is economically feasible.

Several types of data have been
collected by various researchers
that can be used to directly or

indirectly determine the
distribution, texture, and
composition of surface and
shallowly-buried shelf sediments.
These data, including surface
samples, pipe and box cores,
foundation ©borings, and high-

resolution seismic lines, each have
advantages and disadvantages in
terms of assessing nonfuel mineral
resources. More surface samples
have been taken from the Texas
Continental Shelf than any other
type of sediment sample, but
penetration is only a few
centimeters and little information
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on the vertical extent of potential
nonfuel mineral deposits can be
gained from these samples. Pipe
cores achieve grater penetration
(up to a few meters), but are not

as widespread as grab samples.
Foundation borings, commissioned
by petroleum companies in
preparation for drilling or

production activities, are perhaps
best suited for determinations of
vertical sediment distribution
because they extend 100 m or more
into the subsurface. However,
uneven distribution across the
Texas continental shelf and
generalized visual descriptions of
sediment reduce their usefulness.
High-resolution seismic profiles

are most useful in 1locating
structural elements and
constructing three-dimensional

models of depositional systems,
but they provide only indirect
lithological information.

Currently, 1little deposition of
economically important minerals
takes place on the shelf beyond
the nearshore zone. However,
significant concentrations of sand
and gravel occur far offshore.
These relict deposits owe their
placement to large-scale
fluctuations in sea level during
the Quaternary. Most important for
this study are (1) shelf-margin
deltas deposited during the last
sea-level lowstand (late
Wisconsinan), (2) fluvial sands and
gravels deposited along stream
courses during the lowstand and the
subsequent sea-level rise (late
Wisconsinan and early to middle
Holocene), and (3) post-lowstand
transgressive sheet sand and shore-
parallel strandline deposits.

Many of the nonfuel mineral
prospects on the Texas continental
shelf are too distant from
potential markets to economically



compete with abundant onshore
deposits. However, two nonfuel
resources that could be

economically competitive in the
future are sand for beach
nourishment and sand and gravel for
use in the construction industry.
Long-term erosional trends of Texas
beaches and heavy beach use near
population centers makes beach
nourishment an attractive
alternative to other methods of
shoreline stabilization. Beach
nourishment has been considered for
Galveston Island to recreate a
beach that once existed seaward of
the Galveston seawall, to offset
high rates of erosion (averaging
up to 3 m/yr since the 1850’s;
Morton 1974) on beaches west of the
seawall, to replace an estimated
760,000 m*® of sand eroded from the
western part of the island during
a recent hurricane (Morton and
Paine 1985), and to replace
contaminated beach sand removed
from the island after oil from the
wrecked tanker "Alvenus" washed
ashore in 1984. Elsewhere, recent
development along southern Padre
Island has placed hotels,
residences, and businesses near a
beach that 1is eroding rapidly.
Since 1867, average annual rates
of erosion at the southern tip of
Padre Island have been as high as
5 m/yr (Morton and Pieper 1975);
recent rates as high as 6 m/yr
(Paine and Morton 1988) indicate
that erosion is continuing if not
increasing. Because the principal
industry in this area is tourism,
beach nourishment will likely be
chosen to mitigate erosion.

Potential sources of beach-
compatible sands occur offshore
from Padre Island and Galveston
Island. Sand 1is particularly
abundant off Padre Island, where
the post-lowstand sea-level rise
has caused reworking of the Rio
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Grande delta and produced a sand
sheet across much of the south
Texas shelf. Sand 1is not as
abundant near Galveston, yet
potential sources such as Heald
Bank (65 km distant) and Sabine
Bank (95 km distant) do exist.
These banks, interpreted as
shoreline and shallowmarine sands,
are located 40 to 50 km offshore
of the upper Texas coast in water
depths of 6 to 17 m. Sands
associated with these banks cover
more than 1,000 km? and range up to
8 m thick. Cores and seismic
records indicate an average
thickness of about 3 m; estimated
sediment volume is more than 3
billion md. The deposits are
composed dominantly of fine to very
fine sand (Nelson and Bray 1970),
similar to most Texas beach sand
(Bullard 1942).

By far the largest sand and gravel
market on the coast of Texas is the
Houston Metropolitan Area (HMA).
During 1985, the HMA consumed an
estimated 19.3 to 25.0 million tons
of aggregate (Bureau of Mines
1987). Other Texas population
centers that consume smaller but
substantial quantities of aggregate
are GCorpus Christi on the central
coast and Brownsville on the
southern coast. As abundant local
supplies of sand and gravel are
exhausted, each of these may look
to nearby offshore sources of sand
and gravel.

Houston, Corpus Christi, and
Brownsville are all located within
major stream basins (Trinity/San
Jacinto, Nueces, and Rio Grande).
Fluvial sand and gravel similar to
deposits found along these streams
on land can also be found offshore
along the downstream continuations
of these streams. Many of these
drowned stream courses have been
located by seismic surveys; the



presence of sand and gravel has
been verified in some areas by
coring. A promising gravel deposit
was encountered in a foundation
boring located about 8 km offshore
of Mustang Island in 16 m of water.
This boring penetrated 12 m of
sandy gravel underneath 16 m of a
fining-upward sequence that
included 12 m of dominantly silty

fine sand. These deposits
represent basal  transgressive
valley-fill deposits near the

confluence of ancestral Nueces,
Aransas, and possibly Mission
rivers, which were located through
interpretation of high-resolution

seismic reflection surveys
conducted by the U.S. Geological
Survey (Berryhill 1981). Although

nearby foundation borings located
off the axes of these stream
courses did not encounter gravel,
it is likely that similar deposits
exist both upstream and downstream
from this boring. Numerous sand
and gravel quarries are operating
in similar deposits along the
Nueces River near Corpus Christi.

Despite the probable abundance of
near surface sand and gravel on the
Texas continental shelf, these
deposits must be competitive with
equally abundant sand and gravel
on land. In a recent study of the
potential for offshore sand and
gravel production in the Houston
area, it was estimated that despite
the large consumption rate, more
than 40 years of onland supply
remained (Bureau of Mines 1987).
Similar abundances in areas of
lower demand, such as Corpus
Christi and Brownsville, will last
even longer.

Deltas constructed on the outer
shelf and upper continental slope
during the late Pleistocene
lowstand of sea 1level contain
significant accumulations of sand
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that might be used for beach
nourishment, construction, or
industry. Four major shelf-margin
deltas have been located in the
Texas offshore, from the ancestral
Rio Grande delta to the south to
deltas 'A’, 'B’, and ’'C’' to the
east (Berryhill 1987; Berryhill and
Suter 1987; Morton and Price 1987;
Suter and Berryhill 1985).
Although each delta covers hundreds
of square kilometers and represents
a large sand resource, each also
contains abundant silt and clay.
Sand is most likely to be found
near the top of the deposits and
also in the more shallow proximal
deltaic areas. All of the deltas
are too far from potential sand
markets to be economically mined
at present.

The only systematic determination
of heavy mineral content of Texas
shelf sediments was conducted by
the U.S. Geological Survey on the
south Texas outer continental shelf
(Berryhill 1976). Heavy mineral
concentrations determined during
this study ranged from a trace to
32% by weight. Concentrations
increased southward toward the Rio
Grande delta, with the highest
concentrations (greater than 2%)
recorded 16 to 72 km offshore of
southern Padre Island in water
depths of 20 to 100 m. The
thickness of these sediments is not
known because grab samples only
penetrate a few centimeters below
the seafloor. However, the
deposits are probably relatively
thin (less than one meter) because
they occur in transgressive sandy
sediments that cap the Rio Grande
deltaic complex. The heavy mineral
suite is dominated by hornblende,
epidote, zircon, and garnet (Van
Andel and Poole 1960). Minor
amounts of staurolite, tourmaline,
and kyanite are also present.



It is not anticipated that nonfuel
minerals on the Texas continental
shelf (principally sand and gravel)
will become generally economic in
the near future because the onshore
supply is adequate for many years.
As 1long as this remains true,
demand for offshore deposits will

be low. However, specific local
accumulations, such as sand
suitable for nearby beach

nourishment, could become economic
at any time. Uneven distribution
of sediment samples, cores, and
high-resolution seismic coverage
makes a comprehensive inventory of
offshore nonfuel minerals
impossible, but has led to the
discovery of some potentially
economic deposits.
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Contributed Papers: Current Gulf
of Mexico Marine Research:
Session Overview

Dr. Nancy N. Rabalais
Louisiana Universities
Marine Consortium,
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and
Dr. Richard Defenbaugh
Minerals Management Service
Gulf of Mexico OCS Region

The Minerals Management Service
solicited contributed presentations
for the 1988 Information Transfer
Meeting pertaining to the ecology
of  Gulf coastal or marine
communities or species. The
response to this open call for
papers was successful with several
speakers identifying research
programs currently being conducted
in the northern Gulf of Mexico.
Several of these programs focused
on the Mississippi River plume and
the influence of the Mississippi
River effluent on the adjacent Gulf
of Mexico waters and benthos.
Others identified 1larger field
responses to the influence of the
Mississippi and Atchafalaya Rivers.
The coupling of estuarine inputs,
the coastal boundary layer, and the
continental shelf environments was

addressed in several of the
presentations. Aspects of the
physical oceanography of the

Louisiana-Mississippi-Alabama inner
continental shelf, continental
shelf, and upper slope areas were
presented, with further discussion
of the potential effects on pelagic
system biological productivity.
Current research programs presented
cover both physical and biological
oceanography. The wvariety of
research programs was broad,
including trophic links, plankton
populations, nutrient limitations,
benthic communities, and marine
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turtles and mammals, to name a few.
The session was well attended.
Those in attendance through the day
came away with a broadened
knowledge of the wvariety of
research programs currently
underway in the northern Gulf of
Mexico, of the multidisciplinary
nature of many of these programs,
and of the interrelatedness of the
various programs to each other.

Dr. Mike Dagg presented preliminary
results from a program funded by
the Louisiana Board of Regents
Education Quality Support Fund.
The program is a multi-
institutional, multi-investigator,
and multidisciplinary study in the
second year of a projected five-
year cycle. To date, two research
cruises have been completed: one
in July of 1987 and one in April

of 1988. These cruises provide the
opportunity for the wvarious
researchers to examine the
blological, physical, and
geochemical processes at the

frontal zone between Mississippi
River plumes and open Gulf of
Mexico water. Both water column
and benthic processes in the delta
region have been examined.

Dr. Gene Turner presented data from
several years of research in the
northern Gulf of Mexico. He has
determined phytoplankton potential
growth limitations using
addition/deletion bioassays (N, P,
C, trace metals, EDTA, and
vitamins) of natural populations
in continental shelf surface
waters. Conditions 1limiting
potential growth change from light
limitations in riverine samples,
to a suite of several nutrients in
the mixing zone, to nitrogen at the
seaward end. Chemical indicators
(e.g., N:P ratios) are not
sufficient to characterize
nutrient limitations in surface



waters, and nutrient limitations
in samples from estuaries and
coastal boundary layer waters are
not always coincidental in time and
space. Seasonal and annual changes
exist as well.

Dr. Quay Dortch presented data from
two cruises off the Mississippi
River which showed transitions in
the Mississippi River plume in
nutrient concentrations,
particularly silicate and total

dissolved nitrogen. She also
presented preliminary data on
chlorophyll/protein ratios and

intracellular pools of free amino
acids as indicators of whether the
phytoplankton community was
nitrogen limited or not. Sharp
gradients were seen in transects
across the Mississippi River plume
in these wvariables as well as

differences in trophic pyramids.

Dr. Churchill Grimes presented the
results of studies of Dboth
biological and physical processes
conducted by NMFS during the summer
of 1986 and 1987. Surface drifters
were used to measure hydrodynamic
convergence at turbidity fronts
associated with the Mississippi

River plunme. Differences in
stations presenting "plume, "
"shelf,” and "front" conditions
were seen in surface chlorophyll
concentrations and in
concentrations of larval and
postlarval fishes. Detailed
studies of king and Spanish

mackerel were discussed.

Dr. Rick Shaw presented data on the
age structure and growth rates of
larval gulf menhaden collected off
the Texas-Louisiana border in 1982
and off Timbalier Island in 1986.
Growth rates for menhaden larvae

were significantly higher off
Timbalier Island than off the
Texas-Louisiana border. These
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results were discussed in
relationship to differences in
phytoplankton  standing stock,
nutrient chemistry, and water
temperature, which appeared to
reflect a decreasing gradient in
a downstream direction from the
Mississippi and Atchafalaya River
effluents and along the inner west
Louisiana continental shelf.

Dr. Jim Power presented the results
of a Bray-Curtis cluster analysis
on data from plankton samples
collected as part of an
environmental monitoring program
for the Louisiana Offshore 0il
Port, Inc. project. The analysis
provided groupings that indicated
seasonal patterns in the plankton
community as well as major
taxonomic assemblages which were
representative of the seasons

identified.

Dr. Ren Lohoefener presented
results of a jointly sponsored
project funded by the Minerals
Management Service and the National
Marine Fisheries Service. Five
species of sea turtles are found
in the northwestern Gulf of Mexico,
each listed as either Federally
endangered or threatened. Concern
exists as to whether explosive
detonations wused for platform
removal could injure or kill nearby
sea turtles. He presented
preliminary data from five study
areas to determine if sea turtles
were randomly or otherwise
distributed and if these
distributions were correlated with
oil platform areas. Additional
data for marine mammals and other
vertebrates, such as menhaden
schools, sharks, and dolphins, were
also presented.

Dr. Nancy Rabalais presented a
benthic macroinfauna data from a
series of stations off



Terrebonne/Timbalier Bays which
represent various conditions of
hypoxic bottom waters in the summer
months. Numbers of individuals
were lower at the most offshore
station which was regularly and
severely impacted by low dissolved

oxygen concentrations. The
relatively small size of the
individuals, the predominance of

juveniles, and the dominance of the
community by a few opportunistic
polychaete species indicated an
environment regularly stressed by
hypoxic events and/or organic
enrichment of the bottom sediments.

Mr. Scott Dinnel presented data
from current meter deployments of
the Louisiana-Mississippi-Alabama
shelf, for early winter, spring,
and summer seasons. Wind stress
measured at Dauphin Island, Alabama
was matched to the current meter
records. Variations in the three
seasonal records indicated
primarily, an along-isobath flow.
Mean flow in the early winter
record was to the west-northwest,
in the spring record the mean is
generally onshore, and in the
summer record the mean is eastward.

The session was completed by Dr.
John Steen who discussed the
formation of cold-core rings on the
continental shelf of the
northeastern Gulf of Mexico.
Satellite images showed the
formation of the rings and the
variation in the depth and strength
of the temperature gradient across
the structures. Differences were
found in chlorophyll concentrations
and in zooplankton and larval fish
abundances in certain areas of the
two rings examined. Implications
of biological productivity within
the ring and the transport of
materials across the shelf by the
processes associated with the ring
were also discussed.
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About two years ago, the State of
Louisiana provided several 1local
marine scientists with a modest
level of support to develop one or
more coordinated research programs
in the northern Gulf of Mexico.
We decided to focus our efforts on
the Interactions Dbetween the
Mississippi River plumes and the
pelagic and benthic regimes of the
continental shelf.

To date, we have had two cruises
of about 10 days duration each.
The first was during July 1987 and

the second was in April 1988. Our
general goals were:

o to provide an initial
characterization of the
plume/ocean boundaries, and
to describe some of the
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processes occurring at these
interfaces;

o to characterize some of the
benthic processes 1in the
region affected by river plume
inputs.

Prior to each cruise, we obtained
some information about the location
and size of river plumes from
satellite (AVHRR) images. These
are helpful in orienting us to the
scope of our proposed cruise
activities, but their resolution
is insufficient to provide us with
information on the scale we
require. In addition they do not
provide information on
phytoplankton pigments. We are
currently developing a cooperative
program with NASA'’s Earth Resources
Laboratory, which operates a Lear
jet with a remote sensing device
called Calibrated Airborne
Multispectral Scanner (CAMS). 1In
late September, we had a ground-
truthing exercise to assist them
in calibration of CAMS and in the
development of their algorithms.

Shipboard studies during our two
cruises have concentrated on
regions within a few hundred km
from Southwest Pass. During both
cruises, river flow was low; about
average for the summertime during
the July 1987 cruise, but greatly
below average in April 1988. On
average, April is the month of
maximum flow for the Mississippi
system but 1988 was a year of
abnormally low flow.

During the 1987 cruise, estimates
of the hydrodynamic convergence at

the plume front were made by
deploying and tracking surface
drifters. This work has continued

on other vessels.

The physical structure of the plume
and surrounding waters is



determined by deployment of
LUMCON’s CTD/rosette system. At
each station, water is collected
from several depths for the
measurement of nutrient
concentrations (nitrate, nitrite,
ammonium, silicate, and phosphate),
for weight of suspended particulate
materials, for ATP concentrations,
for chlorophyll and phaeopigment
concentrations, and for abundance
of copepod nauplii. For each
cruise, this basic hydrographic,
chemical, and biological
information 1is available in the
form of a data report (Murrell and
Dagg 1987, 1988).

Additional water column
measurements made during our
cruises include primary production
rates, light, ichthyoplankton
abundance and distribution, and
bacterial activity rates.

A grid of benthic stations was
occupied during both cruises to
quantify downplume and depth-
related effects of the Mississippi
River.

Both long-term average and short-
term (3 months) average
sedimentation rates have been
measured using various isotopes,
primarily Thorium?** and Lead?!®
distributions within the sediments.

Macrofauna abundance and
distributions have been measured
by bottom grabs and by X-
radiography. The distribution of
phytoplankton pigments on the
bottom has been monitored during
these cruises.

The effect of riverine inputs on
meiofauna abundance and
distribution has been measured.
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Nutrient fluxes at the
benthic/pelagic interface have been
measured.

Some initial results from these
cruises were presented at the
Minerals Management Service (MMS)
Information Transfer Meeting in New
Orleans on October 26, 1988.
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Phytoplankton Potential Growth
Limitations in the Northern
Gulf of Mexico Continental

Shelf Waters

Dr. R. Eugene Turner
Louisiana State University

Phytoplankton potential growth
limitations have been determined
using addition/deletion bioassays
(N, P, C, Trace Metals, EDTA, and



Vitamins) of natural populations
in continental shelf surface waters
of the northern Gulf of Mexico.
Conditions limiting  potential
growth change from light limitation
in riverine samples, to a suite of
several nutrients in the mixing
zone, to nitrogen at the seaward
end. Chemical indicators (e.g.,
N:P ratios) are not sufficient to
characterize nutrient limitations
in surface waters. Nutrient
limitation in samples from
estuaries and coastal boundary
layer waters are not always
coincidental in time and space.
Seasonal and annual changes exist,

as well. Changes in the
Mississippi River water quality
this century have probably

increased phytoplankton primary
production rates and fueled, to an
unquantified degree, the formation
of extensive areas of hypoxic water
masses.

Dr. R. Eugene Turner is a Professor
of Marine Sciences in the Center

for Wetland Resources, Louisiana
State University. Dr. Turner
received his Ph.D. from the

University of Georgia.

Biomass, Trophic Structure, and

Nitrogen Limitation across Salinity

Fronts in the Plume of the
Mississippi River

Dr. Quay Dortch
Louisiana Universities
Marine Consortium

During this research, which was
conducted as part of the program,
Oceanographic Processes on
Continental Shelves Influenced by
Large Rivers (Dagg et al. 1988),
funded by the State of Louisiana,
two hypothesis were tested: (1)
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despite high and increasing
nutrient inputs from the river,
phytoplankton growth in the plume
is ultimately nutrient (probably
nitrogen) limited; and (2) there
is a sharp gradient Dbetween
eutrophic and oligotrophic
conditions from the river plume to
the Gulf of Mexico waters in which
there will be a marked change from
a normal biomass pyramid (more
plant than nonplant biomass) to an
inverted pyramid (more nonplant
than plant biomass).

On two cruises in the plume of the
Mississippi River, in April 1988
and July 1987, hydrography,
nutrient (nitrate, nitrite,
ammonium, silicate, and phosphate)
and chlorophyll concentrations were
measured (Murrell and Dagg 1987,
1988). Phytoplankton mnitrogen
limitation was assessed from
concentrations of intracellular
free amino acids, which are
accumulated by nitrogen-sufficient
algae but depleted during nitrogen

starvation (Dortch et al. 1984).
Potential for limitation by
silicate and phosphate was

suspected when concentrations of
the nutrient in question were low
and the rations of nutrients
remaining in the water indicated
that nutrients would run out first.
The trophic structure was inferred
from chlorophyll a/protein rations
(plant biomass/total biomass), as
described in Dortch and Packard (in
press).

Nutrient concentrations were
highest in the low salinity core
of the plume and in the spring.
As river water mixes with high
salinity water from offshore and
moves away from the river mouth,
nutrients decrease and chlorophyll
increases. Nitrate is utilized
rapidly and ammonium becomes the
major nitrogen source. This



sequence iIs very similar to the
conveyor belt hypothesis proposed
for very productive upwelling areas
(Wilkerson and Dugdale 1987). Near
the river mouth, there was indirect
evidence that light limited algal
growth, but on the periphery of the
plume nitrogen, phosphorus, and/or
silicate could limit phytoplankton
growth. The latter is particularly
interesting because Officer and
Ryther (1980) hypothesized that on
continental shelves impacted by
rivers with high nutrient loads,
silicate 1limitation may exacerbate
the occurrence of low dissolved
oxygen, a phenomenon already
observed on the Louisiana shelf
(Turner et al. 1987), and silicate
concentrations in the river may be
decreasing (Turner et al. 1987).

The trophic structure changes quite
drastically in the river plume.
Near the core 50-100% of the total
biomass is plants, but just a short
distance away (10 km), plants often
comprise as little as 10% of the
total. At present it is not clear
what kinds of organisms (bacteria,
microzooplankton, zooplankton) make
up the nonplant biomass, but such
drastic changes in trophic
structure and the generally low %
plant biomass in much of the plume,
as well as further off shore, must
have implications for the high fish
production in the region.
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Aggregation of Ichthyoplankton
about the Mississippi River
Plume Front:
Potential Importance of the
Plume to Recruitment

Dr. Churchill Grimes
National Marine Fisheries Service

Studies of both biological and
physical processes conducted by
NMFS, Panama City and Beaufort labs
during the summer of 1986 and 1987
have yielded data relevant to
understanding recruitment
processes. Surface drifters were
used to measure hydrodynamic
convergence at turbidity fronts
assoclated with the plume.
Convergence velocities of shelf and
plume water were variable, ranging
from 0.15-0.35 m.sec”?, but usually
were greater than potential
convergence velocities (0.1 - 0.21
mesec™!) calculated from horizontal
density gradients (Govoni et al.
in press). Highest convergences
were usually measured on ebbing
tides where strong tidal currents
produced tidal shear along the
front.

Primary production was higher in
frontal water than in adjacent
shelf or plume waters. Surface
chlorophyll values (mg-m>) at
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individual stations were up to
twenty times greater in frontal
water than in plume or shelf waters
(Figure 5.1). Analysis of variance
(ANOVA) of log, transformed surface
chlorophyll data showed
significantly (P = 0.0026) higher
values in plume waters and at
stations off South Pass, where
fresh water discharge is greatest.
The high primary production may be
due to convergent accumulation of
phytoplankton at the front, and/or
enhanced phytoplankton  growth
conditions created by the
juxtaposition of nutrient rich
plume water and clear shelf water.

Larval and postlarval fishes were
also concentrated in summer plume
fronts. Total ichthyoplankton
catch per 10 min neuston tow at
frontal water, plume water, and
shelf water stations along typical
transects show that the catches
were two to tenfold greater at the
front (Figure 5.2). ANOVA of log,
of catch per neuston tow at all

stations showed significantly
higher catches at frontal stations
and off South  Pass. The

aggregation of young fish at the
front is probably attributable to
accumulation by hydrodynamic
convergence along the front, and
highest off South Pass where river
flow volume is greatest.

Ichthyoplankton samples collected
in frontal water were composed of
the most common fish families found
in shelf and plume water. This
would be expected 1if physical
convergence were simply
accumulating organisms mnear the
front. The most commonly occurring
families were Carangidae,
Clupeidae, Engraulidae,
Hemiramphidae, and Tetraodontidae,
collectively accounting for over
75% of the young fishes collected
at frontal stations.



were up to twenty times greater in frontal water than in

plume or shelf waters.
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Among fish families found in plume
samples were several containing
species of economic 1importance
(e.g., Sciaenidae, Mugilidae, and
Scombridae). Among the most
important were the king mackerel,
(Scomberomorus cavalla), and
Spanish mackerel, (S. maculatus).
Thirty-three king mackerel and 112
Spanish mackerel were taken in 150
samples in September 1986. While
these catches may not appear
significant, they must be evaluated
in light of the knowledge that
young mackerels have been rare in
ichthyoplankton samples in the Gulf
of Mexico (Grimes et al. 1988).
The numbers of king mackerel
represent over 30% of all (larval
and postlarval) mackerel collected
in thousands of SEAMAP and NMFS
samples since 1983 (Grimes et al.
1988). Preliminary results from
September 1987 samples show that
king mackerel larvae and postlarvae
were located at the surface only
at night, and were at 10-20 m depth
during the day.

The diet of larval and postlarval
king mackerel consists almost
entirely of other £fish larvae,
notably members of the same fish
families best represented in summer
neuston samples (Finucane et al.
1988). Therefore, the plume front
may offer enhanced feeding
opportunities for piscivores like
young king mackerel by
concentrating their prey.

studies larval and
postlarval king and Spanish
mackerel using otolith
microstructure demonstrate that it
is possible to age them from
otoliths and suggests that young
king mackerel may be availing
themselves of enhanced feeding
opportunities and growing at high
rates. Fish collected off the
Mississippli Delta in 1986 grew

Growth on
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significantly faster than those
from all other sampling locations
(mean growth for Mississippi Delta
= 0.91.mm d!, N = 41; mean for all
other locations = 0.78 mm.d™, n =
9; ANOVA, P = 0.098) (DeVries et
al. in press).
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Growth Responses of Larval Gulf
Menhaden from the Continental
Shelf Waters of East And
West Louisiana

Dr. Richard F. Shaw,
Dr. Naresh Das,
Louisiana State University
and
Dr. James H. Cowan, Jr.
University of Maryland

The northern Gulf of Mexico
supports several of the major U.S.
commercial fisheries, including

that for gulf menhaden (Brevoortia

patronus) which is consistently in

the top two by pounds landed. Yet,
surprisingly there has been very
little otolith analysis done

generating age and growth estimates
for wild-caught 1larvae (Warlen
1988). Like many other
commercially important fall-winter
spawners in the Gulf of Mexico,
menhaden spawn over the continental
shelf before eventually being
transported into estuarine nursery
grounds. It is on these shelf
larvae that we performed otolith
analyses with the initial intent
of developing an estimate of
"average" growth rate for larval
gulf menhaden from the continental
shelf waters of Louisiana. Gulf

menhaden, like Atlantic menhaden
(B. tyrannus), have had their

otolith daily-increment-formation
validated (Hettler 1984; Simoneaux
and Warlen 1987).

Ichthyoplankton samples were
analyzed from two different
locations during two different

years. The first sampling effort
occurred along five transects off
the Texas-Louisiana border
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(Louisiana Continental Shelf System
Working Group 1982). The two outer
transects extended to the
continental shelf break, while the
three inner transects extended out
to the 18-m contour, 65-km offshore
(Figure 5.3). Otolith samples were
taken from stepped-oblique plankton
collections taken during four
cruises from January to April 1982
at stations indicated by the solid
circles on the left-hand side of
Figure 5.3. The second sampling
effort occurred along a transect
off Timbalier Island extending out
to the 30-m isobath, approximately
110 m to the west of the Southwest
Pass of the Mississippi River
Delta. Ichthyoplankton samples
were collected from stepped-oblique
plankton tows on 6 March 1986 from
stations with depths ranging from
10-16 m as seen on the right-hand
side of the map. As with the
collections off southwestern
Louisiana, larval fish samples were
stored in 95% isopropanol at sea
and changed again when returned to
the 1lab. Vertical profiles of
temperature, salinity, nutrient
chemistry, and chlorophyll a were
taken with a CSTD equipped with the
rosette sampler.

Saccular otoliths were removed
under a dissecting microscope using
polarized light, mounted in
Permount on a glass slide, and
placed under a cover slip. We then
enumerated concentric increments
along a radius in the saggital
plane from the core area to the
edge at 1000 x magnification with
a polarized oil-immersion 1light
microscope. Each otolith was
independently read by two readers
without knowledge of date of
capture or length of specimen. We
used the mean of the resulting
counts and discarded any otolith
where the two readers were unable
to agree within 10%. This resulted
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in dropping five readings. A five-
day interval was added to each
increment count to adjust for time
to first feeding, which has been
associated with first ring
formation.

An analysis of covariance was run
on length, age, and years to test
for differences in slope (growth
rate) and intercept of the least
squared regression lines generated
within the model for all data
combined, for the 1982 data, and
for the March 1986 data. 1In all
instances the regressions were
highly significant and the slopes
were significantly different
(Figure 5.4).

Preliminary results from these

least squares regressions are
presented. We also 1looked at
exponential, Gompertz, and

polynomial growth functions but
found that the linear regressions
gave us the best fit over the
domain of the data we had. Growth
rates for menhaden larvae were
significantly higher off Timbalier
Island than off the Texas-Louisiana
border. These results are
presented in light of differences
in phytoplankton standing stock,
nutrient chemistry, and
temperature, which appear to
reflect a decreasing gradient in
a downstream direction from the
Mississippi and Atchafalaya River
Deltas and along the inner west
Louisiana shelf. Additional work
is presently underway to look at
this apparent gradient coastwide
within a given year and to address
variability between years.
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1986 data from the eastern part of the State.
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Community Structure of
Louisiana’s Coastal Zooplankton

Dr. James H. Power
Louisiana State University
and
Mr. Glenn G. Zieske
Louisiana Department of
Wildlife and Fisheries

The coastal and estuarine waters
of Louisiana are widely regarded
as one of the State’s most
important assets. The zooplankton
and ichthyoplankton inhabitants of
these waters  are especially
important. Many economically
valuable species, such as menhaden,
red drum, and shrimp, are members
of the plankton community during
their early life history stages.
Additionally, the zooplankton
community is a fundamental
component of the coastal ecosystem,
and as part of the food web they
support many species of direct
benefit to man. Louisiana Offshore
011 Port Inc. (LOOP) has contracted
with the Louisiana Department of
Wildlife and Fisheriles to conduct
environmental monitoring to ensure
that the terminal and pipeline
operations do not adversely affect
the coastal environment. The
monitoring was done within
Barataria Bay, Timbalier Bay, and
adjacent coastal waters. This
area, west of the Mississippi River
delta, has been termed the
Mississippi River Bight.

The data examined in this study
included plankton catch information
and water chemistry parameters
taken in conjunction with the
plankton tows. The plankton were
collected wusing a 60-cm bongo
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sampler towed at the surface,

midwater, and bottom in the
vicinity at the ©LOOP ©brine
diffuser. Because of the large

numbers of organisms in the samples
they were frequently split multiple
times, and only one or two of the
subsamples were examined. The taxa
occurring in these samples were
examined, and those representing
"rare" taxa (those occurring in
less than 10% of the samples) were
eliminated. The data from the six
plankton net samples collected at
a station and date were then
combined to form a pooled sample
considered to be representative of
the water column’s plankton
community at that date and
location. The result was 90 "water
column" samples collected on 14
different dates. This data set was
further examined, and only taxa

identified to the generic or
specific level were retained to
ensure that only wunambiguous

taxonomic identities were included
in the final data set. The result
was 76 different taxa included in
the analysis.

The square root transformation was
applied to the abundances to
minimize the effects of overly-
abundant species, and the resulting
values for the 76 taxa in the 90
samples were cast in a data matrix.
This matrix was then used as the
fundamental data matrix for
computing Bray-Curtis
dissimilarities and then clustering

these dissimilarities. The Bray-
Curtis index 1is computed for
samples as follows: if X,

represents the abundance of taxon
i in sample a, and X;, represents
the abundance of taxon i in sample
b, then the Bray-Curtis
dissimilarity index for comparing
two samples is defined as:

T, - Xy | /ZX, + Xyy)



where the summation occurs over the
i samples (in this case the 76
taxa). Two samples that are
completely identical in taxonomic
abundances will have a computed
dissimilarity of zero, while two
samples sharing no taxa in common
will have dissimilarity of one.
The computation of Bray-Curtis
dissimilarities for taxa is
similar, and the computations use
abundances of taxa a and b in the
i samples. the two approaches
result in: (1) a pairwise ranking
of samples that are more or less
dissimilar; and (2) a pairwise
ranking of taxonomic groupings that
more or less frequently co-occurred
in the samples.

The clustering proceeds by
examining all these ©pairwise
scores, and combining the most

similar two samples or taxons into
a single group. The pairwise
indices are recomputed to take this
joining into account, and again the
two most similar groups are joined.
This clustering proceeds
iteratively, and successive group
joinings are wusually represented
using a dendrogram that reveals the

structural relationships among
samples or taxa. For the
clustering of samples the
abundances were standardized

relative to the maximum abundance
in each sample. The flexible
agglomerative clustering algorithm,
with B = -.25, was used for the
clustering (Legendre and Legendre
1983). To facilitate comparisons
of abundances among taxa the
abundances of each taxonomic group
were standardized so as to have
zero mean and unit variance. Again
the taxa were clustered using the
flexible agglomerative clustering
with 3 -.25

The resulting dendrograms from the
clustering of the bongo samples are
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presented in Figure 5.5, and that
of the taxonomic clustering in
Figure 5.6. Space considerations
prevent a legible labeling for each
initial branch of the dendrograms.
Comparing the listing of the sample
stations and dates with the
corresponding dendrogram (Figure
5.5) revealed the reassuring fact
that station samples collected on

the same day joined almost
immediately in the dendrogram, or
in other words that samples

collected on the same day were
similar both in their taxonomic
composition and the taxon
abundances. The bongo stations
were in close proximity to ome
another, and this indicated that
among the stations there was little
small-scale spatial variation in
the plankton community. We also
interpreted this as a wvalidation
of the Bray-Curtis clustering
methodology, and indicative that
the approach can effectively
discriminate among similar and
dissimilar plankton samples.

Examining the larger clusters in
a dendrogram required that one make
a subjective decision as to how
many larger clusters one will
accept and interpret. It seemed
best to 1interpret the sample
dendrogram as indicating three
primary groupings of the plankton
samples, and these have been
labeled S1, S2, and S3. These
groupings naturally partition into

three seasons on the basis of
sampling date. Group S1 was the
largest, and represented samples

taken during a prolonged "summer"
season of late April through early
September. Group S2 represented
fall samples, and included all
samples collected during the months
of October, November, and December
of both 1981 and 1982. Cluster
group S3 indicated a wintertime
grouping of plankton samples,
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containing the January and February
1982 samples.

Again, examining the taxon
dendrogram (Figure 5.6) the
decision was made that the four
highest clusters of taxa
represented an appropriate
classification. Each of these
clusters can be viewed as

representing a taxonomic assemblage
of organisms that frequently co-
occur. It seemed probable that
group T4 was an artifact, as it was
a small group of four genera that
are represented in the other
groupings. Group T4 probably
represented organisms that were not
fully identified to species, but
probably would cluster with one of
the other groups if such an
identification had been made.
Interpretations of the remaining
major clusters are as follows:

o The taxa included in taxonomic
group Tl represented
ubiquitous, "background"
organisms that are present in
Louisiana coastal waters year-
round. These taxa were
collected in 67% to 82% of the
sample period (S1, S2, S3)
collections, and were caught
in 79% of the samples overall.
During the summer period (S1)
these taxa were generally
present in average abundance.
Their numbers seemed to be
slightly elevated in the fall,
and, although they were still
frequently collected during
winter (S83), their abundances
were much reduced. In other
words, these taxa were present
in the plankton year-round,
but showed an annual cycle in
their absolute abundances.

o The taxa in group T2
represented more rare
organisms, always collected
in fewer than half of the
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samples. In contrast with
group T1l, both groups T2's
presence and numerical

abundance were reduced in the
fall (S2) when compared with
the summer, and were still
further reduced in the winter
(S3).

o The taxa in group T3 were
rarely captured during the
summer months (13% of the
samples). They were collected
more commonly during the fall,

and then were frequently
captured during the winter
(S3) period. They were
usually present at "average"
abundances, regardless of
season.

0 With the exception of group
T3, all taxa were at much
reduced abundances during the
winter (S3) period.
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INTRODUCTION

Five species of sea turtles, each
listed as either Federally
endangered or threatened, inhabit

the northern Gulf of Mexico. At
least occasionally, sea turtles,
especially the 1loggerhead sea

turtle (Caretta caretta), frequent
underwater platform structures (for
instance, Hastings et al. 1975).
Explosive detonation of platform
supports could injure or kill
nearby sea turtles. However, to
what extent sea turtles may be at
risk is unknown.

For sea turtles and other marine
animals, our study was designed to

investigate whether: (1) their
spatial distributions are
influenced by the presence of

platforms; (2) their densities and
spatial distributions change among
different Gulf habitats; and (3)
their densities and spatial
distributions seasonally change.
Only data from the first three
months of a 12-month study are
available. Except for sea turtles,
we only present illustrative
results for a few of the more
commonly observed animals. These
results must be considered
preliminary and may change as
sample sizes increase.



STUDY AREAS

Five study areas in the Gulf of
Mexico offshore of Louisiana were
selected (Figure 5.7). Areas of
platforms in each study area range
from none to very dense. Each
study area has different water
depths and sediment types (Table
5.1). Study area 1 is east of the
Mississippi River and directly
offshore of the Chandeleur Islands.
These islands are known to be used
by nesting loggerheads. The other
study areas are west of the
Mississippi River. No major turtle
nesting is known to occur along the
western Louisiana coast.

STUDY METHODS

Observers and a high resolution
color video camera collected data
on marine animals observed from a
low and slow flying aircraft. Side
bubbles and a camera port provided
trackline visibility. Variables
describing the environment,
weather, and marine animals, along
with the time and Loran C location
for each data entry, were recorded
with a portable computer. Each
study area was surveyed four or
five times a month. Each survey
consisted of a series of systematic
transects from a single random
starting point.

ANALYTICAL METHODS

Perpendicular distances from the
transect trackline to the marine
animal provided the data for
density estimates (Burnham et al.
1981). We wused Johnson and
Zimmer's (1985) and Eberhardt’s
(Hines and Hines 1979) methods to
test whether the distributions of

marine animals were regular,
random, or aggregated. We used
Kendall’s measure of rank

correlation (Upton and Fingleton
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1985) and Hamill and Wright'’s
(1986) test to investigate whether

marine animals were attracted,
repulsed, or not correlated with
platforms.

RESULTS AND DISCUSSION
Sea Turtles

In this ©paper, we consider
loggerhead, green (Chelonia mydas),
Kemp’s ridley (Lepidochelys kempi),
and hawksbill (Exetmochelys
imbricata) sea turtles as
"hardshelled" sea turtles.
Hardshelled sea turtles were most
common in area 1 and rarely
observed in area 5 (Table 5.2).
Hardshells were randomly
distributed in area 1 (Figure 5.8),
but turtle and platform locations
were positively associated (P <
0.006). More hardshells than
expected were within 2000 m of a
platform. Turtles may prefer some
environmental factor in the
southern part of the study area or
turtles may be radiating out from
platforms during the daylight
hours.

Sea turtles (both hardshell and
leatherback [Dermochelys coriacea])
in area 2 were aggregated (P <
0.01) and turtles were repulsed
from platform locations (P <
0.025). Sea turtles in areas 3 and
4 were randomly distributed in the
study areas and turtle locations
were not correlated with platform
locations. Too few sea turtles
have been observed in area 5 for
meaningful analysis.

Leatherback sea turtles have been
most abundant in study area 2, rare
in area 5, and not observed in
areas 1, 3, and 4 (Table 5.2).
Leatherbacks in area 2 were usually
associated with cannonball
jellyfish (Stromobolus meleagris).
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Table 5.1. Gulf of Mexico study area characteristics.

Study Water Depths Sediment Gulf of Mexico
Area (fathoms) Types General Location
1 3 to 12 sandy 2 to 15 NM offshore of
the Chandeleur islands
2 9 to 22 sandy 6 to 8 NM offshore of
Timbalier Island
3 l to 5 muddy 3 to about 13 NM offshore
of "Oyster Bayou"
4 7 to 38 sandy & 21 to 49 NM southeast of
muddy "Raccoon Point"
5 34 to 65 sandy 55 to 76 NM southeast of

"Raccoon Point"

Table 5.2. Estimated densities of a few marine animals. Data was
collected in June, July, and August 1988. *D" is the estimated
density per 100 NM? and "se" is the estimated standard error
of the density estimate.

Study Area
Marine Animal 1 2 3 4 5
"Hardshelled" D 10.30 1.72 2.06 2.06 0.34
Sea Turtles se 1.72 0.69 1.72 1.37 0.31
Leatherback D 0 1.72 0 0.34 0
Sea Turtles se 0.69 0.27
Bottlenose D 11.07 13.06 12.03 10.30 3.78
Dolphin Herds se 2.75 2.75 3.09 2.97 1.03
Manta Rays D 29.56 5.16 1.72 4.47 0.34
se 15.12 1.03 0.65 2.72 0.20
"Unknown"” D 22.34 44 .34 16.84 18.22 5.50
Sharks se 5.84 16.51 5.84 9.62 1.95
"Hammerheads D 11.03 24.75 0 8.59 16.16
Sharks se 4.81 12.03 4.12 5.84
Blue Runner D 32.31 40.90 1.72 5.84 0.34
Schools se 12.71 12.03 0.68 2.99 0.29
Menhaden D 0 0 549.97 0 0
Schools se 170.83



Bottlenose Dolphin Herds

Bottlenose dolphin (Tursiops
truncatus) herds were uncommon in
study area 5. Estimated herd
densities were similar in the other
four study areas (Table 5.2).
However, numbers of dolphins
(rather than herds) were not
similar, ranging from 124
bottlenose dolphins (study area &)
to 52 dolphins (area 3) per 100
square nautical miles (NM). About
32 bottlenose dolphins per 100 NM?
were estimated to occur in study
area 5.

In study area 1, herds were
aggregated (P < 0.01) and somewhat
repulsed from platform locations,
In study area 2, herds seemed to
be randomly distributed and herd
locations were not correlated with
platform locations.

Manta Rays

Manta rays (Manta birostris) have
been most abundant in study area
1 (Table 5.2), where they seem to
be both aggregated (P < 0.001) and
associated with platform locations
(P <0.01). However, these results
were probably unduly influenced by
one survey when the rays were
exceedingly abundant, causing
apparent, but perhaps not real,
aggregation.

Unknown Sharks

Unidentified sharks have been most
common in study area 2 (Table 5.2),
more or less equally abundant in
study areas 1, 3, and 4, and least
abundant in study area 5. Shark
schools were also most common in
study area 2. Sharks seemed to be
randomly distributed in each study
area.
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Fish Schools

Surface feeding blue runner (Caranx
fusus) schools have been common in
areas 1 and 2 and rare in areas 3
and 5 (Table 5.2). In both areas
1 and 2 the schools have been
aggregated (P < 0.01), but their
locations were not correlated with
platform 1locations. Menhaden
(Brevoortia sp.) schools have only
been observed in area 3, where they
have been very abundant (Table
5.2). Menhaden schools have been
aggregated (P < 0.001) in the
shallow waters.
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The Effects of Hypoxic
Water on the Benthic Fauna
of the Continental Shelf off
Southeastern Louisiana

Dr. Nancy N. Rabalais,

Ms. Lorene E. Smith,
and
Dr. Donald F. Boesch

Louisiana Universities
Marine Consortium

Hypoxia, or dissolved oxygen
concentrations less than 2 mg/l,
regularly occur in bottom waters

on the continental shelf off
Louisiana. On a shelf-wide basis,
the areas of oxygen deficient

bottom waters are large in area and
volume. Off the southeastern
Louisiana coast, hypoxia is
regularly found in mid-June through
mid-August, and intermittently as
early as mid-April and as late as
mid-October. Movements of the
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hypoxic water masses inshore and
offshore are in response to local
wind conditions. In conjunction
with hydrographic surveys along a
transect off Terrebonne/Timbalier
Bays iIn 1985-1986, the benthic
macroinfauna were examined.

The four stations studied were in
8, 11, 13, and 15 m water depth.
The sediments were primarily muddy
with some stations being sandy for
parts of the year. There were

slight gradients with distance
offshore for bottom water
temperature and bottom water
salinity. The most notable

onshore-offshore differences were
in surface chlorophyll levels (not
consistent between years) and in
bottom-water-dissolved oxygen.
Dissolved oxygen concentrations
were lowest at stations C4 and C5,
and hypoxia persisted there through
the summer.

Stations €2 and C3 were most
similar to each other and showed
the greatest variability in bottom
water salinity and temperature.
These stations were within the
coastal boundary layer, had higher
levels of plant pigments in surface
waters compared to C4 and C5 in the
summer of 1985, and had a better
mixed water column. These stations
were In and out of Thypoxic
conditions, with more frequent
occurrences at station C3 than at
c2.

Stations C4 and C5 were most
similar to each other with 1less
variability in bottom water
temperature and salinity, were
generally outside the coastal
boundary layer, and were stratified
systems in the warmer months of the
year. Both were consistently
oxygen deficient in the summer of
1985. Station C4 was not hypoxic
in June of 1986, while station C5



was hypoxic for the entire summer
of 1986. Surface plant pigment
levels were generally two to three
times greater in early summer of
1986 at stations C4 and C5 than
during the same period in 1985.

Numbers of individuals and species
at all stations were low in the
winter, followed by a peak in
spring recruitment, moderate in
summer, and sometimes followed by
slight a recruitment period in the
fall.

For the 15-month study period, the
number of individuals was
significantly lower at station C5
than the other three stations
(Figure 5.9). No differences were
found among station’s mean
abundances from October through
March. Mean abundances differed
among the remaining collection
dates. In the summer of 1985, the
consistently hypoxic stations C4
and C5 ranked 1lowest in mean
abundance. When hypoxia began to
break up in September 1985, station
C4 no longer differed from stations
C2 and C3. At station C5, however,
the mean abundance remained low.
In June 1986, a Magelona bloom
resulted in a significantly higher
number of individuals at station
C4. Although hypoxic conditions
were present at all station in
August 1986, stations C4 and C5 had
high densities due to the abundance
of this polychaete.

The polychaete Magelona sp. H was
unusual among the organisms
collected in this study in its
ability to tolerate 1low oxygen
conditions. Gaston (1985) noted
that Magelona increased at most of
his study sites off Cameron during

a hypoxic event in 1981. Harper
et al. (198l1), however, reported
the reduction of Magelona
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populations during hypoxia off

Freeport, Texas.

During the 15-month collection
period, stations C2 and C3 had
significantly higher number of
species than stations C4 and C5.
This was attributed entirely to
differences seen in October through
May among the four stations.
Again, the number of species
remained lower at station C5 than
at station C4 following breakup of
the hypoxia in September 1985.

The samples were dominated by
polychaetes. The numerically
dominant species were Magelona sp.
H, Paraprionospio pinnata, and
Sabellides sp. A, tubicolous
surface deposit feeders;
Mediomastus ambiseta, a motile
subsurface nonselective deposit
feeder:; and Sigambra tentaculata,
a motile omnivore. There were few
pericarideans or larger
crustaceans. Nonpolychaetes were
bivalves, gastropods, nemerteans,
phoronids, and sipunculans, which
were present primarily during the
spring recruitment period and to
some extent during the fall
recruitment period. Most of the
individuals collected in this study
were extremely small or were
juveniles. Seldom were any larger
or mature individuals collected.

Figure 5.10 illustrates the change
in community composition at station

C5. In April numbers of four of
the five most dominant species
increased, followed by  peak

abundances of Magelona sp. H and
Paraprionospio pinnata in May.
Numbers were reduced in June, July,
and August with the exception of

Magelona sp. H in 1986. The
numbers of Magelona sp. H were

higher during the summer of 1986
and 1985. These differences may
be attributed to dissolved oxygen
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levels which were lower in the
hypoxic period of 1985 compared to
1986 and/or to the amount of
surface plant pigments which was
greater in 1986 compared to 1985.

No significant relationships were
found between either the numbers
of 1individuals or speciles and
sediment texture characteristics.
Bottom water oxygen concentrations
at the time of sample collection
(no running average) compared to
numbers of species (Figure 5.11)
and individuals showed two
populations of samples: those in
extremely low oxygen concentrations
(0.5 mg/1 or <7% oxygen
concentration) and those in more
oxygenated waters of 26 to > 100%
oxygen saturation). Numbers of
individuals and species in samples
where oxygen concentrations were
below 0.5 mg/l were positively
correlated with bottom water
oxygen. In the more oxygenated
waters these parameters were more
correlated with other hydrographic
parameters such as bottom water
temperature.

In summary, we can characterize the
macrobenthic community on the
southeastern Louisiana continental
shelf with muddy sediments, high
organic inputs, and consistently
and persistently low oxygen
conditions in bottom waters during
the summer months. The benthic

community 1is typified by 1low
macroinfaunal biomass. The number
of species is 1low. If the

dissolved oxygen concentrations are
extremely low for a long enough
time, then there will be a dramatic
reduction in the number of
individuals. If the oxygen
concentrations are below 2 mg/l,
but not close to anoxia, and there
are high organic inputs to the
sediments, greater numbers of
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individuals of opportunist species
characterize the benthic community.
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Current meter records from the
Louisiana-Mississippi-Alabama inner
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shelf were analyzed. We estimate
flow statistics, rotary
autospectra, and cross-spectra.
Complex empirical orthogonal
function analyses were also
performed. Three deployments, 4
November to 28 December 1980, 21
March to 12 May 1981, and 15 July
to 27 August 1981, measured current
speed, direction, temperature, and
salinity for early winter, spring,
and summer seasons. Wind stress
from Dauphin Island, Alabama was
matched to the current meter
records. Eight moorings, with two
current meters on each mooring,
were located between 11 and 22
meters water depths on the inner
shelf. The upper meters were 3.0
meters below the sea surface and
the lower meters were 1.8 meters
above the sea bed. Wind stress and
current velocity components were
determined for along-shelf
(positive east) and across-shelf
(positive north) directions. The
general inner shelf bathymetry is
east-west in this area. Subtidal
records were determined for the
current and wind stress records
with a 40-hour low pass filter.
All subsequent analyses and
discussion deals with the subtidal
records.

Variations in the three seasonal
records indicate, primarily, along-
isobath flow. Mean flow in the
early winter record is the west-
northwest, in the spring the record
mean 1s generally onshore, and in
the summer record the mean is
eastward. Total variance major
axes are oriented west-northwest
and east-southeast in all seasons,
minor axes are of nearly equal
magnitude in early winter, but are
much smaller in spring and summer.
Lower meter mean flows and total
variances are oriented to the left
of the upper meters in all three
seasons. Episodes of upper meter
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velocities of * 0.3 m/s and lower
meter velocities of ' 0.1 m/s in
both along-shelf and across-shelf
directions characterize the early
winter and spring records, the
summer record has wupper meter
along-shelf flows of ! 0.45 m/s and
lower meter across-shelf flows of
Y 0.2 m/s.

Seasonal rotary current autospectra
indicates rectilinear flow at
frequencies between 0.2 to 0.1 cpd,
but primarily counterclockwise
rotating phaser dominate at
frequencies less than 0.1 cpd.
Upper and lower current meters at
the same mooring are usually not
significantly coherent, the highest
coherence values are at frequencies
less than 0.2 cpd.

Wind stress autospectra  are
dominated by broad plateaus of
counterclockwise spectrum levels
over frequencies less than 0.1 cpd,
and peaks in the clockwise spectrum
at frequencies corresponding to
cold front passages, usually near
0.2 cpd. Coherence squared between
wind stress and currents is low in
the winter deployment, only
marginally significant coherence
(95% level) occurs over frequencies
less than 0.1 cpd. The spring and
summer records have statistically

significant coherence squared
values near frequencies associated
with wind stress autospectrum
peaks, near 0.2 cpd, and at the

lowest frequencies, less than 0.1
cpd. In all three records the
currents lead the wind stress at
the statistically coherent
frequencies.

Complex empirical orthogonal
function analyses were performed
with both currents and wind stress
as inputs. The primary mode in
each season describes a barotropic,
rectilinear along-shelf pattern of



variation,
summer wind stress
little individual variance
described by this mode. The
secondary mode, usually 40-50% of
the primary mode, is baroclinic and
rotational over all the
deployments. The largest
individual wind stress variances
are described by the second mode
in the early winter and summer.
The spring deployment is described
by an additional mode that is
barotropic and rotational. All
three modes of the spring
deployment describe approximately
the same percentage of the variance
in the wind stress.

the early winter and
inputs have
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Gulf Coast Research Laboratory,
Dr. Rex C. Herron
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Service,
and
Dr. C.E. Eleuterius
Gulf Coast Research Laboratory

The dynamics of populations of
animals indigenous to the
continental shelf are dependent,
in part, upon the circulation of
the shelf waters. The transport
of many of the young of the animals
is directly tied to the current
regime. Animals entrained along
with shelf waters by formation and
movement of eddies, may be advected
off the shelf or may be rapidly
transported across the shelf to
possible estuarine nurseries. The
hydrodynamic character of the
continental shelf of the northern
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Gulf of Mexico is highly variable
(Drennan 1968). Eddies are
frequently observed over or in the
vicinity of the shelf.

In the period January 27-28, 1988,
twin eddies were observed to form
south of Mobile Bay and Pensacola,
Florida at about 29°30' latitude.
A sequence of AVHRR imagery of sea
surface temperatures from the NOAA
9 satellite for that time period
shows the formation of two eddies.
A filament of warm Gulf water
appears to be bisected by the
seaward movement of shelf waters.
The enveloped shelf waters became
the core water of the eddies.

A combined effort by the National
Marine Fisheries Service and Gulf
Coast Research Laboratory was
launched to study the physical
structure and the zooplankton
composition of the eddies. A
transect was made by the R/V Tommy
Munro through each of the eddies
(Table 5.3). The path of the first
transect, made from north to south
along the 88°W line of longitude,
appears to have cut a chord through
the eastern part of the west eddy
that missed all but a small portion
of the core waters.

The temperature data obtained,
although 1limited, revealed the
vertical and lateral extent of the
eddy. The surface temperatures
(Figure 5.12) ranged between 16.5°C
and 20.0°C with the lower values
located shoreward and in the center
of the eddy. The vertical cross
section of the thermal structure
shows a mass of 20°C Gulf water
approximately 100 m thick extending
shoreward, with the upper surface
at first dipping beneath the eddy
core and then again rising to a
depth of 30 m shoreward of the
core. The 19°C - 17°C isothermal
surfaces turn upward in the



Table 5.3. Station location for transect #1 across the western eddy and
transect #2 across the eastern eddy.

TRANSECT #1 (WESTERN EDDY) TRANSECT #2 (EASTERN EDDY)
STATION LAT LONG STATION LAT LONG
ST 1 29°47.40" 88°00.00° ST 1 29°21.60’ 87°21.60’
ST 2 29°39.00’ 88°00.00’ ST 2 29°26.40' 87°25.20'
ST 3 29°34.20 88°00.00° ST 3 29°30.00’ 87°27.60'
ST 4 29°29.04’ 88°00.00° ST 4 29°32.40' 87°29.40'
ST 5 29°23.04’ 88°00.00’ ST 5 29°36.60° 87°31.80'
ST 6 29°13.02’ 88°00.00’ ST 6 29°43.,20' 87°37.20’
ST 7 29°04.12' 88°00.00°'

ST 8 28°52.12’ 88°00.00’
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Figure 5.12. Temperature contours across the western eddy.
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vicinity of the shelf break and
reach the surface forming part of
the shoreward side of the eddy.
Along this transect, the eddy
extends to a depth of fifty meters.
A lens of less saline water in the
surface layer marks the location
of the core.

A second transect made to the east
of the first bisected the other
eddy. The surface temperatures
(Figure 5.13) ranged from 17.0°C to
18.6°C with cooler waters appearing
in the core of the eddy. Although
this 17.0°C water may also have had
a source at the surface, it appears
to be the result of the upward
movement of the subsurface waters
in the proximity to the shelf
break. The tongue of low
temperature water shown moving up
the slope supports this contention.
This eddy, like the other, appears
to extend to a depth of 50 m.

Population densities for
zooplankton and larval fish were
greatest in the western eddy in
areas that were identified as the
cooler shelf water. The largest
chlorophyll a concentrations were
in the cooler shelf water entrained
in the center of the eddy. Fish
eggs were found to be concentrated
in the shelf waters and in the
northern extensions of the warmer
Gulf water filaments (Figures 5.14-
5.17). Information from the
eastern eddy are 1less clear
concerning its biological structure
(Figures 5.18 and 5.19). Station
position was not as successful in
targeting different water types in
the eastern eddy.

The two eddies that formed in
January 1988 were not well
organized structurally from what
could be determined based solely
upon temperature data. Because of
this seemingly weak organization,
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the eddies would tend to be more
ephemeral phenomena than what is
normally associated with an eddy.
In no way does this underrate their
importance in shelf circulation.
In fact, these relatively
short-lived eddies are evidently
an important mechanism that plays
an important role in the
entrainment, mixing, and advection
of productive shelf waters.
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Chemosynthetic Communities:
Session Overview

Dr. Robert M. Avent
Minerals Management Service
Gulf of Mexico 0OCS Region

Dr. Robert Avent, Minerals
Management Service (MMS), Gulf of
Mexico Region, delivered some
opening remarks, introduced co-
chairs, and reviewed the structure

and purpose of this session. The
session consisted of formal
presentations followed by an
informal discussion on  Gulf
chemosynthetic communities. The
purpose of this session on

chemosynthetic communities was to
review the status of knowledge of
these remarkable assemblages in
general, and discuss the
implications of recent discoveries
in the Gulf of Mexico, in
particular, to the government and
industry.

Oceanographers have recently found
a cold seep community at the foot
of the Florida Escarpment in waters
over 3 km deep, and several upper
slope communities associated with
hydrocarbon seeps in the northern
Gulf. The 1latter are of
considerable concern to the MMS as
they fall well within the deep

drilling and operational
capabilities of the petroleum
industry. The MMS has instituted

offshore operational restrictions
through Notices to Lessees (NTL’s)
to minimize or eliminate physical
disruption of these communities.

The first speaker, Dr. Robert S.
Carney of Louisiana State
University, in his paper
"Chemosynthetic Communities:
Discoveries and 1Implications,"

reviewed the historical notions and
theories of deep-sea biology and

le7

the difficulties in studying the
fauna. Faunal biomass decreases
dramatically in response to reduced
food resources but Dbiological
diversity increases significantly.
The patterns of "zonation,"
zoogeography, and diversity were
discussed briefly in 1light of
theories of competition, niches,
and deep-sea homogeneity.
Scientific interest in the deep-
sea, roughly 100 years old,
increased in the 1960’s. The first
environmental concern in the deep-
sea was the dumping of
radionuclides (it was assumed that
the deep-sea was a virtual desert
and little biological harm would
result). A major field of
investigation, seafloor spreading,
prompted scientists to obtain
submersible time to study areas of
active plate tectonics where
geothermal processes could be
observed. Some of these dives
brought back remarkable samples and
photographs of animals 1later
confirmed to be chemosynthetic,
i.e., dependent wupon reduced
chemical compounds issuing from
hydrothermal vents near spreading
centers. Dr. Carney recounted the
sequence of discoveries and the
phenomenal interest and research

effort showed by numerous
scientists since these first
discoveries in the Pacific about
a decade ago. Chemosynthetic

animals are those which are not
generally dependent on organic
detrital energy derived from
primary production which drifts
down from the surface, sunlit
waters. In contrast to most forms,
these live in association with, and
depend at least partially upon,
dissolved gases which emanate from
the bottom into oxygenated waters.
There are several geological and
geochemical processes which have
been identified which can account
for the production of these



compounds. Symbiotic Dbacteria
provide a critical energetic link
between the environment and the

animals, With increased energy
supplies, they may form dense
aggregations with orders-of-

magnitude greater biomass than the
surrounding fauna (supporting the
hypothesis that the deep-sea fauna
is food-1limited). Dr. Carney
feels that the Gulf communities are
important as a natural laboratory,
shallow and close enough to land

for intensive, logistically-
feasible, and economical
investigations. The Gulf

communities are well developed and
harbor forms dependent on both
methane and sulfide. Finally, they
are the only communities within the
potentially destructive forces of
industry.

Dr. James Brooks described the
results of research conducted by

his team of investigators at Texas
A&M University in the presentation,
"Chemical Ecology and Distribution
of Chemosynthetic Communities in
the Gulf of Mexico and Elsewhere."
This presentation reviewed four
years of interdisciplinary research
on chemosynthetic communities
beginning with the 1984 discovery
of these animals in trawl nets.
The Louisiana hydrocarbon seep
communities are similar in faunal
composition to other deeper finds
(at major taxon level), but are
unique in their shallow depth
distribution and accessibility for
scientific study. Follow-up
chemical, biological, geological,
and ecological studies documented
a close linkage between hydrocarbon
seepage, water-column chemistry,
and increased biomass at these
locations. Carbon, sulfur, and
nitrogen isotope studies further
confirmed these interactions and
revealed three nutritional
strategies: heterotrophy, and
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methane-based and sulfide-based
chemoautotrophy. Mussels, clams,
and tubeworms were shown to contain
dietary carbon from hydrocarbon
seepage. Isotope analyses
suggested a transfer of energy from
the seep animals to other
background fauna (through
carnivores?). The composition and
spatial distribution of the
chemosynthetic animals is quite
complex and correlates
significantly with water or
sediment hydrocarbon concentrations
(mussels and tubeworms,
respectively). At least five
overlapping but distinct
assemblages have been identified
with shared dependance on
chemosynthetic processes.
Additional ©biochemical studies
showed, for example, that a wide
variety of seep organisms exhibit
the presence of mixed-function
oxidase which mediates hydrocarbon
metabolism. A chemical environment
very similar to the Louisiana sites
has been identified off California
and it was suggested that seep
communities may be widespread
through the oil-containing regions
of the world. The ecological
significance of chemosynthetic
processes in the deep-sea needs to
be resolved and quantified through
further interdisciplinary studies.

Dr. Eric Powell of Texas A&M
University reviewed his findings
from taphonomic research on the
northern Gulf assemblages in a
presentation, "Death Assemblage
Formation by Petroleum Sea
Assemblages." The taphonomic
approach which has become an
important tool in paleoecological
analysis, assumes that each type
of environment is characterized by
a unique set of physical, chemical,
and biological processes which
imprint a predictable signature on
a death assemblage (e.g., shell



accumulations). Dr. Powell has
applied this approach to several
environments including northern
Gulf petroleum seep areas. Seep
mussels and clams are forming the
only substantial autochthonous
shell accumulations on the
northwest Gulf shelf and slope.
Variability in shell orientation,
articulation, and physical
condition suggest that lucinid beds
(which form beneath the sediment
surface) and vesicomyid beds (which
form at the surface) have very
different taphonomic  Thistories
despite formation under similar
environmental conditions.

Dr. Charles
presentation,
Function of

Fisher, in his
"Structure and
Chemosynthetic
Invertebrates," discussed the
physiological, anatomical, and
ecological characteristics of
chemosynthetic animals; animals
which rely on chemoautotrophic
bacteria to convert in situ
supplies of reduced chemical
compounds (e.g., methane and
hydrogen sulfide) into energy
and/or tissue components. In every
species studied, highly specific
adaptations allow life in, indeed

take advantage of, 1local seep
conditions. Vestimentiferan
tubeworms, Riftia and
Lamellibrachia for example, have
no mouth, gut, or anus. The

anterior obturacular area has a
branchial plume for gas exchange,
below which is a trunk containing
gonads and the trophosome. -The
latter holds the endosymbiotic
bacteria. The supply of nutrients
to the internal bacteria requires
a hemoglobin which carries oxygen
and sulfide simultaneously. This
requires a dynamic environment in
which both gases are constantly
supplied. The bivalves, Vesicomya
and Calyptogena spp., contain their
bacteria near their large gill’'s
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surfaces, and have sulfide-binding
blood suitable for existence in a
variety of reducing habitats.
Chemosynthetic animals are
generally resistant to conditions
which could well be toxic to some
other forms. The mobile
Calyptogena may actually move to
suitable sites. The Louisiana seep
mussel contains abundant bacteria
which mediate the metabolism of
methane, the first known of three

such examples. The shallow
Louisiana communities provide
valuable, exciting natural
laboratory conditions. They are

in many ways similar to other
parallel communities, but are close
enough to the surface and shore to
be accessible to interested
researchers.

Mr. Craig Cary of the Scripps
Institution of Oceanography
presented a  paper, "Florida
Escarpment Sea Communities." He
described recent researches on a
chemosynthetic community associated
with hypersaline cold-water seeps
at depths greater than 3,000 m.
Here, the base of the nearly
vertical escarpment, the western
margin of the Florida-Bahamas
Platform, meets the abyssal
sediments of the Gulf of Mexico.
Brine seeps flow out from the wall
in 1localized channels. While
difficult to analyze the brines
(they flow close to this
substrate), it has been suggested
that they carry sulfide and methane
formed deep within the Platform.
Although the geology of the Florida
Escarpment is very different from
that of Pacific hydrothermal vents,
the sustained availability of
reduced compounds supports the
growth of bacteria and macrofauna
in both systems. The community is
dominated by a large, undescribed
seep mussel, and a vestimentiferan
tubeworm, Escarpia laminata. Large




turrid gastropods, small
transparent shrimp, and small
purplish-pink anemones are common
among the mussels. The fauna bears
greater resemblance to the Pacific
hydrothermal communities than to
those of the Mid-Atlantic Ridge.
Microscopic, enzymatic, and
isotopic investigations of Florida
mussels and tubeworms showed that
they harbor endosymbiotic
chemoautotrophic bacteria similar
to those forms found elsewhere.
Isotopic analyses of sediment pore
water showed the presence of
ammonia, methane, and hydrogen
sulfide, the latter from in situ
bacterial activity and the
escarpment. Escarpia laminata and
the mussel rely on sulfide and
methane, respectively.

Mr. Gary Goeke, MMS, Gulf of Mexico
Region, described the present
requirements imposed on the
petroleum industry in areas of the
Gulf with conditions potentially
suited to the existence of high-

biomass, high-diversity
chemosynthetic communities. The
ecological role of these

communities and their contribution
to deep-sea food webs are poorly
understood. The wishes of MMS to
conserve these assemblages centers
upon the agency’s mandate to
conserve valuable marine resources.
The species in question are not
considered to be endangered and
appear to be broadly distributed
across the northern Gulf. Yet they
have been deemed a valuable
resource and MMS has established
mitigative measures to protect
them. Numerous petroleum
activities, primarily those which
physically disrupt the bottom
(e.g., the laying of pipe, anchors,
templates, and chains), have the
potential to harm chemosynthetic
communities. Random impingement
of such activities is unlikely,
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even without mitigation, and
industry attempts to avoid such
sites with potential geohazards.
The effects of drilling muds and
cuttings are considered minimal in

the depths (>400 m) where the
communities are found. Another
potential impact, it has been
suggested, 1s the withdrawal of
petroleum from subsurface
reservoirs, reducing reservoir

pressure and flow of hydrocarbons
and sulfides to the surface. This
is still considered conjecture,
however. The MMS’ current interim
guidelines have been in place since
1985. These require, upon review
of plans of exploration and
development, that leases in depths
>400 m which show any geophysical
evidence of seep conditions to be
photographed to document the
presence or absence of any "lush"
communities. If these exist the
operator 1s required to take
measures to avoid physical damage
to communities in the wvicinity.
The MMS is currently reviewing the
need for any additional MMS funded
studies.

Mr. John C. Farris of Placid 0il
Company represented the Offshore
Operators Committee (0O0C) with a
presentation titled "Chemosynthetic
Communities: The Industry
Perspective."” Following the MMS’
instituting requirements that
companies operating in potentially
sensitive areas provide photo-
reconnaissance evidence of the
presence or absence of
chemosynthetic animals, the 00C
created an ad hoc committee to
address the problem. The 00C
initiated a dialogue with the MMS
to clarify MMS expectations, and
discuss the implications of these
communities on Outer Continental

Shelf (0CS) exploration and
production. These discussions
prompted the O00C to provide



technical and financial support for
a study on community distribution,
hopefully to expedite a regional
solution to the problem which they
viewed as potentially costly--both
in time and money. With the 00C
contracting with Texas A&M
University, Geochemical and
Environmental Research Group
(GERG), a study was begun in
February 1986. The purpose of this
program was to determine the level
of correlation between the presence
of geophysical "wipe-out" zones,
sediments with evidence of oil and
hydrogen sulfide, delta 13°C
anomalies, and other features, with
the presence of chemosynthetic
animals. Thirty-nine selected
sites (chosen on the basis of
geophysical signatures) were
sampled with trawls and piston
corers. Additional submersible
observations were conducted. The
00C recognizes the potential
hazards to the communities, mostly
those physically disruptive
(deployment of anchors, chains,
production templates, footings,
etc.). However these were
calculated to affect only very
small areas of a lease block (<1%).
This fact, added to MMS regulations
and industry safety measures which

require the avoidance of
geohazards, leads the O00C to
conclude that deepwater activity
should impact the communities
minimally, if at all.

The session concluded with
discussions on the need for

additional studies, as it concerns
MMS'’ mandate to protect valuable

resources and manage minerals
extraction in federal waters.
While there are many wunknown
details of the lives of
chemosynthetic communities and
animals, there are serious

questions as to how much must be
known for management purposes.
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Certainly, any new information
streamlining management decisions
would be welcome. Some of the
central questions remaining are:

o What are the effects of
petroleum extraction on
seepage?

o How permanent or ephemeral are
the communities?

o What is the precise range of
environmental variables which

are required for l1life? Are
the organisms fragile or
robust?

o What 1is the impact recovery
potential? If destroyed, how
long would resettlement and
growth re-establish the
communities in suitable areas?
How are larvae dispersed and
how far? What are the
reproduction rates?

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
physiological 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 Bureau
of Land Management/MMS in 1981 from
the National Marine Fisheries
Service.



Chemosynthetic Organisms--
Discoveries and Implications

Dr. Robert S. Carney
Louisiana State University

Continental slope chemosynthetic
communities associated with
hydrocarbon seeps off Louisiana and
Texas are similar to communities
associated with hydrothermal
activity and polymetallic sulfide
deposits. In each case potential
environmental impact must Dbe
considered in conjunction with any
plan to utilize the mineral
resources. Unlike deep seafloor
mining, which 1is still in the
planning phase, progressively
deeper petroleum production is now
a reality. Therefore, a higher
priority should be assigned to
determining the sensitivity of
petroleum seep communities.

It is the purpose of this brief
review to suggest a course of
action that will assure an
appropriate level of environmental
protection for the unique deep-sea
chemosynthetic communities
associated with petroleum seeps.
Rather than considering these
communities in 1isolation, it is
important that they be treated as
special cases in the larger problem
of preventing unacceptable impact
in the deep-sea. When this larger
perspective is taken, we quickly
find that assumptions borrowed from

shallow water experiences are
inappropriate. Fundamental
questions about these deep systems,
especially the reeflike

chemosynthetic communities remain
unanswered. Efforts to assess
sensitivity of 1impact must be
designed to answer some very basic
questions.
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Concern over environmental impact
at depths over 1,000 m is a
relatively new facet of marine
environmental protection which has
gained a higher priority with
deeper o0il exploration and the
discovery of polymetallic sulfides
within the U.S. Economic Exclusion
Zone (EEZ). Since an experienced
and reasonably effective federal
system is in place for the
protection of shallower marine
environments, it is understandable
that designs for looking at deep
systems might resemble designs
appropriate for shallow systems.
However, when we take a critical
look at the real substance of
impact work at shelf depths, the
underlying assumptions are found
to be inappropriate for the deep-
sea.

In spite of an increasing emphasis
upon understanding ecological
processes in marine systems, the
most important assumption which
still underlies the vast majority
of marine impact work 1s that
species censusing is the best means
of assessing both the potential
for and the actual existence of
impact. The persistence of this
approach implies that the
fundamental ecological processes
of the systems are so well
understood, that census data can
be placed in a process-oriented
context without major
investigations of those processes.
An excellent example of this can
be seen in Outer Continental Shelf
(0CS) surveys and monitoring, where
benthic sampling 1is done to the
virtual exclusion of water column
studies. There is absolutely no
effort made to describe the tropic
structure of these systems (Boesch
and Rabalais 1987).

Of course, the continued emphasis
on faunal censuses, is not based



upon a profound ignorance of
contemporary ecology. It 1is,
rather, a cost-effective compromise
made when studying systems in which
the fundamental processes are
thought to be reasonably well
known. Applied to the deep-sea,
there are insidious consequences.
We really know very little about
the deep-sea (Rowe 1983).

With respect to the deep-sea
trophic structure, we know only
that biomass decreases markedly
with depth. We still do not know
the rates and routes which link
carbon flux, sedimentary detritus,
and the biota. The potential for
impacting this system remains
unknown. With respect to basic
community composition, we know only
that species diversity can be
extraordinarily high. We can not
explain what factors allow for such
high diversity, and we know nothing

of what would constitute a
potential threat to these
communities. Even with respect to

simple species distribution, we do
not know what causes the
conspicuous bathymetric changes in
faunal composition. Therefore, it
is a mistake to assume that deep-
sea census data can be evaluated
within an appropriate context of
well understood ecological
processes. Prudent investigation
of the potential for impact in the
deep-sea must be based upon first
learning about basic processes.

I hope that it has been established
that in the planning stages of any

deep-sea impact work, we must
address a profound 1level of
ignorance. When we encounter a

deep-sea chemosynthetic community,
an even greater level of complexity

is achieved. Embedded in a
detritus feeding ecosystem, we have
a dense chemosynthetic "reef.”

The ecology of these communities
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is far less well understood than
the biology of the key species.

Recent discoveries in the northern
Gulf of Mexico are dramatically
altering our understanding of the
geological, chemical and biological
processes which control the overall
ecology of the continental slope.

In the geological area, high
resolution profiling has
increasingly shown that salt

tectonism and related processes
dominate mesoscale topography and
produce islands of hard substrate
in a predominantly mud environment
(Roberts et al. 1987). Active and
widespread geochemical systems
involving hydrocarbons at or near
the deep-sea sediment-water
interface were first confirmed by
the discovery of oil-stained cores
and thermogenic hydrates by the
Texas A&M University Geochemical
and Environmental Research Group
(Brooks et al. 1984). Trawling in
these areas later revealed that a
fauna utilizing chemosynthetic
symbionts was associated with these
systems (Kennicutt et al. 1985,
papers herein). Clearly, as
resource development of the EEZ
progresses beyond the shelf break,
concepts of Gulf of Mexico slope
ecology developed prior to 1985 can
not be used for management
decisions.

The Louisiana continental slope
chemosynthetic communities
associated with hydrocarbon seeps
are one of a series of discoveries
of functionally and taxonomically
related assemblages in the deep-
sea. All of these communities
share the common feature of being
associated with sources of methane
or hydrogen sulfide in an
oxygenated environment. The
underlying geological processes
supplying these reduced compounds
vary from site to site. These



communities are the focus of
intense international research, and
many of the questions to be asked
in the Gulf of Mexico have already

been 1identified and are being
addressed.

o What are the detailed

geological, chemical, and

ecological processes whereby
seeping hydrocarbons support
distinct communities?

o How do these communities
persist, and to what degree do
physical-chemical and
biological factors interact on
different spatial and temporal
scales?

o How do the component species
reproduce, disperse, and then
successfully recruit into new
or existing communities?

In the Gulf of Mexico, these basic

scientific questions assume an
applied importance, since we are
faced with the question of

environmental impact upon a fauna
that is uniquely associated with
exploitable hydrocarbon reserves.
It is important that we understand
how these communities persist in
the natural environment, and the
extent to which they will be
resilient in the face of petroleum-
related activities.

Preconceptions about possible
impacts (i.e., they have either a
low or high probability), all
depend upon how the chemosynthetic
communities are envisioned, rather
than specific findings. For
example, if the authegenic
carbonate hard substrates and the
associated tubeworms, mussels,
solitary corals, soft corals, etc.
are considered to be a simple
variation of a live bottom, then
protection is a simple matter. As
with any live bottom, sensitivity
to petroleum activities would be
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determined, and appropriate limits
placed on the proximity of
activities.

Petroleum seep communities can not
simply be treated as live bottoms.
Rather, in addition to the usual
live Dbottom concerns, it 1is
important to determine what the
unique links among geology,
geochemistry, and biology are.
Informed management decisions can
only be made when the possible
effects of petroleum activities on
these critical (and ©possibly
complex) linkages are identified.

When the geological-geochemical-
biological linkages are considered,
the appropriate management goal
should be to determine to what
extent the Gulf of Mexico deep
water petroleum seeps fit into two
possible categories: a robust or
fragile community.

o A Robust Community--Since
these communities are
associated with petroleum and
degradation processes, then
they may be uniquely immune
from impact by hydrocarbons.

They may, in effect, be
"weeds" capable of rapidly
locating and colonizing
numerous sites which afford
the correct geological-
geochemical setting. In such

a case, simple restrictions to
prevent mechanical damage
might be sufficient when
combined with regulations
which preserve some habitat
areas.

o A Fragile Community--
Alternately, it can be argued
that these communities occupy
a relatively rare and narrow
niche associated with
different phases of petroleum
degradation. Being so very
highly specialized, the narrow



range of environmental
conditions which support these
communities might be very
easily altered by drilling and
production activities.
Indeed, production may result
in a loss of the very energy
source required by these
communities.

Determination of the extent to
which the hydrocarbon seep
communities are robust or fragile
entails coordinated geological,
geochemical, and ecological efforts
that will develop an understanding
of the spatial and temporal linkage
pattern between hydrocarbon seepage
and chemosynthetic community
development on the seafloor. These
investigations must determine how
communities are established and
persist within the particular
geological and geochenmical
environments which support them

(Sibuet et al. 1988). As stated
above, the key to understanding
potential impacts lies in

understanding how the processes of
geology, geochemistry, and biology
interact.

While resource exploitation beyond
the continental shelf is relatively
rare, there are a few ongoing
programs within the U.S. which deal
with the issue of potential damage
to sensitive deep-sea communities.
To a certain extent, these can
serve as models for work on the
chemosynthetic communities in the
Gulf of Mexico and other OCS areas.
0f particular relevance is the
concern over environmental impact
associated with deep-sea mining of
polymetallic sulfides. These
deposits have associated
chemosynthetic fauna and fall under
the authority of Minerals
Management Services (MMS).
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The Gorda Ridge 1is a deep-sea
geological structure within the
Economic Exclusion Zone (EEZ) off
the coasts of Washington, Oregon,
and California. It is an area in
which seafloor hydrothermal
activity results in the deposition
of potentially valuable deposits
of polymetallic sulfide minerals.
The wunique chemical environment
associated with ore deposition also
supports chemosynthetic communities
very similar to those on the
Louisiana-Texas continental shelf.
The draft environmental impact
statement (DEIS) prepared by
Minerals Management Services (MMS
1983) established three very
important points concerning
resource development in regions
where deep-sea chemosynthetic
communities are found. First,
these communities are of
considerable scientific value and
warrant efforts at preservation.
Second, these communities may be
more ecologically sensitive than
the more typical, heterotrophic
deep-sea fauna. Third, the most
appropriate means of protection
might be to prohibit mining in the
vicinity of communities.

Due to a critical 1lack of
information on the potentially
impacted systems discussed in the
Gorda Ridge DEIS, strongly negative
public opinion 1lead to the
formation of the Gorda Ridge
Technical Task Force. This joint
federal-state research coordination
effort, has grown into a major
Department of Interior, National
Oceanographic and Atmospheric
Administration, U.s. Navy
cooperative program (McMurray
1986). The recommendations of an
NOAA sponsored workshop chaired by
Dr. Robert Hessler of the Scripps

Institution of Oceanography
(Hessler 1983) have played a
central role in directing the



research of the Task Force. It was
recommended that population
dynamics of communities be studied,
and that long-term monitoring be
initiated. Unlike the Gulf of
Mexico situation where the location
of some communities is very well
known, a major exploratory effort
has been initiated on the Gorda
Ridge to locate systems for study
(McMurray 1985).

To a certain extent, the concerns
and recommendations with respect
to polymetallic sulfide mining were
based upon earlier consideration
of the potential impacts associated
with deep-sea nodule mining. In
order to protect the fauna
assoclated with nodule rich
environments, federal legislation
mandates the establishment of
stable reference areas (SRA) within
which no mining activity would be
allowed. A committee formed by the
National Research Council of the
National Academy of Sciences
reviewed this approach, found it
scientifically valid, and outlined
a course of research in 1984 (R.
Heath, overall chairman, R.S.
Carney, chairman ecological
workshop). The central theme of
research 1is to determine the
distance at which the bottom fauna
receives no impact from mining.
Once this distance is known, it
will be possible to establish areas
large enough to protect the fauna
and small enough to avoid unneeded
restrictions upon development.

AN EFFECTIVE APPROACH TO
PETROLEUM SEEP COMMUNITIES

The overall design of seep systems
studies must be based upon a
careful consideration of the state
of knowledge of other deep-sea
chemosynthetic communities, the
concerns about impact to those
systems within the U.S. EEZ, unique
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aspects of the Louisiana-Texas
communities, and our own
considerable experience in the Gulf
and elsewhere. If the hydrocarbon
seep communities are to receive
appropriate protection, it will be
necessary to determine those
factors most important for the
establishment and persistence of
the communities. As will ©be
detailed in the following sections,
we feel that such information can
be developed in a hierarchical
fashion employing submersible
survey, sampling, experimentation,
and monitoring.

the nature and
distribution of geological
structures with which such
communities are associated?

First, what 1is

Second, within the appropriate
geological setting, what is the
nature and distribution of the
geochemical environment which can
support chemosynthetic communities?

Third, within the appropriate
geological and geochemical
settings, what factors regulate the

establishment, persistence, and
resilience of chemosynthetic
communities?

Finally, with what confidence can
faunal survey, geochemical survey,
and/or topographic survey provide,
in a cost-effective manner, the
information needed to locate and
protect these communities?

In understanding such an
investigation, we are well aware
of the slow rate of progress in
some aspects of deep-sea community
ecology. While our tasks are not
trivial, they are obtainable
because the Louisiana-Texas slope
communities afford three special
opportunities which we will
exploit.



1. These sites are relatively
shallow (less than 1,000 m).
As a result, a wider variety
of technologies can be
employed than deeper
systems.

2. There is considerable
information available on the
geology and geological
processes of the region.

3. There are obvious management
needs which will result in the
appropriate priorities
focusing upon the geological-
geochemical-ecological link.

in
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Chemical Ecology and
Distribution of
Chemosynthetic Communities
in the Gulf of Mexico
and Elsewhere

Dr. James M. Brooks,
Dr. Mahlon C. Kennicutt II,
and
Dr. Robert R. Bidigare
Texas A&M University

A trawl retrieval of nearly two
tons of organisms and shell debris
in 500 m of water at a known
location of natural petroleum
seepage In the Gulf of Mexico in
1984 marked the beginning of four
years of interdisciplinary studies
(Kennicutt et al. 1985). It was
soon recognized that the assemblage
of organisms recovered was similar

to that reported at the
hydrothermal vents in the late
1970's and at the Florida

Escarpment just a few months before
(Ballard 1977; Corliss and Ballard
1977; Paull et al. 1984). These
and other discoveries have now come
to be referred to as the
contrasting ecological niches of
"hot" and "cold" vent/seep
communities. "Hot" vent areas are
characterized by elevated
temperatures due to the
recirculation of seawater through
zones heated by magmatic
intrusions. No temperature
anomalies are apparent at the
"cold" seep sites but the
commonality between sites 1is the
supply of reduced compounds
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creating a tenuous balance between
oxic and anoxic conditions (Paull
et al. 1984, 1985; Suess et al.
1985; Cavanaugh 1985). Early
studies at both types of sites
revealed that the enhanced
productivity and biomass associated
with these communities was directly
linked to mutually beneficial
symbiotic relationships between
bacteria and invertebrates. The
uniqueness of the Gulf of Mexico
petroleum seep sites are their
relatively shallow depths which
allow for extensive and repeated
samplings and also provide for the
retrieval and maintenance of 1iving
organisms for shore-based
laboratory study. The abyssal
depths associated with previous
discoveries limited the scientists’
ability to retrieve live animals
for study. The Louisiana seep
sites provide a near continuous
supply of organisms whose only
requirements are maintenance at
bottom-water temperatures (5-7°C)
and a supply of reduced compounds
and dissolved oxygen. The location
of these communities has made them
readily accessible to study and
sampling by submersibles such as
the Johnson Sea-Link and the U.S.
Navy submersible NR-1.

As at the hydrothermal vents, the
isotopic analysis of organisms’
tissue has been especially useful
in understanding the dynamics of
these chemosynthesis-based
communities (Kennicutt et al. 1985;
Childress et al. 1986; Brooks et
al. 1987). Initial results showed
that clam and tubeworm tissues were
isotopically 1light, with ¢ !3C
values 1indicative of sulfide-
utilizing endosymbionts. The
tubeworms were very enriched in 12¢
as compared to the hydrothermal
vent tubeworms. This difference
is as yet unexplained, though CO,
limitation has been invoked as a



cause for !3C enrichment (Rau 1981,
1985). Further samplings recovered
a specles of mussel that was very
enriched in !2C and its 3¢ (g '%C
= -40 to -55°/,,) values approached
those of the Florida Escarpment
mussel (Paull et al. 1984, 1985).
While the wuse of methane by
endosymbionts had been suggested
for organisms collected at the
Florida and Oregon sites, no
supporting biochemical studies were

available. Extensive enzymatic,
electron microscopic and !“CH,-
uptake studies conclusively

demonstrated the occurrence of a
methane-based endosymbiotic
relationship between a bacterium
and a molluscan (Childress et al.
1986; Brooks et al. 1987).
Laboratory studies suggest the
symbiosis may potentially be able
to entirely satisfy the mussels’
carbon needs solely from methane
oxidation (Childress et al. 1986;
Cary et al. 1988).

Follow up chemical, biological,
geological, and ecological studies
documented a close linkage between
hydrocarbon seepage, water column

chemistry, and the presence of
enhanced biomass at these
locations. Additional 1isotope

measurements (!“C, &3S and § *°N)
further confirmed these
interactions (Brooks et al. 1987).
Carbon isotope ratios
differentiated three distinct
nutritional strategies: ¢9)
heterotrophic, (2) sulfide-based,
and (3) methane-based. Mussels,
clams, and tubeworms were shown to

contain mostly "dead" carbon,
indicating that their dietary
carbon 1is 1largely derived from
seeping oil and/or gas.

Isotopically light sulfur (§ **S <
0°/.,) was present in the sulfide-
based organisms and the 1light
nitrogen isotope values (§ °N
<0°/.,) measured for the mussels
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suggested the presence of nitrogen
fixing bacteria (Rau 1985; Fry et
al. 1983; Brooks et al. 1987).
Other organisms, believed to be
carnivorous, reflect the isotopic
values of their diets and provide
a mechanism for the transfer of
chemosynthetic carbon into the
background fauna.

Ecologically, the composition and
spatial distribution of seep faunal
assemblages are much more complex
than previously realized. Mussel
density significantly correlates
with water methane 1levels and
tubeworm cover correlates with
sediment petroleum loading
(MacDonald et al. 1989). At least
five basic assemblages have been
recognized including mussel beds,
tubeworm  clumps, clam beds,
epifaunal brachipod-solitary coral
assemblages, and gorgonian fields.
These assemblages overlap spatially
and have some shared dependence on
chemosynthetic processes.

The presence of abundant biota at
these sites provides an in situ

laboratory  for studying the
responses of organisms to
potentially toxic compounds .

Initial results suggest that the
biochemical basis for these
communities requires an intimate
contact with high levels of known

toxic compounds, such as
polynuclear aromatic hydrocarbons
(PAH’'s) and hydrogen sulfide

(Kennicutt et al. 1989a; MacDonald
et al. 1989; Wade et al. 1989).
A variety of seep organisms exhibit
the presence of a mixed function
oxidase (MFO) mediated hydrocarbon
metabolism, with mussels having the

highest activity. Within the
mussels only the gills exhibit
significant MFO activity,

suggesting an association with the
methylotrophic symbiotic bacteria
(i.e., co-oxidation of hydrocarbons



during the oxidation of CH,; Brooks
et al. 1988). Mussel hydrocarbon
tissue loading 1is variable with
respect to location and tissues.
Gill tissue contain the highest
aromatic hydrocarbon content in
several cases (Wade et al. 1989).
Various species also exhibit
activity for oxygen detoxificatory
enzymes, catalase, and superoxide
dismutase with mussels again
showing the highest activity.
Inhibitory studies showed the
catalases to be normal catalases
and not those associated with
sulfur dependent metazoans (Brooks
et al. 1988).

The recent retrieval of sulfide-
based endosymbiont-containing
bivalves on the northern California
slope suggests that hydrocarbon
seep communities may be widespread

in the major offshore oil
containing regions of the world
(Kennicutt et al. 1989b). A

chemical environment very similar
to that of the Louisiana site
(including the presence of gas
seepage and hydrates) was
documented for the California site
(water depth 420-600 m). These
reports confirm that the deep-sea
chemical environment is an
important factor controlling the
distributions of these communities,
and that the mechanism maintaining
the oxic/anoxic conditions can be
highly wvariable and occurs quite
frequently in the world’s oceans.
The ecological significance of
chemosynthetic processes in the
deep ocean needs to be resolved and
quantified through further
interdisciplinary studies. The
results of the 1initial studies
summarized here have advanced our
understanding of the complex
interactions among chemical,
biological, and geological
processes at these unique,
hydrocarbon-rich environments.
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Death Assemblage Formation by
Petroleum Seep Assemblages

Dr. Eric N. Powell
Texas A&M University

The wutilization of taphonomic
information to formulate
biostratinomic models for modern
and ancient assemblages has become
an important and potentially
powerful tool 1in paleoecologic
analysis. This approach uses the
hypothesis that taphonomic
alteration varies in a predictable
way with depositional setting. In
other  words, each specific
environment (e.g., low-salinity
muddy bay, storm-dominated clastic
shelf) is characterized by a unique

suite of physical, chemical, and
biological ©processes. These
processes imprint a unique and

predictable "taphonomic signature"”
on the death assemblage. A general
biostratinomic model delineating
taphofacies 1is difficult today
because a general consensus on the
quantitative evaluation of
taphonomic criteria does not exist.
To describe and compare the various
types of taphofacies, a uniform
quantitative description of
taphonomic criteria is required as
well as wunbiased, 1independent
apportionment of sedimentary
strata, samples, or depositional
environments (depending on the
scale of analysis) into groups that
can be described quantitatively.
Otherwise stochastic variation in
taphonomic attributes cannot be
distinguished from those of real
depositional importance and
important 1local, regional, and
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basin wide comparisons among
taphofacies of various types are
not possible.

We have developed a
semiquantitative approach to
taphofacies analysis and applied
it to a variety of depositional
environments in the Gulf of Mexico
including petroleum seeps. Most
of the taphonomic attributes are
properties of the shell material
itself independent of the
sedimentary framework. Some
describe the relationship of the
shells to one another and the
sedimentary framework. A
semiquantitative approach allows
for greater flexibility in defining
characters and permits erection of
finer subdivisions when desired
(e.g., a fractional (10%, 25%, 75%)

grading scheme versus
presence/absence), but does not
require specialized equipment or
techniques, such as scanning

electron microscopy, that might not
be generally available or which
take too much time to permit
analysis of a large amount of shell
material.

Unique assemblages of clams and
mussels associated with petroleum
seepage of the Louisiana
continental slope are forming the
only substantial autochthonous
shell accumulations on the
northwestern Gulf of Mexico shelf
and slope. Lucinid and vesicomyid
clam beds offer the best chance of
preservation. Despite essentially
undisturbed accumulation in quiet
water below storm wave base,
concavity ratios rarely differ from
1:1 and frequency of articulation
is 1low. Reports of dominantly
concave-up valves in quiet water
may result from man’s fishing
activities. Significant
variability in shell orientation,
the frequency of articulation, and



concavity ratio exists between
adjacent samples suggesting the
need to wuse many individual
stratigraphically-equivalent
samples in any taphofacies analysis

of autochthonous assemblages.
Lucinid and vesicomyid beds
differed significantly in most

taphonomic attributes suggesting
that autochthonous beds primarily
formed beneath the sediment surface
(lucinids), and surface
accumulations (vesicomyids) have
very different taphonomic histories
despite contemporaneous formation
under similar environmental
conditions.

Dr. Eric N. Powell is a professor

of oceanography at Texas A&M
University. He has conducted
research on the effects of drilling
muds on corals, metabolic
adaptations to sulfide stress in
thiobics, death assemblage
formation in Texas bays, and the

metabolic and ecological effects
of parasitism in oysters. Powell
is one of the investigators in the
Gulf of Mexico group of National
Oceanic and Atmospheric
Administration’s Status and Trends
program and the Texas Sea Grant
Program to study parasitism in
oyster populations. He 1is
currently conducting research on
the ecology and paleoecology of
petroleum seeps and the Texas
continental shelf.

Structure and Functions of
"Chemosynthetic Invertebrates"

Dr. Charles R. Fisher
University of California at
Santa Barbara

Shortly after the discovery of the
deep-sea hydrothermal vents in 1977
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biologists realized that the major
sessile species contained
chemoautotrophic bacterial
symbionts within their tissues
(Cavanaugh et al. 1981; Felbeck
1981). In subsequent years similar
symbioses were discovered in a
large number of related animals,
as well as in other invertebrate
groups from a variety of reducing
habitats (reviewed by Cavanaugh
1985). Until the discovery of
"vent-like" communities associated
with hydrocarbon seeps in the Gulf
of Mexico (Kennicutt et al. 1985)
the energy source for all of the
chemoautotrophic symbioses appeared
to be reduced sulfur compounds.
The stable carbon isotopic content
of the tissues of the animals
associated with the hydrocarbon
seeps were significantly more
negative than the values previously
reported for related species at the
hydrothermal vents (Brooks et al.
1987; Table 6.1). Two of the
groups of "chemosynthetic
invertebrates" found at both sites
are highly adapted for
chemoautotrophic,sulfur-oxidizing
symbionts: the vestimentiferan
tube worms and vesicomyid clams.

The first described symbiotic
association between
chemoautotrophic symbionts and an
animal host was Riftia pachyptila,
the giant hydrothermal vent tube-
worm. Vestimentiferans have no
mouth, gut, or anus. At the
anterior end of the worm is the
obturacular region which consists
of a central supporting structure,
the obturaculum, and the branchial
plume, which is highly vascularized
and functions as a gas exchange
organ. Posterior to the plume is
a muscular region termed the
vestimentum which serves both to
anchor the animal in its tube when
the plume 1is extended and to
secrete the tube as the animal




grows., Below the vestimentum is
a region which makes up the bulk
of the worm, the trunk. Inside the
trunk 1is a pair of coelomic
cavities separated by a medial
mesentary. Between mesentaries,
running the length of the trunk,
are gonads and the trophosome. The
trophosome consists primarily of
symbiont-containingbacteriocytes,

associated cells, and blood
vessels. In R. pachyptila the
trophosome accounts for about 16%
of the animals wet weight
(Childress et al. 1984). The

levels of RuBP carboxylase (the
primary carbon-fixing enzyme in
most autotrophic organisms,
including green plants) found in
vestimentiferan trophosome are
comparable to the levels found in
fresh spinach 1leaves (Felbeck
1981). The vestimentifera are all
found in habitats characterized by
active venting or seepage of pore
waters. The reasons for this
restricted habitat may be explained
by the animal’s anatomy. Unlike
bivalves or the smaller pogonophora
and annelids the symbionts in the
vestimentifera are situated deep
in the interior of a relatively
large animal with no close
connection to the outside
environment. Therefore, the supply
of all nutrients to the
endosymbiotic bacteria must be by
way of the blood which contains an
abundant hemoglobin that binds both
oxygen and sulfide simultaneously
and reversibly (Arp and Childress
1983). Also unlike other animals
with endosymbiotic chemoautotrophs
the vestimentifera are presumably
immobile once they have settled.
The vestimentiferans must therefore
be exposed to both sulfide and
oxygen simultaneously. As sulfide
and oxygen do not persist when both
are present in a static environment
the tube worm must live in an
environment where sulfide and
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oxygen  are constantly being
supplied. There is a high degree
of vascularization throughout the
trophosome so that the bacteria in
the trophosome are all in a
position to be well supplied with

nutrients and substrates
transported by the blood.
Transversely, the products of
either bacterial translocation or
digestion can be readily

transported to other host tissues
from the trophosome. All of the
vestimentifera which have been
examined to date for the presence
of symbiotic, sulfur-oxidizing
chemoautotrophic bacteria have been
shown to contain them, including
the two species from the Louisiana
Slope hydrocarbon seep communities
(Brooks et al. 1987; Fisher et al.
1988a). Considering the worms’
anatomy, blood properties, and the
level of integration between the
symbiont and the hosts, it 1is
highly probable that all
vestimentifera harbor
chemosynthetic, sulfur-oxidizing
symbionts in their trophosome.

The vesicomyidae are a deep-sea
family of bivalves. All of the
species which have been examined
of the two genera, Calyptogena and
Vesicomya, contain intracellular,
symbiotic chemoautotrophic bacteria
in their large fleshy gills. The
gills account for 13-22% of the
body wet weight of C. magnifica
(the "giant  hydrothermal-vent
clam”) and the blood accounts for
another 24-44% (Fisher et al.
1988b). Vesicomyids are also
characterized by a short simple
gut, small labial palps, and a
reduced feeding grove on the
ventral margin of the gills (Turner

1985). Vesicomyids have been
collected from a variety of
habitats, all apparently

characterized by at least moderate
levels of sulfide contained in, or



issuing from, the substrate. These
habitats include  hydrothermal
vents, subduction zones, saline
seeps, hydrocarbon seeps, and other
deep-sea reducing sediments (Kulm
et al. 1985; Kennicutt et al. 1985;
Fisher et al. 1988b). The blood
of C. magnifica contains a moderate
oxygen affinity hemoglobin in
erythrocytes and an extracellular
sulfide-binding component which can
accumulate sulfide from the
environment by a factor greater
than an order of magnitude (Arp et
al. 1984). Experiments with C.
elongata, and the two species from
the Louisiana slope, C. ponderosa
and Vesicomya chordata, indicate
that their ©blood has similar
properties and can also accumulate
sulfide from the environment (J.J.
Childress and A.J. Arp, personal
communication). Vesicomyids
apparently take up sulfide across
their foot (which is well
vascularized and supplied with
blood) and transport the sulfide
in the blood to the symbionts in
their gills, while oxygen is taken

up across the gills from the
ambient sea water (Arp et al.
1984). Calyptogena ponderosa and
Vesicomya chordata are two

vesicomyids found on the Louisiana
slope associated with hydrocarbon
seep sites and 1like all other

vesicomyids examined contain
endosymbiotic chemoautotrophic
bacteria (Brooks et al. 1987).

These clams burrow through the
surface of the soft substrate in
their environments, leaving
characteristic trails of up to 205
cm) behind them (Rosman et al.
1987). This mobile mode of life
may be an effort to provide a
constant source of sulfide for the
endosymbionts from an environment
where the sulfide is not
replenished in any given area fast
enough to meet the clams’ needs.
Further evidence of this 1living
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bridge between two environments
(oxic and anoxic) can be seen in
examination of the shells from
freshly collected living specimens
of C. ponderosa. On the external
surface of the shells, on the
margin where the siphons extend,
there are usually a few aerobic
encrusting organisms. These
organisms are absent from the
portion of the shell which is
buried in situ. Also on the
outside of the shell is an orange
line, apparently iron oxide
deposits at what would be the
interface between the substrate
and overlying sea water. On the
inside of the shell, opposite the
orange line on the outside of the
shell, there is a jagged dark black
line. This black line is evidently
a reduced substance in the shell
as it disappears within a few days
after removal of the living tissue
(and exposure of it to air).

Methanotrophic symbioses have been
suggested for two species of
vesicomyids and one vestimentiferan
tube worm, based solely on
measurements of tissue §3C (Kulm
et al. 1985; Boulegue et al. 1987).
However, our studies of the
Louisiana Slope vesicomyids and
vestimentiferans indicate that
these §13C values are not anomalous
for clams or worms with sulfur-
oxidizing symbionts (Brooks et al.
1987; Table 6.1). Therefore, based
on: (1) the 6 13C values of the
Louisiana Slope animals; (2) our
present general knowledge of
vestimentiferan and vesicomyid
physiology, biochemistry, and
ecology; and (3) 1information
concerning the specific habitats
involved, there is no reason to
postulate a new type of association
in a family of clams and phylum of
worms highly evolved for
chemoautotrophic (sulfur-oxidizing)
symbionts.



Table 6.1. Published §'3C values for some hydrothermal-vent, hydrocarbon-

seep, and other vesicomyids

chemosynthetic symbionts.

and vestimentiferans

with

Species Collection Site S13C value (n) ref.

Vesicomyids

Vesicomya chordata Hydrocarbon Seeps -39.8%o0 (1) 4

Calyptogena magnifica Hydrothermal Vents -31.4 t0 -34.4%0 (54) 1,5

C. ponderosa Hydrocarbon Seeps -31.2t0-39.1%¢ (7) 4

C. magnifica** Oregon Subduction Zone -35.7%o, -51.6%0 (2) 2

C. phaseoliformis** Japan Subduction Zone -37.810-40.1%0 (4) 3
Vestimentiferans

Riftia pachyptila Hydrothermal vents -9.0 to -15.0%0 (50) 1,6

Escarpia sp. Hydrocarbon seeps -36.4t0 -41.0%0 (7) 4

Lamellibrachia barhami Hydrocarbon seeps -27 to -43.2%o0 (5) 4

L. barhami** Oregon subduction Zone -31.9%o (D 2

**Suggested to contain methanotrophic symbionts.

References: 1) Rau 1981; 2) Kulm et al. 1985; 3) Boulégue et al. 1987; 4) Brooks et
al. 1987; 5) Fisher et al. 1988b; 6) Fisher et al. 1988c.
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The other abundant invertebrate
found in the "chemosynthetic
communities" on the Louisiana Slope
is an as yet unidentified species
of mussel, now commonly known as
the "hydrocarbon-seep mussel." In
1986 our group published the first
documented evidence of a
methanotrophic symblosis in this
mussel (Childress et al. 1986).
The current evidence for "a mussel
fueled by gas" includes: methane
consumption with concomitant
increase in oxygen consumption and
CO, production in both isolated
gill tissue and whole animals;
activity of methanol dehydrogenase
(an enzyme necessary in the
oxidation pathway of methane);
oxidation of !“C-methane to !“C-
organic carbon compounds and 1“CO,’
tissue §3C values that reflect

§13C values of the source methane;
shell growth with methane as sole
carbon and energy source; and the
presence of abundant symbiotic
bacteria in the gills with an
internal structure characteristic
of type I methanotrophic bacteria
(Childress et al. 1986, Brooks et
al. 1987; Fisher et al. 1987; Cary
et al. 1988). Two other symbioses
with methanotrophs have since been
demonstrated, one in another mussel
found associated with saline seeps

at the base of the Florida
Escarpment (Cavanaugh et al. 1987)
and the other in a small
pogonophoran tube worm

(Schmal johann and Flugel 1987).

The "chemosynthetic communities"”
associated with hydrocarbon-seeps
on the Louisiana Slope are a unique
resource. Although there are
closely related species found at
a variety of other sites, the
relatively inexpensive submersibles
and surface support can be used for
in situ studies and collection of
animals into temperature-insulated
recovery containers. Because the
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animals are collected from only 700
m, all of the "chemosynthetic
species" will 1live on board ship
for at least several days without
special pressure aquaria. We have
now kept the seep mussel alive in
our laboratory at the University
of California in Santa Barbara for
well over a year. This allows in-
depth study of the physiology of
these animals (the worms and clams
as well as the mussels) wusing
approaches not feasible with their

deeper living relatives.
Additionally, the seep-mussel
represents a novel type of
symbiosis, whose biochemical

characteristics will allow us to
address a variety of fundamental
questions concerning invertebrate-
bacterial (and invertebrate-algal)
symbioses in an unambiguous way.
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Florida Escarpment
Sea Communities

Mr. Craig Cary
Scripps Institution of
Oceanography

Dense biological communities were
recently discovered at the base of
a near vertical escarpment (>3,000
m) which forms the western edge of
the Northern Florida-Bahamas
Platform (Paull et al. 1984).
While many of the animals in these
communities are morphologically
similar to symbiont-bearing species
found at the hydrothermal vents of
the eastern Pacific, the sources
of energy for the Florida community
are not fully known. Highly saline
brines seep out at the base of the
Florida escarpment 1in 1localized
channels (Paull et al. 1984;
Commeau et al. 1987). It has been
suggested that the brines carry
reduced substrates such as sulfide
and methane which are formed deep
within the platform. While
sediment porewater samples clearly
contain high levels of ammonia,
methane, and sulfide, the
concentrations of reduced
substrates in the undiluted brine
have been difficult to measure and
the contribution of local sediment
microbial processes has mnot been
considered.

Due to the density of the brines,
the reduced compounds appear to be
confined to the sediments with
little measurable diffusion into
the water column above. This
differs dramatically from the
hydrothermal vent systems where
thermal advection drives
geothermally-produced hydrogen
sulfide out of the substratum into
the overlying water (Orr 1975).
Although the geology of the Florida
escarpment communities is



completely different from that of
the hydrothermal vents, in both
systems the sustained availability
of reduced compounds supports rapid
growth of chemosynthetic bacteria
and large macrofauna (Hecker 1985).

The biological community that
surrounds the hypersaline cold
water brine seeps is dominated by
two macrofaunal species: an

undescribed bivalve of the family
Mytilidae and the vestimentiferan
tube worm, Escarpia laminata. In
addition, large turrid gastropods,
small transparent shrimp, and small
purplish-pink anemones are abundant
among the mussel clumps. At
present the fauna more closely
resemble the communities at the
hydrothermal vents in the Pacific
Ocean than those in the Atlantic
associated with the Mid-Atlantic
Ridge. Microscopic, enzymatic, and
isotopic analyses of mussels and
the tube worms taken from the
Florida escarpment communities
showed that they contain
endosymbiotic chemoautotrophic
bacteria similar to their
hydrothermal vent analogs.
However, the endosymbionts residing
in the gills of the mussel are type
1 methylotrophs (Cavanaugh et al.
1987) apparently utilizing methane
generated within the escarpment.
Recent stable isotopic analyses of
pore water indicate that there are
two sources of sulfide: the first
is geothermal sulfide carried in
groundwater leaching from the base
of the escarpment, and the second
is microbial sulfide produced in
situ. The vestimentiferan, E.
laminata, and the mytilid bivalve
(seepmussel) live contiguously but
rely on different substrates for

chemoautotrophy. Enzyme assays,
patterns of elemental sulfur
storage, and stable 1isotopic

analyses indicated that E. laminata
relies on sulfide oxidation and the
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seep mussel on methane oxidation
for growth.
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MMS Operational Requirements
for Chemosynthetic Communities

Mr. Gary D. Goeke
Minerals Management Service
Gulf of Mexico OCS Region

The recent discovery of
chemosynthetic organisms on the
upper continental slope of the Gulf
of Mexico presents a unique
opportunity to the regulatory
agencies Involved in the offshore
oil and gas industry. The
protection of these organisms and
the appropriate level of protection
is a consideration which must be
addressed and affects both the
regulatory agencies and industry.
However, because of the relatively
recent nature of the discovery, a
great deal of information remains
to be gathered regarding the role
of these animals in the deep-sea.

A wide wvariety of ©problens
regarding these chemosynthetic
communities still faces the

regulatory agencies.

Some of the most pressing problems
faced by the regulatory agencies
center around the distribution of
the community types in the Gulf of
Mexico, adequate methodologies for
their detection and protection,
reproductive rates, recovery
potential, and the identification
of the immediate and 1long-term

dangers. A separate issue is the
protection of these community
types: why should they be

protected at all?

The answer lies in the status of
the knowledge of these groups of
animals. The ecological role of
these organisms and the
relationship of the groups to deep-
sea food webs are poorly
understood. Current research will
lead to a better understanding of



some of the basic biological
functions of these communities and
their interrelationship with the
deep-sea ecosystem.

For the purpose of the involvement
of the Minerals Management Service
(MMS), the rationale which mandates
the protection of many of the types
of organisms found at the seep
sites centers primarily around the
agency’s mandate to conserve
valuable resources. The species
which compose the communities at
the seep sites are not considered
to be endangered, according to the
legal definition set forth in the
Endangered Species Act, and appear
to be broadly distributed across
the northern Gulf of Mexico.
However, the communities represent
a valuable resource and mitigative
measures have been established to
protect them.

A consideration which must be
addressed from the perspective of
the regulatory agencies 1is the
level of protection to be afforded
the chemosynthetic organism.
Studies funded by the Offshore
Operators Committee, the MMS, and
information gathered during the
day-to-day operational functions
of the Environmental Operations
Section of MMS have shown the
potential for chemosynthetic
organisms to be widespread through
the northern Gulf of Mexico.

Numerous oil and gas activities on
the outer continental shelf have
the potential for impacting the
vitality of the chemosynthetic
communities. In general,
exploratory activities for offshore
oil and gas center around remote
sensing of sea-floor features and
the subbottom. These techniques
most often employ air guns, side-
scan sonar, pingers, and other non-
invasive techniques. The
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infrequent use of small coring
devices (approximately 5 inches in
diameter) does not represent a
significant danger to  these
communities. None of these
techniques are considered to be of
significant immediate or long-term
danger to the community.

The placement of rigs in the deeper
waters of the Gulf of Mexico
represents a significant potential
impact to chemosynthetic
communities. Placement of a rig
or structure on the site of a plush
chemosynthetic community is highly
unlikely, as these assemblages are
often associated with carbonate
outcroppings which would pose a
hazard. Thus, the locating of rigs
on the ocean floor 1is not
considered a significant danger and
in-place mitigation serves to
reduce this factor even more.

The periodic discharge of cuttings
and muds in water depths of 400 m
or more 1is not considered an
immediate or long-term danger as
dispersal and dilution of the open
gulf waters reduces any potential
to minimal levels.

The use of semisubmersible drilling
rigs in the deeper waters of the
Gulf of Mexico may endanger the
health and vitality of the
chemosynthetic communities
primarily through the deployment
of anchors. These anchors often
sink to 100 ft into the soft
sediment before tension is placed
on the cable. The use of the
normal eight anchors and clump
weights associated with
semisubmersible rigs obviously may
have both short- and long-term
serious impact upon any community
with which they come into contact.

A method of avoiding the
destruction of communities with



anchor emplacement is the use of
dynamically-positioned drillships.
However, use of these drillships
is very expensive and the supply
is very low. At this time in the
Gulf of Mexico, a single drillship
is being operated in deep waters.

One of the most potentially
damaging of all impacts to these
communities is the withdrawal of
their food sources, the
hydrocarbons. These organisms have
been conclusively shown to be
dependent on the presence of
hydrocarbons and associated
materials in the surface sediments.
It has been widely conjectured that
the withdrawal of the economically
recoverable hydrocarbons would stop
or drastically reduce the flow of
the essential materials to the
surface sediments. This reduction
in the flow of materials may be
immediate, short-tern, or
unnoticeable in its effect on the
chemosynthetic communities.
Studies have been proposed which
would address this problem.
However, at this time, the effect
of the withdrawal of the
hydrocarbons on the chemosynthetic
communities is conjecture.

The discovery of chemosynthetic
organisms in the offshore waters
of Louisiana dates back to 1984.
This discovery followed close on
the heels of the find of an
assemblage at the base of the
Florida Escarpment in deeper waters
and was immediately compared to
the spectacular finds in the vent
areas of the Pacific Ocean. The
wide exposure of this new community

type in the popular press, the
shallow nature of these new
communities, and potential for

direct impact from oil and gas
activities led to the development
of an interim policy by the MMS.
This interim policy was used on the
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most current information and was
updated and modified as necessary
for new plans and developments on
the Outer Continental Shelf (0CS).
The first chemosynthetic review was
accomplished by the staff biologist
of MMS in November 1985. At that
time, guidelines for
photodocumentation were drawn up
and transmitted to the lessee.

Since that initial effort, 63
additional reviews have been
performed by the staff blologist
at MMS which have incorporated all
or part of over 109 blocks deeper
than 400 m. The chemosynthetic
review is now an integral part of
all plans which are submitted for

activities in water depths
exceeding 400 m. These reviews
rely heavily on the |©basic

biological information gathered
through the Environmental Studies
Program, independent scientists,
and on the site-specific
information developed by the
operator through geophysical
techniques.

Short of photodocumentation, no
method of remote sensing will
document the presence, absence, or
development of a chemosynthetic
community. The purpose of the
chemosynthetic review is to
evaluate the environment found at
all surface sites which are likely
to be impacted. This includes the
locations of the proposed wells
and anchor-impact zones, inside and
outside of the leased block. This
evaluation identifies areas which
may be conducive to the growth and
support of plush chemosynthetic
communities.

The standard procedures for the
review of all applications for
activities in water depths greater
than 400 m are as follows:



When any oil and gas-related
activities are planned on the
0CS, numerous copies of the plan
and supporting documentation are
forwarded to the Field Operations
Branch of the MMS for review.
Copies of the plan and associated
documentation are then
transferred to the Environmental
Operations Branch of MMS. If
proposed activities are in
certain environmentally sensitive
regions of the Gulf of Mexico, or
in water depths grater than 400
m, a copy of the plan is
automatically sent to the U.S.

Fish and Wildlife Service. 1In
the instance of potential
chemosynthetic communities,

copies of selected portions of
the detailed geophysical survey
are also transmitted to support
their review process. The
detailed geophysical report
contains textural descriptions of
the block and additional data
most often synthesized into a
bathymetry map, a shallow isopath
map, a deep-structures map, and
a shallow-hazards or anomaly map.
This latter chart contains data
regarding surface sediment
characteristics, distribution of
seafloor features, and is most
often the map with the greatest
amount of information pertaining
to the potential presence or
absence of chemosynthetic
creatures. This map is used in
conjunction with the textural
information, coring data,
previous chemosynthetic reviews
in adjacent blocks, and any
appropriate data from outside
sources. These data elements are
evaluated separately by staff
biologists for the U.S. Fish and
Wildlife Service and the MMS. If
the coordinated review results in
the designation of the region as
having the potential for
development or support of these

194

community types, the operator is
advised of a potential conflict
in the surface location of the
proposed activity. At this
point, the operator has the
option of presenting additional
data which will show that the
area of concern has a low
potential for supporting
chemosynthetic communities or
conducting a photodocumentation
survey. If the
photodocumentation shows a
significant community, the
operator must avoid the region.
Otherwise, the operator is clear
to proceed (from a biological
standpoint).

For regulatory purposes, future
research needs center around
additional basic information which
may address some of the 1issues
presented at the beginning of this
document. Basic distributional data
on both chemosynthetic organisms
and communities would be of primary
interest. In addition, biological
information regarding the
environmental requirements,
ecological mniche, reproduction
rates, impact recovery potential,
and a definition of the sensitivity

of the wvarious chemosynthetic
communities to the above-listed
potential impacts would be
beneficial.
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