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SUMMARY

The 1993 Information Transfer Meeting (ITM) was by the Gulf of Mexico OCS Region of the Minerals Management
Service (MMS) at the Hotel Inter-Continental in New Orleans. The purpose of the ITM is to foster sharing of
information among participants about current research, accomplishments, or issues of concern to the MMS.
Presentations at the ITM pertained to the MMS Gulf of Mexico Outer Continental Shelf (OCS) oil and gas program,
as well as regional environmental, social, or economic concerns, or current OCS industry activities or technologies.
This year’s [TM also served as an opportunity for the public to comment on the information base available for future
oil and gas lease sales, particularly those proposed in the Western and Central Gulf of Mexico. The audience included
scientists, managers, and laypersons from government, academia, industry, environmental groups, and the general
public.

Technical sessions this year included Legislation and Regulatory Issues, Chemosynthetic Communities, Oil Spill
Response, University Research Initiative Progress Reports, GOOMEX and LATEX studies, Geographic Information
Systems, Offshore Mitigation Success Stories, Marine Mammals, Socio-Economic Issues, Current and Pending
Bonding Requirements, Coastal Zone Management Issues, MMS Environmental Studies Progress Reports, and a
session on Bathymetry and Coastline Data.
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INTRODUCTION

Mr. Gary D. Goeke
Environmental Studies Section
Minerals Management Service
Gulf of Mexico OCS Region

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

ITM INTRODUCTION

The primary purposes of the ITM are (1) to provide
a forum for interchange on topics of current interest
relative to environmental assessments in support of
offshore oil and gas activities in the Gulf of Mexico
OCS Region; (2) to present the accomplishments of
the MMS Environmental Studies Program for the
Gulf of Mexico, and of other MMS research programs
or study projects; and (3) to foster an exchange of
information of regional interest among scientists, staff
members, and decision makers from MMS, other
federal or state governmental agencies, regionally
important industries, and academia and to encourage
opportunities for these attendees to meet and nurture
professional acquaintances and peer contacts.

The ITM agenda is 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 program; accomplishments of the agency;
and regiona!l information exchange. Presentations are
by invitation through personal contacts between
session chairpersons and speakers who have
demonstrated knowledge or expertise on the subject.
A few presentations are accepted in response to our
calls for contributed papers.

Meeting support funding is provided through the
MMS Environmental Studies Program. All meeting
logistical support is provided by a contractor (Office
of Conference Services, University of New Orleans)
and subcontractors selected through the usual federal
procurement process. A proceedings volume is

prepared for each ITM based on presentation
summaries submitted by each speaker and on session
introductions prepared by session chairpersons.

OPENING PLENARY SESSION
INTRODUCTION

The Opening Plenary Session is planned each year to
address changing themes, which have included
environmental topics, industry technology, offshore
resources, marine research, and OCS program issues.
This year’s Opening Plenary Session was planned to
revisit some of the basic considerations in OCS
operations.

AGENCY WELCOME

Mr. Chris Oynes
Acting Regional Director
Minerals Management Service
Gulf of Mexico OCS Region

Welcome to our Information Transfer Meeting. This
is a very important meeting for MMS in the Gulf of
Mexico Region, one that focuses on significant
developments in the oil and gas industry. We have
sessions on a wide variety of issues, including three
on the physical oceanography program, one on the
GOOMEX study, one on chemo-synthetics, one on
deep-water development, and one on bonding. We're
glad to have you here, and we hope that you have a
good time over the next couple of days.

HISTORICAL PERSPECTIVES OF
THE OIL AND GAS INDUSTRY

Mr. Paul Kelly
Rowan Companies, Inc.
Houston, Texas

I want to express my appreciation to the Gulf of
Mexico region of MMS for inviting me to participate
in the 1993 ITM.



Information sharing among the various stakeholders in
the Gulf of Mexico OCS program is one of the
factors that makes the Gulf the most successful and
important offshore oil and gas province in the United
States. It will help sustain its progress and
importance in the future.

You're probably asking yourselves why they asked a
drilling contractor to come here this morning to talk
about historical perspectives on industry in the Gulf
and to speculate on trends for the future. But
interestingly enough, drilling contractors are probably
in as good a position as anyone to project trends
because as companies spend money in various
regions, we’re the first to feel the impact of where the
budget dollar is spent and how much is being spent.
We do get a better prospective than some of you
might think.

Sometimes it is good to take a look backwards in
order to better understand where we may be going in
the future. As [ put together these remarks for this
meeting, it occurred to me that next year will mark
the 40th anniversary of the federal oil and gas
program in the Gulf of Mexico. The program
originated offshore Louisiana and Texas in late 1954.
The establishment of a federal program followed
years of conflicting federal -and state claims for
offshore jurisdiction that were motivated largely by
the interests of both in offshore oil and gas resources.

This federal and state struggle to control offshore
lands was known as the Tide Lands Controversy. The
history of this controversy helps explain where we are
today.

In 1937, at the urging of the Secretary of the Interior,
legislation was introduced to Congress that would
confirm federal ownership of lands seaward of the
low water mark. In 1938, this proposed legislation
was being considered and ultimately defeated in
Congress.

The first offshore oil in the Gulf of Mexico was
produced offshore Louisiana. The State of Louisiana
enacted a law asserting its jurisdiction out to 27
miles offshore. Texas and California also made
claims to the sea beds off their shores. Then in 1945,
President Truman issued a proclamation asserting
federal jurisdiction over offshore resources. That
same year, the Department of Justice filed a litigation

enjoining offshore lease activities from being
administered by the State of California. In 1947, the
Supreme Court decided the case against California in
favor of the federal government stating that California
is not the owner of the three-mile marginal belt along
its coast. Thus, the federal government, rather than
the state, has paramount rights over that belt incident
to which is full dominion over the resources of the
soil under that water area including oil. In 1950 as
we know, the Supreme Court issued similar findings
with respect to offshore claims that had been asserted
by the states of Louisiana and Texas. As the nation
headed for the 1952 presidential election, the issue of
jurisdiction over offshore lands became a hotly
debated and important issue. In 1952, Congress
passed legislation granting state’s ownership and
jurisdiction over the first three miles off their coast.
Citing the Supreme Court’s ruling, President Truman
vetoed the bill and called for using offshore oil and
gas resources for national defense. One year later he
issued an executive order to make the continental
shelf a naval petroleum reserve.  Meanwhile,
presidential candidate Dwight Eisenhower campaigned
to pledge his support for the measure that had been
passed by congress.

Subsequently, in 1953, Eisenhower signed into law
the submerged lands act, which established state
jurisdiction over the offshore lands within three miles
of shore for three marine leagues in the case of Texas
and the Gulf Coast of Florida and federal jurisdiction
over the offshore lands beyond those state waters. He
stated that this measure recognizes the interest of the
federal government in the submerged lands outside
the historic boundaries of the state. Such lands
should be administered by the federal government and
income therefrom should go into the federal treasury.
The Eisenhower administration was actually opposed
to bills proposing to share OCS revenues and decision
making regarding the states.

So you can see, for many years we’ve had this
contention between the state and the federal
government for both ownership of the land and
sharing of the revenues.

Another significant action regarding the resolution of
the matters relating to the continental shelf was the
enactment of the OCS Lands Act of 1953. The Lands
Act authorized the Secretary of the Interior to lease
the federal offshore lands for mineral exploration,
development and production and provided for very



limited state involvement in the federal program. The
OCS Lands Act of 1953 also gave the federal
government mandate to develop OCS resources and
stated outright that there was an urgent need for
further exploration and development of oil and gas
resources of the submerged lands of the continental
shelf.

Now for the first two decades of the program, the
primary focus was on the Gulf of Mexico. The
management regime that had been established for the
OCS worked quite well from 1953 to 1973 while the
program was largely focused on the Gulf. At this
time, both states and the federal government were
able to receive ample benefits associated with
developing oil and gas resources in offshore areas.

In places like Louisiana and Texas, those benefits
were as they are today, generally perceived as
outweighing the costs involved. And, although the
federal government had ownership and authority over
OCS resources off their coast, Louisiana and Texas
had then as they do today, robust state oil and gas
programs both onshore and offshore.

The federal OCS program did not expand to areas
other than to offshore Louisiana and Texas until the
late 1950s and early 1960s. This first phase of
expansion took place on a relatively small scale and
piecemeal basis. Some leasing and exploration took
place off southwest Florida in the early 1960s.
Drilling in the areas ceased in 1961. The OCS
program expanded to the Pacific coast beginning in
1963 while exploration did take place. Off
Washington and Oregon and central and northern
California, the exploration at that time had
disappointing results, drilling in those areas stopped
by 1967. It was only in the Santa Barbara channel
that exploration did lead to discoveries and eventually
production. As we all know, in 1969, a blow-out oil
spill from a production platform on federal lease in
the Santa Barbara channel caused significant
environmental damage which attracted a good deal of
national attention. With it, the first ground swell of
opposition of offshore oil and gas development arose.
The Santa Barbara oil spill gave impetus for the
enactment of the National Environmental Policy Act
(NEPA) of 1969 and the Coastal Zone Management
Act of 1972, both of which dramatically changed how
the federal OCS program was conducted.

During the second two decades of this forty years,
there were additional efforts 10 expand beyond the

Gulf. First, we had the Middle East Oil Embargo
which occurred in 1973 and early 1974. In 1974, as
Americans had their first experience with sharply
rising fuel prices and long waiting lines at gas
stations, President Nixon set a goal for an even more
expanded OCS program and intended to replace
petroleum imports. The Department of the Interior
responded with a plan for numerous lease sales in
frontier areas, including five off Alaska, five off the
Atlantic coast, one off central and northern California,
one off Washington and Oregon. All during the
period of 1974 through 1978.

While the nation experienced an urgent need to
develop domestic energy resources and proposed
expansion increased concerns about the environmental
and socio-economic effects of offshore development,
heightened debate resulted. Congress deemed the
matter important enough to establish a special OCS
committee to develop legislation and after two years
of extended congressional deliberations, the OCS
Lands Act was amended extensively in 1978. The
OCS Lands Act amendments of 1978 were intended
to provide more environmental consideration to allow
more state and local government involvement in OCS
decision making. Section 18 prescribed the process
for developing the five-year leasing schedule that we
all know today. Section 19 proscribed the now
familiar process for coordination and consultation of
state and local governments concerning scheduled
lease sales under OCS activities. Although the actual
purposes and policies set forth in the 1978
amendments recognized environmental principles, they
also furthered that same sense of urgency which is
continued through the OCS program like a thread of
all the legislation by calling for expedited exploration
development.

The next landmark followed the Iranian revolution
and the resulting oil supply disruption and price
increases of 1979. At this time, the sense of urgency
in developing the OCS resources received another
boost although the five-year OCS leasing program
(1980 to 1985 which was developed by Secretary for
the Interior, Cecil Andrus of the Carter
administration) provided for continuing to pursue the
OCS program. The Reagan administration decided
the program was an inadequate and inefficient means
for developing OCS resources. In 1982, the Secretary
of Interior, James Watt, introduced a new five-year
program, and announced the policy of area-wide
leasing, intended to make available the largest area of



the OCS ever, nearly one billion acres of leasing
exploration in the Gulf.

Following the action of Secretary Watt, the debate
concerning the OCS program turned extremely
contentious. Opponents charged that Secretary Watt
was indifferent to the views of coastal states and
localities and concerns about potential environmental
and socio-economic impacts. And, as the OCS
program began to expand in 1982, states and
environmental groups that did not believe Secretary
Watt was being responsive enough in their objections,
challenged the Secretary’s decisions in court. A great
majority of these lawsuits failed. Even those who
were successful did not have a significant curtailing
effect on the OCS program. Starting with the state of
California, interested and affected parties turned to the
annual congressional appropriations process as a new
means for delaying leases to which they objected.
Fiscal year 1982 through fiscal year 1993, the acreage
covered by these congressional moratoria grew from
0.7 million acres off California to a total of over
266,000,000 acres off the Pacific and Atlantic coast in
the eastern Gulf of Mexico, and in the Bering Sea off
Alaska. Over the years, the moratoria also expanded
the restricting of issuance of new leases to prohibiting
pre-lease activities and exploration and development
activities on existing leases.

By 1988, due to prevailing controversy and conflict,
the OCS program became a presidential campaign
issue. As a consequence of pledges made during that
campaign, President Bush, on 26 June 1990, issued
directives to cancel all scheduled sales off California,
the north Atlantic, Washington and Oregon, to
withdraw those areas from leasing, until after the year
2000 except for 87 tracts off southern California that
could be considered for leasing in 1996 at the earliest
and only if studies satisfactorily addressed those
concerns related to those tracts for lease. Then the
president directed MMS to begin a process that might
lead to buying back existing leases in the eastern Gulf
of Mexico off southern Florida. To the degree that
President Bush’s directives were designed to eliminate
motivation for congressional moratoria it did not
succeed. Congress continued to enact moratoria for
the areas withdrawn by the presidential order and
even expanded prohibitions to new areas. The
president’s announcement did not specifically address
the Alaska OCS. The state of Alaska has generally
been receptive to the OCS program to opposition
limited to certain specific such as Bristol Bay which

are sensitive to the standpoint of the issue. Leasing
and exploration off of Alaska has declined
substantially as elsewhere. This has been due mainly
to declining world oil prices and the lack of major
discoveries there. However, a recent discovery by
ARCO and Phillips and Cook Inlet has sparked a new
interest in that area.

The point of this history is to demonstrate once again
how we have now come full circle to the federal OCS
program that is limited in focus to the Gulf of Mexico
Jjust like it was 40 years ago. And it almost seems
bound to remain so until the turn of the century.

During the past 20 years, whenever the OCS program
has ventured outside the Gulf of Mexico, it has
encountered strong political opposition. Moreover,
limited exploration drilling, which has occurred in the
Atlantic and Pacific coasts with the exception of
California, has not been successful from a geological
standpoint. We did manage to drill eight wells in
Georgia’s bank in the north Atlantic in the Baltimore
canyon in the mid-Atlantic in the late 1970s and early
80s, with no commercial discoveries. There were
indications of natural gas there but no commercial
discoveries.

Industry’s reaction? The main goal of the five-year
program from 1992 to 1997 is a predictable OCS
schedule. There has been a lot of opposition and
tremendous cost incurred by the companies in trying
to develop projects on existing leases such as Point
Arguello off southern California, Manteo Natural Gas
Prospect offshore North Carolina, and even gas
developments off the Florida Panhandle. While each
of these projects has impacted a specific group of
companies that hold those leases, the rest of the
industry has been watching carefully. Even though we
may obtain some leases we may not be able to
develop them. And even more unsettling to the
industry, are the efforts to mandate the cancellation
and repurchase of existing leases. These unresolved
issues have had a dampening effect on the industry’s
interest in pursing oil and gas resources outside the
central and western Gulf of Mexico. Up to now,
industry has generally viewed leases in the United
States as reliable relative to contracts with the foreign
government. That view has changed given what has
happened with respect to reliabilities of some of these
leases, and the situation in the U. S. is little better
than that of a developing country. At the same time,
the acreage leased in the past three years indicates



that even industry interest in the central and western
Gulf has dropped somewhat. This is largely in
response to the persistence of low world oil prices,
the economic downturn, and the anticipation of more
costly environmental regulations. The decline of the
nation’s oil and gas industry has been dramatic as
450,000 jobs lost over the last ten years. Any major
oil and gas company has redirected their efforts
overseas and radically cut back U.S. operations.

A recent study by the American Petroleum Institute
shows 64 percent of exploration dollars for 18 U.S.
oil companies went overseas in 1992. That represents
$3.4 billion and that makes three consecutive years
that foreign expenditures have accounted for more
than half of world-wide explorations spent by U.S.
majors. Additionally, a May 1992 Arthur Anderson
survey found that restrictions and regulations were
forcing companies overseas more than costs.

Dramatic changes are now under way in the
petroleum sector throughout the world. The winds of
private organization are blowing in all regions of the
former Soviet Union and Latin America. Economics
prevails over politics for a change outside the U.S.
We are seeing a tremendous drive for cost-cutting and
efficiency. The era of oil nationalism has given way
to the economic reality. The national oil companies
are selling assets and shares to private investors.
Throughout the world, there is a new emphasis on
market development. Governments are competing for
oil and gas investment capital with tax systems and
contract earnings. We all have to understand that
international oil company managers in New Orleans,
Lafayette, Houston are competing now with their
counterparts in London, the Hague, Moscow, Jakarta
and Bogata for limited amounts of exploration and
development capital in their countries.

BEYOND THE SHELF: FUTURE
RESERVE GROWTH IN THE GULF
OF MEXICO

Mr. Robert H. Peterson
Resource Evaluation
Minerals Management Service
Gulf of Mexico OCS Region

Over the last 45+ years the bulk of exploration effort
and the resulting field discoveries have come from the
Shelf (water depths of less than 600 feet) of the Gulf
of Mexico (GOM). Due to these successes, 10
percent of the U.S. oil and 22 percent of the U.S. gas
production comes primarily from the GOM Shelf
area. The shelf, however, is becoming an increasingly
mature exploration area, and a continued expansion in
exploration effort is required to find ever smaller
fields. New reserve additions are not offsetting
production. Certainly, new exploration concepts like
the subsalt play (Exxon’s Prospect Mickey, MC 211
in deep water, and Phillip’s Prospect Mahogany, SS
349, on the shelf), and new technical advances such
as 3D seismic techniques will guarantee a long future
life for shelf exploration and reserve additions within
current field boundaries. However, for significant
reserve additions to the GOM to occur, industry will
need to discover large new fields in the deep-water
areas of the GOM. Fortunately, the geologic
conditions are favorable for such accumulations
(abundant traps, good reservoirs and widespread
hydrocarbon charge), but many engineering challenges
exist for the development not only of the largest of
these accumulations, but also for the development of
the more moderate (though still large by shelf
standards) discoveries.

In the GOM today, 835 oil and gas fields (730 active,
105 depleted) have been discovered with proved
original recoverable reserves estimated at 11.08
billion barrels of oil and 132.7 trillion cubic feet of
gas (34.8 billion barrels of oil equivalent). Figure 1.1
shows the location of these fields. Production at the
end of 1992 was 298 million barrels of oil (MMBO)
and 4.6 trillion cubic feet of gas (Tcfg). As can be
seen from Figure 1.1, almost all of these fields are
located on the shelf.
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Figure 1.1.  Gulf of Mexico, 835 proved fields (730 active and 105 depleted).



When the number of fields and their average size are
plotted against the field’s discovery year, Figure 1.2,
two important trends are evident: (1) more fields are
being discovered, but (2) the average size of these
fields has been declining dramatically. This same
trend can be seen in the data in Table 1.1 which is a
summary, by decade, of the exploration effort
expended in the GOM and the results of this effort.
The number of exploration wells drilled in each
decade has increased over the prior decade, and the
number of fields discovered has also increased. The
discovered hydrocarbon volumes have remained
relatively constant, however, at least until the decline
in the decade of the 1980s.

Figure 1.3 summarizes the data contained in
Table 1.1.

Another demonstration of the increase in exploration
effort and its decreasing rewards on the shelf is seen
in Figure 1.4, where the amount of hydrocarbons
discovered in a given year is divided by the total
footage of exploration wells for that year. The result
is a declining amount of hydrocarbons discovered for
each foot of exploratory drilling, a reflection of the
increasing maturity of shelf exploration potential.

It should be noted that the precipitous drop on the
graph for the three most recent years (dotted line) is
somewhat misleading. The volumes of hydrocarbons
used in this graph are proved reserves, reserves that
can be estimated with reasonable certainty to be
recovered under current economic conditions. Proved
reserves must either have facilities that are operational
at the time of the estimate to process and transport
those reserves to market or a commitment or
reasonable expectation to install such facilities in the
future. Obviously, many hydrocarbon discoveries
(especially in high-cost areas like the deep water) may
take several years of evaluation before there is enough
certainty in their economic viability to commit to
develop and move these discovered reserves into the
proved reserve category. This delay causes an under-
reporting of reserve addition for the most recent years
exploratory drilling. Another factor that has a similar
effect is the normal growth in field size after the
initial estimate is made and further development
drilling takes place.

Figure 1.5 is a map showing such unproved field
discoveries where a well has drilled producibie
hydrocarbon pay, but where no commitment to
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develop has yet occurred. As the decision to develop
these unproved fields occurs, the curve on Figure 1.4
for the most recent year’s drilling will rise to the
approximate level seen in the mid 1980s.

Large fields are extremely important in the overall
reserve picture of the GOM. The 100 largest fields
(approximately 100 MMBOE and greater in size)
represent just 14 percent of all fields discovered, but
contain 62 percent of total reserves in the GOM.
Equally important is the fact that the large fields tend
to be found early in the exploration effort. Figure 1.6
plots Reserves by Discovery Year in the GOM and
indicates two important facts about the GOM shelf:

1) By comparing remaining reserves to original
reserves it can be seen that much of the reserves
discovered over the last 30 years have already been
produced, and, in fact, since 1984 new reserve
discoveries are no longer offsetting annual production.
Remember the most recent year’s data are not yet
adequate for final assessment.

2) Large fields tend to be discovered early. Only
one of the 10 largest fields on the shelf was
discovered after 1962 (El 330), and only six of the
top 20 fields were discovered after 1962. Equally
important, since 1980, only one field containing more
than 200 MMBOE was discovered on the shelf (MI
668). However, in contrast to the shelf, the deep-
water area of the GOM, where only limited
exploration and development drilling have occurred,
there have already been three 200 MMBOE and larger
field discoveries.

It can be expected that there will be some additional
large discoveries made on the shelf, but it is in the
deeper water areas of the GOM where we must look
to find the new large field discoveries so important
for reserve growth in the GOM.

Fortunately the deep-water GOM s still a lightly
drilled frontier area.
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Table 1.1.  Exploration Effort and Reward in the Gulf of Mexico.

YEARS EXPL. DISC. AVG. EXPL. CUMMUL- VOL.
19- WELLS FIELDS FIELD WELLS/ ATIVE DISC.
DRILLED MMBOE FIELD % DISC. BBOE
47-59 442 69 139 6.5 28 9.6
60-69 2,377 117 77 20 55 9.0
70-79 3,356 262 42 13 88 11.1
80-89 4,356 296 14 15 100 42

el
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BLOCKS TESTED IN THE CENTRAL AND
WESTERN GOM 5/93

OF THE 7505 SHALLOW WATER BLOCKS
(<1,500 FT. WATER). 4700 HAVE A WELL
DRILLED SOMEWHERL ON THE BLOCK (63
PERCENT).

OF THE 7.710 BLOCKS IN DEEP WATER (>1.500
FT. WATER). ONLY 172 HAVE A WELL DRILLED
ON THE BLOCK (2 PERCENT).

Of course, any optimism for the deep-water GOM
depends on the assumption that the deep water will be
at least partly as prolific as the shallow water.
Fortunately, the geologic elements (abundant traps,
good reservoir and widespread charge) that are
present in the shallow-water area and are responsible
for its hydrocarbon productivity are also present in the
deep water.

THERE EXISTS A STRONG GEOLOGIC BASIS FOR
CONTINUED DEEP WATER SUCCESSES.

SHALLOW WATER DEEP WATER
(0-1,200 feet) (>-1.200)

SALT MOVEMENT, SAME

WHICH PRODUCES

ABUNDANT TRAPS

DELTAIC AND TURBIDITE

SHELF RESERVOIRS RESERVOIRS

UNDERLYING MESOZOIC SAME

SOURCE ROCKS

33.8 BBOE PROVED RESERVES TO BE DETERMINED
(already 1 BBOE PROVED RESERVES)

TRAP: Numerous studies, seismic data, and well
penetrations indicate that allochthonous salt underlies
the entire OCS deep-water GOM area, out to and
even beyond the Sigsbee escarpment. This salt
provides the tectonic force that generates hydrocarbon
trapping elements such as anticlinal closures over salt,
pinchouts against salt, radial fault traps, sediment
truncations against salt, and faults. These salt
piercements also provide a conduit for both Jurassic
and Upper Cretaceous source rock derived
hydrocarbons to migrate into the reservoir section.
The salt also provides topographic relief on the water
bottom that can localize turbidite sand deposition and

that aids in the creation of stratigraphic traps when
these turbidite sands pinchout against topographic salt
highs.

RESERVOIR: Twenty years ago, few believed that
thick, productive and widespread reservoirs existed in
the deep-water area. = We now recognize that
tremendous amounts of sand have been carried out
into the deep marine during lowstands of sea level.
Well control indicates widespread deposition of
turbidite sands from East Breaks to Mississippi
Canyon. In fact, a recent test in Keathley Canyon
Block 255 located in over 5,800 feet of water,
encountered massive amounts of turbidite sands
throughout most of the well’s 21,472 depth.
Although thick reservoir sands appear common in the
deep-water GOM, the important question of reservoir
productivity is harder to assess. One important
example of high productivity reservoirs is at Shell’s
Bullwinkle field. At Bullwinkle field (Green Canyon
Block 65), the turbidite reservoir "J" sand has a
production rate of 58,500 Barrels of Oil per Day
(bopd) and 90 Million Cubic Feet of Gas per Day
(Mcfgd) from only 20 wells. Nine conventionally
completed wells have consistently produced at rates
above 4,000 bopd (from AAPG abst., 1993, Holman
and Kohli). Such productivity will be necessary to
Justify the high expenses necessary to develop these
deep-water accumulations.

CHARGE: Charge is the result of the presence of a
source rock, matured and migrated through the
reservoir section. N. Terence Edgar and Jerry
Clayton (Edgar and Clayton 1992) suggest an oil
source rock under the entire GOM, and there is ample
physical evidence to support a widespread mature
source rock across the entire deep-water area. The
presence of discoveries across the deep-water GOM is
certainly encouraging. Even more widespread is the
occurrence of hydrocarbon seeps on the ocean floor.
These seeps tell us that mature source rocks are
present and that these hydrocarbons are migrating
through the objective reservoir section to the ocean
floor. Although seeps indicate failed traps or a lack
of a trap, there is a good association of seeps and
field discoveries. Seeps have been examined from the
shelf and out to Alaminos Canyon in 2,200 meters of
water (7,150 feet) (Sassen 1993). Satellite imagery
also reveals natural oil slicks on the ocean surface
across much of the deep-water GOM region (Amos et
al. 1993).
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Table 1.2. Likelihood of a Field Discovery reaching production status. Fields in greater than 600 feet

of water, 12/93.

74 field discoveries
30 expired
2 abandoned

22 are active unproved (waiting decision)

20 are proved

14 are producing

This geologic optimism is being justified by a number
of recent deep-water discoveries. Figure 1.7 shows
the number of fields and their reserves by water
depth. As already mentioned, the bulk of fields and
reserves have been developed on the shelf, but the
deep-water areas are already making an impact. Only
3.5 percent of the fields in the GOM are in greater
than 600 feet of water but represent 5.2 percent of the
reserves; this percentage will certainly grow when
large new discoveries like Mars, MC 807 and GB 260
are added to the proved reserve figures. Of particular
interest are the discoveries occurring in greater than
1,200 feet of water, where proved reserves are
approaching 1 billion barrels of oil equivalent.
Several other discoveries have been drilled that
suggest an additional 1.5 billion barrels of oil
equivalent that may be added to GOM reserves.
Figure 1.8 shows the distribution of some significant
deep-water and flex trend discoveries in the GOM. It
is worth noting that these discoveries reach from East
Breaks west to Viosca Knoll and Mississippi Canyon
an—area some 572 miles wide—and from the shelf
edge to 1,425 meters (4,700 feet) water depth.

Already there are 10 deep-water accumulations that,
if developed, will rank in the top 100 fields in the
Gulf of Mexico.

In the deep-water, field sizes range from a few tens of
millions of barrels up to several hundreds of millions
of barrels. Certainly the largest fields will be
developed, but the moderate accumulations will be the
ones to benefit most from advancing technology. The
development challenge is great, and the mere presence
of a hydrocarbon accumulation is no guarantee that
development will take place. Table 1.2 shows the
history of field discoveries beyond the shelf and how
many have resulted in production.

The shelf is where the bulk of reserves have been
discovered in the GOM, but new reserve additions
have begun to decline due to decreasing field size.
Large field discoveries hold the key to future reserve
growth in the GOM, and these new large fields must
come from the deep-water areas of the GOM.
Fortunately, the key elements of abundant salt-
generated structures and associated traps, mature
source rocks and widespread thick and productive
reservoirs are present throughout the deep-water areas
of the GOM. Already several large discoveries are
due to begin production in the deep-water GOM, and
the likelihood of many additional significant
discoveries is good.
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CURRENT LEGISLATIVE AND
REGULATORY ISSUES

Ms. Carla M. Langley
U.S. Minerals Management Service
Gulf of Mexico OCS Region

CHAIR OPENING REMARKS

The six speakers in the Regulatory Issues Session
discuss current legislative and regulatory issues within
their respective areas of expertise. The session
primarily addresses current legislative and regulatory
issues for the offshore oil and gas industry operating
in the Gulf of Mexico.

Briefly, the session structure includes two speakers
with the Minerals Management Service (MMS), two
speakers with the U.S. Environmental Protection
Agency (EPA), and two spokespersons each
representing an oil and gas industry group. The
MMS speakers are both based at the Headquarters
office. The EPA speakers are representatives of the
two regional offices responsible for oil and gas
operations in the Gulf of Mexico based in Atlanta and
Dallas. The American Petroleum Institute and the
Offshore Operator’s Committee spokesperson address
legislative and regulatory issues, respectively.

Ms. Carla Langley is an Environmental Scientist in
the Office of Leasing and Environment in the Gulf of
Mexico Region (GOMR). Ms. Langley oversees
publications coordination and information transfer for
the GOMR Environmental Studies Section. She is a
graduate of the University of New Orleans in
Louisiana.
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LEGISLATIVE PERSPECTIVE AND
OUTLOOK

Ms. Jill Stivers Martin
Minerals Management Service
Office of Congressional and Legislative Affairs
Washington, D.C.

BRIEF RECAP OF THE 101ST CONGRESS

The 101st Congress was productive, especially at the
close of the session: nine laws were passed which
were of interest to the Minerals Management
Service’s Offshore program. Of note, the 1990
Budget Summit and agreement, which set strict
spending caps on discretionary spending, also set the
tone for what future Congresses could and could not
do. The results of that agreement can be seen both in
legislation that was not passed (for example, in the
OCS provisions of the Energy Policy Act of 1992 due
to "pay-go" implications) and in legislation that
became a high priority for passage (103rd Congress
appropriations bills, budget bill, second round of
budget cuts, emergency supplemental bill).

When 1 appeared before this group in December
1990, 1 predicted the following for the 102nd
Congress with respect to issues of interest to the
Offshore program:

1. the focus of moratoria will shift primarily to
areas offshore Alaska (particularly the
Chukchi and Beaufort) and to some extent,
to certain traditional areas in the central and
western Gulf;

2. marine sanctuary status will be sought for
several areas legislatively since the
administrative  process is so  slow.
Legislative  designations will carry
permanent oil/gas/mineral prohibitions; and

3. Congress will focus on OCS revenue sharing
as well as various amendments to the
OCSLA.
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ACCOMPLISHMENTS OF THE 102ND
CONGRESS

Was | correct in my assessment? The simple answer
is that I was close. But before | recap what
legislation passed the 102nd Congress of interest to
the Offshore program, especially the Gulf of Mexico
region, I would like to put the work of the 102nd
Congress into a context that helps explain not just
what happened but why it happened as well.

«  Unlike the 101st Congress (or, as we will see, the
103rd) the 102nd Congress was not a very
productive one.

+  This Congress could be characterized by internal
problems and charges of gridlock (in the last two
years of the Bush Administration, the president
vetoed 21 bills in 1992).

+ Its internal problems included the Clarence
Thomas confirmation, the House Bank and Post
Office scandals, and the Keating Five
investigation,

* Possibly the lack of a clear and forceful
legislative agenda by the Administration helped
focus the spotlight on these internal problems.

* In fact, most agree that the high point of the
102nd Congress was in the opening days of the
session when a thoughtful and nonpartisan debate
on a resolution to go to war in the Persian Gulf
was debated.

« After that, it was downhill; a combination of
partisan politics and the 1990 budget agreement
made domestic progress next to impossible.

* The 102nd Congress did set some records, in
terms of retirements and primary defeats by
incumbent members (72 Representatives and nine
Senators). Also, by adjournment, those
campaigning faced the most "anti-incumbent year
in decades." It was also a presidential election
year.

LEGISLATION PASSED BY THE 102ND
CONGRESS

But before Congress adjourned, what did they do of
interest to the Offshore program? In terms of
environmental legislation, they began work on the
Clean Water Act and Endangered Species Act
reauthorizations, and they begin work on legislation
to elevate EPA to a Cabinet-level department.

Towards the end of the session, some in Congress
begin to focus their attention on both the Gulf of
Mexico and the domestic oil and gas industry:
S.3127 (Johnston)—deep water incentives and S. 2627
(Gramm) and S. 3122 (Bentsen}—Gulf of Mexico
protection. None of the Gulf of Mexico bills received
a hearing; however, the deepwater incentives bill did,
and as we will see later, almost became a part of
comprehensive energy legislation that was passed at
the end of the 102nd Congress.

1) Title 11 of P.L. 102-587: National Marine
Sanctuary Act Reauthorization

. reauthorizes the program through FY 1996;

. requires federal agencies to consult with
NOAA on proposed actions likely to harm
sanctuary resources;

. streamlines the designation process;

. strengthens enforcement and civil penalties
for violations;

. designates two new marine sanctuaries:
Stellwagon Banks (Mass.) and Hawaiian
Islands Humpback Whale sanctuary; and

. prohibits oil/gas/mineral activities
permanently in three sanctuaries: Stellwagon
Banks, Monterey Bay and Olympic Coast.

2) Pipeline Safety Act (P.L. 102-508)

+ reauthorizes the program through FY 1995;

+ reauthorizes the Natural Gas Pipeline Safety Act
and the Hazardous Liquid Pipeline Safety Act;



» provides that pipeline safety responsibilities will
now include environmental protection in addition
to safety of life and property;

» mandates industry-wide guidelines on internal
inspection devices (smart pigs), etc.;

*  requires minimum pipeline operator training;

» requires data collection, analysis and corrective
action regarding abandoned underwater pipelines;
and

. institutes a national program to inspect
underwater pipelines to ensure proper burial
(done in 1990 for Gulf of Mexico).

3) FY 92 and FY 93 Department of the Interior
Appropriations Acts (P.L. 102-154 and P.L. 102-
381)

. The acts continued the same moratoria as
enacted in FY 1991: areas in the president’s
1990 decision; leasing/drilling ban for North
Aleutian Basin; prelease/leasing ban on the
Eastern Gulf area above 26 degrees; and a
prelease/leasing ban on the entire Mid/South
Atlantic area.

. Approximately 463 million acres were
affected.
. In FY 92 environmental groups requested a

broad array of moratoria: all Alaska sale
areas; certain C and W GOM areas; and
drilling bans expanded to the Florida
Panhandle and North Carolina areas.

. In FY 93 environmental groups continued to
request significant moratoria offshore Alaska
plus drilling bans in the Florida Panhandle
and offshore North Carolina.

. Of note, the Committee also seemed
unwilling to expand moratoria, particularly
drilling bans.

4) National Energy Policy Act (P.L. 102-486)

Perhaps the most interesting debate of the 102nd
Congress was the debate on a comprehensive energy
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bill. When it finally passed, it was notable (from an
MMS perspective) for what it almost contained.

Oil jitters surrounding the Persian Gulf war set the
stage for sweeping energy legisiation. Other factors
also set the stage: 1990 Clean Air Act amendments
that focused on the need for natural gas; the
continuing decline of domestic energy production; and
the fact that the Administration was working on a
national energy strategy. The Gulf War was called
"the flame that made the kernels explode into
legislation.” On the Senate side, S. 1220 (Johnston)
was the operative energy bill, but it was controversial
(ANWR drilling and CAFE). By the time it finally
passed the Senate, ANWR and CAFE had been
dropped out, and the bill was now S. 2166. It
contained the following OCS provisions:

. No prelease/leasing until the year 2000 for
areas in the president’s 1990 decision plus
the area offshore New Jersey (200 million
acres);

. Seventy-three leases in southwest Florida to
be cancelled subject to the availability of
appropriated funds to buy them back; and

. OCS Impact Assistance Fund created and a
larger fund to be allocated based on OCS
production; smaller fund to be shared with
all coastal states regardless of OCS activities.

In the process, the Senate defeated two amendments
proposed by Senator Graham (FLA.): 1) leasing ban
off the entire Florida coast; and 2) changes to sections
five and 20 of the OCSLA. On the House side,
energy legislation was proceeding more deliberately
and with less controversy. However, both the
Merchant Marine and Fisheries and the Interior and
Insular Affairs Committees added OCS provisions to
the energy bill that were more sweeping than those
proposed by the Senate. They were as follows:

. prelease/leasing moratoria until 2002 on all
areas included in the Senate bill plus the
entire Mid/South Atlantic, Straits of Florida,
and Eastern Gulf above 26 degrees (500
million acres);

. cancellation requirements for three areas
(southwest Florida, North Aleutian Basin and
certain leases offshore North Carolina);
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. coastal Impact Assistance Fund, one fund to
be administered by Commerce and based
primarily on a revenue sharing approach
(only 11 percent based on OCS production);
and

. various amendments to the OCSLA
establishment of ESRP’s for moratoria areas;
amendments to lease cancellation and
compensation process; and requirement for
Alaska leases to comply with ANILCA
section 810.

Conference on the bill started on 10 September and
concluded on I October. The OCS provisions were
the last item taken up by the conferees due to the
controversial nature of the OCS buyback provisions.
The 1990 Budget Enforcement Act presented "pay-go"
problems for any buyback scenario and were a major
stumbling block to proponents of buyback. Simply
stated, there was no way to pay for the buyback. In
addition, Senator Johnston wanted to add his
deepwater incentives legislation to the energy bill.
The House conferees rejected this offer. In the end,
the House conferees finally withdrew their OCS
provisions and decided to "revisit the issue next year."
So despite the fact that both the House and Senate
versions of the energy bill contained OCS provisions,
No OCS Provisions were incorporated into the final
legislation.

OUTLOOK FOR THE 103RD CONGRESS

If the 102nd Congress was characterized by the term
"gridlock," the catchword for the 103rd Congress so
far would have to be "fast forward." Half way
through the session, this Congress has been one of the
most productive in generations. If they continue at
their current pace, the term "historic” may ultimately
be applicable.

This Congress is already notable in one respect: it
has 110 new members, which is the largest new class
since the Watergate years. In many ways they were
elected because they represented change and because
of their emphasis on fiscal issues. Certainly, it can be
argued at this point that they are fulfilling their
mandate.

For example, the 103rd Congress has already
hammered out a budget agreement (which will reduce
the federal deficit by $496 billion through 1998 and

put into place even more severe limitations on
discretionary spending than the 1990 agreement), and
is also working on an unheard-of second round of
budget cuts (the House recently passed an additional
$37 billion in cuts, and the Senate is scheduled to
take up the issue early in 1994).

In addition, Congress has killed funding for the
superconducting super collider and almost killed
funding for the NASA space station; tackled the issue
of how to pay for "emergency” spending; significantly
scaled back the economic "stimulus" package; and
will probably take up issues such as a balanced
budget amendment and a review of entitlement
spending.

With so much focus on budget issues, it is somewhat
amazing that Congress has found time to work on
other issues. However, a quick review of legislation
passed by both houses of Congress or enacted into
law shows just how productive they have been so far:

NAFTA

Family Leave

Voter Registration (motor voter)
Aid to Russia

National Service

Brady bill

Hatch Act modifications
Military base closings
Campaign fiance reform
Crime bill

Mining law reform

Next year Congress will continue to work on several
of the issues listed above as well as focus its attention
on new issues, including health care reform, welfare
reform, immigration reform, job training and
Congressional reform. With all that on their plate,
will they also find the time to pass legislation of
interest to the Offshore program? In all likelihood,
the answer is "yes," since several major environmental
laws or pending pieces of legislation are already
under review by Congress. For example:

I. Endangered Species Act reauthorization (H.R.
2043 and S. 921)

There have been numerous hearings on
reauthorization at this point, but no bill has moved to
markup as yet. There seems to be a focus on
"ecosystem management," creating incentives for



private landowners to conserve species and requiring
greater efforts to restore species while trying to
reduce the economic impacts. Congress has indicated
its willingness to work with the Administration in
fashioning a reauthorization bill.

2. National Biological Survey Organic Act (H.R.
1845 and S. 1008)

The bill has passed the House, but not without
rancorous debate and amendment: 1) no volunteers
can help collect information; 2) NBS must obtain
permission before going onto private property; and 3)
a landowner must have access to the information
collected on his land. There is no Senate action yet,
but this is a priority item for the Department.
However, the issues raised by amendments to H.R.
1845 (private property rights and possible "takings")
could crop up when the Senate considers an NBS bill
and possibly foreshadow future debate on
reauthorization of the Endangered Species Act and the
Clean Water Act.

3. EPA Cabinet Elevation legislation (S. 171 and
H.R. 3425)

A bill has passed the Senate that would create a
Department of the Environment and abolish the CEQ.
But the House postponed Floor action on a bill until
1994 due to conflicts over possible amendments.

Several House members support an amendment to
require EPA to conduct a cost/benefit analysis of any
new environmental regulations. The Senate bill
already has a similar amendment, and this amendment
is also supported by the National Governor’s
Association and the National Association of Counties.

In related action, the House passed H.R. 3512, a bill
to abolish CEQ and put NEPA functions in a new
White House office. The Senate EPA bill proposes to
abolish CEQ and house NEPA functions in EPA.
CEQ abolishment has been and will continue to be a
visible issue as the bills move through Congress.

4. Marine Mammal Protection Act reauthorization
(S. 1636 and H.R. 2760)

The Act was authorized through FY 93. S. 1636 has
been marked up by the Senate Commerce Committee,
but no markup has occurred in the House as yet. S.
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1636 extends the program through FY 98 and focuses
primarily on fishery operations and marine mammal
interactions.

In related action, H.R. 3049 was passed by Congress
and signed into law (P.L. 103-86). It extends for 6
months (until 1| April 1994) the exemption for
commercial fishing activities to comply with the
“"incidental taking" provisions of the Act.

5. Clean Water Act reauthorization (S. 1114)

Both the House and Senate have held hearings, but no
markup has occurred by either (the House has not yet
introduced its primary bill). The focus of
reauthorization efforts appear to be on "watershed
management"”; sewer overflow problems; non-point
source pollution control; and funding mechanisms for
sewage treatment plant construction. The issue of
section 404 (wetlands) continues to make any
reauthorization effort controversial.

103RD CONGRESS
LEGISLATIVE OUTLOOK
ISSUES OF PARTICULAR INTEREST TO THE
GULF OF MEXICO REGION

I have tried to highlight some of the major
environmental legislation currently before the 103rd
Congress; however, Congress is considering other
bills that, although not classified as "major," could
have a significant impact on the Offshore program in
the Gulf of Mexico. These include

1. OCS Deepwater Incentives legislation (S. 318
and H.R. 1282)

The House and Senate have both held hearings on the
bills listed above. In general, the legislation is
intended to spur exploration and development of
deepwater Gulf of Mexico areas by 1) clarifying the
Secretary’s current discretionary authority to reduce
or suspend royalties on non-producing leases; and 2)
mandating a royalty holiday on "new production”
located in 200 meters of water or greater until capital
costs are recovered. The Senate bill is limited to the
Central and Western Gulf of Mexico, while the House
bill pertains to any deepwater OCS areas.

The Administration testified on both bills, and while
it did not take a position on the specifics of either
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bill, it did support the objectives of the bills. The
Administration also noted the following:

. The mandatory royalty suspension Is
estimated to have a net loss of $1.9 billion in
foregone royalties (in 1993 dollars) since it
would provide a windfall to several fields
which could be produced even in the absence
of the incentive.

. Only two fields (both located in water depths
greater than 400 meters) would be positively
impacted by the incentive (with estimated
reserves of 150 mboe).

. The mandatory suspension should be limited
to new leases only; to tracts located in 400
meters of water or greater; and to the Central
and Western Gulf of Mexico.

The Senate is expected to take the lead on this
legislation. It is speculative as to whether the
legislation can move through both sides of Congress,
and if so, how. But Senator Johnston has stated that
this legislation is one of his priorities.

2. Gulf of Mexico Protection/Enhancement (H.R.
1899, H.R. 1566, S. 83 and S. 686)

Although this legislation got little attention in the
102nd Congress, there is general agreement from
members from Gulf coast states that the Gulf of
Mexico region should have a "formal" program to
promote the environmental and economic interests of
the Gulf region by better coordinating various federal,
state and local activities. Both the Chesapeake Bay
and the Great Lakes have formalized programs; the
Gulf program has been operating on an "informal”
basis since 1988.

Therefore, there should be more impetus in 1994 to
pass such legislation than in the past. Although
efforts have currently stalled on the House side at this
point, there is a good chance that legislation can still
be enacted in 1994. The Administration has testified
on the House bills but did not specifically endorse
either bill. Instead, it focused on elements which
should be incorporated into any Gulf of Mexico
legislation, providing that

. the program must address region-wide,
interjurisdictional issues that can not be
addressed by just one federal or state agency.

. the federal part of the program must be a
full and shared partnership among the
various agencies.

. the program must allow participating
agencies to work within existing authorities.

. the emphasis of the program should be on
implementation and light on organizational
bureaucracy.

It is possible that any Gulf of Mexico legislation
finally agreed to could be incorporated in the Clean
Water Act as it proceeds through the reauthorization
process.

3. Clean Water Act—Technical Amendment to
section 311

Section 311 of the Clean Water Act deals, in part,
with oilspill prevention and response requirements for
activities in federal and state waters. MMS has been
delegated that responsibility for "offshore facilities"
by Executive Order 12777. Unfortunately, while
MMS has the responsibility to ensure that offshore
facilities have oilspill prevention and response plans
in place and performs inspection on these facilities,
the Bureau cannot issue civil penalties for any
violations found under section 311. Instead, they
must rely on either the Coast Guard or EPA to cite
violators.

Therefore, during the reauthorization process for the
Clean Water Act, there may be an opportunity to
amend section 311 to give the Department of the
Interior explicit authority to issue civil penalties. This
amendment is strictly technical in nature and appears,
so far, to be non-controversial.

OTHER ISSUES OF INTEREST DURING THE
103RD CONGRESS

Although no legislation is currently pending, Congress
can also be expected to address the following issues
in 1994, most probably through oversight hearings or
the appropriations process:

1. Fiscal Year 1995 Appropriations



In FY 1994 OCS moratoria provisions which had
been in effect since FY 1991 were again rolled into
the DOI Appropriations Act (P.L. 103-138). In fact,
the Administration supported these provisions.

Environmental groups focused their moratoria requests
on many of the same areas as in the past (Alaska
sales and drilling bans for areas offshore the Florida
Panhandle and offshore North Carolina). The area
which received the most attention was the Cook
Inlet/Shelikof Straits area. However, of note, the
Appropriations Committees again refused to expand
moratoria and continued to express reservations about
additional drilling bans.

In FY 1995, the Cook Inlet/Shelikof Straits area will
probably continue to be the area of most interest in
terms of moratoria requests. It is also likely that
there will be requests to continue the moratoria on
areas currently under prohibition.

2. Review of the Offshore program and the OCSLA

Already the House Merchant Marine and Fisheries
Committee and the Senate Energy Committee have
held hearings on various OCS issues, including OCS
buybacks, site clearance procedures and the rigs-to-
reefs program, OCS deepwater incentives, leasing in
gas-prone areas, and OCS moratoria.

In 1994, the Merchant Marine and Fisheries
Committee (Subcommittee on Oceanography, Gulf of
Mexico and OCS) has indicated that it will continue
“oversight hearings on the following issues: OPA 90
implementation of financial certification
responsibilities for "offshore facilities,” OCS impact
assistance, access to and use of OCS sand and gravel
resources, and various proposals related to leasing and
drilling bans on the OCS.

3. Implementation of the Oil Pollution Act

MMS is responsible for implementing certain sections
of OPA 90. The issue which has been of greatest
interest to Congress is how the Bureau will implement
section 1016—financial responsibility for "offshore
facilities." MMS has testified on the status of our
rulemaking and emphasized that we are interested in
hearing from all potentially affected parties on the
impact of any regulations. Congress will maintain a
high level of interest in 1994 in the status of OPA
section 1016 implementation.
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4. Review of Implementation of the Clean Air Act
Amendments of 1990

The Senate Environment and Public Works
Committee has indicated that they will begin
oversight hearings on the progress of implementing
the various provisions of the CAA. While the
emphasis will be on EPA issues, a possible item of
interest is the effects of OCS development in the Gulf
of Mexico on air quality in adjacent ozone
nonattainment areas. MMS was required to do a
study on this issue and report to the Committees
within three years.

Ms. Jill Martin serves as Senior Legislative Assistant
in the Minerals Management Service, Office of
Congressional and Legislative Affairs, Washington,
D.C. where she has worked since 1982. Previously,
Ms. Martin worked for the Department of Energy, in
Atlanta, Georgia, and the North Carolina State Office
of Coastal Zone Management, Raleigh, North
Carolina. She is a graduate of North Carolina State
University with a bachetor of Science in conservation
(1972), a master’s in landscape architecture, and a
minor in coastal planning.

ENVIRONMENTAL REGULATIONS:
MMS PERSPECTIVE

Mr. John Goll
Minerals Management Service Headquarters
Herndon, Virginia

INTRODUCTION

This presentation is an overview of several
rulemaking actions, representing both MMS and EPA
rules, which will be affecting Gulf of Mexico
operators. They include a current MMS rulemaking
on archaeology, two issues related to EPA waste
disposal rules with current and future implications,
and a potential MMS air quality rulemaking.

ARCHAEOLOGY

Since 1973, MMS has had a lease stipulation to
handle archaeological resources. Because this has
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really become a standard stipulation, MMS decided to

.propose converting the stipulation into a rule. The
rule was proposed in the 12 October 1993 Federal
Register.

The rulemaking will not cause new requirements on
operators but will simply maintain the status quo of
the stipulation. MMS will still inform operators
which areas will need archaeological reports. The
reports will be based on remote sensing, the type
depending on whether shipwreck or habitation sites,
etc. are possible. For many, existing geohazards
surveys can be used. If the report concludes an
archaeological site is possible in an area, avoidance of
the site remains the simplest mitigation.

The comment period closed 13 December and MMS
will evaluate the comments for a decision on the rule.

PRODUCED SANDS

The next two topics are related and deal with disposal
of produced sands (well solids, etc.). The issue
concerns the methods of disposal that may or may not
be available in the future. They involve the EPA
NPDES new source performance rules and the
Convention on the Prevention of Marine Pollution by
Dumping of Wastes and Other Matter (also known as
the London Convention). In some ways the issue is
very simple, but in others it is quite convoluted,
especially considering the London Convention.

Present domestic and international direction seems to
imply that disposal of produced sands should be done
in onshore waste sites. The issue is whether we
should retain other options for disposal (such as
reinjection or encapsulation into the seabed, or ocean
discharge), especially if onshore landfills become
limited in the future? If we want to try to retain such
options, we need to ensure that we have good data to
support decisions. Some questions can be asked. Is
onshore disposal of OCS well solids the wisest use of
onshore disposal sites? Is it environmentally the best
choice? Will onshore disposal be available in the
future?

New Source Performance Standards

In its March 1993 final rule, EPA set the new
standard for produced sand from new sources as zero
discharge. They believed this was technologically and
economically achievable: rather than discharging into

the ocean, the prime disposal method would be to
barge the material to shore.

At the request of MMS and the Department of Energy
during the rulemaking, EPA did keep the door open
for ocean discharge at some point in the future, if
good technology is developed. MMS and DOE were
concerned about availability of onshore disposal in the
future, environmental issues associated with barging
and onshore disposal, and possible disincentive to
improve disposal technology. In the preamble to the
March 1993 rule, EPA listed information it would
need to revisit the issue: information on new
technologies and their efficiency, the fate of solvents
in washing sands, the availability of disposal sites,
appropriate disposal methods for sand containing
NORM-—naturally occurring radioactive materials.
This last item may be the controlling one regarding
disposal and leads to the second topic connected with
the London Convention.

The London Convention

The London Convention (LC) potentially affects the
disposal of produced solids. Internationally, the LC
limits the disposal of waste into the ocean. In
November 1993, the international community
expanded the LC to ban dumping low level
radioactive waste (LLW) into the sea. It also passed
a voluntary moratorium on sub-seabed disposal of
LLW. Strictly following these words infers another
strong push to dispose onshore any produced sands
that may contain NORM. Limited disposal by
reinjection and encapsulation has been done offshore
but potentially also could be limited.

But other sections of the LC come into play, which
regrettably involve some ambiguities. Under the LC,
normal operations from offshore platforms are exempt
from the disposal prohibitions, but the exemption may
or may not include situations in which material is
transported for the express purpose of disposal (as it
often is offshore). Are all activities including
transportation exempt? If yes, offshore produced sand
disposal may be exempt from the LC but would still
be subject to domestic regulation (allowing the United
States the option of disposal into the ocean or into the
seabed.) If such activities are not exempt, then
defining LLW becomes important. The LC does not
define LLW. Rather, the participants proposed that
the International Atomic Energy Agency develop



guidance over the next few years. In the meantime,
each country would define what it considered LLW.

To assist in developing guidance for either scenario
(the domestic-controiling or LC-controlling), good
information will be needed on the quantities of waste
with NORM, associated activity levels, disposal
locations. Other issues should be reviewed: can the
“dirtier" portions of the waste be segregated from
"cleaner" portions? What NORM levels are
acceptable for what type of land disposal sites? Is
reinjection or encapsulation into the seabed
environmentally preferable?

A goal to work toward is to keep options open,
especially regarding reinjection and encapsulation, and
to make sure the solutions are economically and
environmentally wise.

OCS AIR QUALITY REGULATIONS

In 1980, the Department of the Interior published air
quality rules for operators on the OCS. Much of the
1980s was spent in litigation and negotiation with
state and local governments in California over the
rules. This included several years of a negotiated
rulemaking process. Ultimately, the Clean Air Act
Amendments of 1990 transferred the air quality
jurisdiction for most of the OCS to EPA. However
MMS retained the Western and Central Gulf of
Mexico, the area with the vast majority of OCS
sources. The CAAA also directed MMS to do a
study of the effects offshore sources have on the
nonattainment areas in the Gulf of Mexico and to
review whether changes may be needed to its air
quality regulation.

Because much has transpired in the decade since the
original DOI rules were published, MMS has formed
an internal workgroup (including an EPA
representative) to review its GOM rules to see if
modifications may be needed.

The group is considering whether the overall approach
still makes sense. (The original rules were developed
in the late 1970s and much has changed in air quality
regulatory theory since then, clearing up ambiguities
in the rules) and whether the exemption level
approach should be retained. The group is developing
specific wording on upsets and equipment failure,
both in defining the terms and setting procedures to
handle them in real-time, including specific words on
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pipeline laying and other temporary sources, as well
as flaring and short-term emissions. A special look is
being taken for Class | areas, and MMS will be
working with the Fish and Wildlife Service and the
National Park Service concerning activity in the
vicinity of the Breton National Wildlife Refuge. (One
special emphasis of Secretary Babbitt is for Interior
Agencies to work together as a team, rather than in
conflict as has occurred in the past. Having MMS,
FWS, and NPS work together should end up with
better and more consistent solutions.)

We likely will go forward with those items that need
immediate attention, such as for the Class | areas.
We may initially develop a regulatory approach
through Letters or Notices to Lessees and follow on
later with rule amendments. The group will not be
proposing changes that may be influenced by the
results of the ozone study until after that report has
been completed and assessed.

We are aware of costs that lessees face with each new
regulation. We will attempt to limit costs as we can.
We in the federal and state governments are also
faced with reduced staffs and funding. So special
emphasis will be made to keep solutions simple but
meaningful. We want to work with industry, the
states, other federal agencies, and interested parties in
developing these solutions.

John Goll is the Chief of the Environmental Policy
and Programs Division at the headquarters of the
Minerals Management Service. He oversees MMS’s
environmental activities, including the Environmental
Studies Program, the National Environmental Policy
Act analyses performed by MMS to evaluate lease
sales and industry proposals, and MMS’s and other
Agencies’ environmental regulations. John earned a
bachelor’s degree in Meteorology and Oceanography
and a master’s degree in Meteorology, both from the
University of Michigan.
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REGULATIONS FOR THE GOM OCS

Mr. Scott Wilson
U.S. Environmental Protection Agency
Region VI
Dallas, Texas

On 19 November 1992 EPA reissued the OQuter
Continental Shelf General Permit for the western Gulf
of Mexico. That permit only covered facilities
located in and discharging to the Outer Continental
Shelf offshore of Louisiana and Texas. Due to
administrative  constraints, areas offshore of
Mississippi, Alabama, and Florida, which were
covered by the permit when it was issued in 1986
were not covered by the reissued permit in 1992.

Ocean Discharge Criteria in Section 403(c) of the
Clean Water Act and in 40 C.F.R. Part 125, Subpart
M prohibit issuance of a National Pollutant Discharge
Elimination Systems permit for discharge into the
territorial seas, contiguous zone, or the oceans which
will cause unreasonable degradation of the marine
environment. In order to ensure that discharges
allowed under the western Gulf of Mexico general
permit do not cause unreasonable degradation of the
marine environment, new water quality based
limitations and monitoring requirements were added
to the permit when it was reissued. The new water
quality based requirements include produced water
toxicity limits and monitoring for bioaccumulation
and Naturally Occurring Radionuclides.

Compliance monitoring for the produced water
toxicity limits was required to be accomplished using
seven-day chronic toxicity tests with the Mysid
Shrimp and Sheepshead Minnow. The permit
required that produced water discharges were not
chronically toxic at the edge of the 100 meter mixing
zone. Dilutions at the edge of the mixing zone were
calculated for all of the ranges of discharges expected
under the permit using the CORMIX!1 model and
were listed in table 1 of the permit. Permittees were
to determine their critical dilution from that table
based on the discharge rate and the pipe diameter of
their produced water discharge. The frequency of
monitoring was based on the potential to cause
toxicity, which was deemed to be greater with larger
volume produced water discharges than with smaller
ones. As aresult, the required monitoring frequencies

were once per month for discharges over 4,600
barrels per day; once per quarter for discharges from
500 barrels per day to 4,600 barrels per day, and
annually for discharges under 500 barrels per day.
Permittees were given one year to begin monitoring
for produced water toxicity.

The bioaccumulation monitoring requirements in the
permit were intended to apply to the 10 percent of
dischargers with the largest produced water discharge
rates; these were expected to exhibit the greatest
potential to cause bioaccumulation. The permit
requires that all operators with discharges over 4,600
barrels per day collect and monitor marine organism
tissue for various organic chemicals and metals
expected to be present in produced water. The permit
also allows permittees the option of conducting a
group study where the participants would conduct
bioaccumulation monitoring at fewer platforms but in
return the monitoring would be much more extensive
and the results potentially more conclusive. The
permit gave operators two years before they were
required to commence bioaccumulation monitoring.

Monitoring for Radium 226, Radium 228, Gross
Alpha Particles, and Gross Beta Particles was also
required by the reissued western Gulf of Mexico OCS
general permit. Like monitoring for the produced
water toxicity limit, the monitoring frequency was
based on the produced water discharge rate.
Operators discharging 4,600 barrels per day and
greater are required to monitor monthly, from 500 to
4,600 barrels per day quarterly, and less than 500
barrels per day annually. Permittees were given one
year to commence monitoring, and monitoring was to
be done only for a period of one year.

Due to modeling problems which resulted in
unnecessarily stringent critical dilutions for the
produced water toxicity limits, the permit was
proposed to be modified on 4 August of this year.
The proposed modification also included new, more
stringent technology based limits derived from
national effluent guidelines, which were published on
4 March and effective on 4 April. The final modified
permit was published in the Federal Register on 3
December 1993 at page number 63964.

Produced water critical dilutions which are required
to be met for the toxicity limits were recalculated and
included in the permit in a manner which more
closely represents the wide variety of conditions



affecting discharges covered under this permit. A
modified version of the CORMIX1 model was used
to calculate the critical dilutions. Through extensive
examinations, the CORMIX1 model was found to be
accurate in the near field phase of dilution
calculations, but in the far field phase of calculations
it was found to under-predict dilution. An equation
was developed which was applied to the CORMIXI
results from the near-field calculations to calculate
more accurately the dilution at 100 meters. The final
modified permit contains the new critical dilutions on
several tables which account not only for the
discharge rate and pipe diameter but also for the
water depth between the discharge pipe and the
seafloor. To determine . their critical dilution,
permittees will find the table which applies to the
appropriate water depth and from that table find the
dilution corresponding to the discharge rate and pipe
diameter of their platform. The new critical dilutions
were effective upon publication in the Federal
Register on 3 December, and permittees were required
to start produced water toxicity monitoring, at the
appropriate frequency, beginning 3 December. The
modified permit also allows permittees to add
diffusers or multiple port discharges to obtain more
dilution to meet the toxicity limits.

The radionuclide monitoring was changed slightly in
the modification. Gross alpha and gross beta particles
no longer must be monitored since it has been
determined that the dissolved solids in produced water
interfere with testing. The frequency of monitoring
is still based on the produced water discharge rate, as
previously stated.

The modified permit still requires bioaccumulation
monitoring for all produced water discharges over
4,600 barrels per day. Monitoring is required to
commence in November of 1994,

Effluent guidelines for the offshore subcategory were
issued on 4 March 1993. The modified permit
contains several changes in technology based limits
and monitoring requirements resulting from the new
effluent guidelines. The oil and grease limits for
produced water were decreased from a maximum of
72 mg/l and an average of 48 mg/l to a maximum of
42 mg/l and an average of 29 mg/l. The new oil and
grease limits also apply to well treatment, completion,
and workover fluids discharged in the produced water
waste stream. The static sheen test method is now
required for monitoring free oil in discharges of
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drilling fluids and drill cuttings and in well treatment,
completion, and workover fluids which are discharged
as a separate waste stream. The modified permit also
allows the use of a partial test for monitoring the
toxicity of drilling fluids. The partial test is a
pass/fail test run on a single drilling fluids dilution of
30,000 ppm and a control, along with the reference
toxicant test.

The final major change to the Western Gulf of
Mexico general permit was a change in the area of
coverage. Permittees commenting on the modification
requested that facilities in the territorial seas be able
to discharge produced water to the Outer Continental
Shelf. Since treatment technology has been
prescribed by the issuance of guidelines for produced
water discharges in the offshore subcategory, and the
permit is felt to contain sufficient limits to protect
water quality, the final modified permit allows
discharges of produced water from the territorial seas
to the Outer Continental Shelf. The corresponding
change made in the permit is that the discharge rate
was limited to 25,000 barrels per day. This new limit
was added to ensure compliance with Ocean
Discharge Criteria and thus enable EPA to issue the
final modified permit.

New source performance standards were issued on 15
January 1993, defining and establishing new sources
in the offshore subcategory. A new source is defined
as any development or production facility for which
significant site preparation is begun after 15 January
1993. Due to time constraints with the modification
of the existing Western Gulf of Mexico general
permit EPA Region six proposed a separate permit
covering new sources. That proposal can be found in
the Federal Register for 14 October 1993 on page
number 53200. Since the requirements of that permit
are expected to be nearly identical to those of the
existing permit, as it was modified, EPA plans to
combine the existing source and new source permits
in the near future.

Mr. Scott Wilson is an Environmental Scientist with
the Industrial Permits Section in the Water
Management Division of the Region VI offices of the
U.S. Environmental Protection Agency in Dallas,
Texas. He received his Master of Science degree in
Environmental Science from the University of Texas
at Dallas.



AIR QUALITY REGULATIONS FOR
THE EASTERN GULF OF MEXICO

Mr. Scott Davis
U.S. Environmental Protection Agency
. Region IV
Atlanta, Georgia

The basis for air regulations for the Eastern Gulf of
Mexico are the Clean Air Act, Title 40 of the Code of
Federal Regulations. and the Florida Administrative
Code.  The specific regulations to apply to an
offshore source are dependent on the location of the
source offshore the state of Florida. For sources
located from the coastline to three leagues oftshore,
approximately nine statute miles, this area falls within
the state boundary of Florida, and the state retains
regulatory authority. For sources located from the
seaward boundary to within 25 miles of the state’s
seaward boundary, regulatory authority is maintained
by the U.S. Environmental Protection Agency (EPA),
but it may be delegated to the State of Florida on the
basis of certain conditions. For sources outside of 25
miles of the state’s seaward boundary, EPA retains
regulatory authority.

SECTION 328 OF THE CLEAN AIR ACT

The basis for the Outer Continental Shelf (OCS) air
regulations is Section 328 of the Clean Air Act
Amendments of 1990, Air Pollution from Outer
Continental Shelf Activities. Section 328 mandated
the establishment of requirements to control air
pollution from OCS sources located offshore of the
states along the Pacific, Arctic, and Atlantic coasts,
and along the United States Gulf Coast off the State
of Florida eastward of 87 degrees 30 minutes
longitude, to attain and maintain federal and state
ambient air quality standards and to comply with the
provisions of Part C of Title [ of the Act. Authority
for the Gulf of Mexico was divided. The eastern
Gulf is under the authority of EPA. The central and
western Gulf are under the authority of the Minerals
Management Service (MMS).

OUTER CONTINENTAL SHELF AIR
REGULATIONS SUMMARY

On 4 September 1992, EPA promulgated a new Part
55 of Chapter 1 of Title 40 of the Code of Federal

Regulations (40 C.F.R. Part 55). These regulations
established requirements to control air pollution from
OCS sources. New sources must comply with the
requirements of this part on the date of promulgation
(4 Scptember 1992) and existing sources must comply
within 24 months from promulgation (4 September
1994). The requirements apply to all OCS sources
located in the Gulf of Mexico east of 87.5 degrees
longitude (near the border of Florida and Alabama).
Those sources located west of 87.5 degrees longitude
in the Gulf of Mexico fall entirely under the

jurisdiction of MMS.

For OCS sources located within 25 miles of states’
seaward boundaries, the requirements are the same as
the requirements that would be applicable if the
source were located in the corresponding onshore area
(COA). In states affected by this rule, state
boundaries extend three miles from the coastline,
except off the coast of the Florida Panhandle, where
the state’s  boundary extends three leagues
(approximately 9 statute miles) from the coastline.
Sources located beyond 25 miles of states’ boundaries
are subject only to federal requirements for
Prevention of Significant Deterioration, New Source
Performance Standards, and National Emissions
Standards for Hazardous Air Pollutants, if applicable.
Beyond 25 miles of states’ seaward boundaries, the
OCS program requirements will be implemented and
enforced solely by EPA. These regulations also
established procedures to allow the Administrator to
exempt any OCS sources from a control technology
requirement if it is technically infeasible or poses an
unreasonable threat to health or safety. This rule
establishes procedures for EPA to delegate
implementation and enforcement of the requirements
of this rule to state and local agencies. EPA will
amend these new OCS regulations to incorporate the
federal operating permit program (40 C.F.R. Part 71)
and enhanced compliance and monitoring regulations
when they are finalized.

The Outer Continental Shelf Air Regulations, 40
C.F.R. Part 55, include the following sections:

Section 55.1 — Statutory authority and scope
Section 55.2 — Definitions
Section 55.3 — Applicability

Section 55.4 — Requirements to submit a notice of
intent
Section 55.5 — Designation of corresponding

onshore area



Section 55.6 — Permit requirements

Section 55.7 — Exemptions

Section 55.8 — Monitoring, reporting, inspections,
and compliance

Section 55.9 — Enforcement

Section 55.10— Fees

Section 55.11— Delegation

Section 55.12— Consistency updates

Section 55.13— Applicable federal requirements

Section 55.14— Applicable requirements of the
COA

Highlights of the OCS air regulations include the
following:

¢ Pursuant to § 55.1, there is to be a rational
relationship to the attainment and maintenance of
federal and state ambient air quality standards
and the requirements of Part C of Title | of the
Clean Air Act. Furthermore, the rule is not to be
used for the purpose of preventing exploration
and development of the OCS.

«  Onshore area is defined in § 55.2 as a coastal
area designated as an attainment, nonattainment,
or unclassifiable area by EPA in accordance with
Section 107 of the Clean Air Act.

»  Corresponding onshore area is defined in § 55.2
as meaning, with respect to any existing or
proposed OCS source located within 25 miles of
a state’s seaward boundary, the onshore area that
is geographically closest to the source or another
onshore area that the Administrator designates the
COA pursuant to 40 C.F.R. Section 55.5.

»  Potential emissions are defined in § 55.2 to mean
the maximum emissions of a pollutant from an
OCS source operating at its design capacity. Any
physical or operational limitation on the capacity
of a source to emit a pollutant, including air
pollution control equipment and restriction on
hours of operation or the type or amount of
material combusted, stored or processed, shall be
treated as a limit on the design capacity of the
source if the limitation is federally enforceable.
Pursuant to Section 328 of the Clean Air Act,
emissions from vessels servicing or associated
with an OCS source shall be considered direct
emissions from such a source while at the source,
and while enroute to or from the source when
within 25 miles of the source and shall be
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included in the "potential to emit" for an OCS
source.

Pursuant to § 55.4, prior to performing any
physical change or change in method of operation
that results in an increase in emissions, the
applicant shall submit a Notice of Intent (NOI) to
the Administrator through the EPA Regional
Office and at the same time shall submit copies
of the NOI to the air pollution control agencies
of the nearest onshore area and onshore areas
adjacent to the nearest onshore area.

The requirements to obtain an OCS air permit are
outlined in § 55.6. These include the permit
application, administrative procedures and public
participation,  preconstruction  requirements,
operating permit requirements, notification
requirements for other reviewing agencies,
modifications, and compliance plans.

Pursuant to § 55.7, the Administrator or the
delegated agency may exempt a source from a
control technology requirement of 40 C.F.R. Part
55 if the Administrator or the delegated agency
finds that compliance with the control technology
requirement is technically infeasible or will cause
an unreasonable threat to health and safety.

EPA may require monitoring or reporting and
may authorize inspections pursuant to Section
114 of the Clean Air Act and the regulations
thereunder. Sources shall also be subject to the
requirements set forth in Sections 55.13 and
55.14, The Administrator or the delegated
agency shall consult with MMS and the U.S.
Coast Guard prior to inspections. This shall in
no way interfere with the ability of EPA or the
delegated agency to conduct unannounced
inspections.

Pursuant to § 55.9, if an OCS source is ordered
to cease operation of any piece of equipment due
to enforcement action taken by EPA, the
shutdown will be coordinated by the enforcing
agency with MMS and the U.S. Coast Guard to
assure that the shutdown will proceed in a safe
manner. No shutdown action will occur until
after consultation with these agencies, but in no
case will initiation of the shutdown be delayed by
more than 24 hours.
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Pursuant to § 55.10, for OCS sources located
within 25 miles of states’ seaward boundaries,
EPA can collect operating fees from OCS sources
calculated in accordance with the fee
requirements imposed in the corresponding
onshore area if the fees are based on regulatory
objectives, such as discouraging emisstons. If the
fee requirements are based on cost recovery
objectives, however, EPA will adjust the fees to
reflect the costs to EPA to issue permits and
administer the permit program.

The delegation of the authority to implement and
enforce the requirements of this OCS program
within 25 miles of the state seaward boundary is
outlined in § 55.11. The Administrator will
delegate implementation and enforcement
authority to a state if the state has an adjacent
OCS source and the Administrator determines
that the state has adequate regulations and
adequate resources and administrative procedures
to implement and enforce the requirements of the
program.

Pursuant to § 55.12, EPA will complete
consistency updates as necessary to update 40
C.F.R. Part 55 to maintain consistency with
regulations of onshore areas. Where an OCS
activity is occurring within 25 miles of a state’s
seaward boundary, consistency reviews will occur
at least annually. In addition, consistency
reviews will occur upon receipt of a Notice of
Intent and when a state or local agency submits
a rule to EPA to be considered for incorporation
by reference into 40 C.F.R. 55. State and local
rules submitted for inclusion into 40 C.F.R. Part
55 must be rationally related to the attainment
and maintenance of federal or state ambient air
quality standards or to the requirements of Part C
of Title I of the Clean Air Act. No rule or
regulation that EPA finds to be arbitrary or
capricious will be incorporated into this part.
Rules concerning administrative or procedural
requirements, including public participation
procedures, will not be incorporated into this
part.

The applicable federal requirements for OCS air
permits are outlined in § 55.13. For 40 C.F.R.
these include: Section 51.165—New Source
Review; Section 52.2 I—Prevention of Significant
Deterioration; Part 60—Standards of Performance

for New Stationary Sources; Part 61-—National
Emissions  Standards for Hazardous Air
Pollutants; and Part 124—Procedures for
Decisionmaking,

«  The requirements that apply to OCS sources
located within 25 miles of states’ seaward
boundaries are listed, by state, in § 55.14. The
documents which EPA has reviewed and
promulgated as applicable to OCS sources located
within 25 miles of states’ seaward boundaries
have been incorporated by reference and are
listed in this section.

EPA REGION IV PERMITTING UNDER
40 C.F.R. PART 55

EPA Region IV is currently processing an Quter
Continental Shelf air permit application submitted by
the Chevron U.S.A. Production Company, Inc. for an
exploratory, offshore, natural gas drilling operation
for Destin Dome Block 97, to be located
approximately 29 miles offshore of Pensacola,
Florida. EPA will be the permitting authority for this
source under the provisions of the OCS air
regulations. This proposed source is the first facility
to be processed by EPA Region IV under the
permitting requirements of the OCS air regulations.
For OCS air permitting purposes, the proposed project
must comply with state emission regulations which
are in effect on the mainland under the applicable
provisions of the Florida Administrative Code.

The final permit decision will be upcoming. The
State of Florida will have the option of requesting
delegation of the OCS permitting program once there
is an adjacent OCS source. EPA Region IV retains
authority if the State of Florida does not request
delegation.

Mr. Scott Davis is an Environmental Engineer in the
Air, Pesticides, and Toxics Management Division of
the Region IV offices of the U.S. Environmental
Protection Agency in Atlanta, Georgia. He received
his bachelor’s degree in industrial and systems
engineering from the Georgia Institute of Technology
in 1983. He is currently with the Source Evaluation
Unit, which processes federal PSD/NSR, Acid Rain,
and Outer Continental Shelf air permits.



SUMMARY: CURRENT LEGISLATIVE
AND POLICY ISSUES

Mr. Harold Cargol
Division Landman on behalf of the American
Petroleum Institute Offshore Division
Texaco Exploration and Production Company

This presentation will outline the American Petroleum
Institute’s (API) perspective on a number of
government policies and legislation that affect the oil
and gas industry. APl is a trade association
representing approximately 300 member companies
engaged in petroleum exploration, production,
refining, transportation, and marketing in the United
States. Many APl members conduct exploration and
production activities in offshore, as well as onshore
areas. Accordingly, APl has a great interest in
legislation and policies affecting those activities.

Unfortunately, today, it almost seems politically
incorrect to speak about the need for fossil fuels,
especially oil, in the country’s energy mix. However,
fossil fuels — oil as well as gas — will be a critical
part of this country’s energy equation for many more
years. Attempts to reduce the role of oil and gas,
especially through government mandates and
restrictions, will hurt this country’s economy.

The fact is that oil and gas products are convenient,
affordable, and have become more and more
environmentally friendly.  They make a vital
contribution to the U.S. economy and to American
society. [f anything, government should encourage
development of domestic oil and gas reserves both
offshore and onshore. This will help ensure that
consumers get the products they want and need and
that we keep the jobs that produce them in the United
States.

This encouragement is all the more important
considering that domestic oil production has been
declining and is at its lowest point in 35 years — at
6.8 million barrels per day now, down from 9.2
million barrels per day in 1973.  And this
encouragement would also help government boost
declining revenues. For example, in the last decade
federal OCS annual revenues have gone from $10
billion to $2 billion partly as a result of declining
production.  Since inception of the OCS leasing
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program in 1954, payments to the U.S. Treasury have
totalled more than $100 billion, an amount only
exceeded by federal income tax revenue. This major
source of revenue should be protected.

Much can be done to ensure production and delivery
of needed oil and gas products. First, this
Administration and the oil and gas industry can work
together to change the public’s perception of oil and
gas exploration and production — particularly in the
offshore areas. This positive change is vital if we are
to meet the nation’s energy needs in an economic and
environmentally responsible manner.

Gaining the public’s confidence is key to ending
offshore moratoria as well as to tempering regulatory
and legislative proposals that block or delay
exploration and production. Together, industry and
government can demonstrate to the public that oil and
gas activities are being conducted in an
environmentally sensitive and safe manner.
Unfortunately, government policies now deny industry
access to promising new domestic opportunities to
explore for oil and gas. For example, the recently
passed Interior Department fiscal year 1994
appropriations bill continues for yet another year the
leasing moratoria on vast areas of the federal OCS.

In addition to restricting domestic oil and gas
production, these government policies, together with
low prices and increasing environmental expenditures,
have contributed to the loss of more than 375,000
workers in the oil and gas extraction industry in the
last 10 years, more than those lost by the steel,
textiles, and electronics industries combined. In
addition to the job losses, these trends have caused
our nation to import more and more oil. The United
States currently imports $43 billion worth of oil, and
we do not expect much improvement for the
foreseeable future.

The government could act to improve access in
several ways. Improving access to federal lands is
critical because many of the highest potential oil and
gas prospects are now off limits. Improved access
means

+ not imposing new OCS moratoria and not
expanding the current moratoria;



» allowing environmentally sound exploration of
the oil-rich coastal plain of the Arctic National
Wildlife Refuge in northeastern Alaska;

+ supporting balanced wetlands polictes and
flexible regulation to balance economic and social
considerations with wetlands protection;

+ ending the administrative moratoria on oil and
gas leasing in national forests; and,

< ensuring that E & P restrictions are necessary and
scientifically based and that performance
standards for sensitive areas permit access.

In addition to access, the presenter addressed the
following issues:

+  The Department of Energy’s "Domestic Natural
Gas and Oil Initiative”

*  OCS Lease Cancellation

*  Gulf of Mexico Program Legislation

» Endangered Species Act and Wetlands
Legislation

*+  OCS Policy Committee

» Risk Assessment

Mr. Harold Cargol is Division Landman, Offshore
Division, Texaco Exploration and Production
Company. Mr. Cargol has worked for Texaco over
22 years. During the last 10 of those years, Mr.
Cargol has exclusively focused on the Outer
Continental Shelf (OCS). He administers Texaco’s
land and regulatory program' pertaining to the OCS.
Mr. Cargol received his M.B.A. from Loyola
University and a B.S. in Business Administration
from Nicholls State University in Louisiana.

OFFSHORE OPERATORS
COMMITTEE (OOC)

Mr. Ron E. Rutherford
Division Manger of CONOCO

The Offshore Operators Committee (OOC) is a trade
association of oil and gas operating companies in the
Gulf of Mexico. We have an associated membership

of service companies, contractors, and consultants.
The OOC was formed over 40 years ago. Our
operating membership  currently includes 97
companies who collectively represent about 95 percent
of the oil and gas production in the Gulf of Mexico.
Our primary purpose is to consult with and advise
government agencies concerning matters affecting our
industry. The OOC does not lobby and we do not
litigate; this gives us a unique opportunity to discuss
operating issues and regulations in a non-adversarial
atmosphere with the various agencies who regulate
our activities.

OOC believes that several quality characteristics lead
to good regulations:

First, the regulation must be consistent with the scope
of its enabling legislation. There has been a trend in
the last several years for legislation to be more
specific and prescriptive in scope. Although this
limits the agencies’ flexibility in drafting regulations,
agencies must not go beyond the legislative scope.

Next, regulations must be approached using sound
scientific processes and good cost-benefit analysis.
Society has a right to know how much proposed
regulations will cost, what the choices are, and just
how much benefit they really will provide.
Unfortunately, those questions are seldom answered
before we are faced with costly regulations based on
opinions and perceptions.

Next, we prefer performance based-regulations to
prescriptive requirements. Technology is evolving
rapidly in the oil and gas industry and elsewhere. We
must be able to take advantage of these technological
changes to improve safety and environmental
performance instead of being limited by overly
prescriptive requirements.

Finally, the regulation should not duplicate existing
regulations of other agencies. Multiple agency
jurisdiction is difficult and time consuming to comply
with, and it creates a great deal of uncertainty on the
part of both industry and agencies.

Three regulations are of some concern to the OOC:

The first is the EPA National Pollution Discharge
Elimination System or NPDES. OCS discharge
effluent parameters were revised last month, and
technology is simply not available to allow much



further reductions and still be able to discharge. The
revised produced water, oil, and grease limits of 29
mg/l monthly and 42 mg/I daily are difficult to meet.
Industry is installing costly new equipment, and
making major investments that stretches current
technology with no assurance that the equipment will
be able to meet these limits to allow discharging.

Toxicity testing is a new requirement for produced
water effluents. Expensive testing requirements and
equipment modifications are needed to meet the
permit limits, again with no assurance that the
equipment will result in the capability to continue
discharging.

Drilling muds and cuttings toxicity limits have not
been revised on the OCS, and we have been
complying with them for the last several years.

At this point, we are not sure if "current technology"
can consistently meet the requirements for produced
water, oil, grease, and toxicity to allow industry to
continue to discharge, but we are certain that further
tightening of discharge limits will force reinjection of
produced water and hauling drilling muds and cuttings
to shore for disposal.

Current scientific evidence does not indicate that
discharging produced water and drill muds and
cuttings causes environmental harm, even at the
previous, more relaxed limits. The cost to industry
for tightening effluent limits beyond today’s levels is
huge. EPA has estimated that it would cost industry
5 billion dollars for new equipment and 450 million
dollars per year to operate it if we are required to
reinject all produced water. Hauling all drilling muds
and cuttings to shore will cost about 233 thousand
dollars per well or about 160 million dollars per year,
assuming drilling remains at the current number of
wells per year.

These cost estimates assume that all producing
properties and drill wells would be able to support
that level of increased spending; thus assumption is
unrealistic. Planned wells would not be drilled; and
currently producing properties would be shut-in and
abandoned prematurely because they could not
support the significant cost increases. Those activity
reductions translate into fewer jobs, reduced revenue
to the federal government, loss of reserves, and
increased dependence on foreign crude oil, a high
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price to pay for \virtually no incremental
environmental benefit.

We are also concerned with MMS regulations
required by the Oil Pollution Act of 1990 or OPA 90.
We fear that the $150 million financial responsibility
requirements would force premature abandonment of
many existing facilities. Absent the asset base
required for self-insurance at this level, bonds and
insurance premiums can range from $1 million per
year up to $15 million per year even if they can be
obtained, and most believe they cannot be. These
amounts exceed the annual profit of many
independent operating companies.

If this regulation is promulgated as the enabling
legislation is conservatively and strictly interpreted,
the results will be loss of jobs, reduced federal
government revenue, loss of reserves, and increased
dependence on imported oil. Some estimates predict
1/3 of the current Gulf of Mexico oil and gas
production would be shut-in if this financial
responsibility requirement were promulgated.

This financial responsibility requirement does not
meet logical or scientific tests. The history of actual
oil spills in the Gulf of Mexico coupled with the
"worst case" spill scenario does not support a $150
million clean-up cost per facility.

The benefit of this requirement simply does not
justify its cost.

The final regulatory concern is with the MMS air
regulations for the Gulf of Mexico OCS. In the
Clean Air Act Amendment of 1990, Congress
mandated that MMS study the onshore air quality
impact from OCS emissions. This study focuses on
ozone non-attainment areas at Houston, Baton Rouge,
and Lake Charles, and it should be complete in 1995.
Additionally, OOC and API are sponsoring a study
that will estimate industry cost for various air
emission control applications. We understand that
MMS is currently considering Gulf of Mexico OCS
air regulations before the scientific study is complete.

OOC and API are uncertain of the scope of the MMS
air regulations being considered. We are concerned
that unnecessary regulations may be promulgated
before the scientific study is completed and that the
cost-benefit may not be appropriately considered.
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Any one of these three regulations has the potential
for a significant adverse effect on the Gulf of Mexico
oil and gas operations. The combined effect of all
three could be devastating. We urge the agencies to
carefully consider the quality characteristics of good
regulations they proceed with NPDES, OPA 90
financial responsibility, and OCS air regulations.

Let us turn to some of the regulatory initiatives that
the oil and gas industry is pursuing. We try hard not
simply to oppose proposed regulations, but to offer
compromises in a cooperative atmosphere, moving
closer to the quality -characteristics of good
regulations that I mentioned earlier. Our initiatives in
the safety and environmental management planning
(SEMP) illustrate a positive cooperative effort
between MMS and industry to improve safety and
environmental performance.

Almost two years ago MMS expressed an interest in
achieving improved safety and environmental
performance by moving away from the prescriptive
control paradigm to an industry management and
expectation process. At that time, the refining and
chemical industry had a system like this, and several
producing companies were developing similar
systems.

After some communication with MMS, industry
decided to prepare an API recommended practice for
development of a safety and environmental program
for OCS operations and facilities. This became
known as RP 75, and it was published in May 1993.
MMS participated with industry in preparation of this
recommended practice. Additionally, MMS agreed
not to promulgate SEMP regulations as long as
voluntary industry implementation was progressing
sufficiently.

This prompted industry to encourage broad
implementation of the RP and so far APl and OOC
have sponsored three training workshops during 1993
with a total of 555 attendees from 147 companies.

Additionally, APl and OOC drafted a process to
assess RP 75 implementation, which we are discussing
with MMS now. The purpose of the implementation
assessment process is to give individual companies a
scorecard of their implementation progress and to
allow periodic company assessments to be combined
into an overall industry implementation assessment;
MMS can thus determine it voluntary implementation

is progressing sufficiently to preclude formal SEMP
regulations.

In 1992, the MMS director visited with New Orleans
oil and gas executives and asked what could be
changed to improve oil and gas profitability in the
Gulf of Mexico. The OOC decided to take a close
look at existing regulations and determine major items
that could be changed without reducing safety or
environmental protection. We came up with a list of
nine major items.

The major items included relaxing requirements for
suspension of production, allowing subsurface
commingling from different reservoirs, modifying the
platform design wave criteria, increasing time
between required BOP tests, increasing time between
underwater structural inspections, allowing flexibility
for subsea well testing, revising site clearance
requirements after structural abandonment, revising
directional survey requirements, and revising the
casing stub covering and monitoring requirements.

In September 1992, the OOC provided this list with
supporting documentation to the MMS Gulf of
Mexico Region. MMS reviewed these suggestions
and has taken action on BOP testing with a
September 1993  workshop in New Orleans.
Currently, OOC is updating our list and considering
a meeting with MMS Headquarters in early 1994 to
determine how to proceed with the other suggestions.

My last point deals with an industry initiative to
consider MMS regulation changes for deepwater
development. Current MMS regulations were written
primarily for fixed platforms. Deepwater production
facilities such as tension legged platforms, subsea
production systems, etc. can not comply with some
parts of the regulations, and compliance with other
parts should not be necessary. Examples of the types
of regulations not appropriate for deepwater
development are well annulus pressure monitoring,
Christmas tree design, underwater safety valve testing,
underwater safety valve and surface controlled
subsurface safety valve closure times. We believe
MMS regulations should be amended recognizing new
technology for deepwater developments.

About a year ago, industry formed a group called
DeepStar, to look at sharing and developing
technology to address all issues associated with
deepwater oil and gas production. One DeepStar



sub-group is beginning to identify potential revisions
to MMS regulations. MMS is participating this
sub-group which will identify suggested revisions to
regulations for deepwater developments flexible
enough to handle evolving deepwater development
scenarios.

In summary, | want to once again urge the
government agencies to consider our quality
characteristics for good regulations and to recognize
that OOC is not only ready to consult with and advise
agencies regarding proposed regulations in a reactive
mode, but proactively to suggest initiatives that can
help maintain a viable oil and gas producing industry
in the Gulf of Mexico.

Mr. Ron E. Rutherford is the Division Manager of
Conoco’s, Gulf of Mexico Division, with oversight
responsibility for the company’s exploration and
production activities in the Gulf of Mexico
headquartered in Lafayette, Louisiana. Ron has
worked for Conoco extensively throughout the world
for 22 years. He holds a Bachelor of Science degree
in petroleum engineering from the University of Tulsa
and is actively involved with numerous community
and industry organizations.
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INTRODUCTION: GOOMEX
PROGRESS REPORTS

Dr. Pasquale F. Roscigno
Environmental Studies Section
Minerals Management Service
Gulf of Mexico OCS Region

Dr. Mahlon C. Kennicutt 11
Geochemical and Environmental Research Group
Texas A&M University

The Minerals Management Service (MMS) is
interested in understanding whether discharges from
the oil and gas drilling and development on the Outer
Continental Shelf (OCS) of the Gulf of Mexico are
producing chronic impacts on marine ecosystems.
The Geochemical and Environmental Group (GERG)
of Texas A&M University won a competitive contract
procurement to implement a study entitled Gulf of
Mexico Offshore Operations Monitoring Experiment
(GOOMEX) — Phase I.

GOOMEX is the initial phase of a multidisciplinary
investigation which seeks to develop a suite of
environmental indicators. These indicators will be
refined in subsequent phases into standard monitoring
procedures that may be implemented in future OCS
exploration and development.

By developing techniques to measure biochemical
responses of resident fauna chronically exposed to
discharges from long-term OCS production platforms,
early warning indicators can alert managers and
operators before damages to populations and
communities are manifested.

GOOMEX attempts to quantify natural variability
associated with Gulf marine ecosystems so that
perturbations caused by chronic exposure to
contaminant discharges can be measured. Levels of
interaction range from responses at the molecular
level to the organism and the community level.

Presented in this session are a series of papers that
report on the results of the first year of study.
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Dr. Pasquale F. Roscigno is program manager for
various research projects in the MMS’ Environmental
Studies Program in New Orleans. Previously, he held
several positions as a researcher and program manager
in the Department of Interior’s Fish and Wildlife
Service. Dr. Roscigno’s research interests are in
estuarine and marine ecotoxicology, environmental
risk assessment, and marine process ecology.

Dr. Mahlon C. Kennicutt II, Research Scientist, is
Chief Chemist for the Geochemical and
Environmental Research Group with the College of
Geosciences and Maritime Studies at Texas A&M
University. Dr. Kennicutt has expertise and research
interests in marine chemistry, environmental
chemistry, and organic geochemistry. He received a
B.S. in chemistry in 1974 from Union College and a
Ph.D. in oceanography from Texas A&M University
in 1980. In addition to numerous scientific
publications, Dr. Kennicutt has over 100 peer-
reviewed publications and numerous book chapters.

PROGRAM DESIGN AND STUDY
ELEMENTS OF GOOMEX PHASE |

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

A closely coordinated series of investigations is being
used to test for biological impacts in the vicinity of
long duration activities associated with oil and gas
exploration and production. The fundamental
objective is to assess sublethal effect of the chronic
exposure of marine organisms to contaminants derived
from offshore oil/gas exploration and development
activities. A chronic impact is defined as an effect on
the biota that is caused by exposure to the long term
accumulation of chemicals in the environment. All
study components provide information on the aerial
and temporal distribution of pollutants. The biological
components identify possible responses as reflected in
biochemical detoxification, life history, reproductive
success, reproductive effort and assemblage
composition.

The basic program structure includes four field
activities conducted during a total of 56 days at sea
over a two-year period. The sampling plan is designed
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to detect nearfield impacts and contaminant gradients
extending out from each site. The study will evaluate
five test sites and narrow the long-term study to the
three most appropriate sites. The sampling design
includes a radial pattern with sample stations at 30-50,
100, 200, 500 and >3,000 m. A radial design employs
a dose-response model to test the hypothesis that
changes in biological variations with distance from
the platform are due to platform related contaminants.
Multiple comparisons of sites subject to chronic
exposure to oil and gas activities versus ecologically
similar, nearby unexposed sites are used to look for
chronic effects.

Study components include contaminant analysis in
sediments, pore waters, and biological tissues (Trace
metals and hydrocarbons); assemblage analysis of
benthic meiofauna, infauna, and epifauna; assessment
of community health based on life history and
reproduction studies; and the presence and intensity of
detoxification responses. Sample collection is by
boxcore and beam traw! with alternatives such as grab
samplers, divers, gill nets, and divers as needed. All
trace metal and hydrocarbon analytical protocols are
equivalent to methods used in the NOAA NS&T
program,

The biological effects program covers a wide range of
important species from meiofauna to macrofauna
including infauna, epifauna, mobile invertebrates and
demersal fishes. The biological measurements provide
a breadth of potential markers of impact from
molecular alterations to traditional assemblage
compositions. Assemblage data is being collected for
meiofaunaand benthic infauna/epifauna. Reproduction
and life history concentrates on meiofauna with
emphasis on harpaticoid life histories. Individual
copepodite stage, class structure of population,
number of sexually mature males and females,
number of gravid females, number of eggs per gravid
female, size of eggs in clutches, and clutch volume.
Invertebrate reproductive effort and health is assessed
by (1) size and age structure of the population; (2) the
stage of gonadal development in the population; (3)
the portion of the biomass represented by reproductive
tissue; (4) the size and number of mature eggs in the
individual; and (5) the histopathology of reproductive
organs. Large infauna and epifauna are the target
organisms with molluscs preferred. All analyses are
coordinated with measurement of tissue contaminants.
Demersal fishes are being examined for chronic
impacts at several levels of detail. Analyses include

necropsies (gross pathology), histopathology of
representative tissues, stomach content food analysis,
liver and stomach content contaminant analysis, and
fish biliary PAH metabolites.

Biological exposure to and/or effects of organic
xenobiotic exposure is evaluated using a series of
biochemical biomarkers that measure P4501A
induction. The in vive biomarkers used for demersal
fish liver tissues include catalytic enzyme assays
[ethoxyresorufin-O-deethylase (EROD) and aryl
hydrocarbon hydroxylase (AHH activities] and levels
of P4501 A mRNA. Additionally, the concentration of
PAH metabolites is measured in the bile of demersal
fish. Highly Ah-responsive in vitro cell bioassays (i.e.,
rat hepatoma H4IIE cells) are used to determine the
induction (as measured by EROD activity) potency of
extracts from invertebrates. All analyses are
coordinated with measurements of tissue
contaminants.

Optional work elements have been added to the core
program to assess pore water toxicity based on sea
urchin embryological development tests and an
immunological probe development to estimate
reproductive effort in macroinvertebrates. A series of
new techniques is being developed including
meiofauna genetic diversity, utilization of more
appropriate organisms for bioassays, and evaluation of
various in vitro toxicological assays presently utilized
in mammalian systems.

Data synthesis includes maps of important physical,
chemical, and faunal characteristics, correlations,
regressions, and plots of dependent versus independent
variables. Variations in benthic faunal assemblages are
described by power diversity (rare fraction curves)
and multivariate analysis. Statistical analyses are
being conducted to determine the relationships
between the MFO system and PAH levels in tissues
and sediments. Additionally biliary PAH metabolites
and histopathology are compared to the MFO system
activity measured in fish tissues.

Dr. Mahlon C. Kennicutt II, Research Scientist, is
Chief Chemist for the Geochemical and
Environmental Research Group with the College of
Geosciences and Maritime Studies at Texas A&M
University. Dr. Kennicutt has expertise and research



interests in marine chemistry, environmental
chemistry, and organic geochemistry. He received a
B.S. in chemistry in 1974 from Union College and a
Ph.D. in oceanography from Texas A&M University
in 1980. In addition to numerous scientific
publications, Dr. Kennicutt has over 100 peer-
reviewed publications and numerous book chapters.

PHYSICAL SETTING AND
CONTAMINANT GRADIENTS IN
SEDIMENTS AND BIOTA OF
GOOMEX SITES

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

The sediments on the continental shelf offshore Texas,
where the GOOMEX study sites are located, were
deposited by fluviatile and deltaic processes. They
consist primarily of quartz sands, silts, and clays with
an admixture of the skeletons or fragments of
organisms living at the site of deposition. After a
period of more than 10 years, even in relatively
shallow water where the bottom sediments are
susceptible to movement by frequent winter storms,
the sediments beneath and for some distance away
from the platform are still coarser than unaffected
sediments in the area. An ANOVA analysis of
variance of the grain size data (i.e., percentage of
sand) shows a highly significant interaction (P=0.01)
with distance, direction, and often time for sediment
texture. These strong interactions will be carefuily
analyzed and considered in the interpretation of other
work element results. Differences related to time are
most likely reflective of localized heterogeneity and
the ability to resample in areas of rapidly changing
sediment texture. A characteristic feature of all sites
is a lens of sand directly under the platform most
likely due to cutting discharges at the site.

The X-ray diffraction study was conducted to
determine if barite could be identified on the
diffraction record. The limit of sensitivity of the
technique was about 5 percent by weight barite. X-
ray diffraction was able to identify barite at two of
the five study sites. Neutron activation analysis is a
much more sensitive technique and therefore it can be
used to determine the presence and amount of barite
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in the sediments.  Mineralogic analyses were
discontinued after the first cruise.

Analysis of variance of sediment carbon content at the
platform sites revealed a number of significant
interactions between total organic carbon (TOC) and
distance and often with direction. These interactions
reflect the large increases in sand content beneath the
platform which apparently dilutes the organic carbon
content. The areal distribution of TOC is determined
by the prevailing bottom currents. Total inorganic
carbon (TIC) enrichment near the platform most
likely reflects deposition of debris from platform biota
but the increases in TIC cannot account for the
observed decrease in TOC. As with sediment texture,
between cruise (i.e., time) variations most likely
reflect significant localized heterogeneity in areas of
rapidly changing sediment type.

Redox conditions as measured by Eh electrode were
highly variable at the sites studied. In many cases,
Eh showed a significant interaction with distance from
the platform (P=0.01). A more detailed analysis of
the data and more data will be needed to evaluate the
significance of the observed variations in sediment
Eh (mV).

Sediments are a long-term repository of the residues
of petroleum released to the marine environment.
Petroleum in the offshore environment can be altered
by evaporation, dissolution, photooxidation, and
microbial degradation and tends to adhere to
particulates and become deposited in sediments. The
presence and composition of petroleum contaminants
in sediment are a record of the long-term, chronic
accumulation of contaminants in the vicinity of
platforms, thus reflecting the potential for exposure of
the resident biota. Based on these considerations,
aliphatic and polycyclic aromatic hydrocarbons were
measured at all quantitative boxcore locations. Strong
gradients with distance from the platform are apparent
in total alkane, UCM, and PAH concentrations at
MU-A85 and HI-A389 sites. A less dramatic gradient
is present at MAI-686 and little or no gradient is
present at MAI-622 and GA-288. Shallow water
erosional settings are unlikely to accumulate
contaminants.

Based primarily on the cruise one results
(hydrocarbons and trace metals), the two sites with
the weakest contaminant gradients were eliminated as
study sites. Most stations within a study site
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contained little or no evidence of petroleum
contamination. As demonstrated in previous studies,
the concentration of contaminants decreases rapidly
with distance from the platform, has a directional
component, and generally reaches background levels
at distances greater than 100 m from the platform.
Two exceptions are a total alkane anomaly at MAI-
686, which is evident to at teast 200 m distance, and
the presence of PAH as far as 500 m from the
platform at HI-A389.  The MAI-686 stations
exhibited evidence of fresh condensate contamination
during both cruises one and two suggesting either a
pipeline leak or a seep. In contrast, the contaminants
at HI-A389 and MU-A8S were highly degraded as
evidenced by the lack of n-alkanes and the presence
of a large UCM. Sediment hydrocarbons at HI-A389
also exhibited a range of compositions suggestive of
several sources of contamination. One area appeared
to be contaminated with a low molecular weight,
fresh spill while other areas exhibited a biomodal
UCM suggestive of two different sources of degraded
petroleum.

The areal distribution of the hydrocarbon
contaminants was relatively symmetrical around the
platforms of HI-A389 and MU-AS8S, but did show
preferential accumulation along the directions of the
prevailing currents. The contaminant fields were
similar from cruise one to cruise two, suggesting that
the features are relatively permanent. The greatest
cruise to cruise variations were detected at the stations
nearest to the platform, suggesting localized
heterogeneity as a primary cause of variability, i.e.,
patchiness. An ANOVA analysis of the sediment
hydrocarbon data by site highlights the significant
trends in the data. At P=0.01, cruise one to cruise
two variations are not significant at MU-A85 and HI-
A389. At site MAI-686, cruise one to cruise two
variations are significant (P=0.0023) due to the weak
gradient observed. Many of the contaminant values
at MAI-686 are close to background or the method
detection limit. As suspected at MU-A85 and HI-
A389, distance, radii, and distancecradii interactions
are highly significant. At MAI-686 at P=0.05, radii
and radii-distance interactions are important.

Contaminant concentrations in tissues have been
widely used to assess the level of exposure to
petroleum contamination. Tissue contaminants may
not directly reflect environmental levels due to several
factors including preferential uptake, bioaccumulation,
detoxification, metabolism and depuration. These

confounding factors can obscure the relationship
between body burden and actual exposure. The
uptake and ability to eliminate contaminants is
dependent on species with invertebrates generally less
capable of elimination than vertebrates (i.e., fish).
The presence of detoxification enzyme systems in fish
provides an ability to transform and eliminate
contaminants from their tissues. However, the
presence of contaminants in tissues does confirm
recent exposure. The targeted tissues were the soft
tissues of invertebrates, liver tissues from fish, and
fish stomach contents. Invertebrates may accumulate
contaminants due to their often intimate relationship
with the benthos. Fish livers are a primary site of
PAH metabolism/storage and thus would be the most
likely tissue to exhibit PAH contamination. The liver
is also very lipid-rich compared to muscle tissue, and
PAH tend to preferentially accumulate in lipid-rich
organs.

Stomach contents were identified and analyzed to
attempt to determine if contaminant exposure in fish
is due to dietary sources, ingestion of contaminated
sediments, or uptake across exposed external organs
such as gills. ANOVA analysis of variance revealed
few trends in the pairwise comparisons of near and
far stations by site. The data set is limited and
multiple species were grouped for this preliminary
analysis of the data. As the database is expanded by
further sampling, more refined statistical analyses will
be possible. A significant (P=0.01) difference in
PAH levels in fish liver tissues from HI-A389 was
observed. The statistical comparison was made on
normalized data to eliminate artifacts due to variable
method detection limits. Species, ecological niche,
and other factors that may control contaminant
exposure and expression will need to be evaluated in
order to properly evaluate the tissue contaminant data.

Pore waters extracted from sediments collected at
each boxcore location are being utilized for bioassay
estimates of toxicity. Pore water bioassays have been
shown to be an effective method of detecting the
potential for injury at a given location. Standard
assays utilizing sea urchin embryos and indigenous
copepod species are being conducted. To attempt to
link apparent biological effects with pore water
constituents, contaminant concentrations were
measured on those pore water samples which
exhibited the greatest toxicity. In general, PAH in the
pore water were low in concentration. The bulk of
the PAH were low molecular weight naphthalenes.



The concentrations measured were far below values
known to cause toxic effects in benthic organisms and
did not correlate with the observed toxicity. Pore
water PAH also did not correlate with solid phase
PAH. PAH are relatively insoluble in water and these
results suggest most sedimentary PAH are in portion
from the particulate phase to the pore waters. These
preliminary results suggest PAH are not responsible
for the observed toxic properties of the pore water.

Barium is the major elemental tracer in drilling muds,
and all previous studies have shown strong trends of
increasing sediment Ba concentrations with decreasing
distance from the drilling site. Two of the three study
sites (High Island Block A389 and Mustang Island
Block A85) showed highly significant negative
correlations between Ba and distance. The Ba versus
distance trend at Matagorda Island 686 was apparent
for both cruises but not significant because the Ba
concentrations are lower and similar at the first three
sampling distances (40, 100, 200 m). At all sites the
Ba values at the 3,000 m control stations are higher
than the typical 500 ppm background level observed
in Texas-Louisiana Shelf sediments. This is most
likely due to Ba input from other drilling sites in the
vicinity of the 3,000 m stations. At both HI-A389
and MU-ABS5, several metals showed similar negative
correlations with distance as well as significant
correlations with sediment Ba. For most of the
metals, the correlation with Ba is so strong that it
suggests the metals are constituents of the barite itself.
However, the greater scatter for Pb and Zn suggest an
independent, rig-related source is also important. The
HI-A389 site clearly has the strongest spatial
gradients and should be the location most likely to
exhibit trace element related effects in the local biota.
Trace metal concentrations close to the platform often
exceed those levels believed to cause biological
effects. An ANOVA analysis of Ba concentrations
confirms the highly significant (P=0.01) interactions
with distance and direction as for the organic
contaminants.  Barium concentrations were also
similar between cruises as reflected in the less
significant interactions with cruise (time). The
observed variability between cruises is most likely due
to localized heterogeneity and rapidly changing
gradients in sediment contaminant concentrations.

Pore water samples that exhibited an effect during
toxicity testing were chosen for trace metal analysis.
It should be noted that the samples were not
processed using metal-free equipment and may be
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affected by post-collection contamination. Samples
were stored un-acidified in glass jars prior to analysis.
This may result in an underestimate of the dissolved
metals present. These shortcomings in sample
processing are being evaluated and improved.
However, good correlations were observed between
the bioassay results and solid phase metal levels.
However, no correlations were seen between the
bioassay and pore water data. This lack of correlation
could be related to the sampling problems discussed
above. No consistent correlations between pore water
and solid phase metal levels were observed.

Trace element tissue samples include fish livers, soft
tissues from shrimp, crabs, molluscs, echinoderms,
polychaetes, and fish stomach contents. Only data
from the three sites selected for further study are
discussed here. Interpretation of the tissue data is
based on near versus far-field comparisons.
Preliminary comparisons were made for those tissue
groups with sufficient numbers. This comparison
involves combining several different species into a
single group, which may confound the analysis. The
between-sites means for most elements are similar.
Where differences occur, they are not significant
because of the considerable variability in the data.
The stomach contents data do show possibly
significant differences in Ba and Fe levels reflecting
the ingestion of bottom sediments during feeding.
More comparisons are needed using smaller
comparison groups composed of the same or similar
species. These tests may reveal additional significant
differences in trace element levels within sites as the
database increases.

Dr. James M. Brooks is a Senior Research Scientist
and Director of the Geochemical and Environmental
Research Group in the College of Geosciences and
Maritime Studies at Texas A&M University. His
expertise is in trace contaminant analysis and marine
chemistry. Dr. Brooks received his B.S. in chemistry
from Abilene Christian University in 1969, a M.S. in
oceanography from Texas A&M University in 1970,
and a Ph.D. in oceanography from Texas A&M
University in 1975.
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GOOMEX INFAUNA
BIOLOGICAL STUDIES

Dr. Paul A. Montagna
Marine Science Institute
The University of Texas at Austin

The goal of GOOMEX is to develop and recommend
sensitive and appropriate techniques to assist
monitoring activities of offshore oil and gas
production. To accomplish this goal, a range of
biological, biochemical and chemical methodologies
is being tested to detect and assess chronic sublethal
effects of offshore oil and gas production.
Documentation of detoxification response to
contaminant exposure is defined as the primary
objective of GOOMEX. A secondary objective is to
document the impacts of any contaminant exposure at
the organism, population, or community level.
Benthic infauna studies are designed to fulfill the
secondary objective.

The benthic infauna component of the GOOMEX
program focuses on organisms that live in sediments.
Both meiofauna and macrofauna are being studied.
Meiofauna are the smallest living metazoans, passing
through a 500 um sieve and retained on a 63 um
sieve. Macrofauna are larger, being retained on a 500
um sieve. Although the operational definition of
these two groups is based on sieve sizes, the groups
are dominated by different taxa. The meiofauna are
composed primarily of nematodes and harpacticoids.
Macrofauna are composed primarily of polychaetes
and amphipods.

Samples for both infaunal groups come from subcores
of box cores. As described previously (Kennicutt),
the box core stations are located at five distances
from the platform along five different axes, yielding
25 stations per platform in a radial design. The
boxcore is subdivided into 2S5 subcores. Two
meiofauna cores (area=2.8 c¢m?) are taken from two
different subcores of each boxcore. Three subcores
(area=100 cm?®) are taken for macrofauna. Samples
are preserved in the field and analyzed back at the
laboratory.

The response variables of interest for both the
meiofauna and the macrofauna are total abundance,

abundance of specific groups known to be sensitive to
contamination, and total community structure.
Additional data is being collected for the meiofauna
component. Harpacticoid life history characteristics
and nematode feeding guilds are being determined to
test for sublethal response and changes in community
trophic dynamics. We are testing hypotheses to detect
changes in benthic infauna with respect to distance
from the platforms. Abundance changes are detected
using analysis of variance procedures. Community
structure changes are detected using diversity and
evenness indices, cluster analysis, and multivariate
statistical procedures. Infauna data will be compared
and correlated to changes in other biological and
environmental data. Relevant biological data are:
levels of chemical body burdens, pore water toxicity
test results, and life history parameters. Relevant
environmental data are: water depth, bottom water
salinity, temperature, and oxygen content; and
sediment grain size, total organic carbon, trace metals
and hydrocarbons. One particular strength of our
program is the ability to combine standard measures
of benthic community analyses, pore water toxicity,
and sediment contamination to perform sediment
quality triad tests.

To date, all samples from the January 1993 and June
1993 cruises have been sorted and identified to major
taxa. Five platforms with 25 stations each (=125
stations) were sampled on the first cruise, and three
platforms were resampled on the second cruise. This
report discusses preliminary results from the first
cruise only.

MEIOFAUNA

A pre-study was performed to determine vertical
distribution of meiofauna in Gulf of Mexico
continental shelf sediments. Ina 10 cm deep core, 71
percent of the meiofauna were found in the top 2 cm,
and 93 percent in the top 4 cm. Almost all (95
percent) of the harpacticoids were distributed in the
top one cm of sediment. Since very little information
is gained from sampling below 2 cm, we determined
to perform the GOOMEX study at the 0-2 cm depth
interval.

During the first cruise, two stations at each platform,
designated "near” and "far,” were oversampled to
examine sampling statistics. Cores were also split
into two sections at 0-2 and 2-4 cm to verify the
adequacy of using just the top two cm of sediment.



The majority of organisms (82 percent of the
meiofauna) were concentrated in the top 2 cm of
sediment. Generally, fewer organisms were found in
surface sediments near the platforms indicating a
platform affect on vertical distribution. A analysis
was performed to determine the power of our
sampling design. The overall average density was
722 individuals-core”, and the mean square error was
62,983. The break in the power curve appears after
four samples, meaning more than four samples does
little to increase resolving power. A test for near
versus far effects would be based on 20 samples (=2
replicates x 5 radii x 2 distances), and we could
detect a 40 percent change with this design with 0.80
power (5=0.20). With just two samples, we can
detect a 100 percent change (a doubling) among
stations. Variance components analysis was
performed to determine if using subcores as replicates
from one box core is sufficient. Alternatively, one
subcore from two boxcores might be a better
sampling design. Most of the variability in the study
is among platforms (54 percent) and the
platform*station interaction (33 percent). Practically,
none of the variability is due to replicate boxcores
(0.1 percent). Therefore, one boxcore per station and
using replicate subcores is a sufficient sampling
protocol.

The overall average density at all study sites during
the first cruise was 656 individuals-core® (which is
equivalent to 2,320-10 cm?) to a sediment depth of 2
cm. This density is much higher than previously
reported in the Guif of Mexico. Overall, nematodes
comprise 70 percent of the organisms, harpacticoids
are 14 percent, and 11 other taxa represent the
remaining 15 percent. None of these "other" taxa
occur in large numbers.

Meiofauna community composition did vary within
platform stations. At GA-288,. harpacticoids were
most abundant at the 1,000 m ring. At HI-A389,
nematodes were most abundant at the D and E radii.
Trends at MAI-622 and MAI-686 were almost
identical. There were increases of harpacticoids and
total density with increasing distance from the
platforms. A similar trend is found at MU-A85, but
harpacticoids were very abundant at this platform at
most distances. A statistical analysis reveals that
there were no significant differences among radii, but
there were differences with distance from platforms in
all meiofaunal components. The
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nematode:harpacticoid ratio was significantly different
with different distances.

Platform effects are clearly evident. For all variables,
either the 50 m or 100 m distance had the lowest
density estimates.  The effects seemed to be
indistinguishable at 200 m. Harpacticoid abundance
was the best indicator of a platform effect. Density
increased steadily to about 1,000 m, where the density
was indistinguishable from background levels at 3,000
m. Even though both nematodes and harpacticoids
had low densities near platforms, the
nematode:harpacticoid ratio did predict platform
effects. There were more nematodes relative to
harpacticoids near the platform (within 200 m) than
at background levels (1,000- 3,000 m).

The platforms are different (Table 1B.1). The
significance of this relationship is driven by a strong
trend at the two Matagorda Island platforms (MAI-
622 and MAI-686). For total density, which is driven
by nematode abundance, there is a slight enrichment
at HI-A389, and only slight platform effects at GA-
288 and MU-A85. Harpacticoid abundance is the best
indicator of platform effects. Harpacticoid density
increases with distance at all platforms. Even though
the trend in platform effect is weakest at HI-A389,
the nematode:harpacticoid ratio is the highest at this
station. Abiotic factors, e.g., sediment texture, depth,
salinity and oxygen concentration are all correlated
with depth, and are therefore confounded with
platforms.  The highest densities are found at
platforms that are the shallowest, lowest salinity,
highest oxygen content and most coarse grained.
Within platforms there are few trends that can be
attributed to these abiotic factors. The only exception
would be the distribution of harpacticoids.
Harpacticoids are affected by sediment composition.
The sediment grain size increases near the platforms.
Harpacticoids are negatively correlated with the sand
content and positively correlated with fine sediment
content. Factor analysis confirms this observation.
The first factor explains 92 percent of the variability
of the data, and it is related to differences among
platforms. The second factor explains 7 percent of
the variability and it relates to distance from
platforms. Although platforms are having a negative
impact on local fauna, the natural variability in Gulf
with respect to water depth on northeast-southwest
gradients has a much greater effect in controlling
abundance patterns.



Table 1B.1. Average values of biotic and abiotic factors at each platform. Values for abiotic factors from other GOOMEX Components. Units for
meiofauna=n-2.8 cm? and macrofauna=n-300 cm™.

Platform
Variables GA-288 HI-A389 MAI-622 MAI-686 MU-A85
Depth 17.47 119.82 21.89 21.15 72.55
Salinity (ppt) 34.14 36.34 34.44 3430 3592
Oxygen (ml-") 5.91 3.12 5.36 5.46 5.01
Sand (%) 72.25 19.03 56.57 46.81 32.87
Silt (%) 13.93 35.04 18.95 22.83 34.57
Clay (%) 13.82 45.92 2448 30.36 32.56
Total Meiofauna 794 257 1023 1043 213
Nematodes 541 203 732 736 122
Harpacticoids 120 23 133 157 48
Others 133 31 158 150 43
Nem:Har ratio 5.56 10.32 6.61 5.30 2.71

Macrofauna 133 36 55 34 26




There are no statistically significant differences
among the platforms and distances from platforms for
nematode diversity indices. There is a gradient of
decreasing nematode diversity at the HI-A389
platform only. There was a strong gradient in
nematode feeding guilds around platforms. There
were more non-selective deposit-feeding nematodes
near the platforms than away from them.

Harpacticoid species distributions have been analyzed
from all the near and far stations, and all the GA-288
stations. There is a definite platform effect on
diversity. At four of the five platforms, diversity is
higher away from the platform than near it. At GA-
288, where the data is complete, there is a strong
trend of increasing diversity away from the platform.
Only at HI-A389 is different, but this may be due to
a paucity of organisms at this platform. There seems
to be a platform effect on the number of gravid
harpacticoid females present. Three of the five
platforms had more gravid females near the platform
than away from them, and there was no difference at
the other two. Body lengths of mature individuals
also appear to indicate an enrichment effect under the
platform. Body lengths of both males and females
decrease with distance from the platform GA-288.

In conclusion, meiofauna, particularly Harpacticoida,
are restricted to the surface of Gulf of Mexico shelf
sediments. Therefore, meiofauna are affected by
deposition of contaminant materials associated with
platforms. The current sampling regime has sufficient
power to detect small changes in the meiofauna
community. Harpacticoids are the best indicators of
platform affects. This is true for both total abundance
and species diversity. Harpacticoid abundance and
diversity declines as we sample nearer the platforms.
Nematode diversity does not appear to be useful for
detecting platform effects, since there were no
discernable trends, but feeding group guilds indicate
changes in the sediment near platforms. Patterns of
nematode abundance showed only a weak platform
affect. The nematode:copepod ratio was only an
effective indicator at the HI-A389 platform,
suggesting that this is not a good general index of
platform affects. All platforms have completely
different abiotic characteristics in terms of depth,
oxygen content, and sediment grain size (except for
the two MALI platforms, which are identical). Within
a platform area, there seems to be little influence due
to these environmental characteristics on community
structure, but most differences among platforms can
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be attributed to natural variation and gradients in
these abiotic components. Life history characteristics
of harpacticoids appear to indicate an enrichment
effect under the platforms. There appears to be a
potential for an organic enrichment affect near
platforms due to the reef-like nature of the organisms
associated with the platform legs. It is possible that
there is a great deal of detrital input to the seafloor
adjacent to platforms and this is counteracting or
confounded with contaminant toxic affects. The
ability to detect differences in harpacticoid
community, life history, and reproductive parameters
demonstrates that we will be able to develop reliable
indicators of sublethal responses. Coupled with
genetic and toxicity studies, the study of the biology
of the harpacticoida should prove to be a powerful
tool monitoring purposes.

MACROFAUNA

The total number of species and individuals and the
number of dominant species at each station were
determined. At platforms MU-A85 and HI-A389
there were seven and eight stations, respectively,
where no species were numerically dominant.
Numerical dominants at most stations in the MU-A85
and MIA-686 study areas were present in relatively
low abundances. At both of these sites, abundances
of infauna were slightly larger in the near-field area
than at greater distances from the platforms. At MIA-
622, numerical dominants were present in low to
moderate abundances. The numbers of individuals are
quite variable; the only trend appears to be a slight
reduction in abundances in the near-field area of the
east through west region. At HI-A389, abundances of
numerical dominants were as low as at platform MU-
AB8S5, except at three of the near-field stations. The
exceptions were caused by large populations of the
polychaetous annelids Cirratulus cirratus and
Cirriformi sp. A close to the platform on transects A,
B and E. This resulted in abundances in the near-
field area being much higher than elsewhere in the
study area. At GA-288, which contained the largest
overall abundances of organisms, the numerical
dominants were moderately abundant at most stations.
The trend appeared to be reduction of numbers of
individuals toward the periphery of the study area.

No single species appeared to occur more frequently
at platform MU-A8S5 stations, and many stations had
no dominant species. At MIA-686, stations frequently
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contained the polychaetes Mediomastus californiensis,
Paraprionospio pinnata and Neanthes micromma in
the near-field to intermediate-field regions, and
ampeliscid amphipods in the far-field region.
Ampeliscid amphipods appear to be sensitive to stress,
and their absence close to the platform may indicate
a platform effect. At MIA-622, stations contained the
same near-field dominant as platform MIA-686. Far-
field stations contained ampeliscids, the polychaete
Aricidea catherinae and a few P. pinnata. Again,
ampeliscids were absent in the near-field region. The
stations at HI-A389 displayed no particularly
abundant species, and, as noted above, eight stations
had no species in sufficient abundance to be
considered a numerical dominant. GA-288 was the
only study area in which ampeliscid amphipods were
numerical dominant in the 3 (100 m), 1 (200 m), 4
(500 m) and 5 (3,000 m) rings around the platform.
A few other numerical dominants occurred, ie. the
polychaetes Cossura soyeri, Lumbrineris verrilli, an
unidentified paranoids. There is no indication of
widespread stress at this site.

Cluster analysis suggests that near-field assemblages
are different from far field assemblages at platforms
MU-A85 and MIA-686. The differences appear due
to the occurrence of different species rather than
absence of species at both platforms. The data from
platform MIA-622 suggest at best an intermediate

field effect from the west through the north to the
east. Again there appears to be no abundant difference
between groups. Platforms HI-A389 and GA-288
share the characteristic of having isolated stations
grouped in clusters, and showing no trends at all.

Near-field stress at platforms MIA-686 and MIA-622
may be indicated by the absence of ampeliscid
amphipods. At platforms MU-A85 and HI-A389,
abundances of benthic infaunal organisms were
relatively low and dominant species were not as
dominant as at other platforms. Abundances of
macroinfauna were higher in the GA-288 study area
than other sites (Table 1B.2). There was no indication
in platform GA-288 data of a platform-related stress.

Dr. Paul A. Montagna is a benthic ecologist with
more than 20 years’ experience. He has worked at
the University of Texas at Austin since 1986 and is
presently an Assistant Professor in the Department of
Marine Science and Research Scientist at the Marine
Science Institute in Port Aransas, Texas. Dr.
Montagna received his B.S. in biology from SUNY
Stony Brook, a M.S. in biology from Northeastern
University, and a Ph.D. in biology from the
University of South Carolina.

Table 1B.2. Summary of meiofauna data. KEY: - = Decline near platform; 0 = No platform effect; + = Enrichment

near platform.
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MACROINVERTEBRATE
REPRODUCTIVE EFFORT

Mr. Matthew S. Ellis
Dr. Elizabeth A. Wilson-Ormond
Dr. Eric N. Powell
Department of Oceanography
Texas A&M University

A component of the Gulf of Mexico Offshore
Operations Monitoring Experiment (GOOMEX)
project involves the assessment of macroinvertebrate
reproduction.  Very little is known about the
reproductive effort of most continental shelf
invertebrates.  Accordingly, whether reproductive
effort is affected in these species by gas field
development is also largely unknown. We have
utilized several different methods to assess differences
in the reproductive effort of invertebrate species
living near by and far from gas producing rigs.
Differences in size-frequency distribution, stage of
reproductive development and health (determined by
the presence of parasites and pathologies), were used
as indicators of possible sublethal effects of exposure
to chemical contaminants or other gas field-associated
factors in target species. Species-specific
immunological probes are also being developed so
that the rate of instantaneous reproductive
development can be measured in some of these
species.

Animals were collected by trawling from locations
close to (near-field) and far from (far-field) the
platforms to assess the effect of gas field development
on macroinvertebrate reproduction. After collection,
all individuals were measured. Reproductive
development for these species was evaluated by two
methods; visual inspection and histological analysis.
Immediately after collection, individuals were sexed
and a visual determination of the reproductive stage
of females was made based on the development and
color of the ovary. Whole specimens were preserved
and returned to the laboratory for complete
histological analyses. Tissue sections were analyzed
for sex, stage of reproductive development, and
presence and intensity of parasites and pathologies.

The reproductive cycle of most of the species
involved in this study has not heretofore been studied,;
therefore a semi-quantitative reproductive scale was
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developed for each species based on the appearance of
the gonads and the quantity of gametes present for
both methods. Results show that when a difference in
size-frequency distribution did occur between
populations from the near and far-field stations, as
seen for Sicyonia dorsalis at MAI-622, Portunus
spinicarpus at MU-85, and Trachypenaeus similis at
MAI-686, the individuals collected at the far-field
station were usually larger. Differences in the stage
of reproductive development are not as clear;
however, preliminary results show that more crabs
from the far-field stations were gravid. Shrimp at the
near-field stations (Penaeus aztecus and
Trachypenaeus similis) had an increased presence of
parasites and pathologies suggesting variations in
population health on a scale of 3 km. These results
indicate that detectable differences exist, possibly due
to chronic exposure to environmental contaminants, in
populations living close to and removed from gas
producing platforms.

Instantaneous rates of reproduction will be measured
using a radioimmunoassay based on the gonadal
probes described by Choi er al. (1989). Labeled
leucine will be injected, and incorporation into egg
protein followed. Work on these probes is
progressing for the scallop (Amusium papyraceum)
and 3 portunid crabs (Portunus gibbesii, Portunus
spinicarpus, and Callinectes similis). The eggs
collected from these species during Cruise 1 were
injected into rabbits and all have produced a high
antibody titre. Purification and calibration of the
probes is underway.

Proximity to the platforms influences the size class
distributions of some species, the percent of female
crabs that were gravid and the prevalence of disease
and parasites in shrimp. A few populations sampled
in this study were significantly different in size at the
near and far-field sites; in these cases, the organisms
collected from the far-field station were typically
larger. Differences in size-frequency distributions,
with the smaller individuals being found in closer
proximity to these platforms, could be explained by
(1) decreased growth in near-field individuals, (2)
movement of larger individuals away from the
platforms, or (3) higher mortality of adults nearer the
platform. Causative factors might include differences
in food resources near the platforms, increased
exposure to contaminants that detrimentally affect
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growth and health, or differences in the predator
abundances near and far-field.

Evidence for an impact of proximity to the rig on
reproductive development is less clear from the data.
Environmental stresses such as exposure to
contaminants can affect reproductive activity by
delaying reproductive development or by decreasing
the quantity of gametes produced. In some cases the
far-field station had a higher proportion of gravid
female crabs than the near-field. Histological analysis
follows the trend in gravid females, with more
reproductively advanced individuals found far from
the platforms. For these stations it is possible that
exposure to contaminants has slowed reproductive
development in those organisms near the platform, so
that the population at the far-field station spawned
earlier.  Alternatively, near-field crabs may have
already spawned. Sampling frequency is inadequate
to differentiate these two possibilities.

In certain species collected during this study,
particularly the shrimp P. aztecus and T. similis,
population health, as defined by the presence of
parasites and disease, differed between some near-
field and far-field stations. Higher prevalence of
parasites and disease in shrimp taken at the near-field
may be the result of several factors. (1) First, we
examined the largest individuals collected in the
trawls. If size is used as a surrogate for age in these
species, these individuals should have been the oldest
collected. Older individuals should have a greater
possibility of being parasitized or diseased by virtue
of their longer life and extended exposure to the
chemical contaminants present in their environment.
However, near-field shrimp tended to be smaller, so
age is an unlikely explanation. (2) Second, final hosts
(probably fish) may be more common around rigs;
thus a source of infectious stages may be higher. (3)
Third, the near-field populations may be more
susceptible. We saw no correlation of reproductive
stage and parasite prevalence, but these correlations
are inherently difficult to identify.

The results obtained to this point signify physiological
impacts on populations living in close proximity to
gas platforms in some developed fields, however
causative factors remain elusive. The individuals tend
to be smaller, have a different rate of reproductive
development (at least in crab species) and have a
greater incidence of parasitism and pathologies.

Additionally, differences observed between the near
and far-field sites indicate that these communities do
not significantly commingle over the scale of this
study (3 km) at least at some sites. Further statistical
analyses, particularly correlations between the body
burdens of chemical contaminants and the stages of
reproductive development, may help to clarify the
relationship and the impact of offshore gas production
on these species.
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The detoxification work element was designed to
meet the primary objective of the GOOMEX project,
namely, to assess the sublethal effects of the potential
chronic exposure of marine organisms to contaminants
derived from offshore oil/gas exploration and
development activities.

Polynuclear aromatic hydrocarbon (PAHs) mixtures
are a major class of organic contaminants in the
marine environment. PAHs are typically derived
from spills of crude oil and refined petroleum, runoff,
and combustion sources (Boucart et al. 1961; Hites et
al. 1977; Suess 1970; and Huggett et al. 1987).
PAHs are susceptible to biodegradation, and their
presence in water, sediment, and organisms is usually
due to relatively recent petroleum spills and/or
chronic exposure from non-point sources. Numerous
studies have demonstrated that organic contaminants
such as PAHs are probably etiologic agents in many
diseases which can result in adverse health effects in
fish and wildlife populations (Tanabe 1989; Tanabe et
al. 1989; Kannan et al. 1989; and Tillitt et al. 1992).
Historically, hydrocarbon contaminant studies
measured ambient concentrations in water, sediments
and tissues using highly sensitive analytical methods
to quantify these chemicals. However, these mixtures
are invariably complex, and it is often difficuit to
identify and quantify all components. Even if the
concentration of all components of these mixtures is
obtained, the extrapolation of this data in terms of
potential adverse effects is difficult at best. The
biological significance of contaminants is difficult to
assess due to the vagaries associated with a wide
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diversity of exposure routes, differences in
bioavailability, and individual and species-dependent
differences in response to toxicant exposure. Thus,
the use of biomarkers and bioassays for evaluating
environmental contamination are potentially powerful
alternatives to historical analytical (chemical)
approaches.

The biomarkers proposed for this study include
measurements  of P4501A-dependent enzymes
[ethoxyresorufin O-deethylase (EROD) and aryl
hydrocarbon hydroxylase (AHH)], P4501A mRNA
levels, cell bioassay responses (rat hepatoma H4IIE),
and the production of biliary PAH metabolites. This
report summarizes preliminary data from cruises one
and two.

Both fish and invertebrates were collected by
trawling. All specimens were maintained alive until
dissection. Fish livers were immediately frozen in
liquid nitrogen until analysis. Invertebrate tissues
were frozen at -20°C until extraction. Bile was
frozen at -20°C until analyzed.

Microsomes were prepared from fish livers by
homogenization followed by differential
centrifugation. EROD and AHH activities were
determined fluorometrically from hepatic microsomal
preparations. Naphthalene, phenanthrene, and
benzo[a]pyrene (BaP) equivalent metabolites were
measured in bile by high performance liquid
chromatography (HPLC) and fluorescence detection.
Total RNA was isolated from homogenized liver
samples by subcellular fractionation and extraction.
P450IA mRNA was determined by Northern Blot
analysis using a cDNA probe for rainbow trout
P4501A. '

Invertebrate tissues were extracted with methylene
chloride and purified by column chromatography and
HPLC. The methylene chloride extracts were
transferred into DMSO. Subsequently, rat hepatoma
HA4I1IE cells were dosed with aliquots of tissue
extracts. EROD activity was measured to determine
the P4501Al induction potency of these extracts.

The following results are based on those species of
fish captured at-both the near and far stations at each
of the three final study sites. One hundred and
eighty-four bile samples were analyzed, and of these
approximately 30 percent were excluded from data
analyses because their chromatograms indicated that
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the samples were compromised. Samples collected
from fish captured at HI-A389 and MU-A85 were
particularly prone to degradation presumable due to
depth-related stresses. The presence of BaP
metabolites indicates exposure to pyrogenic PAH and
the presences of naphthalene and phenanthrene
metabolites indicates exposure to low molecular
weight PAH. The levels of biliary BaP equivalent
metabolites were generally low and no significant
differences in near/far station comparisons were
observed. Naphthalene and phenanthrene equivalent
metabolite concentrations were variable, depending
upon the species. It is not known at this time if the
species differences are due to exposure or to intrinsic
species variations. However, no significant near/far
station differences were observed.

Ah receptor mediated P450]A-dependent catalytic
enzyme activities, EROD and AHH, were measured
in all fish hepatic samples. Generally, there was a
good correlation between the two assays with the
exception of a few species. (i.e., Lagodon rhomboides
and Synodus foetens) The fish that are outliers for the
coordinated induction of AHH and EROD activity
undoubtedly express an altered CYPIA protein
compared to most other fish species, and this
observation is unique. Consequently, these fish will
bedosed with [*H]2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) on future cruises to characterize the Ah
receptor. Species differences were also observed in
EROD and AHH activities. Again there was no
significant difference in near/far station comparisons.

The levels of P4SOIA mRNA were determined in
approximately 45 fish livers collected during cruise
two. P450IA mRNA was detected in all samples, but
the levels suggest only minimal induction. However,
P4AS0IA mRNA transcripts differed in molecular
weights for various species, suggesting genetic
differences in this gene between species.

Thirty-three extracts of invertebrate tissues collected
during cruise two were analyzed using an in vitro cell
bioassay (i.c., rat hepatoma H4IIE cells) to determine
their CYPIAI induction potency as measured by
EROD activity. All extracts induced CYPIAI activity
in the rat hepatoma H4IIE cells. The data set is too
small to evaluate near/far station differences with any
confidence. However, qualitatively, higher EROD
activities were measured using extracts from scallops
and crabs compared to shrimp, and this is consistent

with expected levels of bioaccumulation in these
organisms.

In summary, the data from the first two cruises
indicate that fish and invertebrates are at best only
minimally exposed to PAHs. PAH contaminant
(tissue and sediment) data suggest that platform
gradients are at the low end of documented exposure.
Moreover, the PAHs that are detected are often highly
degraded, which reduces the content of PAH and may
also render the residues unavailable to organisms.
Additionally, potent carcinogenic P450]A-inducers (>
4-ring PAH) are low or non-detected at all GOOMEX
sites. However, future cruises should provide a large
enough data base to determine if there are any
differences in PAH exposure and induction responses
as a function of distance from the platform.
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IINTRODUCTION

Dr. Norman Froomer
Minerals Management Service
Gulf of Mexico OCS Region

The Geographic Information System Session at the
Information Transfer Meeting focused on the
applications of GIS for oil spill contingency planning
and response. MMS’s responsibilities for leasing and
managing the development of the energy resources of
the Outer Continental Shelf have always made oil
spill planning and response issues important to the
agency. Recently, with MMS’s increased regulatory
responsibilities for oil spill contingency planning
under the Oil Spill Act of 1990, oil spill issues have
become even more important to the agency. GIS is
becoming widely used for oil spill planning and
response strategies because of its ability accurately to
hold and analyze the spatial relationships among large
amounts of locational and descriptive information
pertinent to a spill. MMS, as well as other federal
and state agencies and private organizations, will be
increasingly using GIS in oil spill analyses.

The MMS has recently begun a cooperative agreement
with Louisiana State University under the Coastal and
Marine Initiative to develop a GIS database and
clearinghouse to support oil spill contingency
planning. After a brief overview of MMS’s ongoing
GIS initiatives to support leasing and environmental
analyses, Linda Wayne of LSU presented an overview
of what the five-year cooperative agreement between
LSU and MMS was being designed to accomplish.
The successful completion of this project will require
cooperation and coordination among the federal and
state resource agencies and industry cooperatives and
organizations that use data on resources at risk from
a spill.

The Texas General Land Office (GL.O) is undertaking
an ambitious GIS initiative to support oil spill
planning and response along the Texas coast.
Mehrdad Moosavi and Scott Friedman and Robert
Martin presented an overview of the ongoing mapping
and oil spill trajectory modelling efforts at the GLO.
Next, Chris Friel, Florida Marine Research Institute,
described a GIS application developed by the State of
Florida that integrates a variety of information with
analytical routines needed to implement an oil spill
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contingency planning, response, and damage
assessment strategy. He also described how this
system was used during the recent large fuel spill near
Tampa Bay, Florida. Finally, Barry Berkowitz
described the efforts at the Marine Spill Response
Corporation to build a GIS to help plan for, manage,
and respond to spills.

DESIGN AND DEVELOPMENT OF AN
ENVIRONMENTAL GIS TO SUPPORT
OIL SPILL CONTINGENCY
PLANNING AND ENVIRONMENTAL
ANALYSES IN THE NORTHERN
GULF OF MEXICO

Ms. Linda Wayne
Louisiana State University

BACKGROUND

The MMS recently established the Coastal Marine
Institute (CMI) at Louisiana State University as part
of the LSU Center for Coastal Energy and
Environmental Research (CCEER). CMI was created
to promote environmental research related to the oil,
gas, and mining industries. One of the primary
initiatives of CMI is to create an environmental
information program to support government and
industry oil spill contingency planning needs. The
information program will coordinate and compile
critical information about the location and character
of environmental resources, infrastructure, and
administrative boundaries that occur within the coastal
region of the U.S. northern Gulf of Mexico.
Information needed to support the program will be
collected from state and federal resource agencies,
industry, and other data providers. Priority missing or
inadequate resources may be generated as part of the
program.

FACILITY AND PERSONNEL

LSU will establish a laboratory facility on campus to
house needed equipment and personnel.  The
laboratory will be composed of information
technology including a large capacity Unix-based
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server, Sun SPARC workstations, personal computers,
digitizing equipment, and a hardcopy map plotter.
Primary software products will include ESRI Arc/Info
geographic information system (GIS), ERDAS GIS
and image processing software, and Oracle relational
data base management system. Access to the system
will be provided via Internet. The laboratory will be
staffed by a team of computer scientists, remote
sensing/GIS analysts, and environmental scientists.
Primary personnel will include a program coordinator
responsible for coordinating the needs and objectives
of program participants, a program manager
responsible for overall system development and
operations, a data manager responsible for
implementing quality control and data development,
a system manager responsible for maintaining
technical operations, and a project coordinator
responsible for managing data inventory and requests.

SERVICES AND CAPABILITIES

The primary function of the CMI information
laboratory will be to facilitate access by agencies and
industries to information needed for oil spill
contingency planning. Information will be provided
in both digital and hard copy formats. Users may
request individual data themes or combinations of
themes from the resident data set. An easy-to-operate
user interface will be developed to provide users on-
line review of available information resources. Users
without Internet access may request data by telephone.
Hard copy maps will be generated in a fixed format
to be determined by a Steering Committee comprised
of program sponsors. Custom cartography and
analytical services will be available at an additional
cost.

RESPONSIBILITIES

The CMI laboratory staff will be responsible for
locating, assessing, collecting, compiling,
documenting, and managing the oil spill contingency
planning data resources. The staff will be responsible
for translating existing digital data resources to a
common geographic base, digitizing non-digital data
resources, and deriving needed information from
existing digital resources such as imagery. Program
staff will devise and implement programs for quality
control, data tracking, and data documentation. All
data included within the program will meet federal
digital data standards including the Spatial Data

Transfer Standard (SDTS) and the emerging data
documentation (metadata) standard.

POLICY AND MANAGEMENT

LSU and the MMS will be responsible for
establishing program policies and deliverables. A
program steering committee will be established to
guide system development. The committee will be
composed of representatives from LSU, MMS, and
other program sponsors. The committee will develop
recommendations for data types to be included in the
system, establish user access requirements, and review
program products and capabilities. A
scientific/technical committee may be established at
the discretion of the steering committee to address
specific issues such as data assessment and methods
of data translation and to provide information and
recommendations to the steering committee. The
steering committee will meet as needed the first year
(estimated two to four times) and annually, at a
minimum, thereafter. Individual agencies will be
responsible for travel costs associated with committee
participation.

INITIAL DATA DEVELOPMENT

The MMS and industry sponsors have already
identified two data sets that will be necessary for
successful program development. A base map of
suitable spatial resolution and descriptive character
must be developed as a backdrop for the selected data
layers. LSU has proposed the development of a
pseudo color digital image derived from EOSAT
Thematic Mapper (TM) satellite imagery. The image
would provide a detailed visual reference for the
interpretation of other data resources and provide a
current land/water interface line for the entire Guif
coastal zone. The per-pixel cell size of the base map
would be 25 meters and the original multiband 24-bit
satellite image would be reduced to a more
manageable single band 8-bit image. In addition,
industry has expressed the need for a shoreline
characterization map which provides specific
information about the shoreline type, vegetative
character, environmental resources, and
protective/cleanup strategies. This information will
enable industry to identify the sensitivity of specific
shorelines to oiling and is critical to the development
of effective oil spill contingency plans. Comments
will be solicited from the Steering Committee



regarding the methods and criteria used to develop
each of these data resources.

SCHEDULE

LSU proposes to begin developing the CMI
information program in January 1994. Program
development is expected to continue for five years.
The steering committee will convene in March 1994,
and data set inventory and development is expected to
begin immediately thereafter. Development of the
Louisiana basemap is being sponsored by the
Louisiana Governor’s Office and is expected to be
completed in early 1995. Completion of the Texas
base map is expected by the end of 1995, and the
remaining study areas will be completed by July
1996. The shoreline characterization maps will also
be developed within the first two and a half years of
program development. Data entry and collection will
continue throughout the five-year program; however,
primary system design is expected by the end of year
four. The primary focus of program years four and
five will be the continued development and
documentation of data resources and the
implementation of the data distribution program.

BUDGET

The cost of developing the CMI information program
will be approximately $1 million annually. Because
the CMI was established as a "cost-share" program,
the MMS has agreed to provide the program $500,000
in annual funds. The remaining funds must be
provided by other non-federal agencies and industry
groups.
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RESEARCH & DEVELOPMENT
CARTOGRAPHY OVERVIEW

Dr. Mehrdad Moosavi
Director GIS Research & Development

Mr. Robert D. Martin
Chief of Research Cartography

Mr. Lee A. Smith
GIS Analyst

Mr. Leo S. Loza
Technology Transfer Analyst
Texas General Land Office

OVERVIEW

In March 1991, the Texas Legislature unanimously
adopted the Oil Spill Prevention and Response Act
(OSPRA) of 1991. The Texas General Land Office
(GLO) was designated the lead state agency in oil
spill planning and response.

Oil spills pose a threat not only to our dwindling
natural resources, but also to the economic vitality of
the coastal region. Oil spills could devastate the
fishing, recreational boating, commercial shipping,
and tourism industries. As a natural resource trustee
agency and constitutionally designated steward of
Texas’s public lands, including the state’s four million
acres of submerged lands, the GLO is committed to
developing the nation’s finest oil spill prevention and
response program.

MISSION STATEMENT

The mission of the Texas General Land Office is to
serve the school children, veterans, and all people of
Texas by preserving their history, protecting their
environment, providing economic opportunity, and
increasing  state revenue through innovative
administration and prudent stewardship of state lands
and resources.

It is our goal to improve and protect the Texas
environment, to promote efficient use of our
resources, and to create new markets and jobs. We
can achieve our goal through environmental initiatives
in partnerships with the public and private sectors.
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Our immediate objective is to be able to respond
effectively to threats of environmental degradation
along the entire Texas coastline. Strategic planning
thus dictates that we develop and implement a
comprehensive oil spill prevention and response
program to monitor the integrity of oil transport
through Texas’s coastal waters and to respond quickly
and efficiently to oil spills.

GEOGRAPHIC INFORMATION SYSTEM
Applications Development

Oil Spill Planning & Response Interface (OSPRI) has
been designed for accessing the various GIS data
stored in the large map library. OSPRI is a resource
for map production and maintenance and general GIS
data management. OSPRI also facilitates contingency
planning, spill response and mitigation and can
document injury and damage impact.

GIS Thematic Data Layers

Thematic data layers needed for OSPRI and the
Coastal Management Program are, in brief: Base
Map hydrography, transportation, submerged state
lands, bathymetry; environmental wetlands
distribution, shoreline characterization, environmental
sensitivity index maps (ESI), and plant and animal
species distribution.

RESEARCH & DEVELOPMENT

Research and development of new technology for
containment, removal, and cleanup of pollutant spills
is an integral part of Texas’s prevention and response
program. OSPRA authorizes the GLO to spend up to
$1.25 million annually on oil spill-related research
and development projects. The GLO has ongoing
projects  involving  bioremediation, trajectory
modeling, remote sensing, sorbent testing, and
sensitive area identification. Contracts have been
awarded to Texas A&M University; the University of
Texas at Austin; Lamar University; Texas Tech
University; and Texas A&M University at Corpus
Christi. Other projects have been initiated with Texas
agencies, Texas Parks and Wildlife Department
(TPWD) and the Texas Water Development Board
(TWDB) as well as with the National Oceanic and
Atmospheric Administration (NOAA). The following
are brief descriptions of several GIS and
trajectory-related projects.

Texas A&M University at Corpus Christi:
Conrad Blucher Institute

This project’s objective is to make available real-time
water level and meteorological data for display on
digital maps of the Texas coast. The focus is on a
pilot project to incorporate data from five existing
Next Generation Water Level Measurement Systems
providing data on water level, water temperature, air
pressure, air temperature, wind speed and wind
direction. The research will lead to the development
of a prototype interface for the display of real-time
information provided by the Texas Coastal Ocean
Observation Network (TCOON) for the Texas coast.

University of Texas: Department of Aerospace
Engineering & Engineering Mechanics,
Center for Space Research, and
the Department of Mechanical Engineering

This project focuses on developing techniques using
satellite data to identify and predict the evolution of
mesoscale surface features in the western Gulf of
Mexico. Methods are being developed that reduce the
effects of atmospheric attenuation and cloud cover to
reveal important details in the imagery. The methods
being explored include improved multi-channel
corrections to the AVHRR data, investigation of the
application of TOVS data to reduce limb darkening
effects, and new dynamic compositing techniques that
utilize improved image registration and cloud
detection algorithms. The University of Texas Center
for Space Research is also responsible for acquiring,
processing, analyzing, and archiving satellite data
from the NOAA polar orbiting satellites and for:
delivering processed image products to the Texas
A&M University.

Texas A&M University: Department of
Oceanography

This project, co-funded with MSRC, seeks to generate
functional portions of an operational, all-weather flow
prediction system using satellite images and drifting
buoy trajectories. The Texas Flow Experiment
(TEXFLEX) requires daily processed NOAA satellite
visible and infrared (1,000 x 1,000 pixels, 1.1 x 1.1
km pixel) imagery referenced to a Mercator grid and
temperature adjusted with a single channel correction
algorithm to generate surface current flow fields.
Processed position and surface temperature drifter
data as well as sea surface wind vectors at one degree



resolution and 12-hour intervals over the northwestern
Gulf, within the bounds of 25N and 89:W, is
acquired during drifter deployments.

The analysis phase of the experiment produces
descriptions of the flow field evolution over the
drifter trajectory intervals in relation to wind and
ocean forcing of the shelf. The numerical treatment of
the drifter data assesses the relationships between flow
estimates and  satellite-derived flow fields,
characterizing the dynamic nature of the mesoscale
and submesoscale physical features.

The results of this project provide verification for a
computer modeling effort, TEXFLOW, capable of
predicting sea surface circulation at spatial and
temporal scales necessary for oil spill response. These
models accept realistic initial environmental
conditions synthesized from synoptic flow fields and
real-time subsurface -information.

GLO and Texas Water Development Board:
Trajectory Modeling

The GLO has selected a trajectory model, Spillsim,
developed by Seaconsult Marine Research Ltd.,
Vancouver, B.C. for modeling the movement of oil
spills in Texas bay and Gulf waters. Seaconsult and
the GLO worked together to identify sources and
formats of shoreline properties, meteorological data,
currents, tidal information, and water temperature.
Both historical and real-time sources from federal and
state agencies have been examined to serve as model
inputs. Precise knowledge of flow patterns obtained in
near real-time is critical to improving assessments of
the distribution of contaminant spills such as oil.

The research at Texas A&M University is designed,
in part, to help test the concept of using
satellite-derived 12 to 24 hour-old surface current data
to run the trajectory model for Gulf spills. Similarly,
the work at Texas A&M University at Corpus Christi
seeks to make real-time tidal conditions and recent
tidal history available for Texas bay systems. Using
tidal information from TCOON along with forecast
winds and river inflow data from other sources, the
Texas Water Development Board modelers can run
their hydrodynamic models for various Texas bay
systems to generate flow fields for use in the
trajectory model. To facilitate this joint effort, the
GLO and the TWDB have recently created an
interagency agreement allowing the TWDB
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hydrodynamic modelers to work with GIS staff on the
model implementation and operation.

GLO, BEG, NOAA, RPI: Environmental Sensitivity
Index Mapping

Working together, GLO, NOAA, and their respective
contractors (the Bureau of Economic Geology and
Resource Planning, Inc.) intend to develop new
Environmental Sensitivity Index (ESI) maps for
coastal areas of Texas. Most of the existing oil spill
response maps for Texas are dated and are limited in
their usefulness by their small scale. The newer maps
will be drawn at a scale appropriate to field use
(1:24,000) will provide more current information for
oil spill response and contingency planning and will
reside within a GIS to facilitate data exchange and
updating. An additional objective of this cooperation
is to ensure that state and federal users have access to
uniform ESI data in a form that helps them meet
specific mandates under state and federal laws. The
first year of this effort will focus on mapping the
coastal area from the Texas-Louisiana border to the
southwest end of the Galveston Bay system. The
project will first derive a set of draft maps from aerial
photography, digital hydrography, and recent shoreline
video coverage of the Gulf Coast, intercoastal
waterway, Houston Ship Channel, and associated bay
areas. Air and land surveys will be used to field check
the draft maps. The mapping effort will also make use
of biological data collected by the Texas Natural
Resource Inventory project.

CARTOGRAPHIC DEVELOPMENT

Graphic  elements, attributes, and related
geographically referenced data are all components of
GIS data. Graphic data is stored topologically in
layers within a map library. These layers can be
stored as objects or features that can be accessed to
form numerous combinations of overlays. The GIS
Cartographic Production Group has implemented over
30 layers into the map library and is currently
working on 28 additional layers. United States
Geological Survey (USGS) digital line graph data
(DLG) currently serve as the base map for most GIS
operations. The Group has edited both 1:24,000 and
1:100,000 scale hydrography and is currently
replacing the DLG transportation layer with new
Texas Department of Transportation (TxDOT) road
data. The TxDOT road network is being converted
from Intergraph IGDS format into ARC/INFO
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coverages. The USGS Geographic Names Information
System (GNIS) files have also been edited for
optimum display at varying scales. The GNIS
provides important place name information to
accompany the base map.

Thematic Data Layers and Atlases

Acquisition, input, and implementation of these layers
has begun. Many of these data layers reside in hard
copy and digital formats at various state agencies
including the Texas Railroad Commission, Texas
Parks & Wildlife Department, Bureau of Economic
Geology, and the Texas Natural Resource
Conservation Commission. Important data layers
include plant and animal species habitat, wetlands
distributions, environmental sensitivity index maps,
priority protection areas, oil and gas infrastructure,
and base map information.

Map symbology is currently being worked on and
standards put into place for lines, polygons, and icons.
The GLO is standardizing symbology used by NOAA
and other Gulf Coast states. Standardized symbols
will be developed for depicting wildlife habitat,
human use areas, and response logistic facilities.

The GIS Cartographic Production Group is also in the
process of designing new oil spill response atlases for
distribution to field personnel and oil spill response
personnel. Research is being conducted to determine
the size, scale, and data-layer combination(s) for
display of the atlases. The atlases will be easy to
update, portable, and weather-resistant for use in
adverse field conditions. Collaboration on atlas design
is through GLO field personnel, the U.S. Coast
Guard, and other responders.

Digital Orthophoto Quarter Quads (DOQQ)

Digital orthophoto quarter quads (DOQQs) are also
being researched for use in base mapping, oil spill
response, and coastal zone management. DOQQs are
made from USGS NAPP (National Aerial
Photography Program) photography and have been
corrected for geometric and radial distortion caused
by camera platform and earth topography. The GLO
is involved in a pilot project to create eight-color
infrared DOQQs with a ground resolution of one
meter. The project also involves using satellite
imagery (SPOT, Landsat TM) to test for updating
small scale changes in features on the DOQQs. The

DOQQs will also be used to extract vector data such
as roads and hydrography for updating existing base
map data. DOQQs could also have widespread use for
developing booming strategies and area contingency
plans.

USE OF FLORIDA'’S GIS OIL SPILL
RESPONSE PROTOTYPE

Mr. Christopher A. Friel
Florida Marine Research Institute
St. Petersburg, Florida

Florida’s coastal and marine resources are constantly
threatened by accidental spills of oil into the ocean.
After the catastrophic Exxon Valdez spill in Alaska in
1989, the Florida Legislature convened a task force to
evaluate Florida’s spill-prevention and cleanup
capabilities. It was evident that the data needed to
anticipate and manage oil spills was either lacking or
inaccessible. One task force concern specifically
focused on the shortcomings of the maps intended for
use in responding to oil spills. The only available map
series that targeted oil spills was the “Sensitivity of
Coastal Environments and Wildlife to Spilled Oil in
Florida” series, developed in 1979-80. These atlases
consist of 7.5-minute United States Geological Survey
(USGS) topographic maps annotated with
Environmental Sensitivity Index (ESI) shoreline types,
wildlife-resource areas, and spill-response staging
areas and strategies. The ESI ranking of shorelines is
critical because it cartographically indicates the
vulnerability of specific shorelines to oil spills.
Explosive urbanization and coastal alteration over the
last decade in Florida rendered these ESI rankings
obsolete in many areas.

The recommendation of the task force was that the
Florida Department of Environmental Protection
(DEP) review the existing ESI atlases, update the
information where needed, and integrate the
information into a GIS to facilitate more frequent
updates and real-time analyses. The DEP-Office of
Coastal Protection selected the Florida Marine
Research Institute (FMRI) to implement the GIS
effort because one of the Institute’s mandates is to
support the DEP-Office of Coastal Protection in their



oil-spill contingency planning, response, and damage
assessment. In addition, the Coastal and Marine
Resource Assessment (CAMRA) group had been
developing the Marine Resources Geographic
Information System (MRGIS) since the early 1980s,
and spill-response expertise existed within FMRI.

In 1992, CAMRA received a legislative appropriation
to develop an “automated marine spill sensitivity
atlas.” After soliciting proposals, CAMRA contracted
with Environmental Systems Research Institute’s
(ESRI) Application Development Group to initiate
development of the Florida Marine Spill Analysis
System (FMSAS). The principal goal of the FMSAS
project was to design and develop a prototype GIS
application that integrates a variety of information
(digital maps, imagery, and tabular data) with targeted
analytical routines needed to implement an oil-spill
contingency planning, response, and damage
assessment strategy focused on natural resource
protection.  An additional requirement was to
implement a selected set of these requirements for a
pilot study area in the Florida Keys and develop a
strategy for expanding the prototype to a statewide,
fully operational system. The project included a
needs assessment, conceptual and physical application
design, database integration, interface development,
and the formulation of a user’s guide, program
maintenance manual, and statewide implementation
plan.

At the onset of the project, ESRI conducted
interviews at the FMRI with various representatives
from selected agencies involved in marine spill
management in Florida and the United States,
including the National Oceanic and Atmospheric
Administration (NOAA), the Marine Spill Response
Corporation (MSRC), and the United States Coast
Guard (USCG). These interviews were made during
a week-long “rapid prototyping” workshop in which
the application software and geographic databases that
had been developed by ESRI for spill management
groups in the United States and abroad were utilized.
The premise of the rapid-prototyping approach was
that marine spill requirements are similar from place
to place and that using information gained from past
efforts would help the workshop participants visualize
the proper form and content for the FMSAS.

The needs expressed during the rapid-prototyping
process were used several ways. Thev helped us
determine the functional requirements of and formed
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the basis for the FMSAS database design. The needs
assessment and database and application designs
determined data types and guided a thorough
inventory and evaluation of coastal data available in
Florida. All of these exercises helped us design the
FMSAS prototype and develop the statewide
implementation strategy to fully extend the FMSAS
in functionality and geographic coverage.

Several tests helped keep the rapid prototyping design
process centered in the “real world.” For example,
CAMRA was contacted by a consultant developing a -
facility contingency plan for a large oil tank near
Boca Chica Naval Station in Key West, Florida. This
plan estimated that if the oil tank ruptured it could
damage natural and cultural resources within a
30-mile radius. The plan was due in two weeks and
the FMSAS prototype was used with ten different
databases including data on marinas, habitats, and
threatened and endangered species to generate a
resource-at-risk report. Lessons learned from this and
other exercises were used to further refine the
evolving FMSAS design and prototype.

In July 1993, one year after contract initiation, FMRI
took final delivery of a user-friendly prototype spill
analysis system that included over 30 natural resource
and spill response-related databases for South Florida
including threatened and endangered species, ESI
shorelines, benthic habitats, bathymetry, managed area
boundaries, National Wetland Inventory (NWI),
satellite imagery, aerial photography, and on-line
tabular reference material with response strategies for
specific shoreline types.

On 10 August a few days after the FMSAS was
loaded onto the MRGIS, the Coast Guard received a
distress call after the outbound 345-foot freighter
Balsa 37 collided with the inbound tugs Seafarer and
Fred Bouchard near Tampa Bay, Florida. Seafarer’s
546-foot barge, Ocean 255, burst into flames and
burned for more than 14 hours before firefighters on
local government and Coast Guard vessels were able
to bring it under control. Ocean 255 was carrying
188,000 barrels (8 million gallons) of Jet A fuel, a
kerosene-type fuel used in jet turbine engines. The
442-foot barge that the tug Fred Bouchard was
pushing, B-155, lost an estimated 388,000 gallons of
number 6 fuel oil -- a thick product used for
industrial heating-- before the leaking slowed and
stopped. B-155 contained more than five million
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gallons of oil at the time of the accident. Balsa 37,
a bulk carrier transporting phosphate, was also
damaged and began taking on water. The leaking
chemicals moved with the tides toward some of
Florida’s ecologically sensitive habitats and pristine
beaches.

Several divisions and bureaus of the DEP teamed with
federal, state, and local agencies to handle this
emergency. The Tampa Bay spill would prove to be
the largest, most complicated spill to occur in Florida
waters and provided a rigorous test of the FMSAS
design. Immediately following the initial spill report,
the DEP-Florida Marine Research Institute (FMRI)
used its Marine Resources Geographic Information
System (MRGIS) and Global Positioning System
(GPS) units to analyze changing spill conditions,
logistical alternatives, resources-at-risk, and
environmental sampling strategies. Upon notification
of the spill, CAMRA analysts were split into three
teams. One team began producing maps using the
MRGIS, another team began altering the prototype
FMSAS so that it would be applicable for Tampa Bay
as well as the Florida Keys, while the third team
identified, gathered, and entered necessary data for
Tampa Bay that was not already in the MRGIS.

During the first few days of the spill, CAMRA’s role
was to provide responding agencies with maps
depicting existing natural and cultural resources
relative to the predicted path of oil movement.
Providing quality, high-resolution map products was
critical to preventing misinformation in the early
stages of spill control. From almost the moment the
ships collided, responding state and federal agencies
wanted very detailed information on the bay’s natural
resources, such as bathymetry, sea grass beds,
mangroves, marshes, turtle nesting sites, and sites of
endangered wildlife, displayed in conjunction with the
current Jocation and extent of the spill and vessels.
Each day, the teams had to anticipate how map
requirements would change as spill conditions
changed; then, in order to meet those requirements,
they had to acquire and integrate necessary data and
generate targeted map products. CAMRA combined
many data resources to provide maps for simultaneous
evaluation and monitoring aspects of the response
efforts.

To assimilate spill-boundary information in near real
time, the Institute utilized the GPS resources of its

Marine Mammals Section. Marine Mammals staff
relied upon GPS receivers from helicopters to record
locations of the vessels and the changing perimeter of
the spill. The GPS files were immediately imported
into the MRGIS and used to produce maps. The first
map was plotted just hours after the spill occurred and
was hand-carried to the Coast Guard command center
so that each agency could formulate its response
plans. Maps produced during the first three days
were considered critical aids in developing possible
scenarios at the Coast Guard command center. The
helicopter-based GPS crew collected data several
times a day throughout the project. As the spill
continued, air-to-plot time decreased to just three and
a half hours, and maps more than five hours old were
considered "out of date.”

During these first days after the spill, media reports
gave the impression that Tampa Bay had "dodged a
bullet" because the oil was floating out to sea.
However, changing weather conditions soon drove the
oil back toward John’s Pass, a passage into the
Intracoastal Waterway. The type and scale of
mapping changed with the spill conditions. When the
oil slick was “migrating,” relatively small-scale
(1:60,000) maps showing shoreline, islands,
aids-to-navigation, and critical habitats were most
appropriate. Scanned NOAA nautical charts (250
dots-per-inch) used with ARC/INFO’s Image
Integrator provided a valuable visual backdrop to
actual spill boundaries and natural resources. The
Coast Guard, NOAA, and state response officials
specified that these nautical charts be used because all
responders were familiar with the basic format.

As the spill neared land and finally washed ashore,
maps with ESI shoreline rankings and with
significantly more annotation were required to
coordinate the 1,200 volunteers and response
contractors coming from around the state to assist in
the cleanup efforts. Since many experts flew in from
other states and countries, these maps required
information such as road networks, navigational aids,
and the locations of temporary rescue headquarters
such as schools and municipal buildings. Scanned
USGS quadrangle (1:250,000 and 1:24,000) images
were used as the visual background to provide
maximum annotation quickly. The various databases
and images were combined to create different maps:
those showing the changing locations of spill
boundaries and resources-at-risk  were used by
command center staff, the media, and field workers;



and those showing information necessary for
determining environmental sampling strategies were
used by those individuals involved in response and
damage assessment.

Assembling the data needed to conduct the analyses
and mapping required the collective efforts of several
agencies and companies. On very short notice, a
variety of organizations mobilized to help the FMRI
respond. ESRI sent a GIS analyst to the FMRI for
three days to help convert data, create maps, and
document future design considerations for the
" FMSAS. Geonex Corp., a full-service mapping
company headquartered ten miles from the Institute,
created the scanned images of NOAA navigational
charts, USGS quads, and other documents used as
visual backdrops.

The Marine Spill Response Corp. (MSRC) of
Washington, D.C., and Research Planning Inc. (RPI)
of Columbia, South Carolina, provided additional
support by releasing and delivering preliminary files
of Tampa Bay’s ESI shoreline just 48 hours after the
spill occurred. The ESI shoreline rankings were
converted and plotted over the scanned 1:24,000
USGS maps to produce “value-added” response maps.
A total of 2,500 feet of maps were plotted during the
spill.  When supplies ran out on a Sunday, the U.S.
Fish and Wildlife Service, National Wetlands
Inventory office in St. Petersburg graciously provided
electrostatic plotter paper.

Many of the lessons learned during the Tampa Bay
spill will be used to further refine the conceptual
design and physical characteristics of the FMSAS.
Assumptions made during the design process were
tested in a crisis setting and additiona! databases and
functionality were identified. For instance, it would
have been helpful to have all licensed landfills and
incinerators in the vicinity in the system to identify
disposal options for recovered product and soiled
clean-up materials. To focus future refinements, the
Institute is holding debriefings of involved parties to
identify functions the FMSAS performed well and
those that need enhancements. Unanticipated uses for
the system continue to emerge. Four months after the
spill, submerged oil concentrations still persist
offshore. Data from acoustic sampling devices have
been imported into the FMSAS to map submerged oil
concentrations in conjunction with various databases.
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The FMSAS full-scale implementation report prepared
by ESRI described a long-term plan for the
incremental development of a statewide, GIS-based
oil spill response system for Florida. The plan
prioritizes key databases, and the challenge is to
assemble and automate the data for each region of the
state before a spill occurs there. Several paths for
extending the functionality of the FMSAS are also
included in the plan. Several governmental agencies,
utility companies, and private firms have expressed an
interest in obtaining the FMSAS. The DEP is
exploring the possibility of cooperative agreements
and Memoranda of Understanding (MOU) with other
agencies and organizations such as the Association for
Oil Spill Information Management, to foster a
collective investment so that the FMSAS design and
prototype application can be shared and improved
without redundant expenditures. It has become
apparent that the basic design, natural resource
sensitivity databases, and “resources-at-risk” analyses
that form the basis of the FMSAS have widespread
utility for analyzing a variety of marine and coastal
impacts such as dredge-and-fill and coastal
construction proposals. The long-term goal is to
continue development of the FMSAS to provide the
information management tools needed to protect
Florida’s natural resources.

Christopher Friel is research administrator of the
Coastal and Marine Resource Assessment section of
the Florida Marine Research Institute in St.
Petersburg, Florida. He directs geographic
information system (GIS) and remote sensing
activities at the Institute. Prior to this appointment,
he used GIS for environmental research at many
levels of government in Michigan, Illinois, and
Florida. His areas of research interest are automated
cartography, spatial analysis, and GIS applications for
environmental management. Mr. Friel received his
B.S. in geography from Northern Michigan
University, and his M.A. in geography from Western
Ilinois University.
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MARINE SPILL RESEARCH
CONSORTIUM’S GIS DEVELOPMENT

Mr. Barry Berkowitz
Marine Spill Research Consortium

INTRODUCTION

The Marine Spill Response Corporation (MSRC) has
built a Geographic Information System (GIS) to help
plan, manage and respond to oil spills.  The
presentation discusses the design, implementation,
data issues, digitization standards and lessons learned
in this development.

The GIS was initiated as a portion of the overall
MSRC Information System development effort and is
an integral part of the Spill Operations System (SOS)
that MSRC utilizes in spill response. The specific
design of the system and implementation, although
important, is not the driving issue. Data access and
maintenance are the keys to viable use of the GIS.

METHODS AND RESULTS

The MSRC GIS is a management decision support
system as well as a tactical planning tool. The system
presents information on the spill location and
movement; coastline location and shoreline type;
water depth; location of navigation channels, major
roads, beach access points, and resources at risk.
With the use of the "Strategy Sketch Plot," the
response manager can display ship and barge
stations/locations, boom placement, command center
locations, work crew assignments, oil locations, over
flight information, remote sensing output and plot
spill trajectories (rule of thumb, NOAA).

The system can be shared by many players in the
company; i.e. environmental advisor, response
planners, response manager and headquarters
operations. To enable use of the system without
extensive training on the native GIS, a Graphic User
Interface (GUI) was created. To keep the cost down,
reduce training requirements and enable distribution
across the company and out to the forward command
post, a familiar office platform was used: Apple
Macintosh. The MAC is the standard MSRC desktop
system; by using this standard desktop in conjunction
with a GUI for the GIS operations, we have been able

to minimize GIS system training as well as limit user
complexity and possible data corruption.

The MSRC data network is very flexible and designed
to allow remote operations at any location. Local
Area Networks (LANs) at each location are supported
by a Wide Area Network (WAN) that connects all
operations. Via the Mobile Communications Suite, a
forward-command-post LAN can be established and
connected by means of a Ku band satellite to the
MSRC WAN.

The overall SOS architecture is built on a client
server design. The GIS utilizes a mainframe data
warehouse server for attribute data storage and a LAN
Unix server for GIS feature display data. The client
server architecture chosen enables large volumes of
data to be accessed and yet provides mobility of
operations. User operation requires a client server
design that supports data sharing across the WAN
from LAN location to LAN location. This
requirement demands the ability to perform data
synchronization. To enable the concurrent viewing
and sharing of the information, MSRC created a
means to display changes made on one region’s server
on another region’s or headquarter’s server. This led
to the development of the concurrancy manager
software which controls all user update access to the
GIS servers. The concurrancy manager also
automatically updates all system-administrator-
designated GIS servers when they come up on the
network and continues to keep them updated with
changes and additions as they are made to the
designated primary server.

As mentioned earlier, data acquisition and
maintenance of the GIS data are the backbone to the
GIS. The MSRC system is comprised of information
covering the 23 coastal states and data from 600
NOAA charts, 700 Tiger files, 2000 USGS Quad
maps. It resources at risk data from 1700
Environmental Sensitivity Index (ESI) maps. All in
all, MSRC’S GIS data is contained in 140 layers of
information.

The system design issues, however challenging, are
readily solvable with the state-of-the-art-technology
available today to the systems analyst. The data
acquisition and maintenance issues are understood and
easily solved. However, the cost of acquisition,
coordination and constant updating along with the
agreement by responsible parties on the standards of



display lead to difficulties not as easily surmounted.
The data issue requires cooperation, sharing and the
release of preceived stewardship requirements that
lead to secretive data restrictions. Also, the varied
uses of such data lends itself to conflicting purposes.
As politics leads to strange bedfellows, so does GIS
information on resource at risk.

It has always been the goal of MSRC to create an
environment where data sharing is possible. In
conjunction with NOAA, MSRC funded the creation
of the first digitization standard that was published in
draft one year ago. The standard has been used
throughout the initial digitization of the MSRC
required data. The company that created the ESI
maps, RPI, authored the specification and prepared
the hard copy ESI maps for digitization. RPI also
provided the quality check on the digitized product
produced by the digitization contractor. The total
process from preparation, digitization, quality check,
correction and final critical quality check has taken
twice the original estimate in time and effort.

As of the date of this presentation, MSRC has signed
data sharing agreements with the States of Florida and
Texas. MSRC looks forward to like agreements with
all the coastal states, and welcomes inquires regarding
all aspects of our systems as well as data sharing.
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DISTRIBUTION AND ABUNDANCE
OF MARINE MAMMALS
IN THE NORTH-CENTRAL AND
WESTERN GULF OF MEXICO:
THE GULFCET PROGRAM

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

Dr. Randall Davis
Texas A&M University at Galveston

INTRODUCTION

The Gulf of Mexico is a semi-enclosed extension of
the Atlantic Ocean surrounded by the United States to
the north and east and by Mexico to the west and
south. The entrance to the Gulf is partially blocked
by Cuba. The maximum dimensions of the Gulf are
about 1,000 miles from east to west and 700 miles
from north to south. The continental shelf is very
wide in some places, extending up to 150 miles from
the west Florida coast. In contrast, it is only 20 miles
wide at the mouth of the Mississippi River. Most of
this broad continental shelf is less than 100 m deep.
At its deepest point, the Gulf is 3,700 m deep.
Numerous rivers flow into the Gulf; the largest by far
is the Mississippi River.

At least 28 species of cetaceans inhabit or have been
observed in the Gulf of Mexico (Table 1D.1). Some
of these species were historically rare or have become
so as a result of human activities.

BACKGROUND

The Minerals Management Service (MMS) has the
responsibility to assure that oil and gas operations on
the Outer Continental Shelf (OCS) Leases in the Gulf
of Mexico are conducted in a manner that reduces
risks to the marine environment. To meet their
responsibilities under the Marine Mammal Protection
Act (MMPA) of 1972 and the Endangered Species
Act (ESA) of 1973, the MMS must understand the
effects of oil and gas operations on marine mammals.
As the oil and gas industry moves into deeper water
along the continental slope in their continuing search
for extractable reserves, information is needed on the
at-sea distribution, movements, behavior and preferred
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habitats of cetaceans, especially large and deep water
species in the Gulf of Mexico. The GulfCet Program
is designed to be responsive to the needs of the MMS
and to produce a first-step estimate of the potential
effects of deepwater exploration and production on
marine mammals in the Gulf of Mexico.

PROGRAM OBJECTIVES

The primary objective of the GulfCet Program is to
determine the seasonal and geographic distribution
and movements of cetaceans in areas potentially
affected by future oil and gas activities along the
continental slope in the north-central and western Gulf
of Mexico. The study is restricted to the area
bounded by the Florida-Alabama border, the Texas-
Mexico border, and the 100- and 2,000-m isobaths
(Figure 1D.1). In addition to conducting systematic
aerial surveys and shipboard surveys, the GulfCet
Program will attempt to tag and track a limited
number of sperm whales using satellite telemetry.
Finally, environmental data from shipboard surveys
(acquired  during this program and other
oceanographic studies in the Gulf) and remote sensing
will be used to characterize the preferred habitats of
cetaceans in the study area. We will identify those
environmental variables that seem most likely to
affect the seasonal distribution, abundance, and
activities of cetaceans. The ultimate goal of GulfCet’
is to improve the ability of MMS to assess the effects
of oil and gas operations, including oil spill impacts,
on the distribution and behavior of marine mammals.

OVERVIEW OF PROGRAM
ACCOMPLISHMENTS TO DATA

To date, the GulfCet Program has completed six
aerial surveys, seven Texas A&M University
shipboard visual, acoustic and hydrographic surveys,
two NMFS shipboard surveys, and two attempts to
attach satellite telemeters to sperm whales. The
survey methods include the following:

1. Aerial surveys from an altitude of 750 ft;

2. Shipboard, visual surveys using 25-power
binoculars;

3. Shipboard, acoustic surveys using a
towed, acoustic array;



88

Table 1D.1.

Cetaceans of the Gulf of Mexico.

Balaenidae
Right Whale
Balaenopteridae

Blue Whale

Fin Whale

Sea Whale
Bryde’s Whale
Minke Whale
Humpback Whale

Physeteridae

Sperm Whale
Pygmy Sperm Whale
Dwarf Sperm Whale

Ziphiidae

Cuvier’s beaked whale
Blainville’s beaked whale
Sowerby’s beaked whale
Gervais’ beaked whale

Delphinidae

Melon-headed whale
Pygmy killer whale
False killer whale

Killer whale
Short-finned pilot whale
Rough-toothed dolphin
Fraser’s dolphin
Common dolphin
Bottlenose dolphin
Risso’s dolphin

Atlantic spotted dolphin
Pantropical spotted dolphin
Striped dolphin

Spinner dolphin
Clymene dolphin

Eubalaena glacialis’

Balaenoptera musculus’
B. physalus’

B. borealis’

B. edeni

B. acutorostrata
Megaptera novaeangliae’

Physeter macrocephalus’
Kogia breviceps
K. simus

Ziphius cavirostris
Mesoplodon densirostris
M. bidens

M. europaeus

Peponocephala electra
Feresa attenuata
Pseudorca crassidens
Orcinus orca
Globicephala macrorhynchus
Steno bredanensis
Lagenodelphis hosei
Delphinus delphis
Tursiops truncatus
Grampus griseus
Stenella frontalis

S. attenuata

S. coeruleoalba

S. longirostris

S. clymene
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Figure 1D.1.

GulfCet Program study area.
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4. Hydrographic data collected using a CTD
and rosette (40 mile resolution to 800 m)
and XBTs

a) conductivity (salinity)

b) temperature

¢) chlorophyll and other pigments

d) dissolved oxygen

e) turbidity

f) density (calculated)

g) geostrophic currents (calculated)

h) potential temperature (calculated);
and

5. Satellite remote sensing of sea surface
temperature.

The results from the individual components of this
program are reported in the following sections.

Dr. Robert M. Avent received his Ph.D. in biological
oceanography in 1973 from Florida State University.
His main fields of interest include marine
physiological ecology. He has pursued investigations
on the biological effects of hydrostatic pressure,
animal zonation, and reef morphology. He is with the
Environmental Studies Section, MMS, Gulf of
Mexico OCS Regional Office where he came in 1981
from the National Marine Fisheries Service.

Dr. Randall Davis is Head of Marine Biology and a
member of the Marine Mammal Research Program at
Texas A&M University at Galveston. He has studied
the physiology and ecology of marine mammals for
over 14 years.

GULFCET AERIAL SURVEYS:
SURVEY DESIGN, METHODS AND
FIRST YEAR RESULTS

Dr. Keith D. Mullin
Mr. Larry J. Hansen
Mr. Wayne Hoggard
Southeast Fisheries Science Center
National Marine Fisheries Service
National Oceanic and Atmospheric Administration

INTRODUCTION

Previous studies of cetaceans in the oceanic (>100
meters) northern Gulf of Mexico covered relatively
small geographic areas (Fritts et al. 1983, Mullin et
al. 1991) or did not provide seasonal coverage
(NMFS-SEFSC 1991). However, these studies
indicated that cetacean species were diverse (at least
20 species), widely distributed in both space and time,
and relatively abundant. The objectives of the
GulfCet aerial surveys were to provide uniform
seasonal coverage of oceanic waters over a wide area
in the northern Gulf in order to collect data for
estimating the relative abundance of cetaceans and for
correlating cetacean distributions with oceanographic
features. Surveys were designed to cover two years
(eight seasons) as a first step in the study of
interannual and interseasonal variation in cetacean
diversity, abundance and distribution in the Gulf.

METHODS
Study Area & Survey Design

The GulfCet study area was bounded by the Florida-
Alabama line, the U.S.-Mexico border, the 100 meter
isobath and the 2,000 meter isobath. Primarily for
logistic reasons, the aerial survey study area extended
only to the 1,000 meter isobath west of 90°00° W
(Figure 1D.2). The GulfCet study area, east of
90°00° W, was relatively narrow and close to land
compared to the western portion. Also, the area south
of the Mississippi River delta was of special interest
because previous seasonal aerial surveys (Mullin ez al.
1991) indicated that cetacean diversity, distribution
and abundance in this area were seasonally variable.
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GulfCet aerial survey transect lines.
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Based on several considerations, including projected
availability of acceptable survey conditions and
available funding, the study was designed to survey
about 6,300 transect kilometers per season. Each
season, the study area was covered uniformly by
surveying 74 transects placed equidistant from a
random start. Transects were oriented perpendicular
to the bathymetry. Transects ran north-south off
Alabama, Mississippi and Louisiana and east-west off
Texas. Survey flight bases of operation were
Harlingen, Texas; Galveston, Texas; Lafayette,
Louisiana; and Pascagoula, Mississippi. A window of
45 days was allocated to each season, and surveys
were only conducted on days when flying conditions
were safe and there were few whitecaps.

Line Transect Methods

To estimate the density of cetaceans, data were
collected using line transect sampling methods. This
method was also compatible with the need to collect
data for distributional analyses. Line transect
sampling theory and its application to cetaceans has
been well developed (Buckland et al. 1993). Line
transect sampling methods have been used for
cetacean surveys for well over a decade and have
been used successfully from both aerial and ship
based platforms (e.g., Barlow 1988, Heide-Jorgensen
1992). A comprehensive, state-of-the-art software
package for analysis of line transect data has been
developed (Laake ef al. 1993). This package will be
used to make density estimates when all eight
seasonal surveys are completed.

Survey Platforms & Methods

The survey platform of choice was a DeHavilland
Twin Otter aircraft modified with large bubble
windows that provided transect line visibility. This
aircraft was used in Minerals Management Service
supported aerial surveys in the north-central Gulf
during 1989 and 1990 (Mullin et a/. 1991). Because
a Twin Otter was not available for the first (summer
1992) aerial survey, a similarly modified Partenavia
aircraft was contracted. However, the aircraft had a
flight time of only four and a half hours. Because the
transit time to the study area was about one hour, the
amount of survey time per flight was limited. A
Twin Otter was available for the fall surveys and all
subsequent GulfCet surveys. The Twin Otter has a
flight time of six and a half hours.

Surveys were conducted using standard cetacean aerial
survey methods. A typical survey flight began at
around 0800 hours and lasted about four and a half to
six and a half hours. Three observers participated in
each flight and rotated through two observer positions
and the computer station. Transect lines were
surveyed from 230 meters (750 feet) at 204 km/hour
(110 knots). When a cetacean group was sighted, the
distance to the group from the transect line was
measured with an inclinometer. A dye marker was
usually dropped to mark the position, and the aircraft
was diverted to circle the group. Species were
identified to the lowest taxonomic level possible. The
number of adult and calf animals were counted and
the location recorded. Data on survey conditions (i.e.,
weather, water color, glare, water clarity and sea
state), sea turtles and other marine life were also
collected.

RESULTS AND DISCUSSION

Seasonal aerial surveys were completed for the
summer (10 August-19 September 1992), fall (3
November-16 December 1992), winter (1 February-22
March 1993), and spring (25 April-1 June 1993)
seasons. All of the proposed transect lines were
completed for the summer, winter and spring surveys.
During the fall, high winds and rain persisted
throughout much of the survey window and only 80
percent of the proposed survey effort was completed.
The area between 89°47°W and 90°44’W was not
surveyed.

During the four surveys, 38 leatherback sea turtles, an
endangered species, were sighted (summer—27,
fall—4, winter—4, spring—3). Except for three, all
of the leatherback sea turtles sightings were, relative
to the entire study area, aggregated south of the
Mississippi River delta. Ten chelonid sea turtles were
also sighted (summer—4, fall—I, winter—4,

spring—1).

The number of cetacean groups, total animals, and
number of species sighted varied seasonally
(Table 1D.2). The highest number of group sightings
was made during summer (51) and spring (51), and
the smallest during the fall (24). The number of
animals sighted was the largest in the spring (1,159),
similar in summer (946) and winter (912), and much
smaller in fall (226). The total number of species
sighted each season ranged from nine (fall) to 13
(summer). The number of sightings of each species
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Table 1D.2. Summary of Summer 92, Winter 93, and Spring 93 GulfCet Aerial Surveys.

Sum. 92 Fall 92 Win. 93 Spr. 93
Days in window 40 44 50 38
Survey days 15 10 12 16
Weather days 17 31 28 17
Travel days 6 3 4 1
Other days 2 0 4 4
Flight hours 97 80 90 100
Percent completed 100% 80% 100% 100%
Transect kilometers 6571 5506 6246 6370
Number of sightings 51 24 37 51
Number of animals . 946 226 912 1159
Off-effort sightings 7 2 4 6
Number of species 13 9 10 12
Group sighting rate .78 44 .59 .80
(groups/100 km)
Animal sighting rate 14.4 4.1 14.6 18.2
(animals/100 km)
Average group size 18.1 9.4 24.6 22.7

also varied seasonally (Table 1D.3). For example, Fall

seasonal sightings of pantropical spotted dolphin
groups ranged from one (fall) to 13 (summer).

Summer

Groups of pantropical spotted dolphins (13),
bottlenose dolphins (eight) and dwarf/pygmy sperm
whales (seven) were the most commonly sighted
species. Two mixed species groups were sighted.
One consisted of bottlenose dolphins and Risso’s
dolphins and the other of bottlenose dolphins and
Atlantic spotted dolphins. Cetacean groups did not
appear to be uniformly distributed in the study area
(Figure 1D.3). A large number of sightings was
aggregated in the vicinity of the Mississippi River
delta and a smaller aggregation occurred off southern
Texas.

Compared to the other seasons, a small number of
groups (24) was sighted. This can be attributed
partially to the reduced survey effort. However,
group sighting rates (groups/100 kilometers surveyed)
were much were much smaller compared to the other
seasons. Only one group of pantropical spotted
dolphins and one group of dwarf/pygmy sperm whales
were sighted. Most of the sightings were aggregated
off the central Louisiana coast.

Winter

The first sightings of Bryde’s/sea whale, striped
dolphins, clymene dolphins and spinner dolphins
during the GulfCet aerial surveys were made. Groups
of bottlenose dolphins (12) and Risso’s dolphins (five)
were the most commonly sighted species. Except for
a small gap south of Galveston, Texas, the sightings
were relatively uniform in distribution. A group of
150 striped dolphins and a group of 200 spinner



Table 1D.3. Species of cetaceans sighted, mean group sizes and mean water depths from the Summer 1992, Fall 1992, Winter 1993, and Spring 1993 b
GulfCet aerial surveys.

Species n Group Range Depth Range n
Size (m) S F 'Y S

Brdye’s/sea whale 1 1.0 - 213 - 0 0 1 0

sperm whale 10 2.1 - 934 499-1934 3 2 0 7

dwarf/pygmy sperm whale 18 1.3 1-3 743 151-1316 7 1 4 7
Mesoplodon sp. 1 4.0 - 630 - 1 0 0 0

beaked whale 5 2.6 1-4 1041 894-1316 1 2 0 2
melon-headed/pygmy killer whale 3 195.7 12-400 663 513-835 1 0 0 2
false killer whale 1 35.0 - 974 - 1 0 0 0

killer whale 0 10.0 - 874 - 1 0 0 0

pilot whale 6 15.1 5-35 904 241-1876 3 2 0 2

rough-toothed dolphin 5 20.0 3-48 829 85-1316 2 1 0 2
bottlenose dolphin 32 14.0 1-60 337 65-1316 8 4 12 12

Risso’s dolphin 16 12.5 4-33 704 234-2088 2 2 S 8

Atlantic spotted dolphin 10 18.1 6-42 252 126-546 2 1 4 3
pantropical spotted dolphin 19 40.0 5-100 1024 435-1815 13 1 3 6
striped dolphin 1 150.0 - 1035 - 0 0 1 0

spinner dolphin 1 200.0 - 1055 - 0 0 1 0

clymene dolphin 3 29.0 9-40 885 601-1298 0 0 1 2

Fraser’s dolphin 1 17.0 - 835 - 0 0 0 1
bottlenose/Atlantic spotted 3 12.3 2-25 259 64-329 1 0 1 3
stripe/spinner/clymene dolphin 5 19.6 2-60 504 98-795 2 1 2 0
unidentified dolphin 12 4.5 1-20 546 95-1613 11 4 4 2
unidentified small whale 9 1.8 1-3 1084 693-1748 6 1 0 2
unidentified large whale 2 1.0 1-1 1556 - 2 0 0 0
unidentified odontocete 4 1.0 1-1 544 93-1356 0 4 0 0

1 - total number of groups sighted on-effort.
2 - includes groups sighted off-effort.



Summer 1992
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Sprng 1993

Figure 1D.3.

Locations of cetacean groups sighted each season during the first year of GulifCet aerial surveys.
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dolphins accounted for 38 percent of the animals
sighted.

Spring

Groups of bottlenose dolphins (12) and Risso’s
dolphins (eight) were most commonly sighted. The
first sighting of Fraser’s dolphin during the GulfCet
aerial surveys was made. Seventeen Fraser’s dolphins
were in a tight group among 400 melon-
headed/pygmy killer whales. While melon-headed
whales cannot be easily distinguished from pygmy
killer whales from the air, because of the size of the
group and the presence of Fraser’s dolphins, we were
confident that they were melon-headed whales.
Elsewhere, pygmy killer whales usually occur in
much smaller groups (<50) and are not associated
with Fraser’s dolphins (Wade and Gerrodette 1992).
The 400 melon-headed whales were in many sub-
groups spread out over a large area. There was also
a group of rough-toothed dolphins among these
whales. This group of 400 whales is the largest group
of cetaceans of any species we have sighted in the
Gulf. Earlier in the survey a group of 175 melon-
headed whales was also sighted. These two groups of
melon-headed whales accounted for 50 percent of the
animals sighted in spring.

A total of 168 cetacean groups was sighted on-effort
during the four surveys. Twenty-five off-effort
sightings were made including a group of ten killer
whales. At least 17 species of cetaceans were sighted.
Bottlenose dolphins, pantropical spotted dolphins,
dwarf/pygmy sperm whales and Risso’s dolphins were
the most commonly sighted species. On-effort group
sighting rates were highest in summer and spring, and
lowest in fall (Table 1D.2). The summer, winter, and
spring average group sizes of all cetacean groups
sighted were over twice the fall average. This
resulted in a large difference in the sighting rate of
animals in the fall compared to the other seasons.

Of the species sighted five or more times, pantropical
spotted dolphins had the largest average group size
(40.0; Table 1D.3). Dwarf/pygmy sperm whale,
sperm whale and beaked whale groups all averaged
less than three whales. The average group sizes of
the other species sighted more than five times ranged
from 12.5 to 20.

With sightings from all four seasons combined,
cetacean groups were sighted throughout the length of

study area and at all water depths surveyed
(Figure 1D.3). Most species were widely distributed
in the study area. However, species were found at
different water depths (Table 1D.3). Bottlenose
dolphins and Atlantic spotted dolphins were sighted
primarily near the shelf edge, at average depths of
337 meters and 252 meters, respectively. Sperm
whales, dwarf/pygmy sperm whales, beaked whales,
pilot whales, rough-toothed dolphins, Risso’s dolphins
and pantropical spotted dolphins were found at much
deeper average water depths (>700 m). Pilot whales,
sperm whales and Risso’s dolphins inhabited the
greatest range of water depths (>1,400 meters) and
Atlantic spotted dolphins and beaked whales smallest
(<700 meters).

The results of the GulfCet surveys were similar in
several respects to those found by Mullin et al. (1991)
in the north-central Gulf. The only species identified
by Mullin et al. (1991) that were not positively
identified during the GulfCet surveys were the fin
whale and Cuvier’s beaked whale. Also, in both
studies, species were distributed similarly with respect
to water depth. However, compared to Mullin ef al.
(1991), there was a paucity of sperm whale and
Risso’s dolphin sightings. The overall group sighting
rate from the GulfCet surveys was less than half that
found by Mullin et al. (1991). Except for the
Gervais’ beaked whale, which is difficult to identify
positively at sea, of the species that have stranded in
the Gulf more than twice (Schmidly 1981), only the
minke whale has not been seen at sea in the Gulf.

REFERENCES

Barlow, J. 1988. Harbour porpoise, Phoecoena
phocoena, abundance estimation for California,
Oregon and Washington: 1. Ship surveys. Fish.
Bull. 86:417-432.

Buckland, S.T., D.R. Anderson, K.P. Burnham and
J.L. Laake. 1993. Distance sampling: estimating
abundance of biological populations. Chapman
and Hall, London, 446 pp.

Fritts, T.H., A.B. Irvine, R.D. Jennings, L.A. Collum,
W. Hoffman and M.A. McGehee. 1983. Turtles,
birds, and mammals in the northermm Gulf of
Mexico and nearby Atlantic waters. U.S. Fish and
Wildlife Service, Division of Biological Services,
Washington, D.C. FWS/OBS-82/65. 455 pp.



Heide-Jorgensen, M.P., A. Mosbech, J. Teilmann, H.
Benke, and W. Schultz. 1992. Habour porpoise
(Phocoena phocoena) densities obtained from
aerial surveys north of Fyn and in the Bay of
Kiel. Ophelia 35:133-146.

Laake, J.L., S.T. Buckland, D.R. Anderson and K.P.
Burnham. 1993. DISTANCE user’s guide V2.0.
Colorado Fish and Wildiife Research Unit,
Colorado State University, Fort Collins, CO. 72

pp.

Mullin, K. W. Hoggard, C. Roden, R. Lohoefener, C.
Rogers and B. Taggart. 1991. Cetaceans on the
upper continental slope in the north-central Guif
of Mexico. OCS Study/MMS 91-0027. U.S.
Dept. of the Interior, Minerals Mgmt. Service,
Gulf of Mexico OCS Regional Office, New
Orleans, LA 108 pp.

NMFS/SEFSC.  1991. Reports of NOAA Ship
Oregon II Cruises 187, 194 and 199. National
Marine Fisheries Service, P.O. Drawer 1207,
Pascagoula, MS 39568.

Schmidly, D.J. 1981. Marine mammals of the
southeastern United States and the Gulf of
Mexico. U.S. Fish and Wildlife Service, Office
of Biological Services, Washington, D.C.
FWS/OBS-80/41. 163 pp.

Wade, P.R. and T. Gerrodette. 1992. Estimates of
cetacean abundance in the eastern tropical
Pacific. Paper SC/44/018 of the annual meeting
of the International Whaling Commission, June
1992.

Dr. Keith D. Mullin (Ph.D,, Mississippi State
University) is a Research Fishery Biologist with the
NMFS, Southeast Fisheries Science Center in
Pascagoula, Mississippi. His research interests are the
distributional ecology of marine mammals and the
estimation of marine mammal abundance. He has
conducted research on Gulf of Mexico marine
mammals since 1985.

Larry J. Hansen (B.S., M.A, California State
University, Sacramento) has been conducting marine
mammal research for the National Marine Fisheries

97

Service for the last 16 years, and is currently a
Research Fishery Biologist in charge of the Marine
Mammal Research Program at the SEFSC Miami
Laboratory.  His research interests are cetacean
population assessment and biology, and in modeling
dolphin population health parameters.

Wayne Hoggard (B.S., University of Tennessee) is a
Fishery Biologist with the NMFS in Pascagoula,
Mississippi. He has coordinated and conducted
marine mammal aerial surveys for the NMFS in the
eastern United States for 14 years,

DISTRIBUTION AND ABUNDANCE
OF MARINE MAMMALS IN THE
NORTH-CENTRAL AND WESTERN
GULF OF MEXICO:
DRAFT INTERIM REPORT

Dr. Bernd Wiirsig
Mr. Thomas Jefferson
Texas A&M University at Galveston

MATERIALS AND METHODS

Two survey vessels, the R/V Longhorn and R/V
Pelican, were used for the Texas A&M University
shipboard marine mamma! visual surveys. On the
first cruise, we used the Longhorn, a 32-m, 210-ton
research vessel operated by the University of Texas.
For the next five cruises, we used the Pelican, which
is also 32 m long and has a displacement weight of
244 tons. The Pelican is owned by the Louisiana
Universities Marine Consortium (LUMCON).

The research vessel traversed the study area from
either east to west or west to east on each cruise at a
speed of six knots when on transect and nine knots
when running between transect lines. The survey was
conducted from the top of the pilothouse on both
vessels (observer eye height was approximately 7.7 m
on the Longhorn and 8.9 m on the Pelican).

Survey procedures followed closely those developed
for dolphin surveys in the eastern tropical Pacific.
There were two, three-person survey teams, one of
which was on duty during all daylight hours while in
the study area. The teams rotated every two hours.
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Two primary observers searched for marine mammals
through pedestal-mounted 25x150 mm Fujinon
binoculars, while the third observer acted as data
recorder and assisted in searching with 7X binoculars.
Each primary observer searched a 100° swathe, from
90° on their side to 10° past the bow on the opposite
side; the data recorder focused effort near the ship
and around the trackline. Thus, the total primary
search path was 180°, with a 20° overlap centered at
the bow. Observers rotated positions every 30
minutes to avoid fatigue.

Sighting angle was recorded with the aid of a
graduated scale at the base of the binoculars, and
radial distance to the sightings was either estimated by
eye (generally for sightings within a few hundred
meters of the ship) or calculated using reticles etched
into the right eyepiece of the binoculars. Radial
distance was estimated from reticle readings by the
equation:

R = x tan (arctan (89.173/ x) - 0.001088 1),

where R = radial distance (km), r = reticle reading,
and x = eye height (in nautical miles). Perpendicular
distance was calculated from radial distance and
sighting by

y =R sin g,

where y = perpendicular distance and ¢ = sighting
angle.

Sighting effort was conducted during daylight hours
in which sighting conditions were acceptable.
Acceptable conditions were defined as Beaufort sea
states of less than 4 with good visibility. Sometimes
rain, fog, glare, or excessive ship roll interrupted the
survey in sea states less than Beaufort 4. During
daylight hours when survey effort was suspended due
to poor weather, at least one observer was stationed
on the bridge to record "off effort” sightings which
could be used for determining species distribution and
estimating herd size. Sightings and effort data were
collected on standardized forms developed by the
NMFS.

In the final report, density will be calculated using
line transect methods with the computer program
DISTANCE (Laake et a/. 1993). Because sightings
of individuals for most species of cetaceans are not

independent events, herds will be considered the basic
targets of the survey. We will use the ’rule of thumb’
suggested by Burham er al. (1980) and Buckland et
al. (1993) for the absolute minimum sample size for
abundance estimation.  This rule stipulates that
estimates should be based on no fewer than 30
sightings or detections. Thus, any species with less
than 30 "on effort” sightings will be pooled with
others to obtain adequate sample sizes. The basic line
transect density formula (Burnham et al., 1980) is

D =n f{(O)
2L,

where D = density estimate of objects (herds), n =
number or objects sighted, f(O) = probability density
function of the perpendicular distance data, and L =
total length of transect.

Multiplying the density estimate by the species or
species group mean herd size yields an estimate of
individual density. Multiplying this value by the total
study area gives an estimate of the numerical
abundance for individuals of that species or species

group:

N=n f(O)E(s) A
2L g(O)

where N = abundance estimate, E(s) = mean herd
size, A = total study area and g(O) = the probability
that an object on the trackline is detected (Buckland
et al., 1993). In most cases, g(O) is assumed to be 1,
however this is probably not true for long-diving
species, and thus g(O) must be calculated and factored
into the equation for these species.

The effective strip width (ESW), an index of the
sightability of the species (or groups), will also be
computed for each species group with a density
estimate as

ESW = 2
f(0).

Because extremely large coefficients of variation
could result from the survey effort being stratified by
season to produce separate line transect estimates,
seasonal differences will be examined instead by
computing sighting rates for different seasons (i.e.,
number of herds or individuals per 1,000 km of
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Table 1D.4. Summary of hours and kilometers of survey effort conducted (IO refers to independent observers

effort).

Cruise # 1 2 3

4 5 6 Total

Hours 39.65 79.28 37.13

of
Effort

Hours - - -

of 10
Effort

Km 487.40 1036.56 535.86

of
Effort

41.32 68.13 75.30 340.81

- 6.66 10.42 17.08

529.39 956.62 1041.66 4587.49

trackline surveyed), and comparing these between
seasons.

RESULTS AND DISCUSSION

A total of 340.81 hours of sighting effort was
conducted on the first six cruises (Table 1D.4). This
represents 4,587.49 kilometers of transect line
surveyed. In addition, 17.08 hours of independent
observer (IO0) effort were conducted. The
independent observer effort will be used to test the
assumption that g(O) = 1 (i.e. that all animals on the
trackline are detected). For long diving species, such
as sperm whales and beaked whales, such an
assumption is probably invalid, and a correction for
submerged animals will be included in the final
abundance estimates for these species (see Barlow
1993).

A total of 258 marine mammal sightings were made
within the study area on the first six cruises
(Table 1D.5). Of these, 182 were "on effort” and are
usable in the density and abundance estimates. The
76 ‘“off-effort" sightings can be used only in
estimating mean heard size, and will not be used to
estimate density and abundance.

Based only on the sighting from these six cruises, the
only species with an adequate sample size for

abundance estimates is the bottlenose dolphin (32 on
effort sightings). It is likely that the number of sperm
whale sightings will equal to at least 30 by the end of
the project. All other species will have to be pooled
based on the number of sightings, taxonomic
relationships, and general habitat types (Wade and
Gerrodette, in press). For example, oceanic species of
Stenella (pantropical spotted, striped, spinner, and
clymene dolphins) all occur in large herds and may be
pooled, but the fifth species (Atlantic spotted dolphin)
is a continental shelf species that is found in small
herds and would not be included in the above

grouping.

There have been several unexpected results from these
shipboard visual surveys. First, the most common
species observed along the outer edge of the
continental shelf in this region of the Gulf of Mexico
is the bottlenose dolphin, not the Atlantic spotted
dolphin as indicated by Schmidly (1981). Sperm
whales and pantropical spotted dolphins were, by far,
the most common cetaceans seen in oceanic waters.
The only exception to this occurred on the sixth
cruise in which very few pantropical spotted dolphins
were sighted. The prevalence of sperm whales as the
most abundant large cetacean was expected.
However, previous research had not indicated that the
pantropical spotted dolphin was the most common
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Table 1D.5. Summary of marine mammal sightings: TAMUG.

Species On Effort

Off Effort Total

N
W

Sperm Whale
Cuvier’s beaked whale
Pygmy sperm whale
Dwarf sperm whale
Short-finned pilot shale
False killer whale
Melon-headed whale
Risso’s dolphin
Fraser’s dolphin
Rough-toothed dolphin
Bottlenose dolphin
Pantropical spotted
dolphin

Spinner dolphin
Clymene dolphin
Striped colphin

Unid. cetacean

Unid. large whale
Unid. Kogia

Unid. beaked whale
Unid. Mesoplodon
Unid. small whale
Unid. dolphin

Total 182
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oceanic species. Mullin er al. (1991) found Risso’s
dolphin to be more common in parts of the Gulf.
However, their study was not directly comparable to
ours, since it occurred in shallower water (mostly
along the upper continental slope) and in a very
limited geographic area.

Another unexpected finding is the paucity of short-
finned pilot whales. Strandings and past sighting
records would have led us to believe that this is one
of the most common, medium-sized cetaceans
offshore (Schmidly 1981).

Several poorly-known species have turned out to be
moderately common (beaked whales, pygmy and
dwarf sperm whales, melon-headed whale, and
Fraser’s and clymene dolphins). Both melon-headed
whales and Fraser’s dolphins were almost completely
unknown in the Gulf of Mexico before this study

began, each represented by one or two standings. The
first live sightings of these species in the Gulf (and
for Fraser’s dolphin, the first for the entire Atlantic
Ocean) were recorded during this project
(Leatherwood et al., in press; Mullin et al.,
submitted). The clymene dolphin was well-known in
the Gulf from strandings previous to this project, but
also was poorly-represented by live sightings
(Jefferson and Odell, in prep.)
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INTRODUCTION

The Southeast Fisheries Science Center (SEFSC) has
conducted three of four planned vessel surveys aboard
the NOAA Ship Oregon II as part of the SEFSC
contributed effort to the GulfCet Program. The first
survey was conducted from 21 April-8 June 1992
(spring-summer), and the second survey took place
during 4 January-14 February 1993 (winter), and the
third survey during 2 May-15 June 1993. The
surveys were designed to collect 1) marine mammal
sighting data to estimate abundance, distribution and
diversity, and 2) environmental data to evaluate
factors which may affect the distribution, abundance
and diversity of marine mammals. These surveys are
also part of the SEFSC’s overall marine mammal
research program; similar vessel surveys have been
conducted annually during the spring-summer in the
northern Gulf since 1990. This paper provides a brief
review of the methodology, results, and a discussion
of a preliminary analysis of sighting data for density
estimation.

SURVEY METHODS

The spring-summer surveys were conducted in three
separate legs, with two legs covering the off-shelf
waters of the northern Gulf between 83°-96° W, and
one leg concentrating on the GulfCet study area
between 87°-96° W. The winter survey consisted of
three legs, all essentially within the GulfCet study
area between 87°-96° W. The major difference in
sampling between the two surveys was in visual
sampling strategy. During spring-summer surveys,
visual sampling on two legs occurred during daylight
hours along a cruise track that was sampled 24 hours
a day for ichthyoplankton; daylight transects could be
latitudinal (E-W) or longitudinal (N-S) or a
combination of both. Ichthyoplankton sampling did
not occur on one leg of the spring-summer surveys or
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during daylight hours on all legs of the winter survey.
This resulted in, as planned, visual sampling on only
longitudinal transects.

Visual sighting data were collected by two teams of
three observers during daylight hours, weather
permitting (i.e, no rain, Beaufort sea state <6),
utilizing standard vessel survey data collection
methods for cetaceans developed by the Southwest
Fisheries Science Center (e.g. see Holt and Sexton
1990). Each team had at least two members
experienced in shipboard marine mammal observation
and identification techniques. Two observers searched
for marine mammals using high-power (25X), large
format "Bigeye" binoculars mounted on the ship’s
flying bridge. The third observer maintained a search
of the area near the trackline unaided, with handheld
binoculars and recorded data. Sighting data were
recorded with a computer data acquisition program in
the format required for line-transect distance sampling
analysis, which is used to estimate density of the
species sampled (see Buckland et al. 1993 for a
thorough and up-to-date treatment of distance
sampling techniques and analyses). Information
collected included species, herd-size, bearing and
reticle for computing perpendicular sighting distance,
and data on environmental conditions (i.e., Beaufort
sea state, sun position, etc.) which could affect the
observers’ ability to sight animals. Ancillary data
also collected included, but were not limited to, time
of day, position, behavior, and associated animals.

In general, environmental stations were located every
30 minutes of latitude or longitude along the cruise
track. The stations included CTD/STD hydrocasts to
Jjust off the bottom, or to 500m when depth exceeded
500m. An XBT sample was dropped halfway
between the environmental stations. A thermo-
salinograph operated throughout the entire cruise;
surface water salinity and temperature were recorded
every minute of time.

SURVEY RESULTS

Each of the spring-summer surveys visually sampled
approximately 6,150 transect kilometers for marine
mammals. Both spring-summer surveys resulted in 39
at sea sampling days, with each resulting in about 325
hours of sighting effort. The spring-summer visual
sampling resulted in 273 sightings of at least 20
species of cetaceans during 1992 and of 272 sightings

of at least 18 species during 1993 (Table 1D.6). The
bottlenose dolphin (Tursiops truncatus) and the
pantropical spotted dolphin (Stenella attenuata) were
the most frequently sighted, and accounted for 21
percent and 19 percent (1992), and 22 percent and 27
percent (1993), respectively, of identified sightings.
Risso’s dolphins (Grampus griseus), sperm whales
(Physeter macrocephalus), and dwarf and pygmy
sperm whales (Kogia simus and K. breviceps) were
the next most frequently sighted, and accounted for
11 percent, 8 percent, and 15 percent (1992) and 7
percent, 5 percent and 10 percent (1993), respectively,
of identified sightings.

The winter survey resulted in the visual sampling of
4,017 transect kilometers, and weather conditions
significantly hampered the sampling effort. Survey
effort was suspended on two days due to severe
weather (sea state >6), and somewhat reduced on
eleven additional survey days with average daily sea
state >4. At least 10 cetacean species were observed
in a total of 46 sightings (Table 1D.6). Sperm whales
were the most commonly sighted cetaceans, with nine
sightings (25 percent of identified sightings). Atlantic
spotted dolphins (S. frontalis) and pantropical spotted
dolphins were the next most common with six
sightings each (17 percent each of identified
sightings).

PRELIMINARY ANALYSIS

The sighting data from the spring-summer surveys
were pooled for a preliminary line transect distance
sampling analysis. This analysis did not consider
factors, such as weather conditions, which may
negatively affect observers’ abilities to sight animals.
Two species were chosen for this preliminary
analysis: sperm whales and pantropical spotted
dolphins. Sperm whales were selected because of their
listing as endangered under the Endangered Species
Act, and the pantropical dolphins were chosen because
of their large number of sightings, their distribution
throughout the study area, and their variability in
group size. The analysis was also exploratory and
served to identify some potential biases which may
decrease the precision and/or reliability of resulting
density estimates. However, various strategies may be
employed in further analyses to minimize effects on
precision.



Table 1D.6. Summary of cetacean sightings from the spring-summer and winter vessel surveys.
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COMMON NAME, SPECIES SUMMER-SPRING WINTER
1992 1993 1993
Bryde’s Whale, Balaenoptera edeni 1 - -
Bryde’s/Sea Whale, B. edeni/borealis 3 - -
Sperm Whale, Physeter macrocephalus 19 11 9
Pygmy Sperm Whale, Kogia breviceps 5 2 1
Dwarf Sperm Whale, Kogia simus 18 14 -
Pygmy/Dwarf Sperm Whale, Kogia sp. 12 6 -
Beaked Whale, Mesoplodon sp. 6 5 -
Blainville’s Beaked Whale, Mesoplodon densirostris 1 - -
Beaked Whale, Unidentified Ziphiidae 2 4 1
Cuvier’s Beaked Whale, Ziphius cavirostris - 3 -
Melon-headed Whale, Peponocephala electra 2 2 1
Pygmy Killer Whale, Feresa attenuata 2 1 -
Pygmy Killer/Melon-headed Whale, Feresa/Peponocephala 1 - -
False Killer Whale, Pseudorca crassidens 1 1 -
Killer Whale, Orcinus orca 1 4 -
Short-finned Pilot Whale, Globicephala macrorhynchus 3 1 2
Rough-toothed Dolphin, Steno bredanensis S 4 -
Fraser’s Dolphin, Lagenodelphis hosei 1 - -
Bottlenose Dolphin, Tursiops truncatus 48 48 5
Risso’s Dolphin, Grampus griseus 24 15 -
Atlantic Spotted Dolphin, Stenella frontalis 7 9 6
Bottlenose/Atlantic Spotted Dolphin,
Tursiops/Stenella frontalis 1 3 -
Pantropical Spotted Dolphin, Stenella attenuata 43 57 6
Striped Dolphin, Stenella coerulecalba 7 9 2
Spinner Dolphin, Stenella longirostris 6 5 -
Clymene Dolphin, Stenella clymene 6 9 2
Stenella sp. 1 4 1
Unidentified dolphin 27 34 8
Unidentified small whales 4 2 -
Unidentified odontocete 16 13 2
Unidentified large whale - 6
TOTAL IDENTIFIED 225 213 35
TOTAL 273 272 46



104

Line transect distance sampling analysis, following
Buckland er al. (1993), was used to evaluate the
suitability of the sperm whale and pantropical spotted
dolphin sighting data for density estimation. Software
(DISTANCE) developed and distributed by Buckland
and colleagues (Laake et al. 1993) was employed in
the evaluation of the sighting data. The main goals of
this analysis were to determine how well various
models of the probability density function (pdf) fit the
sighting data and whether any gross characteristics of
the sighting data which may affect the fit, such as
group size and ship avoidance or attraction of the
species in question, could be identified.

Pooling the spring-summer surveys on-effort sightings
resulted in a total of 26 sperm whale groups available
for the distance sampling analysis. The group size
ranged from one to 11, with a mean of 3.1 and a
median of two. Seventy-five percent of the groups
were of three or fewer animals. Although 26
sightings is somewhat less than the 60 or so
recommended for obtaining a reliable fit of the
various pdf models (Buckland, er al. 1993), the
program DISTANCE was used to explore the
perpendicular sighting distance characteristics of the
available sightings. Figure 1D.4 illustrates the fit of
the hazard rate model to these sightings. Even though
a significant portion of the sightings occurred near the
trackline, the fit is obviously poor. The lack of a
"shoulder” and an increase in sightings at about two
kilometers from the trackline contribute to the poor
fit. Examination of FigurelD.S indicates that group
size may influence how the whales respond to the
survey vessel. Only groups of three or fewer were
sighted at a perpendicular distance of <0.30km, and
while the minimum group size did not seem to
significantly change as distance increased, the
maximum group size appeared to have a significant
relationship to distance. Thus, it appears that larger
groups of sperm whales may have actively avoided
the survey vessel. Survey platform avoidance by a
target species renders distance sampling problematic
(Buckland et al. 1993). However, the observed fit
may, at least in part, be due to the relatively small
sample size. Sightings from the final survey, the
1993 winter survey, and the 1990 and 1991 NMFS
spring-summer surveys will be pooled with these data,
and the resulting larger data set may permit reliable
modeling of the pdf.

A much larger sample of 90 groups of on-effort
pantropical spotted dolphin sightings was available for
the distance sampling analysis. Group size of these
dolphins ranged from three to 225, with a mean of
39.8 and a median of 30.5. About 75 percent of these
groups were of 50 or fewer animals. Figure 1D.6 is
an example of the hazard rate model fit produced by
the program DISTANCE for these sightings. The fit
is relatively good; there is a "shoulder" and the
observed distribution of sighting distances does not
differ significantly from the expected. However,
DISTANCE also tests for group size bias, and results
indicated that the effects of group size were
significant.  Figure 1D.7 shows the minimum,
maximum and mean group size by perpendicular
distance from the track line. The trend in all three
parameters is the same; they increase as the distance
increases. The trend in minimum group size may
reflect some combination of two factors: one, small
groups are more difficult to detect at greater distance,
and two, small groups may be attracted to the vessel.
The trend in maximum group size may reflect the
same behavior as that postulated for large groups of
sperm whales; that is, larger groups may actively
avoid the vessel. Some of the effects of the group
size biases can be minimized. For instance, most of
the groups attracted to the vessel ride the bow and can
be identified and excluded for modeling the pdf. The
effect of group size on detection probability can be
minimized by stratifying the analysis by group size.
Pooling with the additional data sets should result in
reliable modeling of the pdf, even after exclusion of
attracted groups and stratification.

The preliminary analysis shows that there may be
some problems in obtaining reliable density estimates
from the vessel survey data. These difficulties may
be resolved for sperm whale density estimation as
more data is pooled for modeling the probability
density function (pdf.). If not, the aerial survey data
(see Mullin et al. this volume) may provide a more
reliable estimate of density for sperm whales.
Although there are some group size bias problems
with the pantropical dolphin sighting data, they seem
much less problematic than those of the sperm whale
sighting data. The potential size of the pantropical
dolphin data set allows for stratification that is not
reasonable for the smaller data set of sperm whales.
In addition, the aerial surveys may provide an
unbiased estimate of group size for use in estimating
density with the vessel sightings.
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BIOACOUSTIC SURVEY DESIGN
AND RESULTS

Dr. Robert Benson
Dr. Jeff Norris
Texas A&M University at Galveston

INTRODUCTION

The main objective of the acoustic segment of
GulfCet is to provide support for assessing the
distribution and abundance of marine mammals in the
study area. We are also conducting visual
assessments of the distribution of pelagic birds. The
acoustic census is conducted using a linear towed
hydrophone array, from which we record marine
mammal vocalizations. We are compiling a data set
of acoustic contacts that will provide additional
marine mammals distribution information.

METHODS AND MATERIALS

Recordings are made using a linear towed array,
owned by Texas A&M University. It is made of
three sections: a deck cable, a tow cable, and a wet
section which contains the active elements of the
array. Figure 1D.8 provides a schematic diagram of
the system. The active section of the array is 235 m
long. It is made of four sections, a forward dead
section, a fore and aft vibration isolating mechanisms
(VIMs), a fore and aft high frequency section with
depth and temperature sensors, and a middle low
frequency section. (Figure 1D.9). There are 195
hydrophones within the active section in 18 different
groups or traces. These 18 groups are tuned to six
frequency bands. In the low frequency section there
are eight groups of hydrophones tuned to 30 Hz, one
group at 480 Hz, and a third group tuned to 3.84 kHz
In each fore and aft high frequency section there are
groups tuned to 5, 10, and 15 kHz. A tuned system is
designed to have increased sensitivity, described by its
directivity index, at a particular frequency by
separating the individual hydrophone elements of each
group by the wavelength of the frequency of interest.
Because of the 3 3/4 ips tape speed used, the realized
overall bandwidth is from DC to 12.5 kHz. The array
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has maximum sensitivity in a ringed pattern
perpendicular to the long axis of the array and very
little sensitivity either to the front or back. It
therefore receives little ship-generated noise,
particularly the higher frequency sections.

RESULTS

We have had a total of approximately 313 acoustic
contacts during cruises 1-5, though the total for cruise
S is incomplete (Table 1D.7). Over half of these
contacts have been with unidentified dolphins. The
large number of unidentified contacts is due to our
hearing whistles and sonar pulses when no animals
were seen, typically because the contact was made at
night or during conditions when there was no sighting
effort. We are now working to identify the source of
these signals. The second most common acoustic
contact has been with sperm whales, Physeter
macrocephalus. The identity of some of the sperm
whale contacts is known because they were
concurrently seen and heard.  Other contacts,
however, were identified to species because sperm
whale pulses are widely considered to be acoustically

unique, which allowed us to identify them. This is
the only species which we have identified at this date
by acoustic characteristics.  Pantropical spotted
dolphins, Stenella attenuata, were also encountered
often. We suspect this to be the dolphin that is the
source for many of the unidentified dolphin contacts.
We had numerous acoustic contacts with other
biological sources, typically shrimp, which we believe
can be easily recognized by a frying sound. Below is
a species summary.

Sperm whales, Physeter macrocephalus

Sperm whales have been encountered during all
cruises and on all transect legs. Figure 1D.10
presents the locations for these contacts. Several
tentative conclusions are clear from our results to
date. There appear to be many sperm whale in the
study area. On some cruises we can hear their pulses
for almost half the time that the array is in the water.
We also consistently find sperm whales in specific
areas. We have encountered sperm whales near the
mouth of the Mississippi River and near the western
end of the study are on almost every cruise. This

Table 1D.7. Number of acoustical contacts by species for cruises 1-5.

Species Cruise 1 Cruise 2 Cruise 3 Cruise 4 | Cruise 5* Total
Sperm whale 8 7 10 11 17 53
Pantropical Spotted dolphin 2 2 1 6 4 15
Atlantic Spotted dolphin 1 1
Striped dolphin 3 3
Clymene dolphin 1 1
Pilot whale 1 1
Bottlenose dolphin 5 2 2 9
Rough toothed dolphin 1 1
Unidentified cetacean 3 3 8 4 8 26
Unidentified dolphin 22 56 24 52 27 181
Unidentified contact 3 1 2 6
Other Biological 2 2 2 4 6 16
46 76 49 79 63 313

* Incomplete total
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Distribution of sperm whale acoustic contacts.
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apparent site fidelity may be seasonal. It is also clear
from Figure 1D.10 that we encounter sperm whales
throughout the study area, though they appear to be
concentrated in water between 500m-1,000m in depth.
We have never encountered animals in shallow water,
but also only infrequently near the southern ends of
transect legs in 2,000m of water. Observed animals
were also strikingly small, with calves often in
evidence. This leads to a tentative conclusion that we
are most often encountering female groups. We have
on two occasions seen large animals, presumably
male; once a solitary whale, and during cruise 1 we
encountered a large pod that appeared to contain one
large animal with several smaller whales with calves.

Stenella species

Pantropical spotted dolphin, Stenella attenuata is our
most common identified dolphin source. Most
contacts have been in deep water in the eastern half of
the study area (Figure 1D.11). All other Stenella
species have been encountered during some GulfCet
cruise, though often only once. We have had a single
encounter with spinner dolphins, Stenella longirostris,
during a cruise of opportunity on the R/V Gyre into
Mexican waters outside of the study area. We found
a single group approximately 40 miles south of the
border in approximately 600 m of waters. Striped
dolphin, S. coeruleoalba, were encountered three
times (Figure 1D.12). We have the first tape
recording from S. clymene in all of the Gulf of
Mexico (Figure 1D.13). We have had other visual
sightings but did not hear any sounds. Likewise, we
have had only a single acoustic contact with the
Atlantic  spotted  dolphin, Stenella  frontalis
(Figure 1D.14). Based on that contact and other
visual contacts, it appears that this dolphin is found in
shallow waters, similar to the bottlenose dolphin.

Bottlenose dolphin, Tursiops truncatus

We have recorded these dolphins nine times, in all
cases along the northem ends of transect legs
(Figure 1D.15). There have been relatively more
visual sightings of Tursiops truncatus because visual
effort is maintained while crossing between transect
legs; therefore, there has been relatively more visual
effort in shallow waters.

Blackfish

During these cruises we have had a single contact
with pilot whales, Globicephala macrorhynchus
(Figure 1D.16). We had other encounters during later
cruises. We also contacted false killer whales,
Pseudorca crassidens, on cruise 5.

Other Dolphins

We have had acoustic contacts with several other
cetaceans. These contacts include the first recordings
made in the entire Atlantic Ocean from Fraser’s
dolphin, Lagenodelphis hosei. They were first seen
and heard on the R/V gyre cruise in Mexico. We
have also heard them along with melon-headed
whales, Peponocephala electra, as a mixed school
during cruise 5. We also recorded rough-toothed
dolphin, Steno bredanensis, on the R/V Gyre cruise,
as well as during later cruises.

A number of cetaceans are noteworthy in their
absence. We have no acoustic or visual contacts with
killer whales, Orcinus orca, or pygmy killer whales,
Feresa attenuata. We also have no acoustic contacts
with Risso’s dolphin, Grampus griseus, though these
may have been seen. All species are known to exist
in the Gulf. We have no acoustic contacts with any
beaked whale or Kogia, though we have seen species
of both groups. Lastly, we have had no acoustic
contacts with any baleen whale.

Pelagic Birds

Very little is known of the distribution of pelagic
birds in the Gulf of Mexico. Existing specimen
records are limited in number and widely varying in
quality.  The abundance, density, and seasonal
movements of this group of birds is unavailable.
Pelagic bird observers have been on all but two of the
seven GuifCet cruises. Data collected suggest that
GulfCet will dramatically change our view of how
pelagic birds relate to the Guif environment. As an
example, the Texas Bird Records Committee reported
in 1990 that Audubon’s shearwater, Band-rumped
storm-petrel, and Bridled tern had been seen fewer
than four times off the coast of Texas out to a
distance of 200 miles. In our study area, we have



Table 1D.8. List of pelagic birds observed on GulfCet cruises 1-5.
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Pomarine jaeger
Audubon’s shearwater
Cory’s shearwater
Bridled tern

Royal tern

Band-rumped Strom-petrel

Storm-petrel species
Herring gull

Laughing gull
Northern gannet
Masked booby
White-tailed Tropicbird

Stercorarius pomarinus
Puffinus sherminieri
Calonectris diomedea
Sterna antillarum
Sterna maxima
Oceanodroma castro
Family Hydrobatidae
Larus argentatus

L. atricilla

Morus bassanus

Sula dactylatra
Phaethon lepturus

recorded 19 Bridled terns, 12 Band-rumped storm-
petrels, and 37 Audubon’s shearwater’s (not all in
Texas waters). Table 1D.8 lists the major species
encountered.

WORK IN PROGRESS

We have several major projects now in progress.
First, we have been working on a system for
determining the source of our unidentified contacts.
This involves defining a set of acoustic parameters
that will describe all aspects of their whistled
vocalizations. This has largely been completed, and
we are now working to validate this system. Next,
using these variables, we will analyze the
vocalizations from all known dolphins. Once this is
completed we will similarly describe the whistles
from the recordings of unidentified contacts. Lastly,
we will attempt to statistically pair the unidentified
calls with those from identified sources. We expect
to identify some but not all of the unidentified
contracts.

We are also in progress in developing methods for
acoustically assessing the density of sperm whales.
This project will involve determining the exact
location for all sperm whale contacts. Since we often
hear sperm whale pulses for many hours, the exact
position for each vocalizer is not always clear. We
are also developing 3-D line transect theory for use
with acoustic arrays. This includes descriptions of the
biases involved in acoustic censusing, as well as
descriptions of the procedures, from data acquisition
through analysis. We are also working to calibrate
the hydrophone array to determine the range from
which we hear signals. Lastly, we are conducting a

series of psychoacoustic experiments with sperm
whale pulses to determine the detection function.
This is necessary for calculating sperm whale density.

HYDROGRAPHIC SURVEY RESULTS

Dr. G. S. Fargion
Department of Marine Biology
Texas A&M University at Galveston

SUMMARY

Analyses of hydrographic data have led to the
detection of major eddies and circulation events in the
north-central Gulf of Mexico for 1992 and 1993.
Prominent anticyclonic eddies, such as Triton,
Vazquez, and Whopper were observed. Small cold
water cyclonic eddies were found coupled with the
periphery of these warm water anticyclonic eddies. It
is in association with these cold cyclonic eddies that
high chlorophyll values have been found. These areas
of greater productivity may be preferred habitats for
marine mammals. Cetacean distributions have been
correlated with hydrographic features and bathymetry.

The circulation of the Guif of Mexico (GOM) is
remarkable because of its variability and intensity.
The most prominent circulation features in the Gulf
are the intense Loop Current System in the eastern
Gulf and an anticyclonic cell of circulation in the
western Gulf (Nowlin and McLellan 1967; Behringer
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et al. 1977, Merrell and Vazquez 1983). The Loop
Current’s path and extent of intrusion into the Gulf
varies with season, but reaches a maximum in the
summer, at which time an anticyclonic eddy separates
from the loop and drifts westward (Hofmann and
Wortley 1986; Merrell and Vazquez 1983). High
fluctuations in frequency of eddies (from eight to 17
months) have been reported by Behringer et al.
(1977). Different types of eddies have also been
described, including anticyclonic eddies and cyclonic-
anticyclonic eddy pairs (Merrell and Morrison 1981;
Brooks and Legeckis 1982).

The prominent GOM circulation features (i.e., Loop
Current, the 1992-1993 eddies Triton, "U," Vazquez
(V), and Whopper (W), and the high fresh water input
during "the great flood" of August-September, 1993)
interact to make the GOM a very complex
environment. A detailed eddy summary will be
presented at the LATEX III slope section (Fargion et
al. ITM 1993; Hamilton er al. ITM 1993; Biggs et al.
ITM 1993).

Nearly two-thirds of the U.S. mainland and half the
area of Mexico drains into the Gulf of Mexico
(Weber et al. 1990). The Mississippi and other rivers
with their associated nutrient and sediment loads have
a great influence on the Gulf. A time series of
chlorophyll pigment was extracted from the Global
NASA CZCS images to evaluate areas of high
productivity, seasonality, and interannual variations in
the Gulf of Mexico. Data for the first time series was
extracted to coincide with the GulfCet CTD station
positions, and the second time series was derived
form three regions in the Gulf (Texas-Louisiana shelf,
Texas-Louisiana slope, and Mississippi River mouth
area). Figure 1D.17 shows the flow of the river from
November 1978 to June 1986, with the Texas-
Louisiana shelf/slope time series of chlorophyll
pigments. It is clear from these data that the
Mississippi River plays an important role in the
interannual variations of chlorophyll and in
developing areas of high productivity in the Gulf.
Therefore, the Mississippi river should ultimately
affect the spatial and temporal distribution of
cetaceans in the Gulf of Mexico.

The data presented have been collected from five
seasonal aerial and six shipboard surveys. These
surveys have been conducted by Texas A&M
University and the Southeast Fisheries Science Center

of National Marine Fisheries Service. The study is
restricted to the area bounded by the Florida-Alabama
border, the Texas-Mexico border, and the 100 m and
2,000 m isobaths. The survey methods include

1. Aerial surveys from an altitude of 750 ft;

2. Shipboard visual surveys using 25-power
binoculars; and

3. Hydrographic data collected using a CTD
(40 mile resolution to 800 m) and XBTs.

Isotherms at 8, 15, and 20° C have been computed
from CTD and XBT data, and plotted for each cruise.
A region where these isotherms dip downwards or
deepen corresponds to an anticyclonic warm water
eddy, and conversely, an area where the isotherms
shallow upwards corresponds to a cyclonic eddy (cold
water). Figure 1D.18 shows the 8° C isotherm for
GulfCet cruise four (February 93) with a cold water
eddy clearly visible. This cyclonic cold water eddy
is usually paired with an anticyclonic warm water
eddy and is likely to be found if the anticyclonic eddy
has recently detached form the Loop Current. High
chlorophyll pigment concentrations were detected in
conjunction with this cold water cyclonic eddy
(Figure 1D.19). Such high chlorophyll concentrations
indicate areas of high productivity. To summarize,
areas of high productivity in the Gulf are found (1)
offshore in conjunction with a cold water cyclonic
eddy which is paired with a warmer anticyclonic
eddy; and (2) inshore (i.e., Texas-Louisiana shelf), an
area influenced by fresh water input.

XBT data were combined with CTD data to compute
local geostrophic circulation fields. A micro VAX
computer was used for the calculations of dynamic
height and mass transport/geostrophic velocity
between station pairs, as described by Biggs, ef al.
(1990). All of our geopotential computations are
referenced to the 800 dbar surface. Hofmann and
Worley (1986) have shown empirically that the choice
of an 800 to 850 dbar reference level should allow
baroclinic transport calculations to be in mass balance
throughout the western Gulf of Mexico. Dynamic
height (Figure 1D.20) was superimposed on sperm
whale sighting locations. The whales were found to
be associated with the periphery of the anticyclonic
eddies. This association will be further tested
statistically.
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Twenty-eight species of cetaceans have been observed
in the GOM. Some of these species are historically
rare or have become so as a result of human
activities. The GOM is an area of intense human
activity, especially in regard to ship traffic and
exploration by the petroleum industry. There are over
600 drilling and production platforms in the northern
Gulf, mostly located on the continental shelf. The
degree to which these human activities impact marine
mammals is largely unknown.

To find the depth ranges preferred by cetaceans at
each historical and GulfCet sighting point, we
extracted depth by longitude and latitude from a
bathymetry database. Historical data came from
sources including visual sightings from whaling ships
(Townsend 1935), sightings from the Smithsonian
Institution database prior to 1987, NMFS Pascagoula
Oregon Il sightings from 1990-1991, NMFS
Pascagoula research vessel bridge log observations,
(Jefferson & Lynn in press), D. Fertl’s 1990 Gyre
sightings, and other authors (see Jefferson,
Leatherwood, Shoda, and Pitman 1992). Although we
combined historical and GulfCet data, the amount of
data was sufficient for analysis on only four of the
cetacean species. These species were: Physeter
macrocephalus, Stenella attenuata, Stenella frontalis,
and Tursiops truncatus.

Figures 5 and 6 show the distribution of these four
species based on bathymetry. The Gulf was divided
into seven depth ranges and the percentage of
sightings was calculated for each species in each
range. The data showed that bottlenose dolphins and
Atlantic spotted dolphins were found 80 percent of
the time in water shallower than 500 m and on or
near the continental shelf. Pantropical spotted
dolphins and sperm whales were found 70 percent of
the time in water deeper than 1,000 m, or over the
continental slope and abyssal plan. The mean depths
for these two groups are significantly different.

Further analysis will be completed next year and will
provide additional insights into the habitats of
cetaceans in the Gulf of Mexico.
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INTRODUCTION

NMFS-SSC is providing remote sensing and
geographic information system (GIS) support for the
project. The GIS will be used to integrate and
analyze the various data types to explore possible
relationships between the distribution and abundance
of marine mammals and satellite and shipboard
measurements of environmental variables in the Gulf
of Mexico.

METHODS AND RESULTS
Support for Ship and Aircraft Surveys

Satellite images are being acquired and processed to
provide environmental data concurrently with the
shipboard and aircraft surveys during the two-year
field effort. The data are collected by the Advanced
Very High Resolution Radiometer (AVHRR) carried
onboard the NOAA polar orbiting satellites. Each
satellite provides partial or full coverage of the study
area twice per day (one daytime and one nighttime
overflight) depending on the orbital path and cloud

coverage. The data are currently being obtained from
both the NOAA-1! and NOAA-12 satellites. The
National Environmental Satellite, Data, and
Information Service (NESDIS) located in Washington,
D.C. and the Naval Research Laboratory at Stennis
Space Center are the primary sources of AVHRR data
for the project. The satellite data are being processed
into sea surface temperature (SST) images using the
multichannel SST algorithms described by McClain et
al. (1985), and rectified to fit the GIS base map
described in a later section. Each SST image is also
being processed into vertical (east-west), horizontal
(north-south), absolute magnitude, and directions of
SST gradients using 3 x 3 template masks configured
as Sobel operators (Gonzales and Wintz 1976) and
arithmetic overlay operations (Aronoff 1989). The
visible channels of the AVHRR from daytime
overflights are also being processed into turbidity
images, primarily to examine the areal extent and
location of edges of the Mississippi River plume,
using the algorithm described by Stumpf (1992). Over
200 AVHRR images have been acquired for the study
(through October 1993) and about 60 percent of the
images have been processed into the SST and
turbidity image products described previously. The
satellite-observed environmental data, shipboard and
aircraft observations of marine mammals, and
environmental data collected aboard the vessels will
be included as map layers in the GIS data base.

Support for the Whale Tagging Effort

Satellite images acquired during September-October
1992 were selectively processed into SST images and
provided to colleagues at Oregon State University
(OSU) attempting to place satellite tracking tags on
sperm whales in the northern Gulf of Mexico. A total
of three SST images were processed during the two-
week field effort and transferred to OSU using
Internet. A public domain image processing package
described by Leming (1989) that operates on a
minimally-equipped personal computer was also
provided to enable the OSU investigators to display
the images in color and perform simple image
manipulation tasks.

The second field effort to tag sperm whales for the
project was conducted in June 1993. NMFS-SSC
again supported the OSU investigators by providing
satellite-observed SST images and a PC-based satellite
image display program developed by Miller and



DeCampo (in press) available through the NOAA
CoastWatch Program.

Infrastructural Improvements

There were a number of infrastructural improvements
within the last year at NMFS-SSC that will directly
benefit the GulfCet effort but were completed at no
cost to the project. An Internet communications link
became fully operational and will enable investigators
at NMFS, TAMUG, and OSU to rapidly transfer data
(particularly digital maps) back and forth. The
personal computers that will be used to support the
project have been linked through a local area network
and have been upgraded from an MS-DOS operating
environment to an OS2/Windows environment. The
CoastWatch Program became fully operational in
December 1992 and is available as a secondary source
of satellite observed SST images for the project.
Major software improvements were completed for an
AVHRR receiving station last year to streamline day-
to-day operations of the unit. In addition to
CoastWatch, the station will serve as a backup source
for satellite data.

GIS Computer Hardware and Software

The GIS hardware consists of a Silicon Graphics
UNIX workstation and peripherals; software is the
Advanced Geographic Information System (AGIS)'.
Other GIS software operating on the SG system
includes the Science and Technology Laboratory
Applications Software (ELAS)* (Beverly and Penton
1989) and WAVE®. Although all of the data base

'AGIS is a proprietary GIS software package
developed and marketed by Delta Data Systems, Inc.,
131 Third Street, Picayune, MS 39466.

*ELAS is public domain software developed by
the National Aeronautics and Space Administration
and is available from the repository for government
software maintained by the Computer Software
Management and Information Center, The University
of Georgia, 382 East Broad Street, Athens, GA
30602.

WAVE is a proprietary data visualization and
analysis software package developed and marketed by
Visual Numerics, Inc., 9990 Richmond Avenue, Suite
400, Houston, Texas 77042-4548.
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development and most of the analyses will be
conducted with AGIS, ELAS and WAVE contain
complementary software tools that may be useful for
analyzing and displaying data.

GIS Base Map Coordinate System

All of the digital map layers used in the GIS data
base will be registered to a portion of the Gulf of
Mexico master image (GMMI) that includes the
GulfCet study area and thus encompasses the area
from 25.5° to 31° N latitude and 87° to 98° W
longitude. The GMMI is a raster image consisting of
three land cover classes: land, water, and land pixels
adjacent to water (coastline). The coastline was
generated from vector data reformatted from the
Digital Chart of the World (U.S. Defense Mapping
Agency 1992), a public domain data set released in
1992. The master image is earth located with
longitude/latitude  coordinates using a simple
cylindrical projection (linear longitude/latitude)
system (Snyder 1987). The dimensions of each pixel
in the GMMI are 0.01° longitude by 0.01° latitude.
Longitude and latitude coordinates are being collected
concurrently with the cetacean survey observations
from aircraft and vessels and with shipboard
measurements of environmental variables using
Global Positioning System (GPS) or LORAN-C
receivers. These earth-located data will later be
converted to AGIS map layers and stored as either
raster or vector files.

Acquisition of Other GIS Data Sets

In addition to the satellite, survey, and environmental
data being collected for the project, other public
domain GIS data sets available from the Minerals
Management Service and U.S. Geological Survey
were tentatively identified for use in the GulfCet data
base. These include coastlines, offshore oil field
structures, oil and gas lease blocks, boundary of the
U.S. Exclusive Economic Zone (EEZ), bathymetry,
state and international boundaries, and sea floor maps
from the Geological Long-Range Incline Asdic
(GLORIA) data.

Raster vs. Vector Data Models

Some of the map layers tentatively identified for use
in the GIS data base can be stored as raster or vector
data files. The GIS software currently available, with
the exception of AGIS, will store and analyze raster
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or vector maps, but will not handle both data types
simultaneously. Thus, depending on the software,
mapping projects initiated with both types of data
files require conversion from one form to the other,
i.e., raster to vector or vector to raster prior to data
basing and analysis. If a large number of layers have
to be converted for a particular project, the process
can require a significant amount of machine and staff
time.

Although the AGIS data base supporting GulfCet
could contain a mixture of both map types, two
important operational concerns have to be considered.
First, the vector model is a more compact data
structure than the equivalent map stored in a raster
form (Aronoff 1989). Since most of the data volume
in the GulfCet data base will consist of raster maps
(primarily satellite-observed data), there may be slight
advantage in storing other data layers (e.g., shipboard
measurements of salinity) as vector maps. However,
online mass storage requirements for the project were
carefully considered when drafting the specifications
for the UNIX workstation. The 4.7 .gigabytes of
online storage (two hard drives and two optical
drives) should provide ample room to store and
analyze either a mixture of raster and vector maps or
all of the data as raster maps. The second and
primary operational concern may be processing speed;
certain GIS analysis functions, e.g. overlay operations,
are more efficiently implemented with raster maps
than with vector maps (Aronoff 1989). Some
benchmarking will be conducted to compare
processing speeds of identical GIS tasks operating on
(1) a mix of raster and vector maps and (2) the same
maps converted to raster files. Subject to the
outcome of the evaluation, it may be more
advantageous to convert all of the maps to the raster
domain given the anticipated volume of data that will
have to be processed for the project.

Processing Protocol

The GIS will be used for qualitative analysis of data
structure by using such functions as retrieval and
classification and logical operations to create
interactive map displays, tabular summaries, and data
plots in an effort to visualize relationships between
the distribution and abundance of cetaceans and
satellite and shipboard measurements of
environmental variables. The dimensionality of the
data, i.e., the potential number of input variables for
multivariate statistical analysis, is expected to be large

since GIS analysis tools such as proximity measures
will enable analysts to explore the data in ways that
would be virtually impossible using conventional
analysis methods. The initial exploratory analysis
will be followed by a more formal, quantitative
analysis of the data using multivariate statistical
techniques. Variables to be used in the analysis will
be exported from the GIS to one or more statistical
software packages: (1) the Statistical Analysis
System (SAS)* offering a wide range of univariate
and multivariate statistical procedures; (2) the Cornell
Ecology Programs® provide cluster, detrended
correspondence analysis, and ordination techniques for
ecological research (Gauch 1982); and (3) SpaceStat®
spatial analysis scftware (Anselin 1992).
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OBJECTIVES

The Minerals Management Service (MMS) funded the
GulfCet study to determine the seasonal abundance,
distribution and behavior of marine mammals in the
Gulf of Mexico. Oregon State University (OSU) was
contracted to develop depth-sensing radio tags to tag
and track sperm whales in the Gulf. The data could
be used to determine areas and depths used by sperm
whales.



INTRODUCTION

Very little is known about the population of sperm
whales in the Gulf of Mexico. Much of our
knowledge of numbers and distribution comes from
aerial and shipboard surveys (Collum and Fritts 1985;
Mullin ef al. 1991). Participants of a 1989 workshop
sponsored by the Minerals Management Service
(MMS), "Sea Turtles and Marine Mammals of the
Gulf of Mexico," considered the sperm whale to be
the most common endangered cetacean in the Guif. It
was proposed that, given their size, even a small
resident population would play an important role in
the ecosystem of the Gulf (Tucker & Assoc. 1989).
At one time, the Gulf of Mexico was a whaling
ground for the sperm whale (Gosho ef al. 1984), but
much of the information on catches there has been
lumped with data from the southeastern Atlantic.

Collum and Fritts (1985) reported the results of aerial
surveys and opportunistic shipboard sightings of
sperm whales in the Gulf of Mexico from 1979 to
1981. A total of 59 animals were seen (47 presumed
adults or sub-adults and 12 calves). Sperm whales
were seen in water 104 m to 2,742 m deep, and in
waters over areas of high productivity such as the
edge of the continental slope. They proposed that
these areas could attract cephalopods, the main prey
of sperm whales, and thus influence the distribution
of sperm whales in the Gulf.

Mullin et al. (1991) used aerial surveys from 1989 to
1990 to study cetaceans along the upper continental
slope off the Mississippi River delta. Sperm whales
were the second most common cetacean sighted
during their transects. They sighted 43 herds ranging
from one to 11 whales, for a total count of 91
animals. As with Collum and Fritts (1985), most
sightings were in the fall months. In general, the
sperm whales seen in this survey were concentrated
near the Mississippi River delta in water greater than
600 m deep, and most often in 900 m to 1,200 m
water. One whale was sighted in water 2,392 m deep.
Mullin et al. (1991) believe that their estimates of
sperm whale abundance were too low because of the
whales’ long dive times relative to the aircrafts’ time
over the survey areas.

TAG DEVELOPMENT

Satellite-monitored (Argos) tags that collect depth
information were developed using assemblies from
Telonics (Mesa, AZ) and Wildlife Computers
(Woodinville, WA). OSU developed the packaging,
attachments and software. The tags were successfully
tested on ten bowhead whales in the fall of 1992
under MMS funding, Alaska office (Mate and
Krutzikowsky 1993).

CRUISE CHRONOLOGIES

Three cruises were undertaken in support of the
tagging effort. The first cruise was conducted from
30 September-14 October 1992. Of four and a half
days at sea during this time, we only encountered
sperm whales once, on 9 October. During four hours
we saw eight to 10 whales. They demonstrated little
reaction to the vessel and produced no alarm
responses when the vessel approached within eight
meters. The charter vessel, the R/V McGrail, was
built for higher speeds and did not maneuver well at
the slow speeds required for closer approaches.

The second cruise was from 20-31 March 1993,
aboard the R/V Odyssey, a 92’ sailing vessel owned
by the Whale Conservation Institute. OSU sponsored
this expedition as a ’proof-of-concept’ for future
tagging efforts in the Gulf. MMS contributed three
tags to this effort. After several days of searching
visually and acoustically, 200+ spermAwhales were
found and tracked for an additional five days and
nights. We were able to approach whales closely
while using the diesel auxiliary engine. There was no
flight response although the whales frequently moved
abruptly out of the way of the vessel when the
shadow of the boat passed over them or when it came
within three meters. On 26 March we applied a
satellite-monitored radio tag to a sperm whale. The
tag was approximately 0.5 meters from the dorsal
ridge of the animal. The deployment appeared to be
complete, and there was no startle or flight response
by the animal. Unfortunately, no information was
returned via satellite from this tag. As the tag had
been tested to pressures in excess of 2,000 meters and
the same type of tags were very successful on Arctic
bowhead whales in 1992, we are at a loss to
determine why we did not hear from this animal. Of
two other tagging attempts, one glanced off the back
of the animal’s mid-dorsal ridge and one missed by a
few centimeters. Both tags were lost.



The third cruise took place from 6-29 June 1993 in
the Gulf of Mexico. Survey efforts were concentrated
in an area within 100 kilometers south and east of the
Mississippi delta. We were aboard the 58° R/V
Acadiana, chartered from LUMCON (Louisiana
Universities Marine Consortium). We were able to
work at sea for 14 of the 24 days. During the course
of the charter, we covered 2,331 kilometers of search
track line. We surveyed for sperm whales both
visually and acoustically. We sued hydrophones from
sonabuoys to determine whether whales were present
in the survey area. We stopped approximately every
10 miles (based on an effective hydrophone range of
five miles) along our track to listen. Two observers
were on watch during daylight hours.

RESULTS OF THE THIRD CRUISE

A total of approximately 90 sperm whales were seen
during the course of our third cruise. Animals were
sighted seven of 14 days at sea and heard on 11 days.
On the days whales were sighted, four to 22
individuals were seen. On average, whales were seen
at a rate of 0.04 whales per kilometer of track line.
Distribution of animals was very patchy. We
regularly found animals in an area 70 - 100 km
directly east of the southern tip of the Mississippi
delta.

The whales we found were surprisingly small; only
two were slightly more than eight meters long. This
is atypical of sperm whale school structure (see Best
1979). An examination of stranding data supplied by
Jim Mead of the Smithsonian Institution suggested
that sperm whales in the Gulf are as large as those
found elsewhere in the world. We do not think that
this was an example of a naturally small-sized
population but believe that we were seeing mostly
subadult animals. On several occasions we remained
in areas with these small whales for several hours but
never saw larger animals arrive or surface.

We tagged two sperm whales during this cruise. A
satellite-monitored depth-sensing tag was applied to
an 8 m animal on 7 June 1993. The tag was applied
near the dorsal ridge but was very poorly attached.
One message was heard from this tag shortly after
deployment. Combined with our previous experience
in the Galapagos, when an attempt to tag in this
region of the back resulted in a deflected tag, we now
conclude that the dorsal ridge is particularly tough
and an area we will avoid in future tagging attempts.
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We are also concerned that with small animals, the
dorsal ridge may not provide sufficient blubber depth
for the anchoring mechanisms.

The second tag was developed by OSU for the Office
of Naval Research (ONR) and provides location only
information. It was applied on 11 June to a 7 m
sperm whale. This tag was designed to be virtually
implantable. The positioning of this tag was good but
attachment was incomplete. Specifically, the
penetration was not sufficient to engage wires used as
the hold-down mechanism. We believe that this tag,
too, was lost very soon after tagging.

During the latter half of our cruise, a seismic vessel,
the Acadian Commander, and its backup vessel were
in the area in which we had regularly found sperm
whales, preparing to start a month-long seismic
survey. There operations began on 23 June. During
the first two days of their operations, sperm whales
were not seen within the active seismic area but only
around the periphery. From 25-29 June we surveyed
this same area intensively and found no whales in the
seismic area and only four whales in 920 km of
searching. This sighting rate of 0.004 whales/km was
an order of magnitude less than the overall average
prior to the initiation of seismic surveying. Within
the seismic area, whale abundance changed
significantly from a pre-seismic abundance of 0.092
whales/kilometer (Figure 1D.23) to 0.038
whales/kilometer during the first two days of seismic
survey activity (Figure 1D.24) to 0 whales/kilometer
on days three through seven after seismic operations
began (p-value <.001, Figure 1D.25). While we do
not view the observations we have made to be proof
of a cause-and-effect relationship, the significant
correlation of these events suggests that further
investigation into the potential effects of seismic
surveying on the movements and distribution of sperm
whales is warranted.

SUMMARY OF FINDINGS TO DATE

+ Sperm whales in the slope-edge waters off
Alabama and Mississippi in the Gulf of
Mexico have a patchy distribution.

. Animals observed near shore (<100 km from
shore) were small and considered to be
juveniles.

+ Sperm whales exhibited no overt signs of
disturbance when closely approached by
diesel vessels.
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+  Tag deployment appeared satisfactory when a tag
was placed away from the dorsal ridge.

* Active seismic survey vessels may affect the
movements and distribution of sperm whales.

FUTURE GOALS

OSU will sponsor an additional field effort on sperm
whales in the Galapagos during January-February
1994. We hope to deploy two of each of the depth-
sensing and location-only tags. The latter will be
modified for a surface attachment, and will have 75
percent less frontal drag than the former. The
remaining MMS funds from the GulfCet program will
be augmented by OSU Foundation monies to provide
a third expedition to tag sperm whales in the Gulf of
Mexico.
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This session was introduced by Dr. Paul Sammarco,
the Executive Director of the Louisiana Universities
Marine Consortium (LUMCON) and program
manager for the MMS/LUMCON University Research
Initiative (URI). The URI is a university-based
research program emphasizing the long-term
environmental and socioeconomic effects of offshore
oil and gas development, one based in the Gulf of
Mexico region and the other in California. The
purpose of this program is to 1) strategically increase
emphasis on long-term effects within the MMS
Environmental Studies program, and 2) expand the
involvement of universities in the program, while
stimulating innovative research and training students
in areas relevant to effects of oil and gas
development.

The Gulf of Mexico URI was initiated on 1 June
1989 through cooperative agreement with LUMCON.
The MMS contract was awarded as a five-year, $2.5
million agreement providing for cost sharing by
Louisiana (or other participating) universities.
Projects proposed by university researchers were
selected for funding following a review and approval
process patterned after that of the National Science
Foundation. Research projects under this program
complement MMS’ larger, multi-investigator studies
within its Environmental Studies Program by
enhancing understanding of important impacts,
providing technological innovation, and testing
concepts which ultimately may be addressed by larger
MMS programs.

The URI continues into its fifth year with a total of
22 projects having been awarded. Eleven projects
have been completed with final reports approved and
distributed. Eleven other projects are ongoing in
various stages of completion. Three new projects
were awarded during the summer of 1993.
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The objective of this session within the MMS
Information Transfer Meeting (ITM) was to report on
the progress of eight ongoing environmental projects.
A number of other URI socioeconomic studies were
presented in a parallel session emphasizing current
and recent social studies.

As an integral part of this session, a workshop was
held emphasizing the evolution of the URI program
and recommendations regarding possible future related
programs. The workshop centered on improvements
that could be made in the URI approach to
environmental studies. Discussions included whether
the original framework issues were still valid and how
they might best be addressed by URI researchers.
Other discussions centered on the optimal length of
time recommended for proposal preparation, the
adequacy of funding levels, timings on release of
Request for Proposals (RFPs), composition of the
Technical steering Committee the value of and need
for quarterly progress reports, and streamlining
administrative procedures.

Dr. Paul Sammarco is the Executive Director of
LUMCON. His major research interests include coral
reef ecology, chemical ecology, bioerosion, larval
dispersal and recruitment processes and stable isotope
geochemistry. He received his B.S. in Zoology from
Syracuse University in 1970 and Ph.D. in 1977 from
State University of New York at Stony Brook. His
research centered on the effects of grazing as a
controlling factor on coral reefs. Dr. Sammarco has
been involved in research in Australia and served as
Director of Environmental Research for the Resource
Assessment Commission, the Prime Minister’s special
commission on key natural resources and related
environmental issues in Australia.

Dr. Robert Rogers is an oceanographer with the
Environmental Studies Section, MMS, Gulf of
Mexico OCS Regional Office. He received his B.S.
and M.S. degrees in zoology from Louisiana State
University and Ph.D. in marine biology from Texas
A&M University.  His research interests have
included the ecology of coastal meiobenthic organisms
and trophic interrelationships. He has been involved
in the MMS/Bureau of Land Management
Environmental Studies Program since 1977.
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CHARACTERIZATION OF CHRONIC
SOURCES AND IMPACTS OF TAR
ALONG THE LOUISIANA COAST

Mr. Charles B. Henry, Jr.
Ms. Paulene O. Roberts
Dr. Edward B. Overton
Institute for Environmental Studies
Louisiana State University

At the current rate of oil transportation in the Gulf of
Mexico, when oil spills occur it is not a simple case
of petroleum found upon the shores from the spill
incident. Stranded oil and tar balls are frequently
deposited along the southern coast of Louisiana,
without the cause and effect relationship of a reported
petroleum release.  Many potential sources of
accidental or illegal discharges exist. The petroleum
transportation off Louisiana shores ranges in the
millions of barrels, with the Louisiana Offshore Oil
Port (LOOP) receiving more than 200 million barrels
per year. Also contributing to this transportation
system are the Outer Continental Shelf production
activities, transporting 98 percent of their production
by pipeline and 2 percent by barge. Illegal bilge
cleaning and dumping and oil seeps may also add to
the tar along Louisiana beaches. The distribution,
frequency, and composition of this stranded oil was
assessed at nine study sites, covering an approximate
range of 200 miles along the Louisiana coastline.

OBIJECTIVES

This study presents preliminary values for a baseline
estimate of the chronic oiling of Louisiana beaches.
We hope that this survey will provide a better
understanding of coastal impacts related to oil
production and transportation in the Gulf of Mexico.
The objectives for this study included the following:

1. To assess the abundance, distribution, and
composition of stranded oil and tar at nine
stations along the South Louisiana coast.

2. To investigate tar balls collected for specific
source-biomarkers and source-indexes by a
detailed GC/MS source-fingerprint technique to
identify related sources. We tried todetermine
the sources of the stranded oil and tar found upon
the beaches and whether they are caused

primarily by small unrelated events or by chronic
discharges from identifiable sources.

DESCRIPTION

Nine study sites were selected in the spring of 1992
along the southern coast of Louisiana (Figure 1).
These stations were 50 meters wide, running parallel
to the beach face and covering the distance between
Grand Isle on the east to Martin’s Beach on the west,
approximately 200 miles. The stations were sampled
in the spring and fall for petroleum deposition. The
samples found within the stations were removed and
taken to LSU for morphological characterizations and
GC/MS analysis.

STUDY RESULTS

There was no statistical difference between the spring
and summer periods, indicating a constant deposition
and removal of petroleum. The visual appearance of
the petroleum was 80 percent black and pliable; with
10 percent brown and the remaining 10 percent
various colors of petroleum products. The gross
number of tar balls for the various stations and
average weight distribution per meter indicated a
greater petroleum abundance for the western stations.
A total of 480 samples were collected in the west
compared to 48 in the east and can be expressed as 40
tar balls/station in the west compared to 9.6 tar
balls/station in the east. Between the backshore and
foreshore beach zones, there were more tar balls
collected in the upper beach region than the lower
with 18.8 backshore tar bars/station compared to 12.2
foreshore tar balls/station. A total of 4,416.42 g were
collected in the west compared to 627.65 g in the east
during the Spring 1992 sampling period. A similar
trend was observed during the Summer 1992; 4,573.6
g in the west compared to 125.2 g collected in the
east. In comparison to other shoreline studies within
the Gulf of Mexico, the concentration of tar balls
along the Louisiana coast was low. The range of
stranded tar as reported in g/m for the Wider Gulf of
Mexico Region was 0 to 4,366.61 g/m (the highest
value was reported in Discovery Bay, Jamaica by
Jones 1990); during our study, the quantity of tar
collected ranged from 0.53 to 47.77 g/m. If the
estimated threshold concentration of 100 g/m is
considered a good guide in determining the
degradation of beaches for tourist purposes, the
beaches studied were below a level of social-
economic concern, although any stranded oil on a
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Table 2B.1. Classification comparison for total sample population analyzed.

No. of Samples* % of Total

Relatively unweathered:

high aromatic 6 5

high paraffin 38 32

bimodal wax 7 14
Weathered:

high aromatic 17 14

high paraffin 2

bimodal UCM 2 2

bimodal wax 20 17

bimodal UCM and wax 3 3
Unclassifiable 23 19

*n=118

beach is aesthetically unpleasant and the presence of
oil reduces the value placed on that beach as a
resource.

Of the 118 samples analyzed by detailed GC/MS, 32
percent were indicative of high pour point, heavy oils
(most likely bunker or heavy heating oils), closely
followed by tanker washings or sludge discharges at
26 percent. Therefore, greater than 50 percent of the
samples collected can be associated with
transportation activities. The persistence of the
spilled heavy petroleum oils, enriched with asphaltene
and high molecular weight residuum hydrocarbon
components was considered greater than for many
crude oils and light refined petroleum products.
Often, light oils spilled in the marine environment
spread very thin on the water’s surface and disperse
by natural processes, such as storms, never forming
tar balls. Heavy oils, which are more viscous and less
affected by physical processes, persist longer.
Microbial degradation, the ultimate fate of most tar
balls in the marine environment, is limited by the
available surface area of the petroleum and by the
recalcitrant petroleum constituents.

Source-fingerprinting by manual comparison of the
available GC/MS data was effective in identifying 66

different sources from a sample population of 118.
Cluster plot analyses are effective in screening a large
population of GC/MS data to determine which
samples may be related. The possible matches would
then require confirmation by a qualitative comparison
of all chromatographic data.  Mathematical, or
statistical, techniques were limited by the lack of
replication and range in index values. The use of
statistical principal component analyses my provide a
higher degree of separation of suspected sources.
More work is required to fully develop a statistical
approach to source-fingerprinting.

Several of the sources appear to be derived from the
discharge of tanker washings containing crude oil and
high molecular weight paraffins. Biomarker
signatures typical of Middle East and Alaskan North
Slope crudes have been identified in the tar balls
analyzed. This is not surprising since approximately
30 percent and 8 percent, respectively, of the crude
oils transported into the Northern Gulf of Mexico are
from these two sources.



SIGNIFICANT CONCLUSIONS

There existed an extreme difference in petroleum
distribution, with 9.6 tar balls per 50 meter station in
the east compared to 40 tar balls per station for the
west. The samples collected from these stations were
analyzed by detailed GC/MS and compared for
similarities using a source-fingerprinting data
synthesis process. The data indicates a wide range of
petroleum sources with unweathered high paraffin
heavy oil and weathered oil with a bimodal wax
component as the most abundant. The latter are
generally associated with bunker and crude oil
washings or sludge discharges and represented 26
percent of the tar balls analyzed. An assessment by
detailed GC/MS characterization and source
fingerprinting utilizing selective ion monitoring (SIM)
was completed for 124 of the 528 samples collected.
The results indicated 18 sources with multiple
occurrences and 47 unrelated sources of which 55
percent of the samples were sourced from the 18
multiple sources and 45 percent from the unrelated
sources.
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INTRODUCTION

The purpose of this work was to examine degradation
rates and pathways of N-, O-, and S- heterocycles
(NOSHs) in marine sediments. NOSH compounds are
found in petroleum, produced waters, coal chemicals,
and pyrogenic mixtures [1]. Several NOSHs and their
oxidation products are mutagenic, carcinogenic, and/or
teratogenic [1, 2].

Relative degradation rates were determined for
prominent NOSH compounds (Figure 2B.2) under
oxidized (aerobic) and reduced
(anaerobic/methanogenic) electrochemical conditions
in three marine sediments. In the course of work,
degradation pathways for several NOSHs were
inferred from analysis of transformation products
using gas chromatography-mass spectrometry (GC-
MS).  Sediment microbes capable of degrading
NOSHs were isolated during these experiments.

To facilitate accurate identification of the NOSH
degradation products, methods were developed to
synthesize several compounds in deuterated form for
use as tracers.
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Figure 2B.2.

DEGRADATION OF NOSHs

The relative rates of NOSH degradation were
examined in three marine sediments of different grain
sizes: i.e., clay (<2 um i.d.), silt (2-16 um) and sand
(> 16 um). These sediments were maintained under
oxidized (+150 - +270 mV vs. SCE) or reduced (-250
- -500 mV vs. SCE) electrochemical conditions in
microcosms, and the rate of NOSH degradation was
monitored over time using gas chromatography (GC)
and GC-MS. It was expected that differences in grain
size and redox conditions would alter observed NOSH
degradation rates.

Data in Figure 2B.3 show the linear and sigmoidal
degradation profiles typical of the NOSHs examined.
In general, relative degradation rates were influenced
by electrochemical conditions and grain size:
oxidized sand > oxidized silt > reduced sand >/=
oxidized clay > reduced silt >/= reduced clay.

NOSH Compounds Examined in This Work.

MICROBES

Microorganisms were collected from the microcosms
after acclimation periods (196 - 700 h) and grown in
liquid buffers on mixed and single NOSHs as
substrates. Cultures showing growth and metabolic
activity (increased optical density and
iodonitrotetrazolium reduction) were examined using
visible and scanning electron microscopy. The
NOSH-degrading microbial community was
comprised of facultative anaerobes and aerobes
including at least one Psuedomonas sp., a Bacillus
sp., a filamentous bacterium (probably Nocardia sp.)
and, in some cultures, a filamentous fungus. The
metabolic specificity of this community was broad:
the microbes were able to degrade mixtures of
aromatic and polycyclic hydrocarbons and NOSHs
(e.g. carbon black).
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Figure 2B.3.

NOSH DEGRADATION PRODUCTS

To characterize the degradation of NOSHs by the
microbial community, metabolic pathway studies were
conducted on representative compounds vs. killed
controls. Quinoline and other light azaarenes were
metabolized with accumulation of few intermediates.
Other compounds, e.g., benzothiazole and
phenantridine were degraded sequentially, with
accumulation of stable products in the medium
(Figure 2B.4).

In general, product determination became more
difficult as degradation of the NOSH compounds
proceeded. This was due mainly to interference from
biogenic materials in the matrix (either sediment or
bacterial cuiture). As cultures matured, highly
degraded NOSHs could not be differentiated
conclusively from biological compounds. As aresult,
it was necessary to develop ways to confirm

©
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Degradation of Quinoline and Alk Homologs in Oxidized and Reduced Marine Sand.

preliminary pathway data. Compounds labeled with
deuterium offer unsurpassed advantages in this
respect: there are no deuterated compounds in nature,
and it is possible to distinguish transformation
products of deuterated tracers from biogenic
compounds in the matrix using GC-MS. The
commercial availability of deuterated compounds is
limited, so it was necessary to develop specific
methods for synthesis and purification of deuterated
NOSHs in quantities sufficient for these experiments.
The synthetic approach used for most NOSHs
exploited stimulated H-D exchange at Pt catalysts at
elevated temperature and pressure (250 - 270 °C/35 -
50 atm) [3]. An example of deuterated tracers in
degradation pathway determination is given below for
benzo (f) quinoline (BfQ).

GC-MS analysis of BfQ degradation products
generated by marine microbes gave the following
pathway:

CH,CHO o

lk/\/\/\m

NH, 2
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The pathway suggests that BfQ metabolism in this
system generated products of greater toxicity and
availability than the starting material (compound 2 is
structurally similar to known teratogens and
compound 3 is a carcinogen) [1,2]. To test this
pathway, deuterated BfQ (d-BfQ) was synthesized and
added to cultures containing the NOSH-degrading
bacterial community. The uniqueness of d-BfQ
isotopic clusters relative to protonated chemicals
(shown in Figure 2B.5) was used to confirm the
identities of degradation products.

The results of the d-BfQ degradation study helped to
clarify the results of previous work with BfQ:
deuterated analogs of compounds 2 and 3 (above)
were identified in culture extracts after approximately
500 h of incubation. Figure 2B.6 shows a mass
spectrum of the deuterated analog of compound 2
above, with distinct isotopic structure
(cf. Figure 2B.5.B) in the molecular ion cluster and
low mass fragments. With conclusive pathway data
in hand, we attempted to decrease the accumulation of

Examples of NOSH Degradation Products Identified.

toxic BfQ degradation products (compounds 2 and 3
above) in the medium. Aquenous BfQ was treated
with a crude microbial inoculum from a marine
sediment, and a second treatment received an
optimized culture with the ability to degrade a wide
range of NOSHs. It was found that the optimized
culture eliminated the accumulation of alkyl
quinolines resulting from BfQ degradation, whereas
the crude inoculum showed significant accumulations
of alkyl quinolines. Interestingly, the rate of BfQ
degradation was not significantly enhanced by the
optimized culture vs. the crude inoculum.

SUMMARY

A fundamental goal of biodegradation research is to
understand the transformation pathways of toxic
chemicals under conditions found in nature. Once
understood mechanistically, the system can be
manipulated in ways that may promote the removal of
inhibitory or toxic products. The experiments
summarized here and those ongoing for MMS have
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provided a) data on relative degradation rates for
NOSHSs in natural marine sediments with different
physicochemical properties, b) collection and
preliminary characterization of marine microbes
involved in degradation of NOSHs and other toxic
chemicals, c¢) protocols for synthesizing tracer
compounds in deuterated form (NOSHs, aromatic
hydrocarbons, and polycyclic aromatic hydrocarbons)
for marine biodegradation and bioremediation studies,
d) analytical protocols for extracting and identifying
NOSHs and their transformation products in marine
systems, and e) approaches for using data from basic
pathway studies in applied research.
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EXPERIMENTAL INVESTIGATION OF
THE EFFECTS OF AROMATIC
HYDROCARBONS ON A SEDIMENT
FOOD WEB

Dr. Kevin R. Carman
Dr. John W. Fleeger
Department of Zoology
Louisiana State University

Dr. Jay C. Means
Veterinary Physiology
Pharmacology and Toxicology
Louisiana State University

We investigated the biological impact of non-lethal,
environmentally realistic doses of polycyclic aromatic
hydrocarbons (PAH) on an important food web within
the shallow, muddy, estuarine sediments of a
Louisiana salt marsh. Specifically, a sedimentary
food web with three trophic levels was used as an
experimental system to determine the ecological
impacts of (PAH). The food web of interest is the
microbial - meiofaunal - juvenile fish interaction,
typical of Atlantic and Gulf-Coast estuaries.
Microbial activity and grazing by meiofauna on
microbes were measured in a microcosm experiment
in which PAH concentrations were experimentally
manipulated over a range of concentrations. In
separate experiments, predation by juvenile fish on
small metazoans was quantified in contaminated and
non-contaminated sediments. Indicators of metabolic
condition for the microbes and meiofauna were
employed and these indices were related to long-term
biological impacts.

The objective of this study was to determine, for the
estuarine benthos, the ecological effects of PAH in
sestuarine sediments.  The results will provide
information necessary to develop ecologically
meaningful policies concerning the potential impact of
aromatic hydrocarbons on estuarine food webs.

The 28-day microcosm experiment to examine the
influence of PAH on sedimentary microbes and
meiofauna was successfully completed in June 1992,
One-hundred and forty (140) six-inch diameter cores
of sediment were collected from the salt marsh near
the LUMCON facility at Cocodrie, Louisiana. Each
core represented a microcosm in the experiment. The



cores were immediately transported to a wet lab at
LUMCON and distributed randomly among four wet
tables with flowing seawater (each table represented
a block in the statistical design). Within each table,
seven microcosms were subjected to one of three
PAH treatments or two controls. PAH was
introduced into microcosms by adding PAH-
contaminated sediment to the overlying water such
that a calculated layer of | mm of contaminated (or
control) sediment was deposited on the sediment
surface. Nominal dosages were 12 ppm, 2.4 ppm,
0.48 ppm, and 0 ppm (no PAH added to sediment),
and an unmanipulated control. The PAH-
contaminated sediment used in the experimental
treatments was from field samples collected form
sediments near Port Fourchon; the 12 ppm dosage was
chosen as it represents the actual PAH concentration
at the Port Fourchon site. Four replicate microcosms
(one from each wet table) of each of the five
treatment levels were collected at each of seven time
points: 0, 1, 3, 7, 14, 21, and 28 days (total of 20
microcosm sampled at each time point). From each
microcosm, 12 different core samples are collected:
four cores for meiofauna grazing, four cores for
microbial activity, one core for nile-red analysis of
meiofauna, one core for chlorophyll a concentration,
one core for bacterial abundance, and one core for
PAH concentration. After each time point, samples
were transported back to LSU for processing.

Our analyses indicate that PAH concentration had no
significant effects on bacterial physiological condition,
microalgal abundance, microalgal physiological
condition, copepod grazing on microalgae, copepod
physiological status. PAH concentration did not
significantly influence overall meiofaunal abundance
or most aspects of meiofaunal community
composition.  There were, however, significant
impacts of PAH on the relative abundance of
nematodes and copepods (relatively higher abundance
of nematodes at high PAH concentrations).

We speculate that the apparent lack of response of
this benthic community may be because the
meiofaunal community is adapted to relatively high
ambient concentrations of PAH. Our observations
indicate that PAH concentration in Cocodrie
sediments is surprisingly high and at levels that have
been reported in the literature to be toxic. Further,
there is compelling experimental evidence from the
literature that benthic invertebrates can adapt to the
presence of elevated contaminants in only a few
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generations. We plan to address this question in
future work by comparing the response of benthic
organisms to elevated hydrocarbon concentrations at
pristine and a chronically contaminated sites.

Dr. Jay C. Means, Professor of Environmental
Chemistry and Aquatic Toxicology at Louisiana State
University (LSU) School of Veterinary Medicine, is
recognized nationally for his work on the fate and
transport of hydrocarbons and other hydrophobic
contaminants such as polychlorinated biphenols and
chlorinated hydrocarbons in aquatic environments,
including estuarine and coastal marine systems. His
laboratory group pioneered the research on the
predictive modelling of sorption/desorption processes
on sediments and also on estuarine colloids. He was
the principal investigator responsible for pollutant
chemistry and bioavailability of a Cooperative
Agreement entitled "Fates and Effects of Nearshore
Discharges of OCS Produced Formation Waters", as
well as principal investigator of two other projects
related to impacts of produced waters in coastal
Louisiana. He is also co-principal investigator of a
three-year grant under the Minerals Management
Service University Research program entitled
Biochemical Indicators and Genotoxicity of Produced
Waters.

HYPOXIA VS. PRODUCTION
ACTIVITIES: WHICH INFLUENCES
THE BENTHIC COMMUNITY?

Dr. Nancy N. Rabalais
Louisiana Universities Marine Consortium

Natural variation in space and time has been one of
the greatest problems encountered in assessments of
effects of petroleum production activities in a field
setting. In the extensively developed oil and gas
production areas of the northern Gulf of Mexico, a
major confounding effect is seasonally intense and
widespread hypoxic (dissolved O, < 2 mg/l) bottom
waters. The zones of hypoxic bottom water may
cover 8,000 to 9,500 km2 during mid-summer on the
inner continental shelf from the Mississippi River
delta to the upper Texas coast. Critically depressed
dissolved oxygen conditions may occur in near-
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bottom waters nearly continuously from April through
October on the inner shelf of southeastern and
southwestern Louisiana. On the southeastern shelf,
the zones of hypoxia are continuous, widespread, and
persistent, and may include up to 40 percent of the
lower water column in 10-30 m water depth.

Several investigations of the impacts of oil and gas
development in the coastal and offshore regions of
Louisiana have been complicated by the effects of
hypoxia on the benthos. The most notable examples
are the Offshore Ecology Investigation, the Central
Gulf Platform Study, and an API produced water
discharge study. Other studies of either the impacts
of operational discharges or the effects of hypoxia
have demonstrated that the effects of either
hydrocarbon contamination or hypoxia can be
identified in the sediments and associated
communities. One additional study of produced water
discharges in a shallow, erosive water column on the
Louisiana inner shelf off Atchafalaya Bay (Rabalais
et al. 1991) indicated that production platform effects
were detectable even where large-scale natural
processes (albeit not hypoxia) were expected to
obscure patterns. Based on these prior investigations
and concerns related to confounding effects on
impacts studies, we hypothesized that the effects of
offshore petroleum development in the form of a
production platform discharge could be identified on
the Louisiana continental shelf and placed in the
context of natural, temporal variability as caused by
hypoxic bottom waters.

Several assumptions guided our research: 1) it is
likely that an area of the southeastern Louisiana inner
shelf, where there are extensive oil and gas production
activities, will experience hypoxic bottom waters
during the summer; 2) the dissolved oxygen levels at
two or more sites will be similar throughout the
season of hypoxia in concentration and duration; 3)
benthic communities can be identified as being
impacted by hypoxia; and 4) concentrations of
contaminants can be identified in the sediments
adjacent to a production platform and will be
correlated with distance from the discharge. Based on
these assumptions, we hypothesized that differences in
the benthic fauna can be identified as a gradient in
distance from the production platform, that these
differences will be consistent across time, and that the
relative importance of environmental variables that
affect benthic community variability can be identified.

This summary outlines results presented in Rabalais et
al. (1993).

STUDY DESIGN

A substantial problem evolved early in the
determination of adequate study sites that would
provide the suitable experimental setting to answer the
original research questions. The eventual selection
was two platforms in the South Timbalier area in 20
m water depth, 3 km apart, one production (Unocal
ST53A) and one non-production (Unocal ST53B); and
a production platform in the West Delta area
(WD32E) in 20 m water depth, 74 km from ST53B.
The South Timbalier area was characterized by sandy
silty sediments (less likely to adsorb hydrocarbon
contaminants), and the produced water discharge
volume from STS53A was 5,550 bbl/d. The West
Delta area was characterized by silty sediments (more
likely to adsorb hydrocarbon contaminants) and a
produced water discharge volume of 20,000 bbl/d.
ST53B was the site of a permanent instrument
mooring with a continuously recording oxygen meter;
a continuously recording oxygen meter was placed at
the WD32E platform for a portion of the study period
(mid-June through mid-October).

Results from the reconnaissance cruise in April 1990
indicated that the original study design was
complicated by 1) dramatic variability in sediment
characteristics with distance from the platform at two
potential study sites, and 2) the lack of a clear
chemical contaminant signal (concentration and
expected gradient away from the platform) at two
study sites. One platform (Chevron ST52C) was
dropped from the study design in July 1990. At this
point, however, we were compelled to continue
focusing on the three selected platforms because of
limitations of time to complete the study and be
underway for the 1990 summer hypoxia season and
limitations of resources to conduct further
reconnaissance cruises. With data from the three
sites, we assumed it would be possible (in the event
of minimal chemical signals and confounding effects
of sediment variability) at least to characterize the
benthic communities from a variety of sedimentary
regimes where hypoxia is persistent and severe during
the summer months.

Field studies were conducted in April through August
at three or four sites (additional collections were made



in September and October under the auspices of
another funding agency). The focus of the study was
refined in July to three sites (ST53A, ST53B, and
WD?32E). Station distances from each platform were
placed as closely as possible to 20, 50, 100, 250, 750
and 1,000 m intervals. The ST53B platform served
as a reference station for ST53A; an open-water
station in West Delta block 33, as the reference
station for WD32E. Collections at each study site
included hydrographic profiles, sediment samples for
chemical analyses, and benthic organisms. Sediments
were analyzed in all months for grain size, total
organic carbon; in April-August for saturated
hydrocarbons, semi-volatile hydrocarbons and trace
metals; in selected months and stations for
radionuclides. Standard benthic community analyses
were conducted on 0.023-m’ hand-operated Ekman
grabs taken from a larger box corer (five replicates
for each station each month). Statistical techniques
used were analysis of variance general linear model,
Duncan’s multiple range test, and multiple regression
techniques.

The 1990 season of hypoxia was severe, in that
hypoxia occurred early and persistently in the spring,
hypoxia was severe in the summer, long periods of
anoxia were documented, and the generation of
hydrogen sulfide in bottom waters was recorded often.
Dissolved oxygen concentrations in bottom waters at
ST53A were similar to those at ST53B, where the
instrument mooring was located. The oxygen record
for WD32E located 74 km away, on the other hand,
showed incursions in and out of hypoxic conditions,
with no extremely low levels for prolonged periods.
Oxygen conditions, therefore, were substantially
different between the South Timbalier and West Delta
areas. Conditions at South Timbalier were
characterized as severe and persistent, with effects
expected on the benthic community. On the other
hand, conditions at West Delta were characterized as
ephemerally hypoxic and not severe, with little impact
expected. Thus, another original assumption, that
hypoxia would be similar at distant locations, was
also not met, and we were unable to characterize the
benthic communities from a variety of sedimentary
regimes where hypoxia was persistent and severe
during the summer.

These numerous problems in appropriate study sites,
lack of chemical contaminant signal and lack of a
gradient and consistent chemical signal when found,
meant that we would be unable to adequately test our
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original hypothesis. The unexpected differences in
the oxygen environment between WD32E and the
South Timbalier area also complicated those
comparative aspects of the study. However, we did
further document, under a set of environmental
conditions, the signals of production platforms in
various habitats, and the effect of variable conditions
of hypoxia on the benthos. Further, we were able to
identify the relative differences in environmental
factors with regard to explaining the variability in
benthic community parameters.

RESULTS

The grain size distributions, as expected, were
considerably different between the South Timbalier
area (primarily sandy silts) and the West Delta area
(primarily silts). The degree of variability among
stations within a single study site was high, and not
always consistent with time.  There were no
consistent gradients in sand/silt/clay percentages with
time at ST53A. STS53B was the most variable in
space and time with non-uniform and high
percentages of sand or clay that were not consistent
with distance from the platform nor sample period.
Sediments at WD32E were composed primarily of
silts, with the exception of stations closest to the
platform (0, 20 and 50 m) where the sediment surface
was impacted by sandblasting operations. At these
times, anomalously high percentages of coarse-grained
sands were present. These sediment differences
complicated the interpretation of chemical
contaminant and benthic infaunal data.

Minimal informative data were gleaned from the
sediment radionuclide and trace metal samples.
Limited surficial sediments analyzed for the
radionuclides Pb-210, Ra-226 and Ra-228, indicated
concentrations at or below typical coastal sediments.
Elevated concentrations of Ra-226 at a few stations
were not found in sediments associated with higher
levels of petrogenic hydrocarbons. There were no
clear gradients in concentrations of metals away from
the ST53A or ST53B platform for the four months
sampled. Values, in general, were lower for
sediments at ST53B than at ST53A. Metal
concentrations clearly outside the limits of normalized
Al concentrations (Schropp et al. 1990) (Pb > 100
ppm and Zn > 100 ppm) were evident within 100 m
of the WD32E platform, and were likely related to a
platform activity or discharge.



160

Sediments at ST53A contained hydrocarbons in low
concentrations of mostly a weathered petroleum or
biogenic nature. There were no clear spatial nor
temporal patterns evident in the distribution of
hydrocarbons adjacent to the STS3A platform.
Sediment hydrocarbons adjacent to STS3B were
similar in composition to those of STS53A, but
generally lower in concentration.  Hydrocarbon
concentrations had a greater range at WD32E than the
sites in the South Timbalier area. The sediments at
WD32E contained hydrocarbons mostly of a mixed
weathered petroleum and biogenic nature; there were
certain stations, however, where the hydrocarbon
composition was distinctly petrogenic. There was
also a trend for a greater predominance of biogenic
hydrocarbons with distance from the platform. With
the exception of the June sampling period, total
saturated hydrocarbon concentrations for WD32E
were similar to concentrations in South Timbalier,
despite the higher percentage of fine sediments at
WD32E and the larger volume discharge. There was
a general decrease in the concentration of specific
analytes and in summed PAHs from April through
August. The summed alkylated PAH concentrations
at 50 and 100 m in June exceeded the threshold level
where negative impacts on benthic infauna have been
shown previously (Rabalais et al. 1991).

In summary, the greatest range in hydrocarbon
concentrations was observed at WD32E, and there
were obvious indicators of petrogenic origin
hydrocarbons at selected stations during some months.
In a few instances at WD32E, analyte concentrations
and summed PAH concentrations approached or
exceeded the threshold level where negative impacts
on benthic infauna have been shown previously.
Hydrocarbon concentrations, in general, however,
were low for most study sites (even where sediments
were silty) and were characterized as weathered
petrogenic or biogenic in nature. In general, there
were no consistent spatial or temporal trends in
hydrocarbon chemistry at the three study sites.

There were significant decreases in summer and fall
in species richness and abundance of organisms.
Decreases were dramatic at ST53A and ST53B during
the period of severe hypoxia/anoxia. The decline in
benthic populations was gradual at WD32E
throughout the summer and early fall. There was a
slight recovery in the benthic community at STS3A
and ST53B during October, but the decline in

numbers of species and organisms continued at
WD32E. Overall, abundance was greater at ST53B in
the spring and early summer. As hypoxia/anoxia set
up in the South Timbalier area and benthic
populations declined, abundance of organisms became
significantly greater at WD32E. As populations
continued to decline at WD32E into the fall along
with the slight recovery at ST53B, STS3B became the
study site with the greatest abundance of organisms.
At ST53A and STS53B, the most dramatic reductions
occurred when bottom water oxygen levels fell below
0.5 mg/l. Oxygen levels seldom approached this level
at WD32E, and were never persistently low.

Although STS3A was consistently lower in number of
species and individuals than ST53B, these differences
were not always significant. It is tempting to attribute
these differences to the consistently higher
concentrations of produced water hydrocarbons at
STS3A; however, a multiple regression model with
both study sites combined indicates that only the
environmental variables of oxygen concentration,
temperature, salinity, sediments, and total saturated
hydrocarbon concentrations were significant in
explaining the variation in species richness and
abundance in the South Timbalier study area.

The benthic communities at ST53A and ST53B were
similar to each other with regard to taxonomic
composition (predominantly polychaetes) and changes
in dominance of species through time. A large
component of the benthic community at WD32E, on
the other hand, was composed of polychaetes, but a
much greater diversity of other major taxa existed
than at the stations in the South Timbalier area.
Some gradients in benthic community parameéters
were consistent through time. For example, species
richness and abundance were generally lower at the
20 m station at STS3A. The remainder of the stations
grouped with 250 m, 500 m, 750 m and 1,000 m
having the most species and individuals, and with
stations at 50 m and 100 m being intermediate. These
trends were not always significant, nor consistent
through time. Also, no environmental variable
analyzed showed the same consistent pattern with
distance from the platform. No gradient with distance
from the platform was evident in the benthic
community at the non-production platform, ST53B,
and there were usually no significant differences with
distance from the platform. Hydrocarbon
concentrations were also lower at this study site.
Benthic community parameters were significantly



different (in most cases) by station at the WD32E
platform, but these differences were not related to
distance from the platform and were not consistent
across time. Stations at 20 m and 50 m, in general,
had more species and individuals than the other
stations, but these differences were probably related to
platform effects based on the type of fauna in the
samples. In April, higher values for number of
individuals at 20 m, 50 m and 100 m were related to
abundances of Mediomastus ambiseta and Tubificidae
A, both indicators of organic enrichment. Tubificids
were uncommon in the remainder of the study and at
the other study sites.

Variability in the benthic community parameters of
species richness and abundance was explained by
differing combinations of the environmental variables
of oxygen and related water temperature and salinity,
sediments, and total saturated hydrocarbons. The
environmental variable of bottom water oxygen
concentration was important in both models for
ST53A and one each for ST53B and WD32E. In the
case of STS3A and ST53B, there was more of a
threshold effect, whereby numbers of species and
individuals were dramatically reduced when the
oxygen concentration fell below 0.5 mg/l. Sediment
characteristics were incorporated in the models for
ST53B but were inconsistent with benthic community
paradigms (i.e., percent sand was negatively correlated
to diversity and abundance). Contrary to many
benthic studies, grain size distributions were not
always paramount in explaining the variation observed
in the benthos (e.g., STS53A); however, the
relationship with oxygen was strong for that site and
sediment variability was minimal at STS3A. At only
one site, ST53B, were any hydrocarbon variables
significant in the models that explained variability in
species richness and abundance. The variable of total
saturated hydrocarbons was positively related to
species richness and abundance, perhaps indicating an
enhancement effect of the biogenic-type hydrocarbons
present in the sediments at the distal ends of the
ST53B transect. As noted earlier, however, the
concentration of saturated hydrocarbons at the STS3B
study site (non-production platform) was much less
than the other two sites (both production platforms).
Neither of the variables that would indicate the
presence of produced water origin hydrocarbons
(summed alkylated PAH and FFPI) were significant
in any of the models. The potential for effects within
100 m of the WD32E platform were masked by the
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platform-related grain size distribution differences and
other potential platform effects that would increase
diversity and abundance.

Thus, there were some indications for gradients in
benthic community parameters at the two production
platforms, but these gradients were not always
consistent in time, nor consistent with distance from
the platform, nor significant. However, there were no
clear environmental signals at any of the platforms
with distance from the platform. There were
indications that hydrocarbon composition and
concentrations at the two production platforms were
different from the non-production platform. Multiple
regression analysis identified oxygen concentration,
bottom water temperature and salinity, and sediments
as important environmental factors that explained the
variation in benthic community parameters of species
richness and abundance.  Production discharge
hydrocarbon concentrations were not significant in
any of the models, but there were no clear
environmental signals related to these contaminants at
any of the study sites.
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investigator studies of the influence of large rivers on
continental shelves, the distribution and dynamics of
hypoxic environments, and fate and effects of
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SATELLITE OBSERVATIONS OF
AVERAGE AND EXTREME
MISSISSIPPI RIVER PLUME

CIRCULATION EVENTS

Dr. Nan D. Walker
Coastal Studies Institute
Louisiana State University

INTRODUCTION

The Mississippi River is a major .contributor of
sediments, pollutants, and nutrients to the northern
Gulf of Mexico’s continental shelf and slope.
Utilization of satellite-acquired digital data enables a
quantitative assessment of the areas most often
impacted by such discharges. This investigation uses
the extensive archives of NOAA AVHRR satellite
data plus ongoing acquisitions (at the Earth Scan Lab,
Coastal Studies Institute) to enable a systematic
characterization of the Mississippi River discharge
plume and its variability in time and space. This
project focuses on assessing how plume morphology
and shelf circulation is affected by storm events,
seasonal fluctuations in river flow, and interannual
modulations of the annual cycle. The results will lead
to a better understanding of the time and space scales
of riverine/oceanic interactions and surface circulation
pertinent to pollution monitoring and oil spill
contingency planning. The primary objectives of this
project are

1. to determine which areas of the continental
shelf are most influenced by riverborne
sediments, pollutants, and nutrients by
examining the Mississippi River’s discharge
plume with five years of synoptic digital
satellite data obtained by the Advanced Very
High Resolution Radiometer (AVHRR)
aboard the NOAA environmental satellites.

2. to assess the relationships between the
morphology of the Mississippi River

discharge plume and environmental forcing
parameters including river discharge, local
wind forcing, tidal range and phase, and
shelf/slope current phenomenon (such as
Loop Current intrusions).

METHODS AND RESULTS

This study utilizes digital data acquired by the
Advanced Very High Resolution Radiometer
(AVHRR) of the NOAA environmental satellites.
This satellite data type was chosen as the main source
of data for several reasons. It provides the best
available temporal resolution, at least four scenes/day,
which enables assessments of daily changes in plume
morphology under clear-sky conditions. The spatial
resolution (1.1 km) and regional coverage are optimal
for studying the surface morphology of the river
plume and simultaneous circulation features seaward
of the river mouths. These data have been archived
daily since July 1988 by the Coastal Studies
Institute’s Earth Scan Laboratory at Louisiana State
University. The AVHRR provides five channels of
information, two in the visible (yielding information
on suspended sediment concentrations) and three in
the thermal infrared range (for computing sea surface
temperatures).  The Mississippi River plume is
revealed very differently by the visible and thermal
infrared channels of data. Reflectance information
provides a quantitative means of defining the
Mississippi River sediment plume, and, therefore, is
used as the primary data source of information. The
main drawback to its use is that once the sediment
drops out of suspension, the plume is no longer
detectable by the satellite sensor. The plume is often
trackable for longer distances with the thermal
infrared channels as river temperature, particularly
during autumn and spring, contrasts with that of
adjacent shelf water. Thus, the sea surface
temperature signal is used in this study to assess the
maximum spatial extent of the Mississippi plume.

The visible channels of the AVHRR, when properly
processed, can provide important information on
surface suspended sediment distribution and
variability. Suspended sediment distribution patterns
also provide information concerning the distribution
of pollutants in the northern Gulf of Mexico, as many
pollutants are carried on fine-grained river sediments.
It is desirable to be able to relate the satellite radiance
information to in-situ concentrations of suspended
sediments, and for this reason a field component was



included in the project. In April 1992, two field trips
were undertaken via helicopter to collect "surface-
truth” data on suspended sediment concentrations
within the Mississippi plume. Approximately 25
samples were obtained during each overflight by
lowering a 500 ml bottle from the helicopter to the
surface. During each trip a range of turbidities was
sampled, ranging from turbid river water to Loop
Current water, which during the first trip was found
within 10 km of Southwest Pass. Concentrations of
suspended sediments were calculated from laboratory
fliltration analyses of the samples (U.S. Geological
Survey  1987). The suspended sediment
concentrations and the corresponding atmospherically
corrected satellite reflectance values were used to
establish a non-linear calibration equation which was
applied to all NOAA-1l satellite imagery
(methodology followed that of Stumpf 1988, 1992).

In addition to the satellite imagery database, ancillary
information on daily Mississippi River discharges and
hourly winds was obtained to investigate the forcing
mechanisms responsible for variations in plume
morphology.

The spatial structure of the Mississippi River sediment
plume was investigated in relation to river discharge
and wind behavior. In general, the size of the
sediment plume was found to be a function of river
discharge, higher discharge generally yielding larger
plumes. The satellite image datasets were composited
according to "low," "medium," and "high" discharge
conditions. Results of these analyses revealed that
under medium discharge conditions, the "mean"
sediment plume covered 2,200 km’ of the continental
shelf. Under high discharge conditions, the area of
the "mean" plume doubled. The spatial extent of the
"maximum" composite plume under high discharge
conditions covered an extensive area of the
continental shelf and slope (13,207 km?), extending
from 88°20° W to 90°50 W and offshore to the 1,000
m isobath. This information is synthesized in
Figure 2B.7. Detailed analyses of individual satellite
images revealed that the Mississippi sediment plume
undergoes dramatic changes in areal extent and
surface morphology on time scales as short as hours.
Much of this variability can be attributable to wind
speed and direction. The individual images revealed
plume areas ranging from 450 km’ to 7,700 km?.
Plume areas varied by as much as 2,000 km® in 24
hours. The areal extent of the Atchafalaya plume, to
the west, is even more susceptible to wind behavior as
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a result of the shallow shelf onto which the
Atchafalaya River discharges (Walker et al., 1992).

Although the results of the compositing analysis
yielded valuable information on the average and
extreme morphological characteristics of the
Mississippi  River sediment plume, analyses of
individual satellite images yield more detailed
information on circulation processes on the
continental shelf and slope. Extreme circulation
events which occurred in October 1992 and August
1993 aptly demonstrate the influence of wind and
shelf/slope currents in determining the fate of river
water in the northern Gulf of Mexico. During
October 1992, a storm off the Mississippi delta caused
sustained northeasterly winds for several days
resulting in the generation of a 200 km long by 10
km wide cool plume of combined river/coastal waters
which moved rapidly to the southwest (Figure 2B.8).
An Ensearch Corporation semi-submersible rig,
anchored in the Mississippi Canyon, was forced to
curtail operations for several days as a result of strong
currents, estimated at 1-2 m/s, within the high speed
"jet." Subsequently, the cool, low salinity plume was
influenced by circulation associated with two large
warm core Loop eddies in the northwestern Gulf of
Mexico. This event may be one of the first
documented cases of high speed currents generated by
atmospheric forcing of Mississippi discharge and
coastal waters, separate from the Loop Current and its
eddies.

Almost one year later in August 1993, when river
discharge was anomalously high for summer (as a
result of the Great Flood of Summer 1993), the
Mississippi  River’s surface sediment plume was
observed extending towards the east at least 150 km,
with a surface area in excess of 7,000 km?®
(Figure 2B.9). The presence of westerly winds and
persistent anticyclonic flow over the outer shelf and
slope appear to have been the main driving forces for
the eastward transport of river water. Drifting buoy
data, obtained by Texas A&M University as part of
the Louisiana Texas Physical Oceanography Program
(LATEX) suggest that circulation was favorable for
the transport of river water at least as far as the
Florida Keys.

The following general observations can be made from
the satellite imagery. Under conditions of easterly
and southeasterly winds, the Mississippi River
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Figure 2B.7.

Mississippi River sediment plume composite map summary depicting the mean plume under
medium discharge conditions (C), the mean plume under high discharge conditions (B), and the
maximum spatial extent of the sediment plume under high discharge conditions (A) (from Walker
and Rouse 1993).
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Figure 2B.8. Schematic diagram depicting the spatial extent and evolution of the "plume" of combined
river/shelf water as observed in sea surface temperature data of the NOAA satellites on
a) 4 October 1992, b) 11 October 1992 and c) 13 October 1992 (from Walker and Rouse 1993).
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sediment plume is confined to the continental shelf.
Strong wind events, such as cold front passages from
autumn through spring, result in substantial cross-
shelf and shelf-slope exchanges of plume water. Off-
shelf movement of river water is initiated by strong
winds from the west through northeast. Subsequently,
the movement of river water over the continental
slope is controlled primarily by slope currents, often
associated with Loop Current eddies and filaments.
Persistent strong winds from a northerly and
northeasterly direction often force chilled coastal
waters southward and westward around the delta face,
substantially augmenting exchange of water and
sediments from the eastern delta region to the west.

Under southeasterly and southerly wind conditions,
sediment moves into the Chandeleur-Breton Sound
region. Sediment transport towards the southeast and
east is often inhibited by strong convergence zones
associated with the prevailing southeasterly wind
regime as well as by intrusions of the Loop Current
water onto the shelf east of the delta. To the west of

Extensive Mississippi River sediment plume streaming eastward on 10 August 1993.

the delta, anticyclonic (clockwise) circulation patterns
are often observed within the Louisiana Bight
(previously reported by Wiseman et al. (1976) and
Rouse and Coleman (1976)), although a portion of the
plume generally flows further westward. The net
result is an accumulation of river sediments, nutrients
and pollutants within the Bight and on the shelf west
of Southwest Pass.

SUMMARY

The sediment "plume" of the Mississippi River
influences an extensive area of the continental shelf
and slope, extending from 88 20’ W to 90 50° W and,
at times, covering an area in excess of 13,000 km?.
The gross characteristics of the Mississippi sediment
plume are controlled by river discharge. However,
extreme changes in size and surface morphology of
the plume can be attributed to strong wind events,
often associated with cold-front passages in winter.



Dramatic changes in plume orientation can occur in a
matter of hours as a result of altered wind forcing.

This satellite-based assessment of the Mississippi
River plume has suggested that the proportion of
water flowing westward increases during winter and
possibly also under high discharge conditions. Under
the influence of strong northeasterly winds, river
water from the eastern passes and ambient coastal
waters flow southward hugging the eastern delta
region. They subsequently turn westward to join the
discharge emanating from South Pass and Southwest
Pass. To the west of the Balize delta, anticyclonic
(clockwise) circulation of the plume is often observed
within the Louisiana Bight, although a portion of the
plume may also continue flowing westward.

This investigation has revealed that river discharge,
wind forcing, and shelf currents are the major factors
controlling the distribution of Mississippi River water,
sediments, and pollutants on the continental shelf.
Significant off-shelf transport of plume waters occurs
only in association with strong northerly or westerly
winds. Subsequently, the movement of river water
over the continental slope and deep Gulf is controlled
mainly by ocean currents, often associated with Loop
Current eddies and filaments.
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INTRODUCTION

Mr. John Greene
Minerals Management Service
Gulf of Mexico OCS Region

The long history of oil and gas development on the
Outer Continental Shelf (OCS) of the Gulf of Mexico
(GOM) has left its imprint on the land and peoples of
the region. The Gulf of Mexico OCS region has had
a long-standing commitment to the understanding of
the environmental impacts of this activity. In recent
years, the lack of a focused socioeconomic research
program has been highlighted (NRC,1993). In
response to the identified gaps in our understanding of
the social and economic impacts of OCS oil and gas
activity, the GOM region has begun to develop a
robust socioeconomic research program to fill data
gaps and to gain understanding of these impacts.

The papers presented in this session represent results
and status of recent and current socioeconomic
research in the region. These research projects are
seen as important bases in the formation of a focused
socioeconomic research program in the region. They
will provide, in conjunction with other studies already
in process or planned, an understanding of
relationships between economic and social behavior in
the area and OCS oil and gas activity in the region.

A SOCIAL SCIENCE RESEARCH
AGENDA FOR THE MINERALS
MANAGEMENT SERVICE IN THE
GULF OF MEXICO

Dr. Robert Gramling
University of Southwestern Louisiana

Dr. Shirley Laska
University of New Orleans

BACKGROUND

The northern Gulf of Mexico is easily the most
developed offshore area in the world. Today there
are over 3,9000 production platforms on the federal
waters (beyond three miles offshore) of the Outer
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Continental Shelf (OCS) alone, with over 18,000
development wells in place linked to these platforms.'
Production platforms are in place in water depths of
over 1,700 feet and over a hundred miles offshore.
Very little of OCS oil and none of the gas is tankered
ashore, which means that virtually the entire offshore
production system is connected to onshore facilities
via a network of thousands of miles of subsurface
pipelines. Unlike some of the new offshore regions
of the world,” because offshore development evolved
in the Gulf, almost all of the fabrication of offshore
facilities was done locally. The end result of this
massive development scenario, and of its evolution
over almost 50 years, has been to significantly alter
the physical, social, economic, and -cultural
environment of the coastal Gulf of Mexico (see
National Research Council 1992; Gould et al. 1991).

Since the passage of the Outer Continental Shelf
Lands Act in 1953, offshore oil and gas leasing on the
Outer Continental Shelf (generally beyond three miles
offshore) has fallen to the Department of the Interior.
Initially this task was divided between the Bureau of
Land Management (BLM) and the U.S. Geological
Survey (USGS). The two primary impetuses for
social science research came from the passage of the
National Environmental Policy Act (NEPA) in 1969,
which requires ‘"utilization of a systematic
interdisciplinary approach which will ensure the

' In contrast, as of 1988, on the Pacific Outer
Continental Shelf there was a total of 21 production
platforms and 669 development wells. There is no
other production on the remainder of the U.S. Outer
Continental Shelf.

? Because offshore platforms must be constructed
onshore and be moved offshore, they are inherently
mobile and can theoretically be constructed in
virtually any coastal region of the world and moved
to any other. For example, of the 21 production
platforms in place on the Pacific OCS in 1988, nine
were constructed in Japan, two in Malaysia, and one
in Korea. Even more remote, Mobil considered
constructing the platform for the development of the
Hibernia field (located off the coast of
Newfoundland) in Taiwan. Political rather than
technical considerations were probably more
important in the decision to construct the platform
locally.
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integrated use of the natural and social sciences" (42
U.S.C. 4321 et seq.) for analysis of the impacts of
proposed federal actions and projects and amendments
to the Outer Continental Shelf Lands Act in 1978,
which required assessment and monitoring of the
impacts of OCS activities on the "human, marine, and
coastal environments" (43 U.S.C. 1802 et seq.).

In response to these requirements the Environmental
Studies Program was created in the Department of
Interior to provide needed information for decision
making and monitoring. In 1982 the offshore leasing
and regulatory functions performed by BLM and
USGS were combined, and Minerals Management
Service (MMS) was created, which included the
Environmental Studies Program. Since its inception,
the program has spent approximately $539 million on
targeted research. Approximately 12 percent of the
funding has gone to studies in the Gulf of Mexico.
Socioeconomic  research has accounted for
approximately 4 percent of the ESP research budget,
and over 70 percent of that was spent in Alaska. In
addition, part of that 4% was spent on the funding of
scientific meetings that had more ecological and
oceanographic content than socioeconomic, and some
of the studies specifically identified as socioeconomic
had substantial components (sometimes a majority)
that were natural science in content (National
Research Council 1992). This has meant that only a
small percentage of this research has addressed
impacts in the Gulf of Mexico, where all but 21 of
the approximately 4,900 OCS production platforms
are sited, and only a small percentage of this has
addressed impacts on the human environment.

In 1989, a report prepared by the National Research
Council found that socioeconomic information in the
Gulf of Mexico Region’s Environmental Impact
Statement (EIS) for Sale 116 off southwestern Florida
was not sufficient for informed decisions concerning
OCS oil and gas activities. Briefly stated, the report
found that "[S]tandard social and economic analyses
have been inadequate" and that "[S]ignificant types of
social and economic impacts have been ignored."
(National Research Council 1989: 56).

Other sources also began to question the adequacy of
the Gulf of Mexico Region’s socioeconomic analyses
for informed decision making. For several years the
Scientific Advisory Committee of the MMS has urged
funding of more social and economic studies in order

to understand more fully long term social and
economic implications of the OCS oil and gas
program. In 1991, the State of Louisiana sued the
Department of the Interior to stop leasing of blocks
off the Western Gulf of Mexico (Lease Sale 135).
One basis for this lawsuit was the alleged lack of
adequate information of social and economic impacts
of the OCS oil and gas program (State of Louisiana
versus Lujan).

In response to the growing concern for socioeconomic
issues in the Gulf of Mexico Region, the MMS began
taking certain steps toward solving the problem.
Among the steps taken by the MMS were expansion
of the issues analyzed in the EIS to include impacts
on public services and infrastructure and impacts on
social patterns; the creation of a "Socioeconomic
Working Group" within the region; the funding of
some socioeconomic research through the Universities
Research Initiative established three years ago with
the Louisiana Universities Marine Consortium
(LUMCON); and the funding of the "Socioeconomic
Research Agenda Workshop" described in this
document to recommend studies which will assist in
the understanding of socioeconomic impacts of OCS
oil and gas activities.

The intent of the workshop was to recommend a
social science research agenda for the MMS’s
Environmental Studies Program for the Gulf of
Mexico, at a sufficient level of detail to describe
specific studies, the justification for those studies, and
the methods required to perform the stated objectives
of each project.

DESIGNING AND RUNNING THE WORKSHOP

The workshop was funded through the MMS
Universities Research Initiative. Once the workshop
goals were agreed on, the two co-conveners and
representatives from MMS and LUMCON met
periodically to design the workshop. The two
primary areas of discussion were the workshop
participants and the schedule and structure of the
workshop. The ultimate selection of structure and
participants--a  small workshop composed of
researchers expert in the impact of extractive
development--was based on the objective of
accomplishing a detailed description of key and
appropriate studies.



Workshop Participants

From the onset, the goal for the selection of
participants was to end up with a pool of individuals
which had four characteristics: 1) the group
represented the disciplinary diversity within the social
sciences; 2) within that diversity the group contained
significant expertise for each of the germane research
traditions (resource economics, social impact
assessment, marine policy, etc.) within those
disciplines; 3) to the extent possible (with the limited
past focus on the impacts of offshore energy
production), participants had familiarity with the
specific OCS development activity in question, and 4)
the group was small enough to be manageable and
still meet criteria 1-3 above. The discussions made it
evident that in addition to these academic scholars,
MMS socioeconomic specialists, and other Gulf of
Mexico officials responsible for the development of
the socioeconomic research initiatives should
participate fully in the workshop as well. Two
objectives required this: first, the research agenda
proposed by the workshop be practical, i.e. one which
would serve the needs of MMS as they increase their
consideration of socioeconomic impacts of OCS
activity. Second, MMS personnel needed to benefit
from exposure to new perspectives offered by the
academic researchers and the academic researchers
likewise needed to be exposed to new perspectives
from agency personnel. The list of participants and a
short biographical sketch of each are included in
Appendix A.

Workshop Structure and Schedule

There were five main elements agreed upon for the
scheduling and structure of the workshop (see
Appendix B for a detailed schedule of the workshop).
First, approximately one month before the workshop
each of the participants received an information
packet prepared by the co-conveners and MMS
personnel. The packet contained:

1. Background and rationale for the workshop

2. Agenda

3. A brief overview of MMS social and
economic data needs

4. A history of OCS activity in the Gulf of
Mexico and its socioeconomic impact, by
Bob Gramling
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5. A bibliography of existing research on
socioeconomic impacts of OCS activity in
the Gulf

6. A review by Ruth Seydlitz of the availability
of secondary data for analysis of OCS
socioeconomic impact

7. An example of a Request for Proposals from
MMS for use by the workshop participants
in modeling their proposal

8. A list of the participants

Second, the workshop itself was run by professional
facilitators (see Appendix A). Use of facilitators
allowed the co-conveners to become participants in
the intellectual work of the meeting and provided the
necessary skills to ensure that the group remained
focused and that the sessions ran smoothly. Once the
facilitators were chosen, they also became part of the
planning  process. In addition, five local
professionals—three University of New Orleans
graduate students and two Louisiana state
officials—were trained as auxiliary facilitators.

Third, the facilitators interviewed (by telephone)
about a third of the workshop participants, and
produced extensive notes on the background of the
participants, their ideas for research themes, and their
general concerns about and advice for, the workshop.
These interviews provided information for planning
the workshop. Some of the concerns expressed in the
phone conversations were addressed in the plenary
sessions; in addition, the ground rules proposed to the
group reflected some of the concerns expressed in the
phone interviews.

Fourth, a field trip was planned as the first on-site
experience of the workshop. It was designed to
immerse the participants in the OCS oil and gas
industry. The field trip took the participants by boat
through the coastal environment of Louisiana (where
most of the support activity for OCS activity exists)
and then offshore to see some of the development.
Not only did this give the participants an opportunity
to see how unique the OCS resource extraction
activities are, but also it allowed the participants to
meet one another, to begin networking and to discuss
the OCS activities that would be the focus of the
workshop. By the first day of actual workshop
activities, the participants were prepared both
interpersonally and topically to begin collaboratively
to develop the agenda.
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Fifth, three plenary sessions were established. The
beginning session introduced the project, set the
ground rules and determined the broad sub-area topics
for the four or five breakout groups. No attempt was
made to set the themes of the breakout groups
beforehand. To do so would have caused the
workshop co-directors to have interjected their
perceptions of the broad topics. It was the intent of
the project to have the workshop participants--key
experts in the field--do that. This was recognized as
a risky design but essential to have the workshop
product be truly the result of the workshop.

In practice, establishing the broad subtopical areas
proved problematic, as had been anticipated. The first
attempt to do so resulted in a list of over 30 ideas,
many of which were individual projects as opposed to
components of an overall organizing system for a full
research agenda. After extensive dialogue and listing
of relevant research issues, several typologies for
organizing the work groups around the research issues
were discussed. Gramling presented a typology of
socioeconomic impacts and methodologies, which was
discussed extensively (Appendix C). Eventually, a
simple typology that focused on scale of analysis (see
methodologies, Appendix C) was agreed on. It was
proposed that organizing the work into breakout
groups was not necessarily the same task as
developing a definition of the subareas of
socioeconomic research important to assess OCS
impact. In the last plenary session, more effort was
directed toward grouping and linking the projects
according to different criteria. See below for the
results of this effort. Finally, in addition to a simple
typology to divide the labor between the work groups,
a set of guiding principles emerged from the first
plenary session to provide focus across groups.

These principles were:

1. Be practical. Focus on issues that are
significant--to the agency, to affected
publics, and/or as identified in the existing
social science research literature. Provide
the kinds of information that, according to
scientific standards, ought to be included in
an EIS and the kinds of information called
for under the Outer Continental Shelf Lands
Act Amendments (OCSLAA) of 1978.

Use a long-term perspective. In doing
studies, take advantage of the time frame of
accumulated experience in the Gulf (e.g., the
ability to consider the full boom-bust cycle,
the changing levels of government capacities
over time, etc.) to understand the underlying
processes, and to provide useful input to
other communities and OCS regions. Focus
on compiling what we know, but doing so in
a way that helps us have a better idea of
what to expect in the future.

Identify the generic vs. the specific. To the
extent possible, identify underlying causes
and processes in such a way as to be able to
separate out the experiences that are unique
to the time (e.g., pre-1969, post-1973, etc.)
or region (e.g., coastal Louisiana, Morgan
City, etc.) from those that can be expected in
other times and places.

Learn from surprises as well as from "the
expected.” Discuss the lessons to be learned
from strategies that were thought to be
adaptive but failed; from cases where
planning was helpful in ameliorating
impacts; from unexpected changes in price,
technology, industrial practices, even global
politics (e.g., the sudden eagerness for oil
development in the former Soviet Union).

Be realistic. Explicitly consider technology,
changes taking place in the industry,
influence of commodity/price trends, federal
approaches to leasing, and other "external"
factors that affect socioeconomic impacts.

Be balanced and thorough. Consider positive
as well as negative impacts; deal with the
full range of significant socioeconomic
impacts, not just those that fall within the
traditional subject-matter interests of one or
more social science disciplines.

Focus on distribution of impacts. Explicitly
consider who wins and who loses and
whether impacts that are negative (or
positive) in the short run may prove to be
positive (or negative) in the long run.

Ascertain the ways in which OCS activities
have a socioeconomic impact. Consider the



process whereby the extraction activity
results in impacts. Such considerations will
facilitate impact assessment and mitigation.

Following a review of these guiding principles, the
breakout work groups were formed. The groups
ranged in size from five to seven members and
contained a variety of participants from different
socioeconomic disciplines (e.g., an economist,
anthropologist, sociologist, geographer--and
representative of MMS). Each group met in an
individual room, with a local facilitator, to design
what they felt were the most immediately relevant
projects for the research agenda. The professional
facilitators moved from room to room to assist in
inter and intra group communication.

Three of the work groups focused on the research
needed to assess and monitor impacts on 1)
individuals and families, 2) communities, and 3)
regional/state entities. The fourth group examined the
needed research concerning the role of policy in
monitoring and mitigating socioeconomic impacts,
and the fifth group (other) worked on the issues
that had been raised in the plenary session, but that
did not fit neatly into the typology. After deciding
what the most important projects were within their
specific charge, the work groups broke into smaller
groups or assigned individuals to provide the first
draft of the proposed project description.

A second plenary session was planned to assess the
progress of the breakout groups and to determine how
to address any problems being encountered. This
session clarrified the expected project description
outcomes. Additionally, some groups discovered that
they were producing similar proposals. Two of the
breakout groups combined for the final breakout
effort and other smaller groups evolved with members
from more than one group. At the end of the
workshop a third plenary session evaluated and ranked
the projects (see below for description of the last
plenary session).

Format of the Project Descriptions

To ensure that the work groups considered and
provided input for similar project elements, a structure
for the write-up for individual projects was suggested
and agreed upon. The elements were
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Title
Region
Proposed Period of Performance/Level of Effort
Applicable Planning Areas
Description of Proposed Project
Objectives:
Methods/Study Design:
Products
Justification
Current Status of Information on this Topic
Applicability of Information to Issues of
Regional or Programmatic Concern
Qualifications

RESULTS
Proposed Projects and Their Rankings

The number of project descriptions produced by each
breakout work group ranged from two to five. The
project descriptions were collected and copies were
reproduced for each of the workshop participants. On
the last day of the workshop each of the 18 proposed
projects was presented by a member of the work
group that had designed that project.

Following the presentations, criteria for ranking the
projects were developed (concerns and issues
surrounding the ranking process are discussed below).
After a number of suggestions were proposed by the
workshop participants, the facilitators suggested three
criteria for ranking them:

1. Immediacy/time sequence. How important is it
to get the project under way?

2. Practicality/fit with MMS needs. How important
is the project for MMS’s decisionmaking and
monitoring responsibilities?

3. Scientific importance. How important is the
project for understanding and/or monitoring the
phenomena.

Other criteria which included

4. Mix of methodological approaches. Will the
findings be more encompassing if a variety of
research methods is used?

5. Utility of findings to governmental entities in the
Gulf of Mexico region in addition to MMS.
Does OCSLAA permit consideration of needs of
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regional and local governments when research is
conducted on social impacts?

6. Marketability of research idea. What initial
research projects will be seen as central to the
MMS mission and thus constitute a good base for
establishing a socioeconomic research program in
the Gulf of Mexico region?

7. How the research findings will be used in the
preparation of EISs.

Voting Procedures

Each participant was given a ballot with the projects
listed in the order of presentation. Each participant
had a total of ten points that could be allocated
among the 18 projects, with no more than three points
to any one project. Following voting, the results were
tallied and the projects were ranked as follows:

Proposed Studies and Their Rankings by
Participants

1. An Assessment of the Historical, Social and
Economic Impacts of OCS Development on
Gulf Coast Communities. (31 votes)

2. Consequences of OCS Oil and Gas Activities
for Individuals and Families. (21 votes)

3. Socioeconomic Issues Analysis on Gulf of
Mexico Activity. (20 votes)

4. Case Studies of Gulf Communities. (17
votes)
5. Mitigation  Strategies for  Addressing

Socioeconomic Impacts. (16 votes)

6. MMS Policies and Processes Affecting
Socioeconomic Impacts. (15 votes)

7. Estimates of OCS Development in the Gulf
of Mexico Since 1954: Comparison
Between Two Accounting Methods. (14

votes)
8. Decline. (13 votes)
9. Local Government Capacity to Manage

Development. (11 votes)

10. Regional Forecasting/Simulation Model. (10
votes)

11 Monitoring Socioeconomic Impacts of OCS
Activities in the Gulf of Mexico Region. (9
votes)

12a. (tie) Perceptions of Risk. (8 votes)

12b. (tie) Adaptations of Local Oil-Support
Businesses to Change in OCS Activities. (8
votes)

13a. (tie) Factors Influencing Industry
Restructuring. (7 votes)

13b. (tie) Development of "Appropriate
Technologies" in the Petroleum Industry. (7
votes)

14. Outer Continental Shelf Activities and the
Human Environment. (6 votes)

15. A Comparative Analysis of the
Socioeconomic Impacts of Mineral
Extraction Communities. (5 votes)

16. Socioeconomic Survey of the Gulf of
Mexico. (2 votes)

CONSTRUCTING A RESEARCH PROGRAM
FROM WORKSHOP RESULTS

The ultimate success of using a workshop of experts
to "quick start” a socioeconomic impact research
program for the MMS will not be known for several
years. While the response to the workshop on the
part of both the researchers and MMS staff who
participated was very positive, the contribution of the
workshop will rest on how the recommendations are
implemented. Conference participants saw several
more steps as necessary. The implementation of
several of these recommendations is presented below
in a prescriptive fashion for succinctness to
demonstrate how important the participants felt how
important they were in producing a successful
socioeconomic impact research program. Without
serious consideration of these issues, the contribution
of the workshop toward beginning a socioeconomic
impact research program might be minimal. The
issues fall into the categories of funding, packaging,
and capacity building.



Selecting Projects For Funding

Considerable concern was expressed to the co-
conveners publicly and privately that the ranking of
the proposals be kept in perspective.

There are several issues here:

1. The process of ranking individual proposals does
not necessarily result in a balanced program of
research. As one participant wrote afterwards,
"There needs to be a much smaller group of
people who look at the asray of possibilities, the
relative costs involved, the type of balance that
would be appropriate and then work up, in
interaction with one another, an appropriate game
plan.”

2. The ranking process does not necessarily address
how the studies are to be used. In order to select
projects based on this criteria, it would be
necessary to ascertain MMS specific objectives
with regard to implementing a socioeconomic
impact assessment research  program.
Determination of program objectives could also
be "quick started" by holding an in-house
workshop similar to this one which was held with
the scientists and by producing a similar
document which can then be referred to as the
program is implemented. The reason for the
importance of this effort is that the projects
proposed in this document will serve different
MMS objectives.

In the final plenary session some attempt at
combination of the projects was discussed. The group
reached a number of conclusions:

1. The group noted that no clear interval separated
the higher ranked studies other studies; they
rejected the idea of setting a line between top-
ranked studies and other studies.

2. The group noted that more broadly stated
baseline studies tended to get more support than
more specialized studies. Several members noted
that while there is a need for basic projects, there
are important, more focused, studies in the pool
of those recommended.

3. The group also noted that some of the more
specialized studies could be linked
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methodologically or topically with some of the
higher-ranked ones, and therefore might be
included with them in establishing a program of
study.

4. The group agreed that some of the more
specialized studies might be given a higher
priority because they would help achieve a
balanced research program, or because they might
have a high promise of developing new
methodologies, answering specific relevant
questions, or facilitating administrative decisions
or policy considerations. It was also noted that
some of the more focused studies were very
innovative and that MMS does not have a history
of funding innovative studies.

5. The group agreed that some of the studies
overlapped and might be combined.

6. But the group reached no consensus on
alternative ways to cluster the projects, other than
noting that the rank order or scores of the
projects should not be considered as the sole
criterion in establishing a research program.

A number of participants have written suggesting
possibilities for combining projects, and reducing
overlap. While some of these appear to have
considerable merit, the co-conveners have refrained
from including them in the report or from interjecting
their own suggestions for combinations. We will note
that there is some overlap and that possibilities for
combining some of the projects are good. This
should be carefully considered as implementation
proceeds.

Packaging the Projects

In addition to concerns about funding priority,
workshop participants suggested that MMS consider
carefully the packaging of the project components,
using both theoretical and methodological criteria as
well as practical criteria in place at MMS with regard
to preparing and distributing RFPs. "How things have
always been done" for the biophysical environmental
studies projects may not work for the socioeconomic
impact assessment research. Carefully considering
what should be changed in the way the projects are
packaged--while difficult to do because the process is
well in place--may have a very positive payoff in
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terms of implementing a socioeconomic impact
research program.

Certain projects may be easily packaged with others
(e.g., #6 and #13a). Certain projects may be of
sufficient magnitude to warrant a single project.
Consideration must be made of the utility of bringing
together various researchers and research activities
and whether they must be brought together within the
research project or by the MMS social scientists who
will oversee the program’s implementation. Again,
deliberate consideration of the implications of the way
in which the projects are implemented may be crucial
to a successful socioeconomic impact research
program.

Capacity Building

A final concern of the workshop participants was that -

MMS did not currently have the capacity to
implement the recommendations of the workshop.
Several specific recommendations were made:

1. MMS needs to increase staff to successfully
administer a social science research agenda.
The specific recommendation was made that
MMS add two Ph.D.-level social scientists in
the Gulf region. It should be noted that one
participant specifically objected to the
limitation of the recommended positions to
Ph.D level. However, many felt the research
and theoretical training associated with the
doctorate were necessary for the management
of a research program. Additionally, the
people should be trained and have experience
in the application of social science research
to social problems and issues; they should
have the management skills to draw on the
resources of the in-house social scientists for
advice about developing a clear sense of the
objectives of the program and how to
implement them.

2. MMS needs to respond to requests for
proposals from academic researchers. While
consultants play an important role in the
biophysical environmental studies program,
this may be possible because the research
issues are much better defined. In its first
years, the program will benefit from funding
academic researchers who have, as a constant
requirement of their craft, theoretically and

methodologically robust research. Private
consultants have more difficulty
implementing such efforts because they are
not subsidized by institutions which have
peer-reviewed research as an objective.
Again, careful attention to the way in which
the research is carved into requests for
proposals will permit an assessment of which
components are best completed by the
consultant sector.

One way to enhance academic submissions is to have
a longer period of time-between the announcement of
the RFP and the submission deadline. Due to the way
in which the university operates, quick responses are
difficult because a funding procurement component is
not fully in place in the academic setting as it is in
the consulting firm. The responsibility for almost all
of the proposal preparation often falls on the
researcher.

3. Develop a sound, systematic process of
obtaining reviews, from both in-house and
academics, of the research proposals. Other
federal agencies do not select the reviewers
until after the submissions are made; as a
result, individuals who do not submit
proposals can be utilized as reviewers. By
ascertaining how these other agencies have
developed their review processes, MMS can
modify its system. A credible systematic
review process is paramount for keeping the
best researchers in the research game.
Recent problems with RFP announcements
and reviews have badly soured some of the
key researchers of resource extraction and
economic development.
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SOCIAL AND ECONOMIC IMPACTS
OF OIL "BOOM AND BUST" CYCLES

Dr. Ruth Seydlitz
University of New Orleans

The focus of this paper is on the social and economic
impacts of offshore petroleum extraction and
production in the Gulf of Mexico on communities in
Louisiana. Two issues will be addressed. The first is
the manner in which offshore extraction leads to
impacts. A scenario of impacts will be presented. The
second is the implications of the scenario for
intervention and mitigation strategies.
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A SCENARIO OF SOCIAL AND ECONOMIC
IMPACTS OF OCS PETROLEUM EXTRACTION

The following scenario of impacts was derived from
ongoing research concerning the effect of offshore
petroleum extraction on social problems, educational
attainment and strain, and community economic health
of parishes in Louisiana. The data measuring
petroleum industry activity, social problems, education
and community economic health were obtained
annually from diverse federal and state governmental
sources. Several indicators of social problems,
educational attainment and strain, and community
economic health were used. Two indicators of
petroleum extraction activity were used—the average
price per barrel and the number of developmental
wells off the coast of Louisiana. All variables in
dollars were converted into 1983 dollars. All variables
measuring impacts were calculated for four groups of
parishes: 12 parishes highly involved in petroleum
extraction and production, 11 parishes minimally
involved in such activities, five parishes highly
involved in extraction only, and five parishes highly
involved in activities related to extraction and
production (e.g., refining, fabrication, and wholesale
trade). Time series regression was used to calculate
the effect of the measures of extraction activity on
each measure of social problems, educational
attainment and strain, and community economic health
for each group of parishes separately. (For further
information concerning the data and methods, see
Seydlitz and Laska 1993).

The results varied by degree (highly or minimally
involved) and type (extraction or related activities) of
involvement. There were fewer significant impacts in
the minimally involved and related activities groups
of parishes than in the highly involved and extraction
groups. The results in the highly involved and
extraction groups were very similar; therefore, the
scenario is based on the findings for these two groups
(see Tables 1 and 2). :

The chain of events begins with an increase in
extraction activities. As extraction operations increase,
average per capita income, sales taxes, criminal court
cases, and school expenditures rise and enrolling in
college may decrease, while transfer payments and
unemployment decline. Based on theory, the increase
in income may lead to an increase in parents’
educational aspirations for their children and the
increase in high school completion, although the
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Summary of Impacts in the Highly Involved Parishes®

Impact Variable

homicides
(.145)

criminal cases
(.510)

suicides
(.508)

high school
completion
(.093)

going to college
(.302)

per pupil
expenditures
(.256)

per capita
expenditures
(.100)

income (.383)

transfer
payments
(.509)

unemploy. rates
(.527)

per capita
unemploy.
(.544)

net migration
(.648)

sales taxes
(.240)

Oil Activity

increases

increase

increases

increase

increase

increases

decrease

decrease

decreases

increase

One Year Later

decreases

increases

increases
(inmigration)

Two Years Three Years Four Years
Later Later Later
decrease
decrease
increase
increases
increases decreases
decrease
decreases
increase
increase
increases
decreases
(outmigration)
decrease

? Numbers in parentheses are the Rs for the effect of petroleum activity.

increase in high school completion in the extraction
parishes appears to be too early for this explanation.
The increase in income allows people to spend more
money so sales taxes collected also rise. Housing
values rise (based on decennial data not shown in

tables), which increases property taxes. The rise in
sales and property taxes means that schools have more
funds, thus school expenditures increase. High school
graduates see the advertisements for lucrative
positions in resource extraction companies and forego
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" Summary of Impacts in the Extraction Parishes®

Impact Variable Oil Activity

increases

homicides
(.188)

criminal cases increase

(.443)
suicides (.261)

high school increases

(.096)

going to college decreases
(.176)

increase increase

per pupil
expend (.596)

per capita increase increase

expend (.464)

avg. number
pupils (.042)

income (.532) increases increases

transfer pay.
(351

unemploy. rates
(:275)

per capita
unemploy.
(310)

net migration increases
(.633) (inmigration)

sales taxes increase

(.445)

One Year Later

Two Years Three Years Four Years
Later Later Later
decrease
decrease
increase decrease
decreases
decrease
decrease decrease
decreases
decreases
increase
increase
increases
decreases
(outmigration)

decrease (P)
increase (W)°

a Numbers in parentheses are the R’s for the effect of petroleum activity.
® The effect of price at the third lag was negative while the effect of wells at the third lag was positive.

college; therefore, the enrolling in college decreases.
As more people have jobs with more income, transfer
payments and unemployment decrease. However,
some residents lack the skills needed to gain
employment in the extractive industry and feel
deprived. Their perception of deprivation and their
attendant feelings of frustration due to their inability

to gain from the rising economic affluence in the
community as a whole leads to outwardly directed
anger and the number of criminal court cases rises.

One year later, income, school expenditures, sales
taxes rise and inmigration occurs. The rationale for
the increases in income, school expenditures and sales
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taxes the same as above. The increase in inmigration
occurs because people from other communities discern
that lucrative positions are available in the highly
involved and extraction communities; thus, they move
into these communities in hopes of obtaining these
positions.

The second year after the increase in resource
extraction activities, the scenario begins to reverse.
Income, sales taxes, criminal court cases and school
expenditures decrease and suicides may increase while
unemployment and transfer payments rise. The
problem is that too many people have arrived. Some
of these newcomers do not have jobs; therefore,
average per capita income and sales taxes decrease
and unemployment rates, per capita unemployment
and per capita transfer payments increase. Since per
capita income is less, many people do not have
money to spend on discretionary or expensive items;
thus per capita sales taxes are lower. Lower sales
taxes reduce the proportion of the money that goes to
the schools from sales taxes and the total amount
schools can spend. Residents and newcomers who do
not have lucrative jobs may now know many other
people who also are not benefitting from the resource
extraction. These people may feel despair and turn the
anger inward resulting in an increase in suicides and
a decrease in criminal court cases.

The third year after the increase in activity, school
expenditures decrease, sales taxes may decline, suicide
rates may increase, high school completion may rise,
enrolling in college drops and outmigration occurs.
Again, the decrease in per capita sales taxes may be
associated with the drop in school expenditures since
schools would have less money to spend. The
newcomers and some long-time residents may realize
that they have no hope of obtaining positions in the
extractive industry and that they cannot afford to live
in the community; therefore, suicide rates increase and
outmigration occurs.

The increase in high school completion and the
decrease in enrolling in college was unanticipated. It
may be possible that parents still aspire for their
children to complete high school hoping that there
will be an increase in resource extraction activities in
the future from which their children can benefit.
Freudenburg (1992) discusses how volatility in the
price of the resource extracted is similar to
intermittent positive reinforcement, which is the most
effective reinforcement schedule. He points out that

people in a community do not quit hoping that the
extractive industry will become active again, because
they have seen upturns and downturns in the industry
previously and have learned to wait for the next wave
of activity.

In the final year for which lags could be included due
to the number of observations in the time series
analysis, homicide rates decrease and suicide rates
may decrease. It is possible that, because almost all of
the other relationships have reversed by the fourth
year after an increase in activity, the situation in the
community has reached a new equilibrium. Therefore,
social disruption has decreased, which has decreased
both suicide and homicide rates. Another potential
explanation for the decreases in homicide and suicide
rates may be the outmigration that occurred in the
previous year. Thus, some unattached young males at
high risk for homicide and suicide may have left the
community.

The scenario proposed would be difficult to test and
would require that a path analysis with time series
data be used. Such a test is only possible in
communities that have had a long-term involvement
in resource extraction and there are very few such
communities. Also, portions of the scenario include
individuals’ perceptions and feelings, which would
require ongoing surveys and indepth interviews to
collect the data. Such a test was beyond the scope of
the present study and can only be conducted well in
future resource extraction projects due to the need for
survey and indepth interviews throughout the phases
of resource extraction activities - opportunity-threat,
predevelopmental, developmental and
postdevelopmental.  Finally, although employment
was not included in this current study, the scenario
purports that jobs are a major factor in the causal
chain leading from resource extraction to impacts.
Thus, jobs and the idea that there is an increase in
employment opportunities due to increases in
extraction activities need to be included in tests of the
scenario.

IMPLICATIONS FOR INTERVENTION AND
MITIGATION STRATEGIES

Social problems. The results concerning the
relationship between petroleum industry activity and
social problems were not clear, consistent or strong;
hence, it is difficult to suggest possible mitigation
strategies. However, it may be possible to use




programs that have reduced similar problems in other
contexts. These strategies include suicide prevention
programs, employment counseling, anger management
training, mental health counseling, and substance
abuse prevention and treatment for both newcomers
and long-time residents.

Education. The outcome of the study implies that
there is a need to monitor and mitigate the impacts of
energy extraction on educational attainment. A
mitigation strategy to encourage high school graduates
to invest in college when the industry is very active
is necessary as is a policy to stimulate high school
students to complete high school when the industry is
less active. Both mitigation activities would reduce
overspecialization of the community in the energy
extraction industry, which would enable the
community to take advantage of or even create future
economic development opportunities when the
extractive industry is less active or has ceased
operations entirely.

High school graduates could be encouraged to
continue their education when the industry is active if
employers would allow employees to work flexible
hours or even part-time so employees could obtain
additional education. Employers could also offer
credits toward promotions for completing college
courses. These incentives should be offered not only
to managerial employees, but also to workers in
manual labor positions. Employers could have
meetings with employees, community leaders, and the
media to discuss the inevitability of the bust and the
need for individuals and communities to develop other
skills to attract new economic development
opportunities to protect the community against the
economic problems associated with the decline in the
extractive industry. Presentations could be made at the
high schools showing students the possible jobs
available with different levels of education, including
information about working conditions, type of work
and salary ranges. Such information may entice some
high school graduates to continue their education
despite the availability of positions that do not require
additional education.

Although the data demonstrated that high school
completion increases when industry activity increases,
incentives by employers could further elevate high
school completion. For example, employers could
require a high schoo! degree for more jobs and job
training, especially for lucrative employment.
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Employers could visit high schools in the
communities and discuss the - employment
opportunities available if students obtain their high
school degree. In fact, employers could present
material on the range of possible employment and
show students the potential salary ranges and working
conditions of positions available with and without the
high school degree. If no attractive jobs are available
without the high school degree and some are available
with this degree, at least some students should be
encouraged to complete high school.

Educational strain may be dependent on migration. It
may be possible to set aside some money from the
industry, the state (e.g., severance taxes), the
community (e.g., unexpected additional income from
sales and property taxes), and the federal government
(e.g., money from lease sales) to offset additional
demands for educational services that initially occur
with increases in activity. Because the benefits of
resource extraction are national while the impacts are
local, it is logical for the federal government to set
aside some money to mitigate impacts in both the
highly involved communities and surrounding affected
communities.

Community __Economic _Health. The findings
demonstrate the need for a diversified economy.
Economic improvement, even when the extraction
industry is doing well, is not assured, but economic
problems when the industry is doing poorly are highly
probable. The economic decline due to the downturn
in the industry can be mitigated somewhat if the
community has a more diversified economy. In fact,
even a more diversified involvement in the
extraction—such as producing products from the
extracted resource, constructing equipment needed for
extraction activities, transporting the raw material and
its products, wholesaling the raw material and
products—may be economically beneficial,
particularly when the industry is less active. On the
other hand, it is possible that the economic survival of
the related parishes was due to the importation of oil
from other countries. If this is the case, then the
economic survival of these communities would not be
generalizable to other similar communities where
importation of the raw resource is not possible. -

If a community is undergoing rapid economic
development through resource extraction and the
extracted material could be obtained from other
regions when it is not available in the host
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community, then it may be possible to ensure a more
diversified involvement in the extractive industry. The
creation of a more diversified involvement could be
accomplished by requiring companies that are
extracting the resource to site plants that add value to
the material in the community from which the
resource is extracted. These plants cannot be those
that do low-level processing that adds little value,
such as cutting lumber to make it easier to transport.
To mitigate some of the negative impacts, the plants
must be those that truly add value to the material,
such as refining petroleum for use as gasoline and
heating fuel as well as producing industrial chemicals
and consumer use plastic items from the petroleum.

Another possible method of mitigating some of the
negative impact on community economic health may
be to set aside money from sales taxes collected by
the community, severance taxes collected by the state,
lease sale proceeds collected by the federal
government, and the profits earned by the companies
involved in extraction for job training and
employment counseling of long-time residents and
newcomers. However, some prior research shows that
long-time residents are unwilling to undergo job
training to obtain employment at power generating
stations (Little and Lovejoy 1979; Lovejoy 1983).
Such money could also be used to mitigate the
increase in transfer payments that occurs when
unemployment increases.

It might also be possible to reduce the economic
rollercoaster of improved economic health succeeded
by decreasing economic health by regulating the speed
with which the extractive industry is allowed to
develop. In the context of offshore petroleum
extraction, this could be accomplished by monitoring
economic impacts and adjusting the number of tracts
leased and number of wells allowed to control the
economic changes. Unfortunately, this strategy may
have the effect of increasing the anticipated duration
of extractive endeavors in the community and
elongating the period of prosperity associated with the
extraction which may result in a greater risk of
overspecialization to the extractive industry
(Freudenburg and Gramling 1992).

Another potential approach to mitigation would be to
control a variable early in the causal chain leading to
the impacts. Unfortunately, most of the variables in
the causal chain cannot be regulated. For example, the
price of oil is a powerful variable and is associated

with many of the impacts. However, the price is
determined by international factors beyond the control
of the United States or the petroleum-producing
companies themselves.

The number of developmental wells in a region could
possibly be controlled. On the one hand, it is
unrealistic to expect companies to lease tracts for oil
extraction and not allow them to develop wells
quickly when there is strong economic incentive to do
s0. On the other hand, the government does supervise
leasing and the pacing of leasing. The political
difficulty of this strategy is that there is currently no
evidence that shows that slower growth would
mitigate some of the impacts of resource extraction.
Also, Freudenburg and Gramling (1992) suggest that
the longer the anticipated duration of resource
extraction, the greater the risk of overspecialization,
assuming that all other factors are held constant.

Based on the scenario, migration is another important
variable in the causal chain. However, it is politically
infeasible to control this factor. It may be possible to
reduce migration if companies were required to hire
a particular portion of their employees at all levels
from the host community. Also, there could be a
portion assigned for the surrounding area. The
regulation of this mitigation strategy would be
difficult, but not impossible.

The rest of the factors in the causal chain are either
late enough that control of them would not reduce the
impacts or very difficult to regulate, if not impossible.
Thus, with the possible exceptions of managing the
development of wells and requiring that particular
proportions of the employees come from the host
community and the surrounding area, it is not possible
to break the causal chain suggested in the scenario.
Thus, mitigation appears to be necessary.
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OCS DEVELOPMENT AND COASTAL
INCOME INEQUALITY:
A COMPARATIVE ANALYSIS

Dr. Charles M. Tolbert, 11
Department of Sociology and Rural Sociology
Louisiana State University

SUMMARY

This report summarizes preliminary findings from a
comparative analysis of family income inequality that
employs parish- and county-level data from the 1970,
1980, and 1990 Censuses. The focus of the analysis is
trends in family income inequality in coastal
Louisiana parishes adjacent to the substantially
developed Outer Continental Shelf (OCS). The
comparative analysis design permits inequality trends
in Louisiana parishes to be compared to inequality
trends in coastal counties of the Florida panhandle
where there has been no significant OCS
development. In addition to these spatial
comparisons, the analysis design permits a temporal
comparison across key decades in the recent history of
the offshore oil and gas industries. While the decade
of the 1970s was one of rising oil prices and greatly
expanded OCS development, the 1980s saw prices fall
and offshore activity generally decline. This change in
development patterns is an important reason to study
inequality trends in the 1970-1980 and 1980-1990
periods. Following conventions of inequality analysis,
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trends in family income inequality have been gauged
with multiple measures of inequality computed with
decennial census data. A descriptive overview of
initial findings is contained in this report. In the
coming months, inequality will be modeled with
pooled time-series, cross-sectional estimators. In
these ways, the analysis is designed to gain an
understanding of the effects of OCS development on
income inequality in coastal areas.

BACKGROUND AND OBJECTIVES

The study of income inequality is a long-standing
tradition in sociology, economics, and other social
sciences (for reviews of studies and methodologies,
see Allison, 1978; Coulter, 1989). Implicit or explicit
in most income inequality research is a concern for
the fundamental dimension of social stratification in
industrial and post-industrial societies. Rather than
focusing only on income extremes--say, the very rich
and/or the very poor--those who study income
inequality assess the distribution of income throughout
the population. Inequality indices thus gauge the
relative socioeconomic well-being of all persons.

This research brings state-of-the-art inequality analysis
procedures to bear on relative socioeconomic well-
being in an area with the most offshore development
in the U.S. Despite the rhetoric of concern about the
social, cultural, and economic effects of offshore oil
and gas development, there is relatively little
documentation of socioeconomic effects. In view of
the paucity of such research, an income distribution
analysis is an undertaking of the highest priority. One
reason for the lack of socioeconomic research has
been the absence of viable data that span both the
expansion and contraction of development off the
Louisiana coast. Some coastal parishes are remote,
and some are sparsely populated. Consequently, the
only reliable and valid available data for such areas
are decennial censuses. The recent release of county-
level summary data from the 1990 Census makes it
possible now to develop inequality measures from
three consecutive decennial censuses.

The conceptual framework employed here is industrial
restructuring, an inherently  multidisciplinary
approach. Scholars from a variety of social science
disciplines--economics, sociology, geography, urban
and regional planning, political science--have begun
to adopt this perspective as they study late-industrial
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and post-industrial changes in spatial and social
divisions of labor. The industrial restructuring
approach focuses on sectoral employment shifts (e.g.,
from manufacturing to service), spatial employment
shifts (e.g., plant relocations), and resulting changes
in local economies that shape the socioeconomic well-
being of residents. It is a framework built on
industrial life cycle and transition themes such as
sunrise industries (e.g., semiconductors), industrial
decline (e.g., steel), and industrial renaissance (e.g.,
craft-based manufacturing). Key proponents of this
perspective include Markusen (1985), Storper and
Walker (1989), and Sassen (1990). Restructuring in
the offshore industry is increasingly apparent in
changing ownership patterns, new technologies, and
the internationalization of offshore labor. It is very
likely that this restructuring will be reflected in
onshore income inequality patterns since 1970.

The project now underway has two phases: 1) a
comparative analysis of inequality trends, and 2) a
modeling of income inequality. The comparative
analysis contrasts inequality patterns in coastal
Louisiana parishes and panhandle counties of north
Florida where there has been no offshore activity.
Thus, the Florida counties are treated as a control
group contrasted with Louisiana parishes. To
maximize the utility and validity of comparisons,
efforts have been made to pair and/or match counties
and parishes as closely as possible on relevant social,
demographic, and economic characteristics. The
overriding concern of the comparative analysis is the
extent to which patterns of income inequality in
coastal parishes diverge across time from patterns in
Florida and elsewhere in Louisiana.

The second phase of the analysis will involve
modeling of the Louisiana and Florida inequality
patterns. Pooled time-series, cross-sectional
estimators will be employed that permit the error
structures to be varied across time and/or spatial units.
Exogenous variables will include measures of
community human capital, local industrial
characteristics, labor force data, urbanization,
population density, and growth. Models will be
designed so that separate estimates can be obtained
for the Louisiana coastal parishes and the Florida
panhandle counties. This will permit comparisons of
the sources of income inequality in the two areas and
reveal how those sources have changed since 1970.
Statewide models will also be estimated to ensure that
any distinctive local inequality patterns are not result

of state-based factors. This second phase of the
project will be carried during the winter of 1994,

OVERVIEW OF COMPARATIVE
INEQUALITY ANALYSIS

Data Sources: Various county-level data sources have
been relied upon in the proposed research. The
primary source for family income data required for
computation of inequality indices is summary tape
files associated with the 1970, 1980, and 1990
Censuses (Allen, 1991; U.S. Bureau of the Census,
1980, 1990). These data files are part of the
extensive holdings of the LSU Center for Life Course
and Population Studies.

Measures of Inequality: Because income inequality
indices have different properties and strengths, it has
become standard practice for researchers to analyze
multiple inequality measures. This research employs
two inequality indices: the Gini coefficient and
Theil’s information-theoretic inequality measure.

Based on the Lorenz curve, the Gini coefficient has
been the most widely used inequality measure. It will
be employed in the proposed research as defined by
Treas and Walther (1978):

1 n
-3 E |2y = xp |
=l j=1

where n = the number of income categories, x; = the
population share of the ith group, and y; = its income
share. The measure is most sensitive to income
transfers that occur in the middle of the income
distribution.

Despite its ease of computation and interpretation, the
Gini coefficient has been shown to be problematic
(Allison, 1978; Coulter, 1989). Based in information
theory, Theil’s (1967) inequality measure overcomes
most problems associated with the Gini coefficient.
Following Treas and Walther (1978) and employing
natural logarithms, the Theil measure can be defined
as



with the elements of the equation defined in the same
way as for the Gini coefficient. The Theil measure is
thought to be most sensitive to changes in the lower
tail of the income distribution.

Figure 1 displays our initial findings for the Gini and
Theil inequality measures. The results are based on
the Louisiana Parishes of Cameron, Vermilion, Iberia,
St. Mary, Terrebone, LaFourche, Plaquemines, and St.
Bernard. Florida panhandle counties included are
Santa Rosa, Okaloosa, Walton, Bay, Gulf, Franklin,
Wakulla, Jefferson, and Taylor. The overall
inequality data suggest that both coastal areas
experienced significant declines in family income
inequality between 1970 and 1980. Between 1980
and 1990, however, the patterns diverge. Though the
counties and parishes experienced increasing income
inequality across the 1980s, the Louisiana parishes
saw sharper increases in overall inequality. We
strongly suspect that this is due to the diminishing of
OCS activities associated with the decline of oil
prices during the 1980s. This hypothesis will be
tested in the modeling phase of the project.

The overall inequality scores masked some important
differences among parishes and counties in Louisiana
and Florida. Using a hierarchical clustering
algorithm, parishes and counties were matched on a
number of key 1970 dimensions, including
demographic factors. Demographic variables include
population, racial composition, income, households on
public assistance, education level, migration, and
unemployment rate. Three strongly matched pairs of
parishes/counties were derived: LaFourche, Santa
Rosa; Vermilion, Walton; and St. Mary, Taylor.
Figure 2 details the inequality patterns for these three
pairs of matched counties as measured by the Theil
coefficient. The results indicate that inequality
decreased more sharply in the Louisiana parishes
during the offshore boom. Since the Theil coefficient
is more sensitive to the lower end of the income
distribution, these findings suggest that effects of the
OCS development activities quickly reached low-
income families. We will attempt to test this
hypothesis in the modeling phase as well.
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A SOCIOECONOMIC OUTER
CONTINENTAL SHELF ISSUE
ANALYSIS OF
STAKEHOLDERS IN THE CENTRAL
GULF OF MEXICO

Dr. Robert Gramling
University of Southwestern Louisiana

INTRODUCTION

This project will identify the levels of support for,
and opposition to, Outer Continental Shelf oil and gas
activities by the various stakeholder groups in the
coastal central Gulf of Mexico (Alabama, Mississippi,
and Louisiana); the social and economic issues and
concerns of these groups; and the underlying
assumptions concerning the effects of Outer
Continental Shelf activities. The project suggests
ways to focus research and management efforts
effectively on significant issues of public policy.

The current project, an issue analysis of the Gulf of
Mexico, was a high-priority recommendation that
came out of an MMS-funded workshop (see Gramling
and Laska 1993) held in New Orleans in September
of 1992. The workshop was designed to produce a
recommended research agenda to address the
appraisals made by the National Research Council
(1989; 1992).

An issue analysis identifying the social and economic
issues connected to oil and gas activity in the central
Gulf of Mexico is important for two reasons. First,
as noted above, the array of various levels of
opposition to and support for the Outer Continental
Shelf leasing program is not a simple one. The
delineation of the various levels of support and
opposition and how they are distributed within the
central Gulf, is the first step toward understanding
this complex phenomenon. Second, and more
importantly, an issue analysis will uncover the reasons
behind the various levels of support for or opposition

to Outer Continental Shelf activities. What are the
assumptions that the various stakeholders make about
the nature, both positive and negative, of various
Outer Continental Shelf activities? This is a critical
question not only for understanding the phenomenon,
but also for predicting the socioeconomic impacts of
various activities that potentially take place on the
Outer Continental Shelf. As Gramling and
Freudenburg (1992; see also Freudenburg and
Gramling 1992) have shown, human social systems
respond not only to alterations in the physical
environment, such as those produced by various
development projects, but also to changes in the social
environment, such as those produced by new
information concerning proposed actions. While there
has been no physical development activity (e.g.,
exploratory or development drilling) associated with
the federal leasing program in the vicinity of the
Florida Keys since the 1950s, significant, empirically
verifiable changes in the human environment have
resulted simply from proposing these activities,
changes which have had dramatic effects on the
leasing program itself, including a Presidential
moratorium. In short, knowing the assumptions that
underlie the support or opposition to Outer
Continental Shelf activities allows for a better
understanding of what the effects of those activities
will be, and consequently to more informed decision
making.

Specifically, the objectives of this research are

= to identify and describe the various stakeholder
groups in the coastal central Gulf of Mexico,
define their interests and the degree of their
concerns about Quter Continental Shelf oil and
gas activities.

* to identify the specific social and economic issues
related to the central Gulf of Mexico oil and gas
activity considered important by different major
stakeholders and other knowledgeable individuals.

* to identify the underlying assumptions on the
effects of Outer Continental Shelf activities,
which determine stakeholders’ positions on the
social and economic issues.

* 1o suggest ways to further enhance research
initiatives by ensuring their relevance to
stakeholders’ concerns.



RESEARCH METHODOLOGY

With an issue analysis, the research strategy is
different from standard surveys where the interest is
focused primarily on representativeness.  With
surveys, the researcher wants to be able to statistically
generalize to the public at large. The effectiveness of
surveys, of course, depends on the quality of the
questions asked. Issue analysis targets the issues as
they are expressed by those who will later act on the
basis of their stand on the issue. In issue analysis, the
population becomes the array and positions on those
issues rather than the individuals who hold positions
on those issues. Whereas with a standard sampling
methodology the researcher must be very careful to
sample all the elements of the population, with issue
analysis the researcher must be very careful to sample
across all of the issues and positions on the issues of
interest. To do this, a "theoretical" sampling
procedure (often called snowball sampling) is used,
which allows the researcher to target issues.

Snowball sampling is a method through which the
researcher develops an ever-increasing set of sample
observations. One respondent in the population is
asked to recommend others for interviewing, and each
of the subsequently interviewed participants is asked
for further recommendations (Babbie 1992). This is
the only feasible type of sampling procedure which
will fit the requirements of the project to 1) identify
various stakeholder groups through a referral process
and 2) retain flexibility in the field to identify and
sample stakeholder groups as they are "discovered"
through the sampling process. Sampling continues
until the investigation exhausts the issues (i.e. no new
ones are being found). At this point, a content
analysis of the interviews will allow the relative
strength (i.e. proportionately how many individuals
hold particular positions, and how strongly do they
hold them), of the positions to be determined.

This type of analysis is most useful in identifying the
strength and organization of various stakeholder
groups that may support or oppose an activity or in
identifying the appropriate categories for use in a type
of data collection that uses standard methodology
where the interest is statistical generalization.

Specifically, the research has nine major components:

1. A review of existing information on key
stakeholder groups and their concerns. This
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review involves both a literature review and
initial telephone interviews with currently known
key informants in the central Gulf of Mexico.

The_creation of a data base that allowed the
comparison of employment, industrial sector,
occupational, income, and household data at the
state, county, and community level across the
entire three central Gulf states using the recently
available U.S. Census summary tables available
on CD ROM. The data base covered the three
central Gulf of Mexico states Louisiana,
Mississippi, and Alabama, all counties/parishes in
these states, and all "places" (cities) reported by
the census.

The selection of relevant sample communities,
and/or regions, based on the information obtained
from components 1 and 2 above.  After
examination of the communities in the data base,
initial contacts in the communities, and
consultation with representatives from Minerals
Management Service the target communities were
selected. The area chosen for investigation
ranged from Cameron to Gulfshore, and included
the communities of Cameron, Lafayette, Morgan
City, Grand Isle, Gulfport, Biloxi, Mobile (very
limited sampling), Fairhope, Dauphin island,
Orange Beach and Gulfshore. Data collection
was begun with a letter of authorization to spend
funds, in June 1993 using Grand Isle as a test
community.

The identification of additional key informants:
In each of the selected communities key
stakeholder informants were identified. In each
community these informants were the start of the
"snowball" sampling procedure. In each
community or region our first key informants
were public officials/community leaders who had
detailed knowledge about the area. We asked
these individuals what groups have interests
concerning OCS activities in order to 1) test and
potentially expand our initial assumptions
concerning stakeholder groups and 2) obtain
references on specific individuals within these
groups to interview them.

Key informant interviews. We interviewed a
wide variety of individuals across oil, gas, and
support sectors of the economy, commercial
fishermen of various types, recreational fishermen




and boaters in the sample communities during
July and August of 1993. These interviews
solicited information about the important issues
and concerns with respect to OCS activity and
how it is believed OCS activities will affect the
community.

Examination and copy of relevant local
documents noted by key informants. This was
limited to instances where the position(s) of
specific stakeholders have been put forth in
writing (e.g., position papers, correspondence,
reports), or where the documents could provide
important information about the group or the
community.

Transcription of interviews. The interviews are
currently being transcribed. When this process is
completed the data will be loaded into an
analytical software program for analysis.

Content analysis of interviews and relevant local
documents. Content analysis is a process by
which specific concepts that appear in the
documents to be analyzed (here the transcripts of
the interviews and the local documents) are used
to generate coding categories, and the resulting
appearance of the concepts across categories of
individuals or groups is analyzed. This is not
simply a counting procedure. The key to content
analysis is the identification of the appropriate
concepts embedded in the relevant documents (in
this case transcripts), and the analysis of the ways
in which the concepts appear across the
interviews. For example, a key concept that
might emerge is that of "economic development.”
Once identified in the interviews, a key concept
would be identified by a variety of words would
be chosen (e.g., economic, jobs, training, etc.)
that would allow the researcher to search the
interviews electronically for these key words,
determine if economic development is an issue in
that document and to what extent that issue
dominates the transcript. Once instances of
economic development have been identified, then
the researcher can (for example) see if this
concept is more likely to be raised by individuals
familiar with OCS activities than those relatively
unfamiliar with OCS activities or with certain
stakeholder groups and not with others.

Analysis of results and report writing.

PRELIMINARY FINDINGS

Although no formal analysis of the data has yet
occurred, as the transcription is not complete, several
trends seem to be emerging

1.

Outer Continental Shelf activities are generally
supported in Louisiana for most stakeholder
groups. The exceptions to this are several
environmental groups and some of the alternative
users of coastal waters. Most common among
this latter group are shrimpers who contend that
some areas (e.g., east of the mouth of Bayou
Lafourche) cannot be shrimped due to the amount
of discarded oilfield trash on the bottom. Some
of these areas appear to be in state waters and
some in the vicinity of some of the earliest Quter
Continental Shelf development. In general, it is
somewhat difficult to tell without more careful
analysis of the data the level of problems that
shrimpers have with Outer Continental Shelf
activities because of the extent of the conflict and
opposition that has arisen in the shrimping
community over the use of TEDs.

Most business interests in coastal Mississippi are
not excited about offshore oil, but they are not
organized or focused on the issue. Community
leaders in Gulfport and Biloxi have in the past
opposed Outer Continental Shelf activities, but
the current gambling fiasco has them so focused
on gambling as an economic activity that Outer
Continental Shelf concerns have shifted into the
background.

Mobile Bay appears to be the dividing line for
real opposition to offshore activity. Baldwin
county took the state to court to stop the sale of
state leases, and community residents in Orange
Beach and Gulfshore voice frequent, strong
opposition to offshore development. It is
probably not coincidental that beach-oriented
tourism really begins west of the mouth of
Mobile Bay and continues into Florida.

In general, most of the people we interviewed
were ignorant of Minerals Management Service
and its role in offshore development.
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NEAR-INERTIAL OSCILLATIONS
OVER THE TEXAS-LOUISIANA
SHELF

Dr. Changsheng Chen
Dr. Robert Reid
Dr. Worth D. Nowlin, Jr.
Department of Oceanography
Texas A&M University

INTRODUCTION

Wind-induced, near-inertial oscillations over the
Texas-Louisiana shelf during spring and summer 1992
are described using the moored current meter and
wind data taken by the Texas-Louisiana Shelf
Circulation and Transport Processes Study (LATEX
A, see Figure 2D.1). First, the spatial distribution of
energy and modulation time scale of near-inertial
currents over the shelf are presented based on rotary
spectra, complex demodulation, and variances.
Second, the meteorological field and associated frontal
passages are described using daily weather maps and
surface wind measurements from surface buoys over
the northwest of Gulf. Third, a possible driving
mechanism for near-inertial currents is discussed
based on the coherence estimate for winds and
currents and a simple mixed-layer model. Finally, a
summary completes this presentation.

ANALYSIS OF CURRENTS

Rotary spectral analysis was carried out on the 3-h,
low-passed records of currents made during the study
period of April-October 1992. A sharp spectral peak
centered at near-diurnal frequency was found at
instruments over the shelf (Figure 2D.2). The energy
contributing to this near-diurnal peak decreases with
depth and was almost entirely clockwise-rotating
motion, with some contribution from counter-
clockwise rotation near the bottom. The energy of
diurnal tides was removed from the records using the
up-dated harmonic analysis program developed
originally by Forman (1979), which shows that the
energy of diurnal tides was much weaker than the
near-inertial motions at all moorings except those
nearest to the coast.

In general, the amplitudes of near-inertial currents
decrease with depth at each mooring over the entire
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shelf (Figure 2D.3). Vertical phase distribution of
near-inertial currents is characterized by

first baroclinic mode-like structure; near-inertial
oscillating currents in the deeper stratified layer are
approximately 180\degrees out of phase with those in
the upper mixed layer (Figure 2D.3). Such phase
distributions tended to disappear in cases of weak
vertical stratification (Figure 2D.4). This vertical
structure is similar to that reported by Wood and
Chapman (1989 unpublished manuscripts) at
Nantucket Shoal over the New England shelf and by
Millot and Crepon (1981) over the continental shelf
of the Gulf of Lions, indicating the similarity in
near-inertial oscillation over different continental
shelves.

The near-inertial oscillations are almost in phase in
the cross-shelf direction over the shelf during each
individual event (Figure 2D.5). Study of variances
shows that the near-inertial energy has a maximum at
the shelf break and decays gradually toward the coast,
but rapidly offshore (Figure 2D.6).

METEOROLOGICAL FIELD

Generally speaking, the near-surface atmospheric flow
over the LATEX shelf was dominated in spring
through summer 1992 by a subtropic anticyclone with
high pressure centered near 27 degree N east of
Florida. This large-scale, high pressure system drives
southeast or sometimes south wind in the marine
boundary layer over the entire shelf. The
synoptic-scale wind field was distorted intermittently
during the passage of fronts associated with low
pressure cells (Figure 2D.7). From late April to May,
the direction of the wind vector turned toward the
southeast with the passages of three cold fronts. In
June and July, however, the passage of
southeast-moving front was restricted to north of the
LATEX region. The resulting flow in June was
dominated by southeast or southwest winds over the
shelf, with occasional northeast winds during strong
frontal passages (Figure 2D.8).

Rotary spectra for hourly wind velocities at all
meteorological records over the shelf and in the open
Gulf show relatively significant clockwise-rotating
energy peaks at diurnal periods. This peak energy
level is about one order smaller than that of the
low-frequency winds (Figure 2D.9). The magnitude
of diurnal wind fluctuation was intermittent with a
modulation scale of five to seven days, and the
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Figure 2D.3.

Time series of the band-passed residual currents and the 3-h low-passed water temperature from
30 June to 7 July 1992 at depths of 12 (solid line) and 100 (dash line) m at mooring 13. The width
of the band is from 1/29 hours to 1/21 hours.
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Figure 2D .4. Time series of the band-passed residual currents and the 3-h low-passed water temperature from

24 April to 10 May at depths of 10 (solid line) and 19 (dash line) m at mooring 18. The bandwidth
is the same as Figure 2D.3.
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Figure 2D.5. Time series of the band-passed residual currents at top meters of moorings 15, 14, 13, and 12
during 30 June-7 July 1992. Solid and dash lines are the east-west (U) and the south-north velocity
(V) components, respectively. The width of the band is the same as Figure 2D.3.
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Weather maps at 1000 mb selected at 7:00 AM (EST) on 2, 4, 7, and 9 May 1992.

Figure 2D.7.
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Figure 2D.8.

Time series of 40-h low-passed surface wind stress vectors, the x and y components of 40-h high-
passed surface wind stress, and the 40-h low-passed air temperature (solid line) and pressure (dash

line) at buoy 17 from April to July 1992.
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Figure 2D.9. Clockwise-rotating rotary spectra for surface wind velocity at SRST2 (solid line), LATEX buoys
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42002. Estimates of rotary spectra were made using the hourly-sampled wind data obtained from
mid-April to late July 1992. Segment points of 256 with overlap points of 128 were used for

spectral analysis, and the unit of spectral density is (m/s)*/cpd.




fluctuations are similar in the cross-shelf direction
(Figure 2D.10). The diurnal wind variation is almost
in phase with the diurnal variation of air pressure
gradient during frontal passages. The seabreeze is
restricted to within about 50 km of the coast. The
feedback effect of near-diurnal variation of air-sea
temperature difference on the diurnal variation of
surface winds appears to be small over the shelf, even
though both of them are almost in phase.

DRIVING MECHANISM FOR NEAR-INERTIAL
CURRENTS

Similarity is found in the near-inertial frequency band
of rotary spectra between the surface wind stress and
water currents at each mooring where wind data are
recorded on either a LATEX mooring or a nearby oil
platform (Figure 2D.11). Strong, near-diurnal
oscillations of water currents occur during periods of
large wind variation (Figure 2D.12). This suggests
that the near-inertial currents may be forced by
temporal variation of local surface wind stresses
during frontal passages.

The results obtained from a simple mixed layer model
forced by the real surface wind stress give a
reasonable prediction for the near-inertial current in
the mixed layer when the downward transfer of the
near-inertial energy to the deep stratified layer is
weak (Figure 2D.13). Diagnostic analysis for model
results suggests that the large, near-inertial oscillations
over the LATEX shelf are generated mainly by the
temporal high frequency (near-diurnal) variation of
the wind stress coincident with frontal passages
(Figure 2D.13).

SUMMARY

Wind-induced near-inertial oscillations over the
Texas-Louisiana shelf in spring and summer 1992
have been described using the moored current meter
and wind data taken by the Texas-Louisiana Shelf
Circulation and Transport Processes Study. Rotary
spectral analysis show a clockwise-rotating energy
peak at near-inertial frequency for water currents on
each current meter mooring. Vertical structures of the
near-inertial oscillation are characterized by the first
baroclinic mode with near 180\degrees phase
difference between upper mixed and lower stratified
layers. The oscillations are intermittent with a
modulation time scale of about five to seven days.
They are surface-intensified with maxima near the
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shelf break, decaying gradually toward the coast but
rapidly offshore. Similarity is found between the
temporal variation of wind stress and the near-inertial
currents.  When the downward transfer of the
near-inertial energy to the deep stratified layer is
small, a simple mixed layer model forced by the real
wind stresses provides a reasonable prediction of the
near-inertial currents in the mixed layer. Study
suggests that the large near-inertial oscillations over
the LATEX shelf are generated mainly by temporal
high frequency (near-diurnal) variation of the surface
wind stress occurring during atmospheric frontal
passages.

ACKNOWLEDGEMENTS

This study was funded by the Minerals Management
Service under contract number 14-35-0001-30509.
We would like to thank Matthew Howard and
Linwood Lee in the LATEX A Data Office for their
efforts in processing and quality control of the data.

REFERENCES

Formen, M. G. G. 1979. Manual for tidal currents
analysis and prediction. Pacific Marine Science
Report 78-6, Institute of Ocean Sciences, Patricia
Bay, Sidney, B.C., 70pp.

Millot, C. and M. Crepon. 1981. Inertial oscillations
on the continental shelf of the Gulf of
Lions-observations and theory.  Journal of
Physical Oceanography, Vol. 11, 639-657.

Wood, T. M. and D. C. Chapman. 1989. Observations
of near-inertial motions during the Nantucket
Shoal flux experiment. Unpublished manuscripts.

Dr. Changsheng Chen started working at Texas A&M
University in September 1992 as an assistant research
scientist. His primary areas of interest are
observational and numerical study of coastal
circulation, oceanic frontal processes, interaction
between physical and biological processes, and
western boundary currents. Dr. Chen received his
M.S. in Marine Meteorology from Qingdao University
of Oceanography and his M.S. and Ph.D. in
oceanography from the MIT/WHOI Joint Program.



210

L L I e it
Solid line: Buoy 17
Dash line: Buoy 19

o
@

7y (dyne/cm?)
(e}
S
)
i

~

0.0 I