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SUMMARY

This Proceedings volume presents summaries of the presentations and discussions of the Eleventh Annual
Information Transfer Meeting (ITM) held on November 13-15, 1990, in New Orleans, Louisiana. These annual
ITM’s have been sponsored by the Minerals Management Service (MMS), Gulf of Mexico OCS Regional Office,
since 1980 in support of the OCS oil and gas program to foster exchange of information among participants,
including MMS staff; invited speakers from academic institutions, Federal and State agencies, industry,
conservation groups, and knowledgeable individuals; contractors for MMS-funded environmental and
socioeconomic studies; and the audience of general invitees. This volume includes session introductions by the
respective session chairpersons; followed by short accounts of presentations by the authors.

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

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

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

ITM INTRODUCTION

The principal purposes of the ITM are (1) to
provide a forum for "scoping” topics of current
interest or concern relative to environmental
assessments or studies 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 decisionmakers from MMS,
other Federal or State governmental agencies,
regionally important industries, and academia and to
encourage opportunities for these attendees to meet
and develop or 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 regional information exchange.
Presentations are invited through personal contacts
between session chairpersons and speakers who have
demonstrated knowledge or expertise on the subject
of interest. A few presentations are accepted in
response to our call for contributed papers.

Meeting support funding is provided through the
MMS Environmental Studies Program. All meeting
logistical support is provided by a contractor (Geo-
Marine, Inc, at this time) and subcontractors
selected through the usual Federal procurement
process. A proceedings volume is prepared for each
ITM, based on presentation summaries submitted
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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 as a result of the major changes and
challenges that affect the MMS and the OCS
Programs.

Our new director, Mr. Barry Williamson, has
instituted policy, procedural, and organizational
changes. The Congress has had some difficulty
developing a Federal budget within the constraints
of the Gramm-Rudman-Hollings budget reduction
act, which has affected our operating resources.
The President has made sweeping policy decisions
which affect the OCS Program nationwide.

This year’s Opening Plenary Session speakers were
invited to share information on some of the current
issues we (MMS) face, on some of the financial
benefits to the Nation of the OCS oil and gas
program, and on some of the recent and pending
legislation that will provide even more challenges
and opportunities in coming years.

Dr. Richard E. Defenbaugh is Chief of the
Environmental Studies Section of the Minerals
Management Service Gulf of Mexico OCS Regional
Office. His graduate work at Texas A&M University
on the natural history and ecology of Gulf of Mexico
estuarine and continental shelf invertebrates led to
an M.S. in 1970 and a Ph.D. in 1976. He began his
career in the Federal service in the Bureau of Land
Management’s (BLM) New Orleans OCS Office in
1975 and has been involved with BLM/MMS
environmental studies and assessment programs
since then.



INFORMATION TRANSFER
MEETING WELCOMING REMARKS
AND OVERVIEW OF CURRENT
ISSUES FACING MINERALS
MANAGEMENT SERVICE

Mr. Chris C. Oynes
Minerals Management Service
Gulf of Mexico OCS Region

WELCOMING REMARKS

On behalf of the Gulf of Mexico OCS Regional
Office of Minerals Management Service (MMS), let
me welcome you to the Eleventh Annual
Information Transfer Meeting (ITM). Our Regional
Director of MMS--Mr. J. Rogers Pearcy--would
normally welcome you to this event. Unfortunately,
he is unable to be with us today.

We are pleased that you are with us today. This
ITM promises to be an exciting three days. Last
year we had some 500 attendees. We will probably
exceed that number this year. This ITM offers a
wide range of subjects on onshore oil and gas
development. Through 19 sessions involving 148
speakers we hope to provide you with a wide array
of current information, new ideas, new development,
and thought-provoking analysis. The sessions we
have planned cover a number of issues, including:

* the opening plenary session, with presentations
on issues currently facing the MMS, a financial
accounting of OCS costs and benefits to date,
and an overview of recently passed and pending
Federal legislation affecting the OCS program
or the offshore industry;

* sessions on new developments in oil spill
response and spill response planning, including
presentations by Clean Gulf Associates and the
U.S. Coast Guard; a panel discussion on recent
Federal and industry-sponsored oil spill
research; discussions of logistics involved in
responses to recent spills (the Mega Borg and
the American Trader) and in oil dispersant use
in the Gulf of Mexico; an overview of MMS’s
program to test industry’s capabilities via
unannounced oil spill drills; and a panel
discussion regarding oil spill contingency
planning by Gulf States;

» sessions on findings of recent studies of
produced waters discharges in Louisiana coastal

arcas; on disposal and regulation of naturally
occurring radioactive materials (NORMs), which
occur in produced waters; and on clearance of
drilling or production sites following removal of
mobile offshore drilling units or production
platforms, a subject of particular controversy
with the shrimping industry in the Gulf;

sessions reporting recent advances in offshore
technology, especially in support of deepwater
operations in the Gulf of Mexico, including
offshore mapping, geologic and geohazard
studies, production and transportation issues,
and engineering safety and accident control;

sessions for progress reports by researchers
working under MMS funding on a variety of
projects, including long-term environmental
monitoring at the Flower Garden Banks; a study
of effectiveness of various techniques used for
management of marshes in coastal Louisiana;
studies of the habitats, communities, and
ecosystem of the Mississippi-Alabama Shelf; and
studies of the social impacts of the offshore oil
and gas industry to coastal Louisiana families,
institutions, parishes, and other social settings;

sessions devoted to reports on current
technology and recent research to study the
distribution, movements, and environmental
habitats of sea turtles and whales, using state-
of-the-art sonic, radio, and satellite telemetry
devices;

sessions to provide an opportunity for physical
oceanographers from the offshore industry,
academia, and Federal agencies to share recent
research findings, especially of studies to track,
analyze, and model Gulf of Mexico eddies;

sessions of reports by directors of Gulf of
Mexico marine laboratories and research
facilities, summarizing facilities and current
research;

a session of contributed papers, mostly on
studies of echinoderms offshore the Florida
panhandle, methods of assessing fish stocks near
platforms and minimizing effects of underwater
explosives on fish stocks, of studies of dolphins
stranded in Texas, and of dolphin behavior near
the Mega Borg oil spill; and

a session on the Land and Water Conservation
Fund and the Historic Preservation Fund, which



are supported by the OCS program and have
provided nationwide benefits by providing
support for outdoor recreation programs,
national parks and seashores, national wildlife
refuges, and national forests.

All these sessions promise a full and interesting
three days. We are glad you are here to take
advantage of them.

OVERVIEW OF CURRENT
ISSUES FACING MINERALS
MANAGEMENT SERVICE

Another duty has been thrust upon me today. We
had hoped that the Director of MMS, Mr. Barry
Williamson, might be able to attend our meeting
and provide a review of current issues in MMS.
Unfortunately, Mr. Williamson’s schedule did not
allow him to attend our ITM. I will attempt to fill
in today with what I hope are some useful
observations about current issues facing MMS.

In June of this year President Bush made some far-
reaching and fundamental decisions about the
direction of the OCS Oil and Gas Program. After
ayear of careful analysis by his relevant departments
and agencies--National Oceanic and Atmospheric
Administration, Department of Energy,
Environmental Protection Agency, the Interior
Department--the President decided to take a number
of steps to ensure that offshore oil and gas will be
produced in an environmentally responsible manner:

* He removed 99% of the area off California

from consideration for leasing for the remainder
of the century. Only 87 tracts remain for study.

*  Three sales off California and Southern Florida
were cancelled.

* He ordered the restructuring of the OCS
program, which will soon be reflected in a new
S-year program.

* He also ordered that a study be made of a

proposal for sharing OCS revenues with the
coastal states.

The Secretary of the Interior, Manuel Lujan,
embraced the principles cited by the President and
took additional steps. He cancelled a sale in the
North Atlantic (or Georges Bank) until the year
2000 and cancelled a sale off the coast of
Washington and Oregon.
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These decisions will be reflected in the new 5-year
leasing program for the period 1992-1997. As you
may be aware, development of such a program
requires a series of lengthy steps such that the 5-year
program will not be finalized until mid-1992. Our
next step--issuance of a draft proposed program--
will occur soon, perhaps early next month.
Consistent with the President’s decisions, the draft
proposed program will slow the pace of proposed
lease sales, will stress an environmentally sensitive
program, and will increase the opportunities for
close consultation with state governments, the public,
and interest groups so that conflicts are minimized.

Another current issue affecting the large number of
operations in the Gulf of Mexico OCS is the bonding
requirement for companies that conduct operations
on the OCS. The MMS has issued in the Federal
Register, for review and comment, a proposed
regulation to change our bonding requirements.
This regulation would require the bonding level to
rise from our current level of $50,000 per lease or
$300,000 areawide to a higher figure. These bonding
levels have not been raised in more than 15 years.
A large amount of comments were received, many
of them negative. The MMS is now considering a
number of options on how it might address this
issue.

Finally, I would like to share with you some trends
on what is happening in the Gulf OCS regarding oil
and gas. Figure 1.1, "Trends in Acres Leased,"
shows a consistent increase in acreage leased
annually from 1986 until 1989, but a slight decrease
in acreage leased in 1990. Table 1.1, "Trends in
Field Size," shows a consistent decrease in the
average size of oil/gas fields discovered over the
past four decades, as measured in "Barrels of Oil
Equivalent." Figure 1.2, "Trends in Production,”
shows a very slight decline in the rate of oil
production over the period 1986 through 1989, but
a slight increase in gas production over the same
time period. Cumulatively, these figures indicate
that the Gulf remains a major producing area, but
that the most promising acreage on the shelf has
been explored, and that major fields have been
located. Future exploration and development in the
Gulf can be expected to focus on smaller or deeper
finds on the continental shelf and on the promising
acreage in deeper waters of the Gulf.
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Table 1.1. Trends in Field Size, Gulf of Mexico
OCSs. :

Decade Average Size Field Discovered

1950’s 140 Million BOE
1960’s 70 Million BOE
1970’s 40 Million BOE
1980’s 10 Million BOE

Mr. Chris C. Oynes is the Deputy Regional Director
for the Gulf of Mexico OCS Region of the Minerals
Management Service. In this role he helps manage
all of the Regional Office’s functions, including
environmental protection, regulation of operations,
production and development, and leasing.
Mr. Oynes earned his law degree at George
Washington University and served for 11 years in
the Minerals Management Service Headquarters
Offices in Washington, D.C. in OCS leasing and
environmental programs.

FINANCIAL ACCOUNTING FOR
THE OUTER CONTINENTAL
SHELF LANDS

Dr. Scott Farrow’
Council on Environmental Quality

Accounting is not the topic that gets the great mass
of researchers and policy makers standing up in the
aisles. Accounting is however, a powerful tool for
management in both private companies and federal
agencies where it provides a structure for obtaining
and comparing information.

As a guide to obtaining and comparing information,
accounting can help fulfill the demanding guidelines
of the President’s recent Outer Continental Shelf
(OCS) decision. In particular, the Minerals
Management Service now has time to take a fresh
look at the guiding principles for OCS leasing
provided by the President in June:

* Adequate information and analysis,
* Environmental sensitivity,
* Resource potential,

*  Energy requirements, and
* National security requirements.

Many of these principles, and their tradeoffs, can be
addressed in part through an expanded accounting
framework that would put the MMS in a leading
position among resource management agencies as
the United States evolves toward integrating its
national income accounts with those of the United
Nations.

The most basic change I am suggesting is to
integrate the standard income sheet statements--
those showing revenues and expenses--with balance
sheet statements that are commonplace to private
companies who manage natural resources. The
MMS is well on its way to that objective. I will
demonstrate approximately how such integrated
statements might have looked for fiscal year 1987.
Following those 1987 statements, I want to push a
little bit into less charted territory, specifically how
environmental assets might be accounted for in
accounting statements for the OCS.

ACCOUNTING STATEMENTS:
FISCAL YEAR 19872

While the presentation of integrated income and
balance sheet statements is an everyday occurrence
in the private sector, federal government accounting
is fundamentally different. Governmental accounting
devotes little attention to long-lived assets but is
instead oriented toward yearly appropriation and
revenue cycles. The asset management program of
the MMS is fundamentally different than that faced
by most agencies and could benefit more than most
agencies by integrating financial statements for the
year’s revenue and income flow with its stock of
assets and liabilities.

While I will focus on fiscal year 1987, that year was
somewhat unusual for the large role that escrowed
elements associated with the 8(g) lands had on the
financial statements. In terms of total program
receipts, however, fiscal year 1987 started the few
years of a downward trend associated with the price
declines of 1986 (Figure 1.3).

Views expressed in the article are those of the
author and not necessarily the view of the U.S.
Government in general or of the Council on
Environmental Quality in particular.
?This section is based on Farrow, S., J. Broadus, ef
al. 1990. Managing the Outer Continental Shelf
Lands: Oceans of Controversy. Taylor & Francis.
pp. 99-109.
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Figure 1.3. Total OCS program receipts and escrow, FY 1980-1989.
Source: USDI, MMS. 1990. Oil and Gas Leasing/Production Program: Annual Report FY 89. MMS OCS

Report No. 90-0015. Herndon, Va. xvi + 55 pp.

Income Statement

The program receipts are discussed in more detail
in Table 1.2, not only breaking out bonus and royalty
payments but also tracking the several insurance
funds, the Oil Spill Pollution Fund and the
Fishermen’s Compensation Fund, which are funded
through OCS revenues.

Table 1.2. FY 1987 (millions of dollars).

Current Escrow Total*
Release
Bonus and rental 419 1,185 1,603
Royalties 2,316 102 2,418
Interest 0 903 903
Pollution Fund 18 0 18
Fisherman’s Fund 2 0 2
Total 2,755 2,190 4944

*Details may not add to total due to rounding.

Source: Minerals Management Service, Federal Offshore Oil
and Gas Statistics; U.S. Office of Management and
Budget, Appendix: Budget of the United States, 1989,
Minerals Management Service, Offshore Oil and Gas
Leasing/Production, Annual Report, FY 1987.

In 1987, bonus and rental payments for lands newly
leased totaled $419 million. The release of
escrowed bonus and rental payments was $1.2
billion. Royalties accounted for $2.4 billion of which
$102 million were funds released from escrow. The
several insurance funds collected $13 million with an
additional $7 million earned in interest earmarked
for those funds. Other interest earned from the
funds held in escrow was $903 million. In total, the
offshore revenues received by the Minerals
Management Service were $4.9 billion in 1987.

Accounting for expenses is equally as important as
accounting for revenues. The major expense
categories are presented in Table 1.3 for leasing
management, resource evaluation, regulation, royalty
management, and general administration. The
royalty management and general administrative
expenses were reduced by 20% to approximately
account for the share of expenses associated with
onshore royalty collection. The data in Table 1.3
indicate that royalty management is the largest
single item at $37 million, followed by regulation at
$28 million, resource evaluation at $26 million and
the environmental studies program at $23 million.
Royalty management and regulation are associated
with post-leasing activities while leasing management
and resource evaluation extend into pre-leasing
activities. Claims on the liability funds and their
administration were relatively small with no claims
paid through the Oil Spill Pollution Fund in 1987.



Table 1.3. Expenses FY 1987.

Categories Million Dollars
Preleasing
Leasing Management

Environmental Studies 23

Leasing and environmental

assessment 16

Resource Evaluation 26
Postleasing
Royalty Management 37
Regulation 28
Other
General Administration 21
Claims and administration of

funds _1
Total 152

Source:  Appendix: Budget of the United States, 1989, op. cit.;
Minecrals Management Service Information Office,
dctailed tables, Minerals Management Service Budget:
FY 1989.

In private sector parlance, the MMS would be seen
as a cash cow; the Government spent $152 million
to net $4.8 billion in revenue. The source of these
revenues has been primarily from the Gulf of
Mexico with a smaller contribution from Southern
California. In the actual Government accounts, no
measure of net income, revenues minus expenses, is
computed because the majority of revenues are
defined to be “undistributed proprietary funds,"
which are not used to offset costs as possibly implied
by a net income calculation. Calculating net income,
$4.8 billion in 1987, and tracking its disbursement
does, however, provide insight into the uses of the
money. Also, because the net income is generated
by liquidating a long-term asset--stocks of oil and
natural gas--further distribution of net income
depends on the size of the long-term assets in the
balance sheet.

The Funds Statement

While the source of funds for the MMS is somewhat
uninteresting (it is funded entirely out of General
Fund allocations to the Department of the Interior)
the uses of funds are of substantial interest. In 1987,
the $4.8 billion of net income was distributed as in
Table 1.4. Eighty percent went directly into the
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General Fund out of which most Government
activities are funded. Seventeen percent went to the
Land and Water Conservation Fund (L&WCF)
managed by the National Park Service (and then
distributed to several agencies and states) to fund
recreation projects and new land purchases. The
L&WCEF is not, however, authorized to spend all of
the money transferred to it. This has led to a $5
billion unappropriated balance in the fund at the end
of 1987. The National Park Service also received
$150 million of the net income for the Historic
Preservation Fund, which also carried an
unappropriated balance of $1.1 billion at the end of
1987. While I provide a brief review of the
distribution of the Land and Water Conservation
monies below, I note that several detailed
presentations are provided elsewhere in this volume.

Table 1.4. Funds Statement: FY 1987.

Million
Distribution of Net Income Dollars
General Fund 3,800
Historic Preservation 150
Land and Water Conservation 824
Oil and Fishermen’s Fund increases 18
Total 4,792

Source: Minerals Management Service, Federal Offshore Oil
and Gas Statistics; U.S. Office of Management and
Budget, Appendix: Budget of the United States, 1989.

Land and Water Conservation Fund

The funds spent through the L&WCF and the
Historic Preservation Fund are the most visible way
in which the benefits of offshore development have
been shared among the fifty states and the
territories. Because of its larger size, I focus on the
Land and Water Conservation Fund. Beginning
with legislation in 1965, the L&WCF has been
primarily funded by revenues from offshore oil and
gas.

The amount actually spent from the Fund has varied
widely, however, from just a few million dollars in
1965 to a peak of $800 million in 1978. Legislation
required that at least 40% of the expenditures from
the Fund be used for federal land acquisition with
larger proportions going for federal purposes in
recent years. Another portion of the fund is used
for supporting recreation at the state and local
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government level. The history of this funding is
presented in Figure 1.4.

Geographically, these funds have gone to local areas
all across the United States. Over 85 projects have
been funded in New York City alone, while
Massachusetts has received over $78 million, an
amount exceeded by California, Florida, Illinois,
Michigan, New Jersey, New York, Ohio,
Pennsylvania, and Texas. Figure 1.5 below indicates
the widespread use of the L& WCEF at the state level.

The Balance Sheet

The revenues described in previous sections are
generated by a shift of assets from long-term assets
to current income. The balance sheet categorizes
the estimated present value available to the
Government for further transactions of this type.
Of course, the estimates are based on the
technological and economic conditions at a particular
time. The balance sheet presented in Table 1.5
focuses on the asset value of the mineral holdings
and the long-term assets of the Qil Pollution Fund.
Any unobligated balance of current budget
authorization and the value of assets such as
equipment are not reported.

Table 1.5. The Balance Sheet.

Million

Long-Term Assets 1987 Dollars

Government Securities 103
Leased Tracts
Developed reserves 18,560
Undeveloped reserves 2,318
Unexplored 6,562
Unleased Tracts
Unexplored 9,800
Total 37,343

Source: Adapted from Rosenthal, D., M. Rose, and L. Slaski.
1989. The Economic Value of the Oil and Gas
Resources on the Outer Continental Shelf. Marine
Resource Economics.

The first long-term asset is Government securities
held by the Oil Pollution Fund totaling $103 million
as of the end of 1987. Unsurprisingly, the vast
majority of the mineral assets of the Federal
offshore program are the currently and potentially

leasable lands of the OCS. I will return to the non-
mineral assets in a later section. In a recent article,
several MMS researchers, Rosenthal et al. (1990),
estimated the present value of Government receipts
that would result given the current technology and
a forecast of prices.

There are various categories of uncertainty that are
reflected in the balance sheet. Conceptually,
Rosenthal et. al (1990), divide the assets managed
by the MMS into four categories; leased tracts with
developed reserves, leased tracts with undeveloped
reserves, leased tracts that have not yet been
explored, and unleased tracts. Of course, bonus
revenues have already been received on all the
leased tracts while both bonus and royalty income
represent future income on the unleased tracts.
While each category of tracts has different costs,
which affect the calculation reported by the authors,
each category represents the present value of the
lease to the Government. The revenues and costs
are discounted at 8% and incorporate an assumed
1% price increase per year from a base of $18 per
barrel in 1987.

In present value terms, the expected value of already
developed reserves is estimated to comprise almost
half the asset value and is estimated to be worth
almost $19 billion. Approximately 25% of the asset
value is the expected present value of unleased tracts
worth almost $10 billion. This contrasts, however,
with about $90 billion (nominal) already received by
the program.

The balance sheet is, however, clearly sensitive to
several sets of assumptions, and the dollar and
resource realizations of the program are likely to be
very different. Rosenthal et. al. (1990) find that
the total value of leases would increase to $61 billion
if the 1987 oil price had been $26 per barrel
Alternatively, they estimate that if a 6% discount
rate is used the present value of the leases would
increase to $51 billion. The suggestion for balance
sheet accounting is that a range of numbers could
usefully be presented, as well as a supplemental
accounting sheet showing the resource estimates
that lie behind the estimated values. Furthermore,
each financial statement has a geographic area
associated with it so that the financial statements
could potentially be integrated with geographic
information systems.

CONCLUSIONS AND EXTENSIONS

Integrated financial statements as are common in
private industry can provide an analytical structure



LAND & WATER CONSERVATION FUND

Annual Appropriation

900

800 -

700

600 -

500 =~

(Millions)

400 -

300

200

0 1 1
1965 1970 1975 1980 1983 1990

Yeors
O Totol Appropriotion + Federol Appro.

Figure 1.4. Land and Water Conservation Fund, annual appropriations, 1965-
1990.

$175 - 225 Million
125-175

75-125
25-75

Below 2%

B

Figure 1.5. Cumulative appropriations to states, Land and Water

Conservation Fund.
Source: U.S. National Park Service, Annuel Report to Congress: Land and Water
Conservation Fund Grants-in-aid Program, Fiscal Year 1987.



14

for beginning to implement Presidential guidelines
on information, resource potential, and
environmental sensitivity. It is worth investigating
these issues in slightly greater detail.

Resource potential clearly lies behind the balance
sheet estimates of asset value with the annual
revenues and expenses associated with changes in
the balance sheet. Proposals for making U.S.
national income accounts consistent with United
Nations guidelines may open the door to natural
resource accounting of this type. There is a growing
awareness, and technical capability, to account for
the role that natural resources play in generating
the annual national income of a country. The MMS
can be a leader in this transition and in the
development of so-called satellite accounts for
natural resource accounting,

An even more complex task gets to the heart of
some QCS controversies. The water column above
those cnergy assets supports a wide variety of
economic activities as does the shoreline. A frontier
topic in natural resource and environmental
accounting, and of central concern to OCS
management, is the valuation of all environmental
services, particularly those seen as environmentally
sensitive.

In fact, the MMS has gone a long way toward
thinking about valuing environmental sensitivity.
When one considers the meaning of the net social
value measures reported in the 1987 five year plan,
they represent not only a parallel measure to the
Rosenthal et. al. (1990) asset numbers, but also a
contingency accounting for environmental damages.
The valuation of environmental costs in that
document included a litany of direct and indirect
costs., While the technical measurement of these
costs is likely to evolve substantially given the
evolution of natural resource damage assessment
methods, they provide an early indication of how
the environment can be included in financial
statements. One way merely reduces the value of
the assets that are being managed. A second way
can sct up contingency liabilities associated with
environmental damage. Further down the road, one
may want to consider a comprehensive ocean sector
income statement and balance sheet providing for
all of the services generated by the ocean
environment. While the latter approach may seem
grandiose, the debates over OCS management have
clearly indicated that energy resource management
is inseparable from broader management of ocean
resources.

Having waded out into such deep water, I may best
separate out a short, medium, and long-term agenda
for financial accounting for the OCS program. In
the short-term, integrated statements such as those
prepared for 1987 can be refined to become a part
of the regularly reported offshore statistics. In the
medium and longer term, increasing the consistent
representation of the interaction between economics,
energy, and the environment can help inform the
public and the Minerals Management Service in
order to achieve the comprehensive balancing
required under the OCS Lands Act and reinforced
through the recent Presidential guidelines for Outer
Continental Shelf leasing.

REFERENCES
Rosenthal, D.,, M. Rose, and L. Slaski. 1990.

Estimates of offshore energy resources. Marine
Resource Economics.

Dr. Scott Farrow is the senior economist for the
Council on Environmental Quality in the Executive
Office of the President. He is on leave from
Carnegie Mellon University where he is an associate
professor of economics. Dr. Farrow is a member of
the OCS scientific advisory committee and recently
published a book on managing the Outer
Continental Shelf lands.

MINERALS MANAGEMENT
SERVICE/OUTER
CONTINENTAL SHELF
PROGRAM LEGISLATIVE
OUTLOOK

Ms. Jill Martin
Minerals Management Service
Headquarters Office of

Congressional and Legislative
Affairs

The purpose of this presentation is to provide an
outlook of prospective accomplishments of the 102nd
Congress. It is impossible to know what will happen
during the 102nd Congress, of course, so it is very
difficult to project those legislative accomplishments.

For perspective, let us consider influences on the
101st Congress, which concluded on October 28,
1990. This was the first Congress of the 1990’s; the
first Congress of the Bush Presidency; and also the



longest legislative session since 1942 (the early years
of World War II). One cause for this lengthy
session was the difficulty Congress had in finalizing
the Federal budget, but a consequence was more
time for legislative business, resulting in a very
productive legislative session.

During this time Congress was scandalized, both by
the sex affairs of members and by the ethics
dilemmas posed by Speaker Jim Wright and the
disclosure of the Savings and Loan debacle. During
this same time an amazing sequence of world events
unfolded, including the end of the cold war era; the
demolition of the Berlin Wall; the implementation
in the U.S.S.R. of glastnost and perestroika, which
resulted in Premier Gorbachev’s winning the Nobel
Peace Prize; the apparent fall from power of the
Sandinistas in Nicaragua; and the overthrow by U.S.
forces of Manual Noriega in Panama.

A major influence on Congress seems to be an
environmental consciousness that has again
resurfaced within the American electorate in the
past few years. In 1988 Mr. Bush campaigned to be
the ‘“environmental president,” pointing out
environmental problems in Boston Harbor and other
sites. Weather during recent years has been very
hot, especially in Washington, leading to air quality
problems and discussions of global climate change.
A well publicized trash barge cruised the Atlantic
and Gulf Coasts seeking a disposal site, and medical
wastes littered New Jersey beaches causing beach
closings and a public outcry. And then in March
1989 the tanker Exxon Valdez caused the Prince
William Sound oil spill and a dramatic polarization
of public opinion to oppose any activities that might
result in oil on the seas, including the offshore oil
and gas program.

Many of these influences are reflected in the
legislative accomplishments of the 101st Congress.
Highlights of special interest to the Minerals
Management Service (MMS) or the Outer
Continental Shelf (OCS) oil and gas program follow.

OIL POLLUTION ACT
(Public Law 101-380)

The Act is primarily the responsibility of the
Department of Transportation (DOT). It does not
implement International Protocols and does not pre-
exempt existing State oil spill liability programs.
Several provisions affect MMS:

*  Liability limits for offshore facilities are raised
to $75 million for damages, plus unlimited
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removal costs. Mobile Offshore Drilling Units
are treated first as a tanker; after that liability
limit is exceeded, they are treated as an offshore
facility.

The MMS will have a role on the Interagency
Comnmittee overseeing the research program
established by Title VII. The long-term
operation of the Oil and Hazardous Materials
Simulated Environmental Test Tank
(OHMSETT) is "ensured” by this Title.

Section 1016 (Financial Responsibility) could
transfer the responsibility from DOT to MMS
for ensuring that parties responsible for offshore
facilities maintain evidence of financial
responsibility; this transfer is still being worked
out. Administrative costs to perform this
function should be available from the Oil Spill
Liability Fund (Section 1012).

Section 6003 (Outer Banks Protection) prohibits,
for at least one year, any OCS leasing, drilling,
and approval of plans and permits offshore
North  Carolina. Provision calls for
establishment of an Environmental Sciences
Panel to review the adequacy of current
environmental information and to indicate what
further information might be needed. A report
to the Secretary is required six months after
enactment. The President made a strong
statement in opposition to this provision when
he signed the bill into law; the Administration
is seeking repeal of this provision.

Section 6004 (West Delta Provision) amends
the OCS Lands Act, as Amended (1978), to
require the Secretary of the Interior to prevent
the harmful effects of unrestrained competitive
production of hydrocarbons from "common
hydrocarbonbearing areas” underlying Federal
and State boundaries. The Section also exempts
blocks 17 and 18 of the West Delta field
offshore Louisiana from the cooperative
development provisions listed above, and
authorizes sums to be appropriated as may be
necessary to provide compensation to the State
of Louisiana and its lessees. The Department
of the Interior (DOI) appropriations bill, which
passed on October 27, 1990, included $4 million
for partial payment to the State of Louisiana
and State lessees for drainage from oil and gas
leases in the West Delta field. However, monies
cannot be obligated until the appropriations
committees have "conducted a full hearing on
the issue."
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*  Section 8201 amends current section 24(b) of
the OCS Lands Act (civil penalties) to give the
Secretary the authority to assess civil penalties
without allowing time for corrective or remedial
action for certain types of violations. It raises
the per incident civil penalty fine from $10,000
to $20,000 per day, and requires the Secretary,
by regulation, to adjust the civil penalty rate
every 3 years to reflect any increases in the
Consumer Price Index.

CLEAN AIR ACT REAUTHORIZATION
(Public Law 101-549)

The original Act was passed in 1970 and last
amended in 1977. It is comprehensive legislation
addressing a range of issues, including tailpipe
emissions, air toxics, acid rain, etc. An OCS
emissions provision was included in both the House
and Senate versions of the bill; the final legislation
contained the House provision. Both provisions are:

*  The Senate version contained an Administration-
backed OCS provision that would retain
regulatory authority with DOI; would require
regulations developed for areas offshore
California to be as stringent as rules applied in
adjacent onshore areas; would prohibit
discrimination against OCS vs. onshore
emissions; and would provide for a Project
Emission Reduction Fund to facilitate
mitigation.

* The House OCS provision would split
responsibility for OCS  emissions between
Environmental Protection Agency (EPA) and
DOI; would require regulations for areas under
EPA authority to be the same as rules applied
in adjacent onshore areas, for areas within 25
miles of a State; and would provide for
delegation to local/state authorities from EPA.

BUDGET RECONCILIATION
(Public Law 101-508)
TITLE VIII AMENDS THE
COASTAL ZONE MANAGEMENT ACT

This legislation reauthorizes the program for five
years (through 1995) and makes substantive
amendments to Section 307 (Federal Consistency).
These amendments are meant to overturn California
vs. Watt (Supreme Court decision on OCS lease
sales). Language will now require any Federal
activity (regardless of its location) to undergo
consistency certification if it "affects any land or
water use or natural resources of the coastal zone."

The determination of what activities "affect" the
coastal zone is to be construed broadly; this includes
direct effects plus indirect effects that could come
later in time. No Federal activities are categorically
exempted. The President can only exempt a specific
activity "if it is in the paramount interest of the
United States." During conference, language was
added requiring Federal activities to be consistent
only with the "enforceable policies” of approved
State management plans. The legislation encourages
States (through grants) to improve their coastal zone
management programs in eight areas, including
coastal energy facility siting, and requires States to
develop nonpoint source pollution control program
from "adjacent coastal land uses."

DOI FISCAL YEAR 1991
APPROPRIATIONS
(Public Law 101-512)

The Appropriations bill included several provisions
for OCS moratoria, totalling more than 283 million
acres in 8 OCS planning areas:

* No"leasing and related activities” will be allowed
for areas placed under restriction in the
President’s June 26, 1990, statement. These
planning areas include: Washington/Oregon;
Northern, Central, and Southern California; the
North Atlantic; and that portion of the Eastern
Gulf of Mexico which lies east of 86'W longitude
and south of 26’N latitude.

* Aleasing and drilling ban in the North Aleutian
Basin planning area.

* Apre-lease and leasing ban on the Eastern Gulf

of Mexico Sale 137 area (Florida Panhandle),
and on a portion of the mid-Atlantic (a 50-mile
buffer from Maryland to the top of the planning
area).

Another provision of the bill, regarding "net receipts
sharing,” will require the deduction of 50% of the
administrative costs of collecting mineral leasing
receipts prior to distribution of those receipts to
States and the Federal Treasury.

ENERGY POLICY AND
CONSERVATION ACT
(Public Law 101-383)

The legislation extends the authority of Title I or
Energy Policy and Conservation Act until September
30, 1994; extends the authority for the strategic
petroleum reserve (among other things); and extends



a prohibition on joint bidding by certain companies
for offshore leases until September 30, 1994,

OFFSHORE PIPELINE INSPECTION
(Public Law 101-599)

The legislation amends the Natural Gas Pipeline
Safety Act and the Hazardous Liquid Pipeline Safety
Act to require:

»  Operators are to conduct an initial inspection of
each offshore pipeline safety facility in the Gulf
of Mexico and report to the Secretary if it is
exposed or is a navigational hazard. Operators
are required to mark hazards with buoys. For
natural gas pipelines, this requirement pertains
to pipelines between the high water mark and
the point where the subsurface is under 15 ft. of
water; for hazardous liquid pipelines, this
requirement pertains to all pipelines, other than
gathering lines of four inches diameter or
smaller.

»  The DOT is to establish a permanent systematic
inspection requirement. Any pipeline facility
that is a navigational hazard must be buried,
pursuant to regulations to be issued by DOT.

*  The DOT is to establish a program to encourage

fishermen and other vessel operators to report
navigational hazards involving pipelines.

* The DOT is to conduct a 6-month study
regarding methods for determining how deeply
underwater pipelines are buried and to research
existing marine safety and vessel operational
practices relating to underwater pipeline rights-
of-way; and to report their findings to Congress.

COASTAL WETLANDS PLANNING,
PROTECTION, AND RESTORATION ACT
(Public Law 101-646)

The bill authorizes the Louisiana Coastal Wetlands
Restoration Plan, among other things:

* A Federal Task Force is established to

determine priority coastal wetland restoration
projects that can be completed within a five-
year period, and to develop a long-term Wetland
Restoration Plan. The Task Force includes the
Secretary of the Army, the Administrator of
EPA, the Governor of Louisiana, and the
Secretaries of Interior, Agriculture, and
Commerce.
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*  Within one year, a list of short-term projects is
to be transmitted to Congress, and the
restoration plan is to be transmitted within three
years. The restoration plan is to integrate the
"Louisiana Comprehensive Coastal Wetlands
Feasibility Study" and the "Coastal Wetlands
Conservation and Restoration Plan" already
completed by the State of Louisiana.

* The Secretary of Commerce is authorized, at
the request of the Governor, to approve the
State restoration plan as an amendment to the
State’s coastal zone management plan. Corps
of Engineers flood control, irrigation, and
navigation projects must be consistent with the
restoration plan (except emergency projects).

The bill also authorizes Louisiana Coastal Wetlands
Conservation Planning. Parallel authority is granted
to EPA, the Corps of Engineers, and the Director
of the Fish and Wildlife Service to work with the
State of Louisiana to develop, review, approve, and
evaluate the State’s Coastal Wetlands Conservation
Plan. This Plan is not mandatory, but if developed,
must achieve a goal of "no net loss of wetlands"
when regulating development activities.

Finally, the bill authorizes National Coastal Wetlands
Conservation Grants. The Director of the Fish and
Wildlife Service is assigned the lead role in
implementing a national program for 50/50 matching
grants to States other than Louisiana for wetlands
conservation projects. An allocation of up to $15
million per year is to be provided to the Secretary
of the Interior for wetlands conservation projects
authorized by the North American Wetlands
Conservation Act in coastal States.

This bill was originally to be funded by OCS
receipts. That provision was dropped due to
Administration opposition; the funding sources now
include: a portion of the new 5-cent increase in fuel
excise taxes; excise taxes for nonbusiness small
motor equipment (which represents a diversion from
the Highway Trust Fund); and other monies that are
currently deposited in the account,

FLORIDA KEYS MARINE SANCTUARY
(Public Law 101-605)

This bill provides legislation to protect approximately
2,600 square miles around the Florida Keys from
ships and oil drilling. The bill would declare the
Keys a National Marine Sanctuary and require the
development of a comprehensive management plan
and a water quality program. It would also prohibit
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offshore oil drilling and prevent certain large vessels
and other ships carrying hazardous materials from
sailing through the Keys’ waters. Finally, the bill
would expand the boundaries of the sanctuary by
over a thousand square miles from those contained
in the original bill.

ANTARCTIC PROTECTION ACT OF 1990
(Public Law 101-594)

Language of the bill provides that, pending a new
agreement among the Antarctic Treaty Consultative
Parties, which the Senate has ratified, an indefinite
ban is in effect on mineral activities by U.S. citizens
or companies in the Antarctic. The bill contains a
"sense of the Congress” provision that the
Department of State should negotiate a new
international agreement with respect to Antarctica
to conserve and protect permanently the
environment of Antarctica; to prohibit or ban
indefinitely mineral activities; and to grant it special
protective status as a "land of science." A provision
making the National Environmental Policy Act
applicable to U.S. activities in the Antarctica was
dropped from the bill.

We can only speculate on the legislative
accomplishments of the 102nd Congress. Issues that
we can expect to be considered, however include:

* Moratoria on OCS activities, including active
areas such as the Gulf of Mexico and the
Chukchi and Beaufort Sea areas offshore
Alaska. Environmental groups have targeted
the Flower Garden Banks, the Florida Middle
Grounds, a Florida coastal buffer, and scattered
topographic highs, especially those offshore
Mississippi and Alabama.

*  Marine Sanctuaries. Due to the slow progress

to date by the Department of Commerce, and
their conclusion that some proposed areas were
not worthy of sanctuary status, we can expect
special interest groups to seek sanctuary status
for more areas through the Congress. We can
also expect that these designations will carry
special provisions to prohibit OCS activities
within sanctuary boundaries.

* Revenue Sharing with affected coastal States.
The MMS has already been involved in drafting
legislation towards this end, and Congressional
delegations have their own opinions on
legislative language. The outcome is currently
uncertain.

¢« The OCS Lands Act Amendments to consider

various revisions to the OCS oil and gas
program.

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 B.S. in conservation (1972), a
Master’s in landscape architecture (1976), and a
minor in coastal planning,
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MINERALS MANAGEMENT SERVICE
ENVIRONMENTAL STUDIES
FOR THE GULF OF MEXICO:

ACTIVE STUDIES
PROGRESS REPORTS
SESSION INTRODUCTION

Dr. Robert M. Rogers
and
Ms. Bonnie LaBorde Johnson
Minerals Management Service
Gulf of Mexico OCS Region

This environmental studies session was organized to
report on the progress of a number of Minerals
Management Service (MMS) sponsored marine
ecosystem studies and, in one instance, to give an
example of how studies information is used in
management decisions related to Outer Continental
Shelf (OCS) oil and gas leasing.

As oil and gas exploration and development
proceeds in the Gulf of Mexico, environmental issues
of concern are identified by state and federal
agencies and the environmentally concerned public.
After prioritizing these technical issues,
environmental studies are designed to address the
information needs.

Since the inception of the Bureau of Land
Management (BLM)/MMS environmental studies
program in 1974, approximately $50 million has been
spent in the Gulf of Mexico on marine ecological
studies. Recently these studies have centered about
such environmentally sensitive areas as the
Mississippi/Alabama OCS, Flower Garden Banks on
the Texas-Louisiana OCS, sea grass communities on
the Florida OCS, and coastal wetlands of Louisiana.

Leading off this session was Dr. Stephen Gittings of
Texas A&M University. Dr. Gittings is program
manager of an MMS-sponsored project monitoring
the long-term health of the East and West Flower
Garden Banks. The purpose of this study is to
address concerns regarding the potential of both
gradual and catastrophic deterioration of these
unique coral communities. In the light of increased
recreational use of these features and the potential
effects of oil and gas activities, long-term data are
essential for documenting the wviability of these
features.

Sampling on this project is carried out semiannually.
Four of the six scheduled cruises have been
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completed. Monitoring sites have been established
on the reefs of the two banks. Each of the two sites
has 120 permanent, repetitive photographic stations
for observing growth of the dominant coral species;
repetitively photographed stations for studying
individual coral colonies; and stations for measuring
accretionary coral growth, Sample data will be used
to assess: (1) coral population levels; (2) temporal
variability in coral cover, relative abundance, relative
dominance, diversity and evenness; and (3) periodic
changes in macrophytic algae cover and abundance
of other conspicuous associated organisms.

Mr. Richard Shaul of Continental Shelf Associates,
Inc., gave an overview of a recently initiated MMS-
sponsored habitat mapping study of the pinnacle
trend off the Mississippi/Alabama OCS. The
objectives of the study are geologically to
characterize pinnacles and significant hard bottoms
throughout the study area and then to conduct a
biological reconnaissance of the significant features.

The first geophysical survey has been completed
under this study. Preliminary interpretations of data
indicate that there are several different types of low
relief hard bottom areas, a number of pinnacles with
relief from 3 to 21 m, and one very significant
topographic feature with approximately S5 m relief.
The next phase of this project will be the
investigation and description of biological
communities on selected features. This will be
carried out on a biological reconnaissance cruise to
be implemented in the spring of 1991. Maps of the
geologic features and bathymetry will be produced.

Dr. Keith Mullin of the Mississippi Laboratories of
the National Marine Fisheries Service (NMFS)
reported on aerial surveys being made of cetaceans
on the outer continental shelf of the north-central
Gulf of Mexico. The study is a cooperative effort
between NMFS, MMS, and the National Oceanic
and Atmospheric Administration (NOAA) Aircraft
Operations Center. Very little is known about the
whales and dolphins in the Gulf of Mexico deeper
than 180 m. During these surveys, observations
were made on the distribution, relative abundance
and seasonality of cetaceans from July 1989 to July
1990. Over 279 sightings of approximately 6,600
whales and dolphins were made.

Dr. Rik Anuskiewicz of the MMS Gulf of Mexico
Regional Office gave a presentation on how a
particular MMS-sponsored environmental study has
been used in management decisions. Specifically
he reported on how findings from an archaeological
resource study were used to refine the MMS historic
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shipwreck model on the Gulf of Mexico’s outer
continental shelf. The study was conducted by Texas
A&M University and focused on the management
of historic archaeological resources. Results of this
study and subsequent MMS interpretations served
to refine the high probability zone for the occurrence
of OCS shipwrecks. In addition, study
recommendations have been made to alter existing
historic survey requirements to better evaluate the
survey area and provide better protection to the
resource.

The final presentation was made by Dr. Donald
Cahoon of the Louisiana Geological Survey (LGS).
The MMS and LGS in cooperative agreement have
recently completed a study of the effectiveness of
marsh management as a tool for conservation in
the wetlands of Louisiana. The objectives of the
study were to determine the degree of monitoring
carried on under marsh management plans, the
suitability of the data base for evaluating the
effectiveness of structural management, and the
effectiveness of marsh management in achieving
stated objectives. To achieve these objectives,
historical files were reviewed and compared.

Changes in habitats were also compared between
managed and unmanaged marshes in different
environmental settings. Field studies were also
carried out with a special emphasis on two areas of
extensive structural management, Fina LaTerre
Mitigation Bank site in the delta plain and the
Rockefeller State Wildlife Refuge and Game
Preserve in the Chenier Plain. Details of this study
will be provided in the final report and maps which
will be available in December 1990.

Dr. Robert M. Rogers is a staff member of the
Environmental Studies Section of the Minerals
Management Service Gulf of Mexico OCS Regional
Office. He has served as Contracting Officer’s
Technical Representative (COTR) on numerous
marine ecosystem studies. Recently, these have
included a study of seagrass habitats off Southwest
Florida and the Mississippi/Alabama Marine
Ecosystems study. Dr. Rogers 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.

Ms. Bonnie LaBorde Johnson is a physical scientist
in the Minerals Management Service Gulf of Mexico
OCS Regional Office of Leasing and Environment.
She holds a B.A. degree in geography from the

University of New Orleans. Her current area of
involvement centers on coastal zone management
and environmental issues related to offshore oil and
gas operations.

LONG-TERM MONITORING ON
THE FLOWER GARDEN BANKS:
STUDY DESIGN AND
FIELD METHODS

Dr. Stephen R. Gittings
and

Mr. Gregory S. Boland

Texas A&M University

INTRODUCTION

The summits of the East and West Flower Garden
Banks harbor actively growing coral reefs. The coral
fauna is dominated by massive head corals.
Eighteen species of tropical Atlantic reef-building
corals exist on the reefs, or approximately one-third
of the reef-building coral species of the Caribbean.
No acroporids (elkhorn or staghorn corals) or
shallow water gorgonians occur on the reefs, Cover
of reef substrates by living coral approximates 50%
on the top of each bank. Over 250 species of
associated reef invertebrates and over 130 species of
fish also exist. Coral cover and growth rates are
considered to be comparable to other western
Atlantic coral reefs at similar depths (Bright et al.
1984).

Environmental concerns on these reefs include the
long-term effect of hydrocarbon production activities
(platforms are located within 2 km of one bank),
discrete and cumulative effects of mechanical
impacts caused by ship anchors and ground tackle,
and long-term natural change caused by events of
unknown origin (e.g., coral bleaching and species-
specific mass mortalities). A long-term monitoring
program at the Flower Garden Banks, sponsored by
Minerals Management Service, is currently being
conducted by Texas A&M University. The goal of
the program is to address concerns related to both
gradual and punctuated degradation of these unique
offshore ecosystems. Such data are useful not only
from the standpoint of assessing the impacts of
industrial activities, but may also be valuable to
resource management. The Flower Gardens are
scheduled to become a National Marine Sanctuary
in the fall of 1990. Recreational use of underwater
areas tends to increase following their establishment



as protected areas (Tilmant 1987). A long-term data
base may allow the identification of impacts caused
by this expected increase in recreational use.

The areas of principal focus in the monitoring study
are:

e Utilization of existing coral reef research
methods to generate data that can be used to
document gradual changes in parameters that
reflect the health of the Flower Garden reefs;

*  Comparison of data on coral populations and
coral growth resulting from this study with
existing published and unpublished Flower
Gardens data;

* Assessment of temporal change in coral cover,
relative abundance, relative dominance, diversity
and evenness over the course of this study and
in light of previous estimates of these
parameters; and

»  Consideration of the relationship between outer
continental shelf hydrocarbon development
activities and environmental sensitivity at the
Flower Garden banks, integrating project-
generated data with that on mechanical
disturbance and chemical contamination of coral
reefs.

Discussed here are the field techniques and
laboratory methods used to evaluate changes in coral
population levels, coral and algae cover, growth
rates, and other community characteristics at the
Flower Gardens.

METHODS
Field Techniques

During the winter of 1988 and spring of 1989, a
monitoring site was established at the East Flower
Garden Bank comparable to that established at the
West Flower Gardens by Continental Shelf
Associates (CSA) in the summer of 1988 (CSA
conducted monitoring for Union Oil Co.). This
involved:

* implanting eyebolts and marker floats around a
100 m by 100 m study site;

* temporarily installing boundary lines around the
sites;
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» establishing and producing study site maps
indicating the locations of 120 permanent
photographic stations for monitoring lateral
encrusting growth of the corals Montastraea
annularis and Diploria strigosa (60 stations for
each species);

* implanting and mapping 40 permanent posts to
mark 8 m repetitive photographic stations for
studying individual coral colonies; and

* implanting and mapping 30 permanent
accretionary growth spikes in M. annularis coral
colonies.

Eyebolts were cemented in 6.5 cm holes drilled using
a pneumatic impact wrench and a coring bit at study
site corners. To secure the posts, Portland Type 11
Cement was used with moulding plaster as a catalyst
(12:1 ratio). Small subsurface floats are attached
to the eyebolts with 3.2 mm stainless steel cable and
float approximately 3 m above the bottom.
Boundary lines are 0.5 cm polypropylene with knots
and loops every 25 m indicating the direction to the
nearest corner of the site. The lines, wrapped on
extension cord reels, are deployed by divers. Station
markers (stainless steel, 3.2 mm diameter nails for
encrusting growth stations and 6.4 mm diameter
spikes for accretionary growth stations) were
installed using pneumatic air hammers with
customized heads. The blunt end of nails or spikes
were inserted into holes in the hammer heads and
driven into reef rock, leaving a specified length of
each marker exposed. Repetitively photographed
8 m’ stations were established using 9.5 mm
diameter stainless steel posts. Holes for the posts
were drilled to 15 cm depth using a pneumatic
impact wrench and 1 cm star drill bit. Stud anchors
were welded onto the ends of the posts. After
inserting these posts into their respective holes, the
diver hammered the top of the post, causing the stud
anchor to flare inside the hole. None of the posts
has come loose since their installation in early 1989.
All stations at both banks were tagged using
numbered, plastic, goat ear tags (black on white).
Small sections of clear tubing were placed over the
markers before the tags were attached with plastic
tic wraps, assuring a more secure hold.

Following site establishment, and in October 1989,
April 1990, and October 1990, we conducted field
work at both banks, and will continue to do so at six-
month intervals over a three-year study period.

The study calls for two sampling efforts each year.
During each trip, twenty 10 m stratified random
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transects are photographed at each of the two study
sites. Seventeen immediately adjacent photographs
are taken along each transect using a camera framer
which describes a 60 by 85 cm area of seafloor
(Figure 2.1). Randomness is achieved by equipping
diver teams with slates containing random compass
headings and random numbers. The divers are
dropped at random locations within the study sites
from an inflatable, and go directly to the bottom to
start photographing a transect along the first random
compass heading. They then kick a random number
of times along a second compass heading, and start
a second transect along a third compass heading.
Two transects are photographed by each diver on
each film roll (36 exposure print film).

Each station for monitoring lateral growth of
M. annularis or D. strigosa was established using two
10 cm long stainless steel nails. They are spaced
23 cm apart so that a plus/5 diopter framer attached
to a 28 mm lens and Nikonos underwater camera
can be placed directly over the nails and encompass
a repeatable 13.3 by 19.7 cm photographic area
(Figure 2.2). The border of living coral tissue
traverses the approximate center of each printed
photograph, allowing measurement of either tissue
advance over adjacent coralla or tissue retreat.
Divers locate stations and record the order of station
photographs on study site maps printed on
underwater paper. After photographing a station,
divers attach steel paper clips to the nails to indicate
to others that the station has been completed. The
paper clips rust and become overgrown by algae
between sampling trips and are removed periodically.

Slides of each 8 m’ repetitive photographic station
are taken from a height of 2.0 m using a 15 mm
wide angle lens and two 225 watt-second strobes.
The base of the 2 m post of the T-shaped camera
frame is positioned at the point of insertion of the
implanted post in the reef. The frame has a bubble
level and compass adjacent to the camera to
accurately position the camera above the station
center before each photograph is taken (Figure 2.3).
These devices eliminate camera tilt and twist,
respectively, which are the two factors that make
repetitive photography notoriously difficult. The
bubble level is centered and the compass pointing
north before a station is photographed. Repetitive
photographs have proven to be nearly identical in
terms of area covered and colonies photographed.
The sample area approximates eight square meters,
which effectively samples the community and allows
identification of most colonies at the site.

The spikes used to monitor accretionary growth of
corals are implanted in living coral tissue on the tops
of coral heads. Growth spikes were driven into
heads of the star coral, Montastraea annularis. The
20 cm spikes were driven to a depth of 10 cm,
leaving approximately 10 cm exposed. The spikes
are measured to the nearest millimeter during each
sampling effort. Data are recorded underwater and
paper clips are attached to station tags after
measurement to indicate completion. Since it is
difficult to secure growth spikes so as to completely
avoid movement of the spike relative to the coral
head, growth measurements will also be made from
cores taken from M. annularis heads during and at
the end of the study. Two cores were taken at each
bank in May of 1990 and have yet to be analyzed.

At each reef, two videotaped transects of 100 m
length are flown during each visit to show the
general conditions of the coral community at each
study site. We use 8 mm video format in order to
obtain relatively high resolution images. The video
transects are taken by a diver from approximately
two m above the bottom along 100 m lines tautly
strung along the sides of each survey area. Taut
lines serve to establish semi-repeatable survey
transects that can later be mapped to show
distinctive features such as areas of sand, high coral
density, diseased or damaged corals, etc., and to
document gross changes over time.

Light penetration is measured when on station near
1200 hours each day using a Biospherical
Instruments QSP 200L Submersible Quantum Scaler
Irradiance Meter. Five minute measurements are
taken on the surface, at 1 m depth, and near the
bottom. Discrete measurements of temperature,
salinity, and dissolved oxygen are also obtained daily
(near 1200 hours) at 1 m depth and 1 m above the
bottom. Ryan thermographs were installed on each
bank in August of 1990 to record temperature every
two hours. Data will be retrieved during each
sampling trip.

Laboratory Methods and Data Analysis

Random Transects--Areal coverage of coral and
leafy algae is considered the vertical projection of a
colony onto the substrate (like canopy cover using
aerial photography). Objects on photographs taken
along the random transects are outlined using a
calibrated planimeter, and area (in cm?) is
automatically calculated. Percent cover data are
acquired for all coral species and other appropriate
organisms (e.g., leafy algae) on the photographs, and
observations of disease incidence are documented.



Figure 2.2. Diver taking close-up photograph
of an encrusting growth station.
(Diopter framer is positioned over
two nails adjacent to living tissue
and photo is taken normal to the
station plane).

Figure 2.1. Diver photographing a random
transect using a framer with
attached camera and strobes.

Figure 2.3. Compass and bubble level mounted on the top of the
T-frame used to photograph each 8nf repetitive station.
(These are used to adjust attitude of unit at each station

prior to photography).
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Also calculated is the number of colonies of each
species, the amount of bare coral substrate (most is
actually covered by calcareous or other algae),
relative dominance of each coral species (% cover
relative to total cover), the frequency of occurrence
of each species, species diversity, and evenness.

Encrusting Growth Stations--From developed prints
of growth stations, colony borders, distinctive
features, and polyp mouth positions are traced onto
sheets of mylar drafting material. Minor differences
in scale between sequential mylar traces at a station
can be compensated for by projecting one trace onto
the other using an image enlarging/reducing map
projector. Individual polyp mouth positions can then
be matched exactly on the superimposed traces and
both colony borders are traced onto the same sheet.

Border lengths, areas of tissue advance and areas of
tissue retreat are measured using a planimeter.
Standardized statistics generated for each station will
be the amount of tissue growth and/or retreat (in
cn?) and the border length over which this growth
or retreat occurred. Growth and retreat can be
analyzed separately, and data can be combined for
analysis of net changes in tissue over time.

Also calculated are the proportions of the total
border lengths exhibiting growth, the proportions
exhibiting retreat, and proportions exhibiting no
change. These will be plotted on ternary diagrams
(three-coordinate plots). This technique was first
used by our group to study coral growth on coral
heads impacted by a freighter grounding in Florida
(Gittings et al. 1988). The method was useful in
determining the deleterious effects of the
displacement of coral heads into sandy habitats by
the ship.

Repetitively Photographed Stations--Developed color
slides will be projected onto a digitizing pad.
Individual colony changes between time periods can
be determined directly using the digitizer.

Accretionary Growth Stations--Coral growth will be
determined for each coral head on which growth
spikes are located by comparing sequential
measurements. Differences between periods will be
evaluated, as will trends through time. Underwater
measurement data will be compared to data from
high and low density bands in core tissue taken in
May 1990 and at the end of the study.

VideoTransects--Transcriptionsof videotaperecords
will include observations on the general health of the
hermatypic coral community and counts of

invertebrates and fishes. By estimating physical
dimensions along the transects, counts and other
observations can be converted to densities
(number/nf). These densities will provide a means
for quantitative comparisons between sites, seasons
and years. Other information that may be useful to
community characterization may include habitat
characteristics (cover of sand flats, nature of live
coral cover, general health of coral, disease
incidence, etc.), patterns of abundance (numbers of
individuals, spatial distribution, recruitment or loss
of conspicuous reef fish or invertebrates), and
relationships between specific taxa and habitats or
other biota.
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MISSISSIPPI/ALABAMA SHELF
PINNACLE TREND HABITAT
MAPPING STUDY:

A STATUS REPORT

Mr. Richard A. Shaul
Continental Shelf Associates, Inc.

INTRODUCTION

The Mississippi/Alabama Shelf Pinnacle Trend
Habitat Mapping Study was awarded to Continental
Shelf Associates, Inc. (CSA) by the Minerals
Management Service (MMS) during August 1990.
The area of study is adjacent to an area previously
investigated during the MMS-funded
Mississippi/Alabama Marine Ecosystems Study and
shown in Figure 2.4. The objectives of the study are
to geologically characterize pinnacles and significant
hard bottoms throughout the study area and then to
conduct a biological reconnaissance of the significant
features.

METHODS

Two sampling efforts are planned to collect the data
needed to meet the objectives of the study. The
first, a geophysical characterization survey designed
to locate and identify significant topographic and
geologic features throughout the study area, was
conducted during 12 September - 10 October 1990.
A second sampling effort, to identify and
characterize the biological communities associated
with significant features identified during the
geophysical characterization survey, will be
conducted during early 1991,

Survey 1 - Geophysical Characterization

The geophysical characterizationsurvey was designed
to collect 100% coverage of the study area using
side-scan sonar.  Side-scan sonar reveals the
presence of topographic features as well as distinct
sediment textural changes on the surface of the
bottom. Subbottom profiler data, which were
collected to reveal the presence and thickness of
featurcs below the surface of the seafloor, and
bathymetric data were collected simultaneously with
the side-scan sonar mapping.

The survey was conducted using the R/V Seahawk.,
A Klein 590 side-scan sonar system (100 kHz) with
a Klein 5328-101 subbottom profiler (3.5 kHz) was
used to conduct the geophysical mapping effort.
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Navigation was conducted using a Trimble 10X
Loran-C/GPS receiver integrated with Seatrac
navigational software. Positioning of the towfish was
exacted using a Ferranti O.R.E. Trackpoint II
system. Bathymetric data were collected
simultaneously throughout the survey using an Odum
Echotrac Digital Depth Recorder. All side-scan
sonar and subbottom profiler data were recorded on
digital tape for future review and interpretation.
Navigational data and bathymetric data were stored
on computer data base for future use.

Survey line spacing was originally planned to be at
1,000 m using a side-scan sonar range of 600 m.
Field testing showed that, due to environmental
conditions within the study area, 100% coverage
could not be attained using the 1,000 m line spacing.
To obtain 100% side-scan sonar coverage, survey
lines were spaced at 500 m (side-scan sonar range
of 300 m) in water depths less than 91 m (300 feet
[ft.]) and at 600 m (side-scan sonar range 400 m) in
water depths greater than 91 m (300 ft.). Overlap
of side-scan sonar coverage was estimated to be
approximately 50 m between each survey line. A
total of 86 east-west survey lines and 6 north-south
tie lines were surveyed. Approximately 2,200 line
miles (nm) were investigated during Survey 1.

Survey 2 - Biological Reconnaissance

After review of the geophysical data collected during
Survey 1, significant topographic features will be
investigated with the intent of characterizing the
biological communities present. Features will be
relocated with the side-scan sonar and navigational
system used during Survey 1. A Phantom HD
remotely operated vehicle (ROV) will be used to
conduct the biological reconnaissance. Video and
still photographic data (qualitative and quantitative)
will be collected by the camera systems on the ROV.
Voucher specimens of selected biota will be
collected using the manipulator arm on the ROV.
Additional voucher specimens will be collected by
rock dredge and hook and line sampling. All
specimens will be identified to the lowest possible
taxonomic level to aid identification of biota that
appear in photographs and videotapes.

RESULTS AND DISCUSSION

Analysis of data collected during the recently
completed geophysical characterization (Survey 1) of
the study area is underway. A very preliminary
review of the side-scan sonar records and notes
made during the field effort indicates that several
interesting features are present within the study area
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Figure 2.4. Location of topographic features identified during Survey 1.




(Figure 2.4). Several areas of hard bottom have
been identified, according to the geophysical and
bathymetric data. In the northern portion of the
study area several areas of hard bottom have been
located, according to the geophysical data. These
features appear to be low relief ledges that are
present in north-south trends. Other hard bottom
areas were also located in the southern portion of
the study area, typically in water depths of
approximately 91 m (300 ft.). An area of pinnacles
located in the southeastern portion of the area
investigated during Survey 1 is shown in Figure 2.4.
Pinnacles range in size from 3 to 21 m (10 to 70 ft.),
occur in water depths ranging from 76 to 107 m (250
to 350 ft.), and are present in a northwest-southeast
trend. Over two dozen pinnacles occur within the
area. Another very large topographic feature was
identified in the southwestern portion of the survey
area (Figure 2.4). The base of the feature is in
approximately 128 m (420 ft.) of water while the
crest of the feature occurs in a water depth of
approximately 58 m (190 ft.). This feature has a
diameter of approximately 1,500 m and exhibits
characteristics of both pinnacle and diapir features
located throughout the north central Gulf of Mexico.

SUMMARY

An area on the Mississippi/Alabama shelf was
surveyed for significant hard bottom/topographic
features using geophysical equipment. Because
sampling was only recently completed, data analyses
have just been initiated. A very preliminary review
of the data collected indicates that several different
types of hard bottom are present including low relief
hard bottom areas (less than 3 m [10 ft] relief),
many pinnacles with 3 to 21 m (10 to 70 ft.) relief,
and one very large topographic feature
(approximately 55 m [180 ft.] relief). All the
significant topographic features identified by the
geophysical data collected during Survey 1 will be
mapped. Biological communities present on these
features will be investigated and described during the
biological reconnaissance effort (Survey2). A report
will be prepared to synthesize the geological and
biological data collected during the study. Maps of
significant topographic/geologic features and
bathymetry also will be produced.

Mr. Richard Shaul has been with Continental Shelf
Associates for 10 years. As a senior staff scientist,
he has considerable experience investigating the
environmental effects of oil and gas activities in the
marine and estuarine environment. Mr. Shaul
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DISTRIBUTION, RELATIVE
ABUNDANCE, AND SEASONALITY
OF OUTER CONTINENTAL
SHELF CETACEANS IN THE
NORTH-CENTRAL GULF OF
MEXICO: JULY 1989-JUNE 1990

Dr, Keith Mullin,

Mr. Wayne Hoggard,

Dr. Ren Lohoefener,
Ms. Carol Roden,

Ms. Carolyn Rogers

National Marine Fisheries Service
Mississippi Laboratories
and
Lt. Brian Taggart
Office of NOAA Aircraft Operations Center

INTRODUCTION

Except for data from strandings (Schmidly 1981) and
from aerial surveys by Fritts et al. (1983), virtually
nothing is known about cetaceans in Gulf of Mexico
(Gulf) waters deeper than 180 m. These sources

indicate 26 species of cetaceans have occurred in the
Gulf,

Fritts et al. (1983) used aircraft to survey areas
offshore of southern Florida, western Louisiana, and
southern Texas. While portions of their study areas
included deep water (> 180 m), three-fourths of their
survey effort was over continental shelf waters
(<180 m). They identified nine species or types of
cetaceans in the Gulf.

It has been speculated that areas of high sea floor
relief may concentrate cetaceans (Collum and Fritts
1985; Payne et al. 1986; Kenny and Winn 1986;
Selzer and Payne 1988). From July through
November 1989, the National Marine Fisheries
Service (Mississippi Laboratories), Minerals
Management Service and National Oceanic and
Atmospheric Administration’s (NOAA) Aircraft
Operations Center cooperated in conducting a pilot
study of cetacean diversity and relative abundance in
four areas of high sea floor relief in the north-
central Gulf (Lohoefener et al. in press). The pilot
study was successful. Aerial survey was found to be
an efficient method of studying deep-water
cetaceans. Cetaceans were found in all study areas
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and 12 species or types of cetaceans were identified.
The objective of our continued research was to
expand the areca studied to include the waters
between (and included in) the 1989 study areas in
order to better define the distribution, abundance
and seasonality of deep-water cetaceans in the north-
central Gulf.

METHODS

Beginning in January 1990, the study arca extended
from 87° 30’ to 91° 00’ west longitude. We divided
this area into seven study blocks (Figure 2.5).
Blocks 1, 3, and 7 overlapped large portions of the
1989 study areas. Block 5 covered only the southern
portion of the 1989 Mississippi Canyon area
(Lohoefener ef al. in press). The results of the 1989
portion of the study and those of Fritts ef al. (1983)
indicated that deep-water cetacean sightings were
usually in water 200 m or greater in depth. The
northern border of the study area was the surface
projection of the 180 m isobath. The southern
boundary was, for logistical reasons, 46 km south of
the northern boundary. Water depths ranged up to
1,900 m.

We used NOAA'’s Twin-Otter aircraft to study each
block two times each month. Poor weather in
January and February 1990 prevented us from
meeting this goal. During each survey, a series of
systematically located transects, from a single
randomly chosen starting point, were surveyed. The
surveys were conducted at 229 m altitude and at
about 204 km /h ground speed. Two observers, one
on each side of the aircraft, observed the trackline
and adjacent water through large plexiglass bubbles.
The observers relayed observations to the computer
operator. The computer was interfaced with a
LORAN-C receiver and automatically recorded the
block, date, time, and location of each data record.
Cetaceans were circled in order to make species
identifications, to estimate herd size and to
document sightings with 35 mm cameras and SVHS
video cameras.

RESULTS AND DISCUSSION

In their Gulf study areas, Fritts ef al. (1983) sighted
sperm whales, "beaked" whales, pygmy killer whales,
short-finned pilot whales, bottlenose dolphins,
Risso’s dolphins, "spotted" dolphins, striped dolphins
and "spinner” dolphins. From July 1989 through
June 1990, we identified 16 species or types of deep-
water cetaceans in the north-central Gulf (no surveys
were conducted in December).

Bottlenose dolphin (Tursiops truncatus)--We sighted
39 herds that averaged 12 dolphins per herd.
Bottlenose dolphins were sighted in all of the seven
blocks and in each survey month except February
and May. Most sightings were in the northern
portion of each block. In the Gulf, Fritts et al.
(1983) did not observe bottlenose dolphins in water
deeper than 180 m.

Atlantic spotted dolphin (Stenella frontalis)--Herd
sizes averaged 26 dolphins in 35 herds sighted. Most
herds were sighted in water less than 540 m deep
(Figure 2.6). Atlantic spotted dolphins were sighted
in six blocks and during every month except January
and May.

Pantropical spotted dolphin (S. atfenuata)--Twenty-
two herds that averaged 72 dolphins were sighted
during eight months. This species was sighted in all
seven blocks. Fritts ef al. (1983) did not distinguish
between species of "spotted” dolphins in their study.

"Spinner" dolphins (S. longirostris and S. clymene)--
During six months and in five blocks, nine herds of
spinner dolphins were observed. The mean herd
size was 134 animals. Herds occurred in water
depths from less than 360 m to greater than 1,080 m.

Striped dolphins (S. coeruleoalba)--Fifteen herds
were observed and averaged 60 dolphins per herd.
Striped dolphins were sighted during six months and
in six blocks.

Rough-toothed dolphin (Steno bredanensis)--One
herd of four was sighted during April in Block 5.

Risso’s dolphin (Grampus griseus)--Sixty-one herds
of Risso’s dolphins sighted averaged 13 animals each.
Herds were sighted in water from 180 to 720 m deep
during nine months and in seven blocks (Figure 2.7).
Jennings (1982) reported five Risso’s dolphin herds
that were sighted in Gulf waters from 200 to 1,800 m
deep.

Short-finned pilot whale (Globicephala
macrorhynchus)--Five herds of pilot whales that
averaged 18 animals each were sighted. One herd
was associated with Risso’s dolphins in August near
Block 7. The other four herds were sighted in Block
3 in November. Each herd was located in water
greater than 450 m deep.

Killer whale (Orcinus orca)--A pod of eight killer
whales was sighted on the southern border of Block
4 during May. This pod included a young calf and
a mature male.
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Figure 2.5. Location of the study area and the seven study blocks in the north-central
Gulf of Mexico.
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Figure 2.6. Locations (0) of Atlantic spotted dolphin herds sighted from July 1989
through June 1990.
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Figure 2.7. Locations (0) of Risso’s dolphin herds sighted from July 1989

through June 1990.

False killer whales (Pseudorca crassidens)--During
August, one herd of three whales was sighted in
Block 3 in water about 1,000 m deep.

Pygmy killer whales (Feresa attenuata)--During
August, we sighted one herd of 25 whales in Block
5 near a group of Risso’s dolphins. This herd was
located over the west wall of the Mississippi Canyon
in water about 300 m deep.

Pygmy and dwarf sperm whales (Kogia simus and K
breviceps)--Thirty-two herds of these small whales
were distributed throughout seven blocks. They
were sighted during nine months. Most herds were
sighted over the west wall of Mississippi Canyon in
and near Block 5. Two whales were typically in each
herd.

Spermn  whales (Physeter macrocephalus)--Sperm
whales were sighted 43 times. Herd sizes ranged
from one to 11 whales and averaged two whales.
Three cow and calf pairs were sighted. Twenty-eight
of the sightings were in Block 3 south of the mouth
of the Mississippi River (Figure 2.8). Almost all of
the sightings were in water from 700 to 920 m deep.
Sperm whales were sighted during all months except
May. The most sightings were in September and

October. Collum and Fritts (1985) reported 17
sightings consisting of a total of 59 sperm whales in
the Gulf. Most sightings were in water over 200 m
deep. Gulland (1974) thought sperm whales were
most common near areas of upwellings and high
productivity. Perhaps the area south of the mouth
of the Mississippi River, where water depths ranged
up to 920 m deep, is an area of high productivity.

Beaked whales (Mesoplodon spp. and Ziphius
cavirostris)--Three species of Mesoplodon (M. bidens,
M. densirostris and M. europaeus) have been
documented from the Gulf. We sighted 11 beaked
whales in nine herds. From their shape and white
head, four were identified as Z. cavirostris. Beaked

whales were observed during seven months and in
five blocks.

Fin whale (Balaenoptera physalus)--During
November, in Block 1 in water about 180 m deep,
a large baleen whale was photographed and
identified as a fin whale.

Bryde’s or Sei whale (B. edeni or B. borealis)--A
baleen whale that was either a sei or Bryde’s whale
was sighted in Block 1 during June.
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Figure 2.8. Locations (0) of sperm whale herds sighted from July 1989 through

June 1990.

SUMMARY

We used aerial surveys to study the distribution,
relative abundance and seasonality of cetaceans in
the north-central Gulf of Mexico from July 1989
through June 1990. Not counting unidentified
cetaceans, we made 279 sightings of over 6,600
whales and dolphins. We identified 16 species or
types of cetaceans. Nine species or types were
distributed throughout the study area, occurring in
five or more of the seven blocks. These included
bottlenose dolphins, Atlantic spotted dolphins,
pantropical spotted dolphins, striped dolphins,
"spinner" dolphins, Kogia spp., Risso’s dolphins,
beaked whales, and sperm whales. All of these
species except the striped and "spinner" dolphins also
had a wide temporal distribution in the study area;
they were sighted during seven or more of the 11
study months.
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APPLICATION OF
ARCHAEOLOGICAL RESOURCE
STUDY RESULTS TO REFINE THE
MINERALS MANAGEMENT SERVICE
HISTORIC SHIPWRECK
MODEL ON THE GULF OF
MEXICO’S OUTER
CONTINENTAL SHELF

Dr. Richard J. Anuskiewicz
and
Mr. John R. Greene
Minerals Management Service
Gulf of Mexico OCS Region

INTRODUCTION

The Minerals Management Service (MMS), is
responsible for all Outer Continental Shelf (OCS)
mineral activities and their potential for impacting
natural and archaeological resources. As part of a
continuing effort to manage and protect
nonrenewable archaeological resources, a study that
was conducted by Texas A&M University (TAMU)
focused on the management of historic
archaeological resources. The results of this study,
and subsequent MMS analysis and interpretation,
served to refine the high probability zone for the
occurrence of historic period shipwrecks located on
the OCS in the Gulf of Mexico (GOM). In addition,
study recommendations have been made to
significantly alter existing historic archaeological
survey requirements in order to evaluate better the
survey area and provide better protection to the
resource.  This paper will present the new
conceptual shipwreck model offered by the study and
discuss recommended changes in the MMS historic
archaeological survey requirements.

BACKGROUND

Over 27,000 wells have been drilled in the GOM
Federal OCS waters (USDI MMS 1990a). In
addition, over 3,600 platforms and more than 30,000
km of pipelines have been installed on the OCS
(USDI MMS 1990b). To fulfill its responsibilities
for managing archaeological resources, the MMS
developed a program to oversee and protect
nonrenewable prehistoric and historic resources.



Numerous Federal laws and statutes regulate the
MMS archaeological resource management program
by providing a public mandate to ensure that
exploration and development activities, associated
with natural resource development, do not disturb
any significant archaeological resources. These laws
include the National Historic Preservation Act of
1966, as amended (Public Law 89-665), the National
Environmental Policy Act (Public Law 91-190), and
the OCS Lands Act, as amended, (Public Law 95-
375) (Anuskiewicz and Greene 1990). The OCS
Lands Act specifically defines the MMS
responsibility for the protection of archaeological
resources. It restricts the area of archaeological
management to the area affected, directly and
indirectly, by activities related to mineral
development. A recent Department of the Interior
solicitor’s opinion stated that the MMS only has the
authority to protect archaeological resources on the
OCS that may be affected by mineral development.

In order to carry out its mission to protect our
nation’s archaeological resources on the OCS, the
MMS has produced a Manual for Archaeological
Resource Protection (MMS 620.1) and an associated
Handbook for Archaeological Resource Protection
(620.1-H). In compliance with stated policy to
update regional baseline studies as new data become
available, the Gulf of Mexico OCS Region
contracted with TAMU for a regional study that
focused on the historic archaeological resources of
the northern Gulf of Mexico. This study was to
expand and update the initial baseline study for
historicarchaeologicalresources originallyconducted
by Coastal Environments, Inc. (CEI) in 1977.

The 1977 CEI study focused on both prehistoric and
historic archaeological resources. The historic aspect
of the baseline study utilized mostly secondary
literature sources (i.c., published references) to
record known shipwrecks that occurred in the
northern Gulf of Mexico between 1500 and 1945
A.D. This study compiled a listing of 1,904 reported
shipwreck losses. The authors estimated that the
total number of significant wrecks in the study area
was between 2,500 and 3,000 (CEI 1977). During
the course of the study the authors examined several
contributing factors to formulate a zone of high
probability for the occurrence of historic shipwrecks.
These factors included: the nature of shipping,
character of vessels, sailing practices, and shipping
routes. The CEI high probability zone for ship
losses formed the basis of the MMS Archacological
Resource Management Zone 1 (ARMZ1). Between
1980 and Spring 1990 the MMS defined the ARMZ1
as all areas landward of a line of demarcation
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established as a result of the their study. This line
roughly followed the 60 meter (m) bathymetric
contour line. All lease blocks located landward of
this line had specific archaeological survey
requirements invoked under the MMS lease
Stipulation 1.

Invocation of the MMS lease Stipulation 1 requires
specific geophysical instrumentation and survey
parameters that are detailed in the MMS Notice to
Lessees (NTL) 75-3 (USDI MMS 1982). The
instrumentation package required includes a proton
precession magnetometer, dual side-scan sonar,
shallow subbottom profiler, and fathometer.

The most significant of these instruments as they
pertain to historic shipwreck survey are the
magnetometer and side-scan sonar. A dual channel
side-scan sonar system is required to record
continuous planimetric images of the seafloor.
Overlapping coverage must be provided for the
entire lease block. The instrumentation vertical
beam width must be appropriate to water depth, and
horizontal beam width must be tuned for optimum
resolution. The magnetometer sensor is required to
be towed as near as possible to the seafloor. A
distance of six m or less from the seafloor is
required for data quality suitable to archaeological
analysis. The need for the instrument’s proximity to
the seafloor results from the relationship between
measured gamma intensity and distance from the
tow sensor to a ferromagnetic mass. The MMS
requires magnetometer instrumentation that can
measure the total magnetic field intensity and a
sensitivity setting of one gamma or less with
background noise levels not to exceed three gammas
peak to peak.

A state-of-the-art continuous positioning system is
also required and it must be correlated to the
annotated geophysical survey records during the
remote-sensing survey. The present survey patterns
for lease blocks that fall within the MMS high
probability area are set at 150 m primary linespacing
with cross-tie lines spaced at a maximum of 900 m.
Survey patterns for pipelines only require center line
survey coverage and at least two parallel offset
survey lines spaced 150 m from the center line.

STUDY OBJECTIVES AND RESULTS

As addressed earlier in this paper, the MMS
Handbook for Archaeological Resources (620.1)
requires that baseline studies be updated as new
data become available. The MMS contracted with
TAMU to update and refine the 1977 CEI study
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and to broaden the historic shipwreck data base for
the Gulf of Mexico OCS. The objectives of the 1989
TAMU study were as follows:

1. To reevaluate and make recommendations to
change, if necessary, the location of ARMZ 1 in
the GOM;

2. To determine the relationship between
linespacing of magnetometer readings and side-
scan sonar and the detection of objects at or
below the surface; and

3. To investigate whether remote-sensing data
gathered during cultural resource survey in the
GOM can be analyzed to discriminate between
an archaeological resource and recent debris.

To accomplish these three objectives the study was
divided into two major tasks: Task I, evaluation of
Archaeological Resource Management Zone 1, and
Task II, establishing an interpretive framework to
characterize unidentified magnetic anomalies and
side-scan sonar contacts (Garrison ef al. 1989). In
Task I the authors utilized primary as well as
secondary archival sources to compile a listing of
over 4,500 shipwrecks in the northern Gulf of
Mexico. The study divided the interval between 1500
A.D. and the present into five major periods that
approximate major historic or technological ages.
These major periods were identified as the New
Spain Period (1500-1699), representing the maritime
exploration and settlement of the GOM; the
Colonial Period (1700-1803), representing the
addition of French and British colonies; the
American Period (1803-1865), representing the
Louisiana Purchase and the Americanization of the
northern GOM; the Victorian Period (1866-1899),
representing the post-Civil War increase in maritime
activities; and the 20th century (1900-present),
representing the modern period change from an
agrarian-based economy to an emphasis on
petrochemicals and manufacturing.

The TAMU conducted statistical analyses of the
over 4,500 shipwrecks and identified areas of high
concentrations of loss traps (Anuskiewicz 1989) for
ships in the Gulf of Mexico. In the scope of work
for this contract TAMU was also asked to examine
environmental and geological factors relating to the
preservation potential of historic shipwrecks. These
factors included bottom sediments, energy zones,
and biological and chemical factors. The MMS was
not only interested in shipwreck loss traps but was
also interested in the preservation potential of a
particular wreck, based on its geographic and

geologic location. In addition, chronological trends
in GOM shipwreck distributions were identified.
Spatial analysis, including contour plots and cluster
analyses, was performed. Two broad types of high

. probability areas for the location and preservation

of historic period shipwrecks were defined through
this study. The first type of high probability area is
located proximal to the shoreline. Numerous marine
archaeological authors (CEI 1977; Muckelroy 1978;
Marx 1971) have recognized that the majority of
historic period shipwrecks lie in proximity to the
coastline. The TAMU study (Garrison et al. 1989)
supports the assumption that between 75 and 80%
of shipwrecks occur in nearshore waters. The study
justified this rationale by citing the relationship
between sailing practices, weather, vessel type, and
the geographic location of loss traps such as barrier
islands. The second type of high probability area,
while also located nearshore, centers around historic
ports in the GOM as well as certain geologic hazards
that exist outside of the nearshore high probability
zone.

The study also recommended the creation of high
probability search polygons around a centroid
specific to each recognized shipwreck that falls
outside of the two aforementioned high probability
areas. This concept was derived from locational data
compiled for each shipwreck in the data base. The
majority of archival sources did not provide exact
latitudes and longitudes of these shipwrecks. In
these cases, descriptive locations were provided
which were translated into latitude and longitude
using large-scale charts and a digitizer. Presumed
accuracy for these individual shipwreck losses falls
within a radius of 7.25 km (4.5 mi) from the centroid
position.

Task II of the TAMU study established an
interpretive framework to characterize magnetic
anomalies and unidentified side-scan contacts. The
two most important remote-sensing instruments in
the conduct of historic shipwreck/shallow hazard
surveys are the magnetometer and the side-scan
sonar. The utility of side-scan sonar in the search
for historic period shipwrecks is principally in areas
of the OCS that have a thin sediment veneer over a
more indurated paleo-surface. Historic shipwreck
debris in those areas would come to rest on the
hardened paleo-surface and not be obscured by a
blanket of marine sediments. In those areas of the
GOM where a significant amount of
underconsolidated sediments occur, historic period
shipwrecks would likely settle beneath the sediments
and provide little or no seafloor relief. The primary



instrument for shipwreck detection in this case would
be the magnetometer (Stright 1989).

Several authors have commented on the efficacy of
150 m survey linespacing in historic archaeological
surveys (cf. Anuskiewicz 1989; Weymouth 1989;
Stright 1989; Arnold 1989; Saltus 1989; Clausen and
Arnold 1975). All marine archaeologists agree that
a 150 m magnetometer survey linespacing interval is
insufficient for confident detection of historic
shipwrecks on the Gulf of Mexico OCS. Staff MMS
archaeologists have developed avoidance zones to be
placed around unidentified magnetic anomalies and
side-scan sonar contacts that have the potential to be
historic resources. These zones were designed to
provide protection for the potential historic
resources, given a 150 m survey linespacing, In
addition, the TAMU study concluded that the 150 m
survey linespacing interval is not sufficient to
differentiate, at a high confidence level, between
modern ferromagnetic debris and potential cultural
resources. The study also concluded that, if there is
reliance on instrumental data alone, the linespacing
interval is critical. Therefore, survey linespacing of
50 m or less was strongly recommended. Assuming
a line spacing of 50 m or less, the TAMU study
provided some salient instrumental and geophysical
characteristics that can be used to differentiate
confidently between modern ferromagnetic debris
and historic shipwrecks.

The characteristics for anomalies and side-scan sonar
patterns of historic shipwrecks are

* multiple peak anomalies or spatial frequency,
* differential amplitude anomalies,

¢ areal distribution > 10,000 square m,

* long gradients and duration,

¢ axial or linear orientation of anomalies,

* scour areas associated with anomalies,

*  an exposed structure geometrically complex and

associated with anomalies, and
» relative locational permanence.

The characteristics for anomalies and side-scan sonar
patterns of modern ferromagnetic debris are

* single peak anomalies or no spatial frequency,
e few if any differential amplitudes,

* localized areal distribution <10,000 square m,
» sharp gradients and short duration,

* random, non-axial orientation of anomalies,

*  scour areas with no associated anomalies,

» exposed debris geometrically simple, and
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* locational transience.

Other Task II conclusions proved working
assumptions generated and used by the MMS Gulf
of Mexico OCS Region staff archaeologists in their
analyses of archaeological reports. One conclusion
was that the detection of magnetic anomalies
increases in direct proportion to a decrease in the
linespacing interval used in a survey. While this
linear trend may be specific to the TAMU study,
the inference is that a wider survey linespacing
interval results in discovery of fewer ferromagnetic
masses by the magnetometer. Another conclusion
proved the assumption that development of a lease
block increases the number of magnetic anomalies
of modern origin.

RECOMMENDED CHANGES IN
THE MMS HISTORIC
SHIPWRECK MODEL

After receipt of the TAMU study, the MMS GOM
Region staff archaeologists undertook an intensive
review of the conclusions. A portion of this analysis
was conducted with a Geographical Information
System (GIS) at Jackson State University in Jackson,
Mississippi. The GIS was made available by a
cooperative agreement between the MMS and
Jackson State University. After analysis of the
TAMU study conclusions was completed, the staff
archaeologists made several recommendations to
GOM regional management to alter the current
approach to preserving our nation’s historic
archaeological resources on the GOM OCS.

1. Replace the current ARMZ1 historic high
probability zone with TAMU’s refined high
probability areas. This change has been adopted
by the GOM Region since mid-July of this year.
These specific changes result in designating
three different types of high probability zones
for the occurrence of historic shipwrecks.

a) The 10 km buffer zone, which extends from
the shoreline out to sea for 10 km and only
affects Federal waters in Louisiana,
Mississippi, and Alabama. This zone
acknowledges the relationship between
historic period shipwrecks and proximity to
the coastline.

b) Include 21, 0.5-degree square, high
probability quadrants centered around
specific geological, geographic, and cultural
features. This zone acknowledges the



relationship between specific features (most
notably ports) and historic shipwrecks.

¢) Include high probability search polygons
(centroid) associated with shipwrecks
reported to be outside of the 10 km buffer
zone and high probability quadrants. These
search polygons are centered on the
reported location of the wreck. Until the
shipwreck is located, all lease blocks within
a 7.25 km (4.5 mi) radius of the centroid
location are considered to have a high
probability for the occurrence of a particular
wreck.

2. Institute a 50 m survey linespacing interval
within the refined high probability areas. This
change will result in a greater ability to
distinguish between potential shipwrecks and
modern marine ferromagnetic debris. A further
benefit of the increased survey coverage will be
a more efficient use of avoidance mitigations.
The tighter linespacing will allow the isolation
of magnetic anomaly clusters and result in
avoidance mitigations with smaller radii. The
increase in survey coverage is necessitated by the
refinement of the high probability zones.

3. Limit magnetometer surveys (for archaeological
purposes) to lease blocks with depths of 60 m
(197 ft.) or less. Experience has shown that, in
water depths greater than 60 m, it is increasingly
difficult to maintain an accurate magnetometer
tow sensor height of 6 m or less above the
seafloor, as well as sensor position on a survey
line. This is due to the interaction between the
tow sensor, cable, and towing environment,
Questionable data result from these deeper
tows. High probability search polygons
occurring in water depths greater than 60 m will
require archaeological analysis and an
archaeological report based on the data
generated by a shallow hazards survey at 300 m
linespacing interval.

SUMMARY

The TAMU archaeological study has recommended
significant changes to the Service’s ARMZ1 and the
current shipwreck high probability model. The
MMS GOM Region supports the recommended
changes to the ARMZ1 model. This support was
initiated because of the TAMU study and has gained
momentum from the staff archaeologists through the
GOM Regional Director. The refinement of
ARMZ1 will significantly diminish the number of

lease blocks on the GOM OCS that require historic
archaeological surveys at the 150 m survey
linespacing. At the same time, the chances of
actually encountering an historic period shipwreck
are enhanced due to the specific nature of the
refined high probability zones and the new 50 m
survey linespacing. The adoption of the 50 m survey
linespacing will serve to differentiate better between
potential historic archaeological resources and
modern marine debris by allowing the recognition
and evaluation of clusters of magnetic anomalies that
would not have been possible at 150 m survey
linespacing. The MMS adoption of the study
recommendations makes it possible to provide more
efficient and effective protection of our nation’s
maritime historic archaeological resources on the
GOM OCS.
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WETLANDS MITIGATION: A
STUDY OF MARSH MANAGEMENT

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

INTRODUCTION

A wetlands mitigation study is being undertaken for
the Minerals Management Service by the Louisiana
Department of Natural Resources (DNR) through
the offices of the Louisiana Geological Survey and
the Coastal Management Division, with assistance of
the Sea Grant Legal Program of Louisiana State
University. The purpose of this two-year study is to
determine the suitability of marsh management
practices for mitigating wetland loss in the varied
habitats of coastal Louisiana. The study will result
in a report summarizing the essential aspects of
marsh management in Louisiana - the administrative
framework within which it occurs, public interest
goals, engineering and construction techniques, an
annotated literature review, environmental conditions
within which it occurs, historical and field
monitoring, and ecological consequences. This
abstract presents a summary of the results of our
monitoring analyses.

ANALYSIS OF LANDOWNER
MONITORING PROGRAMS

Methods

The objectives of this analysis were to determine:
(1) the intensity and quality of monitoring by
permittees, (2) the suitability of the data base for
evaluating the effectiveness of  structural
management, and, (3) the effectiveness of structural
marsh management in achieving stated objectives.
We determined the extent of monitoring by
reviewing the permit files of the Louisiana DNR and
noting monitoring data submitted by the permittees.
The quality of data was determined from the
variables measured and the techniques and
experimental design used in data collection. We
assesscd the suitability of the data base for
evaluating the effectiveness of structural
management by comparing the types and quality of
data to the management goals. Management
cffectiveness was determined by synthesizing all
available data.

Results

The monitoring data base on file at the DNR is
small in relation to the number of implemented
managed areas (9 plans out of approximately 20 fully
and 30 partially implemented plans). The intensity
of the monitoring programs varies greatly. Some
efforts are dedicated to creating long-term data
bases; other monitoring efforts have ceased.

The quality of the monitoring programs varies
greatly. The monitoring programs focused on
measuring plant species composition, water
parameters (e.g., level and salinity), and habitat
change. However, these variables were rarely
measured in a nearby unmanaged marsh for
comparison. Also, only one of the monitoring
programs provided data on plant growth and no
programs provided data on abiotic factors that may
affect plant growth, such as water and matter flux,
nutrient cycling, sediment distribution and accretion,
soil conditions, subsidence, and evapotranspiration.

The ability of the monitoring programs to evaluate
the effectiveness of management is limited by the
variation in monitoring intensity and quality.

HABITAT CHANGE ANALYSIS
Methods

The objective of this analysis was to measure habitat
change in managed and unmanaged marshes in
different environmental settings. Sixteen managed
sites with an associated unmanaged reference area
were selected in both the delta and chenier plains in
as many different marsh types as possible. These
sixteen sites most likely represent a majority of the
fully implemented management plans permitted
since 1980. Habitat change was determined by
comparing aerial photographic images from 1955/56,
1978, 1981/82/83, 1985, and 1988. Variables
analyzed included marsh-to-water ratios, change in
marsh type, change in marsh area, and change in
habitat diversity.

Results

Marsh management is not consistently effective at
increasing marsh acreage, reversing salinity influence
on habitat composition, or improving marsh-to-water
ratios. When analyzed over the entire interval of
management, some managed areas became fresher,
or had improved marsh-to-water ratios compared to
their unmanaged area while some unmanaged areas
showed improvement when compared to their



managed area. For example, five managed areas
showed improvement in marsh-to-water ratios when
compared to their unmanaged areas, while three
unmanaged areas showed improvement in marsh-
to-water ratios when compared to their managed
areas. However, for 50% of the comparisons, there
was no difference between the changes occurring at
the managed areca and those occurring at the
unmanaged area.

During the last photographic interval of 1985 to
1988, actively managed marshes sometimes produced
improved marsh-to-water ratios (5 of 10 sites), net
gains in marsh (2 of 10 sites), and a net change of
water to marsh (4 of 10 sites) when compared to
nearby unmanaged marshes. Passive management,
with very few exceptions, produced no gains in
marsh-to-water ratios or marsh acreage.

FIELD STUDIES
Field Sites and Methods

The two areas selected were the Fina LaTerre
Mitigation Bank site in the delta plain and
Rockefeller State Wildlife Refuge and Game
Preserve in the chenier plain. These two areas were
selected for study because they represent the two
main physiographic provinces of the Louisiana coast
and they have numerous characteristics in common.
Both of these sites are considered premiere
examples of structural marsh management utilizing
adjustable water control structures that can alter
water levels in the marsh seasonally. Also, each site
includes the same marsh type (Spartina patens-
dominated brackish marsh) in both managed and
unmanaged areas. Equally as important as these
physical attributes, however, was the fact that the
landowners of each site agreed to provide essential
logistical support. The managers of the sites
provided invaluable support to our field studies in
the form of airboats, flatboats, and field personnel
(ie., boat drivers).

At each site we monitored the influence of structural
management of water levels on hydrology,
production and species composition of emergent
vegetation, soil parameters, sediment dynamics,
water chemistry, and fisheries. Most of the variables
we measured had either not been measured before
in a managed marsh or had not been measured
simultaneously in both a managed and nearby
unmanaged marsh.

Field plots were selected and data collected within
managed marsh and nearby unmanaged marsh so
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that the influence of management on basic ecological
processes could be evaluated. All plots were located
in marsh areas dominated by Spartina patens. Both
areas underwent a drawdown in the spring of 1989
during this study. Details of field sampling design
are provided in the final report.

Results and Discussion

This synthesis is based on data collected during a
drawdown year only. Drawdowns have occurred
usually every fourth year at Rockefeller Refuge,
while at Fina LaTerre a drawdown has been
implemented every year since management was
initiated in 1985. For the Fina LaTerre site, the
conclusions pertain only to the southern portion of
the managed area and the unmanaged reference
area south of Falgout Canal.

Management Effects on Physical Processes--Fina
LaTerre. Water-level management reduced tidal
amplitude and frequency in the southern portion of
the managed area. The results of the flux and
accretion analysis are consistent with this hydrologic
pattern and with each other. The amount of water
and matter exchanged with the southern portion of
the managed area through the drawdown structure
was low compared to that of the unmanaged area,
and vertical accretion and matter accumulation were
uniformly low throughout this region. Rates of
vertical accretion and matter accumulation are not
sufficient to keep pace with local rates of relative sea
level rise in both the managed and unmanaged areas.
Water and interstitial soil salinities in the southern
portion of the managed area were equal to or higher
than water and interstitial salinitiecs in the
unmanaged marsh throughout the entire year. Soils
were more reduced in the brackish vegetation zone
of the managed marsh during the plant growing
season but there was no difference in sulfide
concentrations. Three months after commencement
of drawdown (May 1989), water levels in the
southern portion of the managed area were drawn
down to 5-10 cm below marsh level. Analysis of
material fluxes and accretionary processes in the
northern portion of the managed area is needed in
order to understand management effects on the
physical processes of the entire management area.

Management Effects on Physical Processes--
Rockefeller Refuge.  Water-level management
reduced tidal amplitude and frequency in unit 4 at
Rockefeller Refuge and the results of the flux and
accretion analysis are consistent with this hydrologic
pattern and with each other. The flux of water and
matter, and the rate of vertical accretion and matter
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accumulation, were greatly reduced in the managed
area. Under certain hydrologic conditions, more
sediment may flow out of the managed marsh than
flows in. Rates of vertical accretion and matter
accumulation are not sufficient to keep pace with
local rates of relative sea level rise in the managed
marsh. In contrast, the unmanaged marsh
experienced regular exchange of matter and
accretion rates comparable to local relative sea level
rise rates. However, substrate conditions were more
conducive to plant growth in the managed marsh.
Interstitial soil salinity, soil reduction, and sulfide
concentrations all were significantly lower in the
managed marsh. Water levels were drawn down 20-
30 cm below the marsh surface 3 months after
commencement of drawdown (May 1989) and 1-2
weceks after 2 of 7 flap-gates were opened for a total
of 4 days to allow ingress of shrimp larvae.

Management Effects on Physical Processes--
Summary. The impacts of management on
hydrology and sedimentology were similar in the
southern portion of the Fina LaTerre site and Unit
4 at Rockefeller Refuge. Management was
successful at isolating the managed marsh from most
local hydrologic influences and controlling and
stabilizing water levels at both field sites. In
contrast, the unmanaged marshes were influenced by
diurnal tidal variations, winter storms, and lunar
tidal effects. Consequently, tidally driven flux and
accretion were significantly reduced at both managed
sites when compared to the unmanaged sites. The
implications for sea level rise effects need to be
investigated.

Management Effects on Biological Processes--Fina
LaTerre. The southern portion of the managed area
was still dominated by Spartina patens in 1989, The
productivity of Spartina patens was lower and
substrate conditions were more stressful to plant
growth in the brackish vegetation zone of the
managed marsh. Plant species diversity was the
same in both the southern portion of the managed
area and the unmanaged area, although more fish
species were collected in the unmanaged area. Total
biomass of fish was the same for both the southern
portion of the managed area and the unmanaged
areca. The southern portion of the managed area
had significantly more individuals of resident
estuarine and freshwater species and significantly
fewer individuals of marine transient species than the
unmanaged marsh.

Management Effects on Biological Processes--
Rockefeller Refuge. The productivity of Spartina
patens was higher and substrate conditions were less

stressful for plant growth in the managed marsh
compared to the unmanaged marsh. Plant species
diversity was also higher in the managed marsh.
There were fewer individuals of both marine
transient and resident fish species in the managed
marsh. Biomass of resident fish species was also
lower in the managed marsh. [The reader is
referred to the fisheries study at Rockefeller Refuge
conducted during 1989 for additional information on
fisheries species composition and biomass at
Rockefeller Refuge.]

Management Effects on Biological Processes--
Summary.  Although management effects on
hydrology and sedimentology were similar at both
sites, management effects on plant growth and stress
differed significantly. Growth of Spartina patens and
plant species diversity were enhanced at Rockefeller
Refuge but not in the southern portion of the
managed area at Fina LaTerre. The data suggest
that the decreased growth rate of Spartina patens at
Fina was related more to reduced soil conditions
than to salinity effects.

Implications of Field Monitoring Results

One of the primary purposes of structural marsh
management is to restrict tidal exchange and
regulate water levels in order to enhance plant
production and consequently improve secondary
production of waterfowl and wildlife. A review of
the file monitoring data demonstrated that the
influence of restricted tidal exchange and regulated
water levels on plant growth and the flux of matter
into the managed marsh had not been measured
before this study. Thus there has been no
documentation that the assumed benefits actually
occurred. The results of this study of two brackish
marsh impoundments indicate that management
severely limited both the flux of matter and vertical
accretion. The implications of these results for
managed brackish marsh in a rapidly subsiding
environment are that vegetative growth and organic
matter accumulation may be the only means of
maintaining marsh elevation. Unfortunately, plant
growth may be limited, and organic matter
accumulation has been shown to be significantly
reduced by management whether or not plant
production was enhanced. These findings
demonstrate how little is known about the impact of
structural management on accretionary and plant
growth processes, and ultimately marsh surface
elevation. To predict accurately the long- and short-
term consequences of wusing manipulated
impoundments in the rapidly subsiding environments
of coastal Louisiana, a better understanding of the



effects of such techniques on plant growth and
marsh accretionary processes must be acquired.
Several research topics have been identified and
specific issues related to each are discussed below.

Recommendations for Research

Marsh Accretionary Processes—-The impact of
management on the flux of matter, vertical accretion,
accumulation of matter, and plant growth needs to
be evaluated for fresh, intermediate, brackish, and
saline marsh. In addition, all these variables should
be measured during drawdown and non-drawdown
years. So far they have been measured only in two
brackish marshes and only during drawdown years.
These data should be synthesized with data on
surface elevation changes in managed and
unmanaged marshes.

Plant Growth--The determinants of successful
vegetative growth in manipulated impoundments
should be isolated by both experimentation and
monitoring of natural populations. In particular, the
rates of above- and below-ground plant production
and plant decomposition should be determined.

Fisheries Access--A sizable body of literature
indicates that manipulated impoundments and weir
management diminish fisheries access to managed
marshes. Future research should be directed at
determining the feasibility of retrofitting
management structures to allow for ingress and
egress of aquatic organisms.

Monitoring Procedures--Standardized monitoring
procedures should be developed and used at all
managed sites. Standard methodologies should be
employed to monitor a prescribed set of variables
related to water quality, accretionary processes,
substrate conditions, plant growth rates and species
composition; and waterfowl, wildlife, and fish
production. A standardized monitoring program
will facilitate comparison of data collected at
different managed sites.

Once data bases of sufficient size have been
accumulated, computer models should be developed
that, in conjunction with the new monitoring data,
can be used to develop management plans with the
most appropriate designs and schedules of operation.
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Cumulative Impacts--To overcome the lack of
knowledge about the cumulative effects of structural
management, three approaches are recommended.
First, the influence of management on adjacent
marshes should be investigated. Pre- and post-
implementation data collected from managed and
unmanaged areas should be compared to determine
the effect of management on neighboring marshes.
Second, the interaction of structural water-level
management with other management techniques,
such as freshwater and sediment diversions, should
be determined. Techniques should be developed to
capture sediment and freshwater in managed
marshes at diversion outfalls; otherwise the managed
marsh probably will not benefit from the diversions.
Third, regional impacts to sediment distribution,
water flows and levels, and marsh health should be
determined. Computer models should be developed
from the standardized monitoring data bases within
a basin to facilitate this analysis.

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

Dr. Donald R. Cahoon is an Assistant Professor-
Research at the Louisiana Geological Survey. He is
project manager for the Wetlands Mitigation Study
and is charged with coordinating all project efforts.
He is experienced in coastal regulatory affairs and
is actively involved in scientific research into the
causes of wetland loss in Louisiana. Dr. Cahoon, a
wetlands ecologist, received a B.A. from Drew
University in botany (with Honors), and an M.S. and
a Ph.D. in plant ecology from the University of
Maryland.
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RECENT SEAFLOOR
CLEARANCE ACTIVITIES
AT ABANDONED OIL
AND GAS STRUCTURE SITES:
SESSION INTRODUCTION

Mr. Felix Dyhrkopp
and
Mr. Arvind Shah
Minerals Management Service
Gulf of Mexico OCS Region

This presentation was a slide show that reviewed
existing Minerals Management Service (MMS)
regulations regarding structure removals and site
clearance, the history of the development of Notice
to Lessees and Operators (NTL) 90-01/03,
descriptions of site clearance plans and reports
submitted by operators to the MMS, and results of
site clearance operations carried out under NTL 90-
01,/03.

SITE CLEARANCE

Gulf of Mexico Oil and Gas lessees are required by
Minerals Management Service (MMS) Regulations
30 CFR 250.112(i) and 250.143(b) to remove all
platforms, wellheads, casings, pilings, and other
obstructions to a depth of at least 15 ft. below the
mud line or to a depth approved by the District
Supervisor. Furthermore, the lessees are required
by 30 CFR 250.114 and 250.143(c) to verify site
clearance by one of the following methods:

1. Drag a trawl in two directions across the
location,

2. Perform a diver search around the well bore,

3. Scan across the location with a side-scan or on-
bottom scanning sonar, or

4. Use gather methods based on particular site
conditions.

Certification of site clearance, which includes the
date the work was performed, the areal extent
searched around the location, and the search method
utilized, must be submitted to the District
Supervisor. As required by the lease agreement,
clearance of the site by one of the above mentioned
methods must be accomplished prior to one year
after lease relinquishment, expiration, or
termination.
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Even though the MMS has regulations in place to
prevent trawling obstructions related to Outer
Continental Shelf oil and gas exploration,
development, or production activities, these
obstructions continue to be a problem for Gulf of
Mexico (GOM) shrimpers. In the summer of 1987,
a series of group discussions was initiated on this
issue, with the group consisting of representatives of
the MMS, the Offshore Operators Committee
(O0C), the Louisiana Department of Wildlife and
Fisheries (LDWF), and Louisiana’s shrimping
industry. Another attempt to address the problem
was made in a meeting between the MMS and OOC
in August of 1983, from which a survey of site
clearance verification methods of five offshore
operators subsequently resulted. However,
successful resolution of the issue has been elusive,
and the problem continues to exist.

At the request of the LDWF, the MMS hosted a
meeting of all interested parties on August 18, 1989.
Present were representatives of Congressman Billy
Tauzin, Senator J. Bennett Johnston, the OOC, the
International Association of Drilling Contractors
(IADC), the LDWF, the Concerned Shrimpers
Association (CSA), the LSU Extension Service, and
the MMS. The group discussed the problem in
detail, reviewed current site clearance verification
technology, and addressed the need for new
verification procedures. As a result of those efforts,
the MMS formed a committee composed of
Representatives of the State of Louisiana, the CSA,
OO0C, IADC, and MMS to study the problem in
detail and develop recommendations as to how it can
be successfully resolved. The recommendations
made by that committee prompted the issuance of
an MMS Notice to Lessees and Operators (NTL) in
February of 1990 that provided interim requirements
for future site clearance verification procedures.
Those requirements were modified after six months
of experience were gained, and a new NTL
incorporating the modifications was issued in August
of 1990. Both the original and present NTLs
stipulate the areal extent to be cleared around
various types of structures, and that both sonar and
trawling methods be employed for verifying the areas
are clear of obstructions. The areas are defined as:

A. Exploration/Delineation Wells - A 300 ft. radius
around the well bore.

B. Caissons/Well Protectors - A 600 ft. radius
around the structure geometric center,

C. Platforms - A 1320 ft. radius around the
platform geometric center.
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When the MMS determines that sufficient
knowledge has been gained from these activities,
revisions will be made to existing MMS Regulations
regarding site clearance.

Mr. Felix Dyhrkopp holds a Bachelor’s degree in
civil engineering from Louisiana State University.
He has been employed in the marine field since
1965, approximately half of which was with industry
and half with the Minerals Management Service
(MMS). He is at present Chief of the Office of
Structural and Technical Support located in the
MMS Gulf of Mexico OCS Region.

Mr. Arvind Shah holds a Master’s degree in civil
engineering from the University of Michigan and a
Bachelor’s degree in civil engineering from
University of Baroda, India. He has been in the
marine field since 1976, approximately 10 years with
the MMS and four years with the U.S. Coast Guard.
Previous to that he was employed as a structural
engineer with consulting engineering firms for about
15 years. At present he holds the position of
structural engineer with the Office of Structural and
Technical Support located in the MMS Gulf of
Mexico OCS Region.

THE ROLE OF THE SURVEY/
SONAR CONTRACTOR
IN LOCATING AND REMOVING
SEAFLOOR DEBRIS

Mr. Bill Tink
WIMPOL, Inc.

BACKGROUND

The requirement for clearing sites on offshore leases
previously occupied by oil company related activities
arose from complaints from the shrimping industry
that they were damaging equipment caught in
seafloor debris. The cost of repair and the
consequent downtime were seriously affecting the
livelihood of the shrimpers, and it was obvious from
the contents of their damaged nets that the seafloor
debris resulted from oilfield exploration and
production activities.

The MMS decided that it would introduce
procedures to attempt to return the seafloor to its
original condition, specifically in those areas where

a lease has been relinquished and a platform or
caisson removed.

THE STAGES OF A SITE CLEARANCE

When an operator decides that a structure has come
to the end of its useful life, he is then obligated to
remove it and return the seafloor to its original
condition.  After removing the topsides and
abandoning the pipelines, the jacket then has to be
severed from its piles and taken away for scrap, re-
use or the rigs-to-reefs program.

After the successful removal, a dive boat equipped
with a survey contractor (to relocate the site) and a
sonar contractor (to assist the divers in locating
objects on the seafloor) are mobilized to the field.
All locatable objects are then recovered by the
divers. On rare occasions, some of the objects are
too big for the diver/dive boat to recover, and a
larger vessel with a crane has to be mobilized to
assist in the removal.

Once the site has been cleared by divers, a shrimp
boat with survey contractor is required to trawl over
the entire area to ensure the nets are not fouled by
any man-made objects. When the area can be
trawled without snagging debris then the field is
declared "cleared."

THE SURVEY CONTRACTOR

The co-ordinates of the platform and associated
pipelines were established at the time of installation
as required by the MMS.

The survey contractor is onboard to ensure that the
operations are indeed being carried out over and
around the site previously covered by the removed
platform.

A typical spread of equipment supplied by the survey
contractor has, as its final output a color monitor
with the information as shown in Figure 3.1. For
the dive boat this includes the site center, pipelines,
remaining seafloor structures such as wellheads and
templates, and the location of the sonar drops (for
a stationary scanning sonar). All of these are shown
graphically along with an outline of the boat moving
in real time through the field. Tabulations include
the location of the boat in latitude and longitude, the
distance to a selected target (one of the sonar drop
sites), anchor information for a 4-point dive spread,
and an indication of the quality of position (shown
here as standard error).
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Figure 3.1. Equipment spread.

The locations for the sonar drops are taken from the
operator’s proposed procedure for clearing the site,
which typically includes a plan as shown in
Figure 3.2

For the shrimp boat, the monitor has information
typified by Figure 3.3. This information includes a
site center, a survey grid for the trawl lines to be
run, and the position of the shrimp boat in real time.
Tabulations include course made good, line bearing,
speed, position in latitude and longitude, distance to
the end of the line, and distance cross course. This
is the screen the shrimp boat captain uses for
navigating the vessel.

An additional output required for the trawl survey
is a hard-copy plotter, which shows the grid lines to
be run and the actual path the shrimp boat achieved.

This hard-copy assists in highlighting those areas still
to be covered by the trawl.

POSITIONING SYSTEMS

There is exaggeration regarding accuracies of survey
positioning systems. The equipment currently used
by the major survey contractors for most of the
offshore work has absolute accuracies on the order
of 5 to 10 m; i.e., given a final coordinate on the
earth’s surface, one should be able to take his boat,
navigate it to the same coordinate and be confident
he is within 5-10 m of that point.

Any system used incorrectly can have one clearing
a site a few miles south of the old jacket site.
However, there are a number of ways the oil
companies can reduce this risk.
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1. They can make sure their survey contractor has
at least one redundant range in his position
solution. A quality of fix can then be displayed
on the monitor and the oil company
representative can be confident he is in the right
location.

2. The use of a permanent navigation network will
give them the confidence that other people are
using this network and the station coordination
has been verified over a large number of
previous projects.

Navigation systems for general public use such as
Loran C and stand-alone GPS are definitely not of
acceptable accuracy for this type of work.

SONAR SYSTEMS

By far the most widely used sonar for site clearances
(but not the only type) is the fixed-head scanning
sonar,  This is a device similar, both in use and
display, to a boat radar or the radar seen on the
weather channel (Figure 3.4). A fixed head with a
rotating transducer scans through 360° emitting a
500 to 675 kHz acoustic beam and listens for replies.

Figure 34,  Scanning sonar image.
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Any reflections of solid objects appear as a blip on
the screen, and a diver can be dispatched to that
point to investigate.

FACTORS AFFECTING THE SURVEY

Assuming that quality positioning is provided
throughout the clearance, there are additional
influences that will have an affect on the efficiency
of the operation.

The survey contractor is attempting to lower the
sonar and place it on a specified coordinate on the
seafloor. Obviously he can set the dive boat over
the position but in deeper water and moderate
currents, the head and tripod can land on the seabed
quite a distance from its intended location. Where
is it in relation to where he wants it to be? He can’t
really be sure without providing additional expensive
equipment.

We have seen an instance where the tripod was
knocked over and the operator insisted there was a
130 ft. long ’riser’ or large diameter pipe on the
seafloor and it was moving! Eventually he realized
the tripod was lying on its side and he was looking
at the bottom of the dive boat.
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The shrimp boat captain’s ability to learn to steer
from an electronic real time map of his boat and its
surroundings will affect the efficiency of the trawl,
Some skippers adapt readily, while others take time
to learn this new skill,

In the track plots of the site clearance trawls shown
in Figures 3.5 and 3.6, it is apparent that the skills
of the two skippers differed considerably. Also, in
viewing Figure 3.6, it could be argued that some
arcas require additional infill. However, this is a
track plot of the antenna location on the boat.
Depending on water depth, the nets themselves
could be 60 to 150 m behind the antenna. The track
plot of the nets, if it were available, would be
different to that shown in these figures and an
attempt to infill the void on the map by running the
boat through the area may have little effect on any
untrawled portion of seafloor in the area.

FACTORS AFFECTING THE SONAR

Figure 3.7 shows the sonar head and the tripod that
supports it above the seafloor. Tripods supporting
the head are generally 1.5-3 m high, which places
the head in a reasonable position to see out to the
range limits of the scanning sonar. However, in soft
bottoms there is a tendency for the tripod to sink,
thus reducing the effective height of the head. In
areas where current is a factor, weights are added to
the sonar, and this in turn makes it sink even farther
into the mud. The effect of reducing the height of
the head is that natural undulations of the seabed
cause more shadowing effects and thus reduce the
effective range of the sonar.

As operators of this equipment, we have all become
accustomed to using 100 m (300 feet [ft.]) as the
range for the scanning sonar and to using a 100 m
(300 ft.) radius circle to show the area covered by
the device.  This radius is quoted by the
manufacturer as being the maximum range for this
frequency. From experience, I would say that very
little debris has been detected beyond 60 m, and I'm
sure that this has contributed to the volume of debris
trawled up in the nets after a field has been declared
clear by the sonar operators.

The signal received back at the sonar head is
proportional to size, reflectivity and distance, and
although an object of a few centimeters in size can
be detected close to the head, it takes an object of
2-3 m across to be detected at 100 m.

The age of a field has a bearing on the site clearance
procedures. Twenty years ago, everyone was less

environmentally concerned and I'm sure more waste
materials were discarded over the side of platforms
and support vessels than we would like to admit.
Over time, this trash buried itself into the seafloor,
making it harder or, in some cases, impossible to
detect with sonar.

I’m also sure that marine growth has a major impact
on detecting seafloor debris. Sound waves reflect
best off hard, solid objects. Objects covered with a
thick layer of soft, organic growth absorb some of
the acoustic energy and may even render the object
invisible to sonar.

Bottom conditions will play an important role in the
detectability of objects on the seafloor. A piece of
grating may stand out quite well against a smooth,
featureless mud bottom but when placed against a
gravel bottom or one with small sand waves, it will
be hard to detect, or even be invisible to the
scanning sonar.

REPORT REQUIREMENTS

Our company has now been involved in about 30 site
clearances of caissons or platforms and our reports
have evolved into the following structure:

1. An introduction giving the client, location of
the field, and other service companies involved
in the clearance work.

2. A method of operation for all the various phases
of the site clearance. This statement enables the
client or the MMS to ascertain what equipment
was used, how it was deployed, and gives a diary
of events showing when the clearance took
place.

3. Appended to the main text are a diagram
showing the intended coverage of the sonar, the
actual drop locations of the sonar head, and
pictures of the sonar displays.

4. The next appendix is a tabulation of the trawl
lines run by the shrimp boat with a
corresponding list of debris collected in the nets.

5. The final part of the report is the track of the
shrimp vessel through the site similar to these
shown previously in Figures 3.5 and 3.6.

SUMMARY

This presentation is an attempt to give some insight
into the role of the survey and sonar contractor in
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clearing abandoned sites here in the Gulf of Mexico.
The procedures in general use, while being far from
perfect, are getting the job done and doing it
reasonably cost-effectively.

The presentation should also alert the operators and
company representatives to some of the pitfalls of
the methods used and, it is hoped, this increased
knowledge will assist us in completing this work in
a more efficient manner.

Mr. Bill Tink is Vice President of WIMPOL, INC.
in Houston, where he has been based since
WIMPOL was incorporated in 1982. He started as
Operations Manager before being promoted to Vice
President in 1985. Previously, Mr. Tink was
technical manager for the joint venture company
IGW based in Abu Dhabi in the Middle East.
Earlier experience of offshore operation was gained
with Marex on oceanographic projects in the North
Sea, South America and Far East. Mr. Tink

received his B.E. degree at Sydney University,
Australia.

THE IMPACT OF RECENT
OCS SITE CLEARANCE
ACTIVITIES ON THE
OIL AND GAS INDUSTRY

Mr. Michael E. Parker
Offshore Operators Committee
Fisheries Subcommittee

Recent activities by the Minerals Management
Service (MMS) have resulted in a significant
increase in the amount of time and effort necessary
by offshore oil and gas operators to conduct site
clearance procedures. The purpose of this
presentation is to review the impacts to our industry
of this increased effort and offer our perspective on
how we feel this effort should proceed.



The MMS’s current regulations require that
operators remove all platforms to a depth of at least
15 ft. below the mudline and then “verify by
appropriate means that the location has been cleared
of all obstructions." There are also requirements for
operators to certify to the MMS that the location
was cleared and to identify the extent of the area
surveyed and the method used for the survey.

Historically, operators have surveyed and cleared an
area of between 100 ft. and 200 ft. around the
perimeter of the base of the structure. Depending
on the type of structure being abandoned, different
methods have been used. For small platforms, such
as exploratory well locations or single well caissons,
side-scan sonar was typically used to survey the area.
If debris was identified during the survey, divers
would be used to recover the debris. For larger
platforms, divers would walk the bottom in a
predetermined pattern and recover debris within that
area and then follow-up with a side-scan sonar
survey of the area. In recent years, as the bottom
founded side-scan sonar technology came into wider
use, many operators have used these systems in
conjunction with divers to improve debris location
and recovery.

Through 1989, it was the opinion of most operators
that these methods were adequate for identifying and
removing debris that could be a threat to fishermen’s
gear. This is not to say that these methods were
100% effective, but when considered against the
availability of compensation for damages from
Federal and, in many cases, State Fishermen’s Gear
Compensation Funds, all of which are funded by fees
on the oil and gas industry, the total program was
felt to be adequate.

As a result of continuing damage to their trawling
gear from debris that fishermen felt was largely
originating from oil and gas operations, combined
with increased difficulty in obtaining compensation
for those damages from compensation funds, the
fishermen pressed their case with the MMS for
improved site clearance procedures. The result was
the formation of the MMS Site Clearance Working
Group in the fall of 1989.

The working group had representation from the
trawling industry, the oil and gas industry, state and
local government, and the MMS. The charge of the
working group was to work cooperatively,
considering the concerns of the parties represented,
and develop improved interim site clearance and
verification procedures and to generate data that will
ultimately be used as a basis for revision of the
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existing site clearance regulations. Two products
have been completed as a result of the successful
efforts of the Working Group, MMS Notice To
Lessees (NTL) 90-01 and 90-03. It is important to
recognize that the NTLs are not intended to be a
permanent part of platform abandonment
procedures. This, however, is not to say that some
of the requirements of the NTLs will not become
permanent regulatory requirements, but rather to
recognize the purpose of the NTLs.

The first NTL was issued in February 1990 and had
a six-month term. This NTL provided detailed site
clearance verification procedure requirements,
specifying areas of investigation, required the use
of bottom founded side-scan sonar for clearance
verification and required sites of permanent
platforms to be trawled after the sonar verification
was complete. In August 1990, the MMS issued the
second NTL (NTL 90-03), which superseded NTL
90-01. The NTL 90-03 was fundamentally similar to
NTL 90-01; however, it incorporated many
improvements based on what was learned under
NTL 90-01. Additional types of side-scan sonar
equipment were allowed for use, more specific
technical requirements were included for sonar
equipment, and more specific trawling requirements
were listed in NTL 90-03.

The impacts of the NTLs to operators have been
significant. We feel we have learned a great deal
about site clearance verification methods and their
effectiveness but also have a great deal more left to
learn before the MMS begins to draft revised site
clearance regulations. What we have learned so far
is that side-scan sonars have limited capabilities as
a tool for detecting debris on the sea floor. We have
also learned that trawling vessels and conventional
fishing equipment are not well suited to the demands
being placed on them by most operators. Before
formal rulemaking should begin, we feel there need
to be additional data to support the area that is
required to be cleared, and more effective
technologies (cost and result oriented) need to be
developed. Permanent regulations should not be
pursued until reasonable, accurate, and cost-effective
requirements can be identified.

There are two types of side-scan sonar available for
site clearance verification work, bottom founded and
towed, each with distinct advantages and
disadvantages. The bottom founded side-scan sonar
is better suited to location clearance work from a
logistical standpoint; however, it is less sensitive and
takes more time to cover an equal area than towed
side-scan sonar. The limitations of side-scan sonar



60

were not widely known by operators prior to
implementation of the requirements of the NTLs.
The trawling requirement of the NTLs has shown
that side-scan sonar may not detect the presence of
objects with 100% accuracy. This detection accuracy
is influenced by the skill of the personnel operating
the equipment, since interpretation of the results of
a sonar scan can often be subjective. From a
physical standpoint, if an object cannot reflect the
sonar signal, it will not be detected. Things that will
cause an object not to reflect a sonar signal can
include the shape of the object, the density of the
object relative to sea water, the presence of marine
growth or silt on the object, or degree of burial of
the object.

The use of the trawlers as a verification technique
to side-scan sonar has been beneficial, with
additional debris being found in many cases. Since
it appears that trawling will be a necessary part of
site clearance verification for at least the interim
study period, we would like to work cooperatively
with the trawling industry and the MMS to develop
equipment and operating practices that are better
suited to the demands of oilfield site clearance
operations. Equipment improvements could include
stronger lift equipment and use of more cost-
effective navigation systems. Operating practices
could include provisions for conducting the required
trawling on a 24-hour basis and must include
improved safety awareness and cooperation. We are
particularly concerned about safety issues. A recent
National Transportation Safety Board report showed
that the fishing industry is the most dangerous
industry in the United States with an accident rate
of seven times the national average. Trawlers can
expect that operators will require strict compliance
with their safety programs in the future.

The question of what is the appropriate area to be
surveyed during site clearance operations is not
answered at this time. Preliminary indications are
that the 600 ft. and 1,320 ft. required for templates
and platforms may be high. Site clearances
conducted under the NTLs indicate that most debris
is located near the base of the platform, within a
300 ft. perimeter, with a small debris "plume"
extending outward on the side of the platform where
vessels are loaded and unloaded. The amount of
debris and the area that it is scattered in also appear
to be a function of platform age and the activity level
at the platform. The documentation requirements
of the NTLs should provide the data necessary to
better define what the appropriate areas and survey
methods are under these different circumstances.

From an operator’s perspective, the most significant
impact of the NTLs has been increased costs.
According to a recent survey of selected operators,
the NTLs have increased site clearance costs by 50%
to 100%. Since nearly all of the experience to date
has been with small platforms (600 ft. radius), it is
reasonable to expect these increases to represent the
low side of the spectrum of cost impacts. Site
clearance costs for larger platforms may see
increases of 200% to 400%, since they typically have
much higher activity levels than most of the
platforms included in the above referenced survey.
The survey results also show that the time spent
clearing a location is typically greater than the time
spent on the actual removal of the platform. This
ratio may improve some with time as industry gains
experience, but even in the best of situations the
NTLs do require significant additional work by
operators that result in significant added costs.

In summary, the impacts of the NTLs on operators
so far are as follows:

e Side-scan sonar technology has limited
applicability as a site clearance verification tool.
Operators and equipment suppliers need to
work actively at improving the effectiveness of
this or other technologies as accurate and cost
effective alternatives to the current trawling
requirements of the NTLs.

¢ Trawling appears to be an effective method of
detecting debris not otherwise detected.
Trawling equipment better suited to "oilfield”
applications should be developed and operating
practices of vessel operators need improvement,
particularly safety program participation and
24-hour trawling operations.

*  The MMS should not lose sight of the purpose
of the NTLs, which is to generate information
to identify reasonable site clearance verification
technologies and procedures that can later be
used to support a formal rulemaking effort.

* The large added cost seen by operators under
the NTLs thus far can only be considered
acceptable as long as the requirements of the
NTLs are identifying and recovering significant
oil and gas industry generated debris that would
otherwise not be recovered. As technology
improves and the existing requirements are
determined to be excessive, the MMS must be
prepared to modify the site clearance verification
requirements as appropriate.



Mr. Michael E. Parker is a Staff Engineer with
Exxon’s Offshore Division in New Orleans.
Mr. Parker received a Bachelors degree in civil
engineering from the University of Texas and a
Master’s degree in ocean engineering from Texas
A&M University. Since joining Exxon in 1978,
Mr. Parker has held a variety of drilling and
production operations assignments and ia currently
assigned as aregulatory and environmental engineer.
Mr. Parker is a registered professional engineer in
Texas and Louisiana.

PANEL DISCUSSION: A
CASE STUDY SUMMARY OF A
SITE CLEARANCE OPERATION

Mr. Bill Tink
Sonar Company,
Mr. Douglas Cochrane
Sonar Company,
Mr. Michael E. Parker
Offshore Operator,
Mr. Robert B. Suggs
Salvage Company,
and
Mr. Jimmie Martin
Shrimp Trawler

A panel was convened so that each of the different
players in an actual site clearance operation could
discuss his company’s level of participation. By
discussing real experiences, it was felt that interested
parties would be better able to understand the
capabilities and limitations of the various
technologies used in site clearance operations, as
well as the problems encountered in carrying out
even carefully planned procedures offshore.

Mr. Tink and Mr. Cochrane discussed the successful
application of sonar in positioning the diving vessel
and directing divers during the clearance operation,
as well as providing accurate position locations to
the trawl boat as it navigated a predetermined grid
pattern. Mr. Suggs provided technical information
regarding the diving equipment used and pointed out
the value of having employed saturation rather than
surface diving techniques. He also discussed some
of the possible reasons why certain items were not
located by the sonar-directed divers. Mr. Martin
gave some statistics on the number and size of items
recovered in the trawl, and stated that six nets were
torn during the trawling operation. The panel then
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answered the audience’s numerous questions, which
covered all aspects of site clearance activities.

Mr. Bill Tink is Vice President of WIMPOL, Inc. in
Houston where he has been based since WIMPOL
was incorporated in 1982. He started as Operations
Manager before being promoted to Vice President
in 1985. Previously, Mr. Tink was technical manager
for the joint venture company IGW based in Abu
Dhabi in the Middle East. Earlier experience of
offshore operation was gained with Marex on
oceanographic projects in North Sea, South America
and the Far East. Mr. Tink received his B.E. degree
at Sydney University, Australia.

Mr. Douglas A. Cochrane, Jr., is President and Chief
Executive Officer of Cochrane Subsea Acoustics,
Inc. and International Subsidiaries, located in
Lafayette, Louisiana. He has held this position for
the past ten years. Mr. Cochrane received a degree
in oceanography from Florida Institute of
Technology and has attended the AMA Center for
Strategic Planning and Implementation. Between
1974 and 1980, Mr. Cochrane served in various
positions ranging from ocean engineer to Vice
President, to President and CEO of marine related
institutions and companies. He has extensive
consulting experience in the areas of international
business development as well as strategic planning
and implementation.

Mr. Michael E. Parker is a Staff Engineer with
Exxon’s Offshore Division in New Orleans.
Mr. Parker received a Bachelors degree in civil
engineering from the University of Texas and a
Master’s degree in ocean engineering from Texas
A&M University. Since joining Exxon in 1978,
Mr. Parker has held a variety of drilling and
production operations assignments and is currently
assigned as a regulatory and environmental engineer.
Mr. Parker is a registered professional engineer in
Texas and Louisiana.

Mr. Robert B. Suggs joined AOD in 1985 and has
served as the company’s Vice-President of
Operations since 1986. From 1980 to 1985, he was
employed as Vice-President of Operations of Sea-
Con Services, Inc, a New Iberia-based diving
company. From 1977 to 1980, Mr. Suggs founded
and managed Seadive, Inc., a Morgan City-based
diving company, which was acquired by Sea-Con in
1980. From 1971 to 1977, he was employed by
World Wide Divers, Inc. (which, along with three
other diving companies, was merged to form
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Oceaneering International, Inc.) as a diver and
diving supervisor. He has worked as a diving
supervisor in the North Atlantic, Gulf of Mexico,
Atlantic Ocean (USA), the Persian Gulf, and the
Pacific Ocean (USA). Mr. Suggs attended Oregon
State University and studied business administration
from 1966 to 1967. He served in the US. Navy
aboard a nuclear submarine for four years and
received an honorable discharge in 1970.

Mr. Jimmie Martin is owner and operator of two
shrimp trawlers and three offshore supply vessels.
He is a third generation shrimp trawler, having
experience and knowledge in operating a trawl
vessel, and trawl net construction and repair. In
1976, Mr. Martin ventured into the oil industry, and
constructed his first offshore supply vessel. He is a
licensed Captain with many years’ experience in both
industries.
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RISK & REWARD: FUELING
AMERICA’S RECREATION,
CONSERVATION,AND
PRESERVATION PROGRAMS
THROUGH OCS LEASING:
SESSION INTRODUCTION

Mr. Villere C. Reggio, Jr.
and
Ms. Linda Castafio
Minerals Management Service
Gulf of Mexico OCS Region

INTRODUCTION

Exploration, production, and transportation of OQuter
Continental Shelf (OCS) oil, gas, and sulphur
resources entail a degree of environmental risk.
The Gulf of Mexico, characterized by the
Environmental Protection Agency in 1990 as
America’s most productive sea, has shouldered the
bulk of OCS petroleum and sulphur operations since
its first Federal lease sale in 1954. Besides
contributing about one-fifth of America’s annual
domestic energy production, Gulf of Mexico leasing
bonuses, production royalties, and rental revenues
account for approximately four-fifths of the annual
deposits in the Land and Water Conservation Fund.
Established by Congress in 1965, this Fund is spent
by state and local governments and Federal
conservation agencies to acquire and develop
recreation, conservation and preservation lands
throughout the United States of America. Congress
later established the Historic Preservation Fund and
also tied its annual appropriations to OCS revenues.

Having celebrated the silver anniversary of the Land
and Water Conservation Fund in 1989, the New
Orleans OCS office sought an accounting of how
OCS revenues spent through the Land and Water
Conservation Fund and the Historic Preservation
Fund had impacted the establishment, enhancement
and preservation of park, recreation, wildlife and
cultural resources throughout America in the past 25
years with special emphasis on accomplishments in
the 5 Gulf states. Gulf of Mexico lease sale
environmental impact statements stress the potential
adverse effects of OCS operations on wetlands,
parks, beaches, wildlife, endangered species, and
cultural resources. The presentations that follow will
document how the adverse impacts and short-term
risks to coastal and marine environmental resources
from OCS leasing have been counter balanced
through OCS revenue investment in the permanent
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expansion, enhancement and protection of America’s
conservation and recreation estate.

Mr. Villere C. Reggio, Jr., is an Outdoor Recreation
Planner with the Minerals Management Service Gulf
of Mexico OCS Region. His responsibilities include
research, assessment, and reporting on the
interrelationship of the OCS oil and gas program
with the recreational elements of the marine and
coastal environment throughout the Gulf of Mexico
region,

Ms. Linda Castafio is an economist with the
Environmental Assessment Section of the Minerals
Management Service Gulf of Mexico OCS Region.
She earned a B.S. degree in engineering from Tulane
University in 1984. Prior to her association with
Minerals Management Service, Ms. Castafio worked
as a planning engineer and as a forecast analyst for
Entergy Corporation in New Orleans.

LAND AND WATER
CONSERVATION FUND - IMPACT
ON STATE OUTDOOR
RECREATION PROGRAMS

Mr. Samuel Hall
National Park Service
Recreation Grants Division

The unique place of the Land and Water
Conservation Fund (L&WCF) in America’s
conservation and recreation legacy can be better
understood through a quick history of where the
program initiated.

THE FUNDS INCEPTION
FROM THE BEGINNING

In 1958, increasing consciousness of public health
and environmental issues and an expanding need for
recreational space combined into a Dbipartisan
mandate creating the Outdoor Recreation Resources
Review Commission (ORRRC).

After three years of research, the ORRRC
developed specific recommendations for a national
recreation program. The ORRRC emphasized that
State and local as well as Federal governments and
the private sector were key elements in the total
effort to make outdoor recreation opportunities



68

available. Some of the ORRRC’s major
recommendation’s were:

¢  The United States should establish a national
recreation policy to preserve, develop and make
accessible to all Americans the resources
necessary “for individual enjoyment and to
assure the physical, cultural, and spiritual
benefits of outdoor recreation.”

* All agencies administering outdoor recreation
resources, both public and private, should adopt
programs designed to make the best possible use
of available resources in light of people’s needs.

* Each State, through a central agency, should
develop a long-range plan for outdoor
recreation, to provide adequate opportunities for
the public, to acquire additional areas where
necessary, and to preserve outstanding natural
sites.

* A Bureau of Outdoor Recreation should be
established in the Department of the Interior to
lead nationwide efforts by coordinating various
Federal programs, conducting nationwide
planning and assisting other levels of
government.

And lastly, the concept of L&WCF and its purpose:

* A Federal funding program should be
established to pay for additions to the Federal
recreation estate and to provide matching funds
to States that would stimulate and assist them
to meet the demand for outdoor recreation.

LEGISLATIVE HISTORY OF L&WCF

Largely as a result of ORRRC’s work, funding
legislation was introduced in 1962 during the second
session of the 87th Congress. No action was taken
in that Congress, but on February 14, 1963, the
President again proposed legislation that would
establish a "Land and Water Conservation Fund" to
finance new Federal recreation lands and assist
States in recreation planning, acquisition and
development. The basic purpose of this proposed
legislation was to provide a means for catching up
with the lag in land acquisition in recognition that
the land and water base for recreation was rapidly
being lost to development. In fact, the President’s
proposal specifically provided that development
grants for the first 10 years of the Fund program
could not exceed 10% of the total amount

appropriated each year for State purposes, but the
House Interior Committee in reporting H.R. 3846
on November 14, 1963, deleted this provision
because land acquisition was not considered a
pressing need in the western States. Thus, as it was
enacted, H.R. 3846 (P.L. 88-578) permitted the
States to use the Fund’s monies for development as
well as land acquisition. The legislative history of
the bill makes it clear that Congress intended the
empbhasis in the first years of the Fund to be on land
acquisition.

Following ORRRC’s recommendations, emphasis
was placed on planning for future recreation
opportunities. In its hearings on the L& WCF bill,
Congress defined requirements for Statewide
Comprehensive Outdoor Recreation Plans
(SCORPs) that would be a condition of State grants.

Recognizing the rapid loss of the land and water
recreation base to development, one of the
proposed legislation’s major purposes was to reduce
the lag in recreation land acquisition. The House
Interior Committee’s report on the bill stated that
"During the first years of the program, emphasis will
necessarily be on planning and land acquisition
activities. It is important that acquisition be
undertaken before the land becomes unavailable
either because of skyrocketing prices, or because it
has been preempted for other uses.” The Senate
Interior Committee’s hearing report addressed the
distribution of grant funds. It said that "in providing
outdoor recreation resources and facilities for the
American people, the greatest emphasis should be
given to those areas with large concentrations of
people.”

Congress clearly indicated that the new Federal
program should have a lasting effect on the supply
of recreation sites and facilities by requiring that
sites be added permanently to the national
recreation estate. As a result, Section 6(f)(3) of the
Act (H.R. 3846) states unequivocally that
grant-assisted areas are to remain forever available
for "public outdoor recreation use,” or be replaced
by lands of equal market value and recreation
usefulness.

With vigorous bipartisan support in both Houses of
Congress, the bill was passed and signed into law on
September 3, 1964, as Public Law 88-578. The Act
established a funding source for both Federal
acquisition of park and recreation lands and
matching grants to state and local governments for
recreation planning, acquisition and development.
It set requirements for state planning and provided



a formula for apportioning annual L&WCF
appropriations to the States and Territories.
Initially, three sources of revenue to the fund were
designated: proceeds from sales of surplus Federal
real property, motorboat fuel taxes, and fees for
recreation use of Federal lands. The level of funding
from fiscal year (FY) 1966 through FY 1968 reached
about $100 million per year with small
unappropriated balances, but the amount of funding
was far short of Congress’ expectations.

The unappropriated balances ebbed and flowed
annually for the next 10 years ranging from "0" to a
high of over $250 million, finally zeroing out in 1977
when the total of over $537 million was provided by
appropriations. In the next year the authorization
was moved up to $900 million. More about the next
few years of authorization/appropriations and the
unappropriated balance in a moment. Let’s look at
some of the nationwide accomplishments that the
Fund has achieved since the early days of the
program.

L& WCF PROGRAM NATIONWIDE
ACCOMPLISHMENTS

Since 1965, the Federal and State "sides" of the Fund
have helped to acquire over 5.5 million acres of
recreation and park lands including seashores,
lakeshores, critical habitats, wild and scenic rivers
and national scenic trails.

Almost $4 billion have been appropriated from the
Fund for Federal recreation land acquisitions,
financing expansion of the National Parks and
National Forests into truly national recreation
systems. Prior to 1965, almost all Federal recreation
lands were located west of the Mississippi, usually in
remote or rural areas at some distance from major
population centers. Four Federal Agencies at
present use the funds from the L& WCF to purchase
land. As you can see from the composition of most
of this panel they are the Interior Department’s
National Park Service, Bureau of Land Management,
U.S. Fish and Wildlife Service, and the Agriculture
Department’s U.S. Forest Service. Three of them
plus a representative of the Historic Preservation
Fund will discuss how their bureaus or offices have
used the funds of the L&WCF during this
presentation.

For the L& WCEF State Grants program, which is run
by my Division of Recreation Grants, over $3 billion
have been appropriated to the 50 States, the District
of Columbia, Puerto Rico, Guam, the Virgin Islands,
American Samoa, and the Northern Marianas for
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planning, acquisition and development of outdoor
recreation opportunities. Through FY 1988, a total
of 35,000 projects has been approved to support the
acquisition of open space for park lands or the
development of outdoor recreation facilities.
Federal obligations totalling $3 billion have been
matched by State and local contributions, for a total
L&WCEF grant investment of over $6.1 billion.

Of the total number of projects, 9,800 projects have
been for the acquisition of over 2,300,000 acres of
park land, while 25,000 projects have been for the
development of outdoor recreation facilities.
Seventy-five percent of the total funds obligated have
gone to locally sponsored projects to provide
close-to-home recreation opportunities that are
readily accessible to America’s youth, adults, senior
citizens and physically/mentally challenged people.
In addition to thousands of smaller recreation areas,
grants have helped to acquire and develop new parks
of statewide or national significance such as the
Allagash Wilderness Waterway (Maine), Liberty
State Park (New Jersey), the Willamette River
Greenway (Oregon), Platte River Park (Denver),
Herman Brown Park (Houston), and Illinois Beach
State Park (Chicago).

RELATIONSHIP OF L&WCF AND
OCS OIL AND GAS LEASING

After several years of successful operation, it was
proposed that Outer Continental Shelf (OCS)
mineral leasing receipts be tapped to augment the
monies for the Fund. In 1968, P.L. 90-401 raised
the Fund’s level to $200 million a year for 5 years,
beginning in FY 1969, making OCS revenues
available to cover the difference between this
minimum level and receipts from other sources.

The use of royalties from the offshore oil leasing
revenues is based on the idea of recycling the
proceeds of natural resources development back into
natural resources protection. While a non-renewable
resource is being used, renewable resources in the
form of conservation and recreation lands are
increased and enhanced.

By 1970, growing demands on the Fund led to
enactment of P.L. 91-485, which increased the
L&WCF again to a $300 million annual level from
FY 1971 through FY 1989. This amendment reveals
that Congress’ perception of needs for the Fund
program had expanded in three ways: the State
grant program should give more emphasis to urban
parks and recreation areas; the grant program
should help acquire and develop recreation facilities
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within urban areas, not just nearby; and the Federal
side of the Fund program should also contribute to
meeting close-to-home recreation needs.

At present, OCS funds account for 85% of all credits
to the fund, if authorized but unappropriated
balances are counted. Looking at actual L&WCF
appropriations through fiscal 1989, OCS revenues
account for 71% ($5.1 billion out of $7.2 billion).
Fifteen percent have come from sales of Federal
surplus property, which is another type of revenue
generated by sales of fixed assets. So the idea of
resource reinvestment has worked, and worked well.
The petroleum industry can take credit for the fact
that its entreprencurship in offshore drilling has
helped to acquire over 5 million acres in Federal,
State, and local parks and conservation areas and
to develop over 25000 community and State
recreation facilities, even if it didn’t originate the
idea of dedicating leasing and royalty revenues (not
taxes) to conservation,

The Fund’s increase in authorized funding to its
current level came with enactment of P.L. 95-42 in
June 1977, which increased the L&WCF to $900
million for FY 1978 and subsequent years. In that
year, unappropriated balance on the Fund was less
than $100 million and stayed below the billion dollar
mark until 1981 when it started to mount up and
state requests for funding went largely unmet. In
FY 1990 there was over $7.2 billion available by
unappropriated balance in the L&WCF. This
represents a 700% rise in the balance in just
10 years.

Since 1965, funding for the grants program has
averaged approximately $125 million per year.
Recently the annual appropriations have been below
this average: FY 1988 and 1989 appropriations
totalled less than $17 million each year. The
appropriations authority under L& WCF Act was
extended by Congress through 2015. At the present
rate the unappropriated balance will be $23 billion
by the time the law "sunsets." That figure does not
take into consideration interest on these funds.

In 1977, Congress also enacted P.L. 95-625, which
created, among other things, the Urban Park and
Recreation Recovery Program (UPARR), as a
complement to the L& WCF program. This program
encouraged local governments torehabilitate existing
recreation facilities, demonstrate innovative
programs, and plan for overall revitalization of
community recreation systems. There have been no
appropriations for this program since 1984.

In 1986, Congress, in passing the Emergency
Wetlands Resources Act, added a requirement that
SCORPs specifically address wetlands issues, needs
and priorities. In 1987-88 all States and Territories
addressed wetlands in addenda to their SCORP’s,

AMERICAN HERITAGE
TRUST INVOLVEMENT

The size of the unappropriated balance is seen by
many in the recreation and conservation
communities as an unfulfilled promise. They point
to the bipartisan support for increasing funding
authorizations between 1968 and 1975 that was
supposed to reflect increased commitment to
outdoor recreation. Then they note that current
annual funding is below the average for the 1970’s,
in nominal dollars, without adjusting for inflation.
This unfulfilled promise has been the driving force
in the establishment of an interest-bearing $1 billion
trust fund for recreation. The American Heritage
Trust introduced in several congresses has obtained
more than 220 co-sponsors in the House and 42 in
the Senate. The primary cause of such
Congressional support has been the issue that funds
set aside for recreation from the OCS royalties have
not been used for that purpose. If an interest-paying
trust fund were established, the $7.2 billion
unappropriated "credit” to the Fund would at least
provide a base for $500-$600 million in annual
revenue,

FLORIDA SUMMARY
AND ACCOMPLISHMENTS

Since 1964 the State of Florida has used $60 million
in grants to acquire more than 68,000 acres of land.
Florida also used over $32.1 million in development
grants to fund 132 projects. The total number of
projects for the state in the last 25 years is 257.

Twenty-five years ago, Florida used $2.2 million in
L&WCEF assistance to purchase a tract of land (then
valued at only $9 million) known as "Cape Florida."
It was later named Bill Baggs Cape Florida State
Recreation Area which was the State’s first L& WCF
project.

Bill Baggs Cape Florida was also the first state park
located within the Miami metropolitan area, the
most populated urban area in the State. Located on
Key Biscayne and possessing both natural and
historic qualities, Bill Baggs Cape Florida State
Recreation Area is part of a large barrier island
consisting of beach and dunes, as well as beautiful
native vegetation and the historic Cape Florida



Lighthouse built in 1826. Located on one of the
oldest named places in the United States, Key
Biscayne, named by Ponce de Leon in 1513, the
Cape Florida Lighthouse is the oldest building in
South Florida. Some of the activities at this site
include: picnicking, year-round swimming, fishing,
boating, nature trails, camping, and historical and
archeological sites. Today this L&WCF project is
conservatively estimated to be valued at over $50
million.

ALABAMA SUMMARY AND
ACCOMPLISHMENTS

Since 1964 the State of Alabama has received more
than $833,000 in planning funds. It has used $5.8
million in acquisition funds to acquire more than
10,000 acres of land and over $44.1 million in grants
to fund 580 development projects. The total number
of projects for the state in the last 25 years is 640.

Looking over the past 25 years since the enactment
of the L&WCF program’s enabling legislation, the
first grant awarded to Alabama was for the
construction of an 825-foot fishing pier at Guif State
Park, which today remains one of the State’s most
attractive and visited Fund-assisted recreation areas.

Since 1966, a total of 6 grants in excess of $1.7
million has been awarded for the development and
acquisition of additional land at Gulf State Park.
Now encompassing over 6,000 acres with two and
one-half miles of prime beach front, the park is
known for its outstanding resort /convention complex
with its many amenities, beach pavilions, and a
fishing pier.

Off the beach and secluded beneath moss-draped
live oaks and stately southern pines are other
recreation facilities and activities, including an 18-
hole golf course, modern campgrounds, cottages,
picnic areas, tennis courts, and a freshwater marina
for the enjoyment of residents and non-residents
alike. Here is but one of the many excellent
examples of the recreation benefits realized by
Alabama as a result of the L&WCF program.

MISSISSIPPI SUMMARY
OF ACCOMPLISHMENTS

Since 1964 the State of Mississippi has received
more than $659,000 in planning funds. It has used
$4.0 million in acquisition grants to acquire more
than 16,300 acres of land and over $32.3 million in
development grants for 399 development projects.
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The total number of projects for the state in the last
25 years is 439.

The first L&WCF project, approved 25 years ago,
was Roosevelt State Park. Subsequently, Roosevelt
State Park received 9 other L&WCF grants for a
total of $726,762 in Fund assistance to date.
Roosevelt State Park is only 35 miles from the
Jackson metropolitan area and therefore is very
heavily used for day use and overnight stays as well
as longer vacation periods. It has become an
invaluable recreation asset for the citizens of
Mississippi and contains a full range of recreation
development.

Other projects considered to have had the most
impact on recreation development and enjoyment in
Mississippi throughout the history of the Fund are:

* The complete rejuvenation of the State Park

system whereby 24 State Parks were practically
reconstructed with L&WCF assistance.

* The development of the Pearl River Basin
Water Park system which extends from north
central Mississippi to the Gulf Coast along the
Pearl River. Seventeen parks were developed
over a fifteen year period in strategic locations
on the Pearl River, providing camping, fishing,
and float trips for thousands of recreationers
each year.

* The Pat Harrison Waterway District developed
six large water parks located in south central
and southern Mississippi that provide fishing,
boating, camping, active and passive recreation,
cabins, and several water oriented facilities such
as pools, wave pools, and large water slides.

LOUISIANA SUMMARY
OF ACCOMPLISHMENTS

Since 1964 the State of Louisiana has received more
than $327,000 in planning funds. It has used $14.9
million in grants to acquire more than 73,400 acres
of land. Louisiana also used over $42.2 million for
477 development projects. The total number of
projects for the state in the last 25 years is 581.

To single out individual projects as exemplary is
difficult because, to a town without any recreation
facilities, even a small park is special. The wide
range of funded projects in the State included
acquisition of wetlands, handicapped accessible trails,
fishing piers, swimming pools, basketball courts and
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ballfields, boat ramps, camping and picnicking
facilities, and playgrounds.

Many of the 767 L& WCF projects approved thus far
are the only public recreation facilities in small
towns and, in many cases, the only public recreation
facilities in the entire parish. The L& WCF grants
are not a luxury in Louisiana. They serve as the
bread and butter of park and recreation. The fact
that Louisiana has set a high priority on local
outdoor recreation opportunities is evidenced by the
fact that more than 85% of the L& WCF monies to
date have been committed to local park acquisition
and construction projects. This is particularly
important now, when open space is becoming a
premium commodity.

A significant accomplishment has been the
opportunity to establish the Louisiana Park Trust
Fund which allows all royalties, leases and revenues
generated from State Park lands developed or
acquired with L&WCEF funds to be retained by the
Office of State Parks for further acquisition of State
and local recreation lands and facilities. Although
the fund has not reached the envisioned $100 million
ceiling, in a State noted for its mineral wealth, the
opportunity still exists.

TEXAS SUMMARY
OF ACCOMPLISHMENTS

Since 1964 the State of Texas has received more
than $1.1 million in planning funds. It has used
$35.9 million in grants to acquire more than 31,000
acres of land. Texas also used over $95.6 million
in grants for 792 development projects. The total
number of projects for the state in the last 25 years
is 891.

Two of the earliest projects that reflect the shoreline
nature of the projects that have emanated from the
Gulf states were Mustang Island State Park and
Armand Bayou Regional Park. The Mustang Island
State Park in 1971 used $2.18 million in Fund’s
monies for the "seashore park site" acquiring 3,965
acres, 6 miles east of Corpus Christi. The State
Park is devoted to beach activities such as swimming,
surfing, fishing, picnicking, and camping. The
interesting feature of this site is that it was financed
by a State of Texas Park Bond Issue of 1967 for $75
million.

The Armand Bayou Regional Park was approved in
1974 as a three stage acquisition of 1,203 acres
located 25 miles southeast of Houston adjacent to
the LBJ Manned Space Craft Center. Using $2.67

million in Federal Funds the Bayou was described
as "one of the last natural watersheds in the gulf
coast." The "plan" for the Park "would place major
emphasis on preserving the natural resources.”
"Hiking and biking trails, picnic areas, sports, and
boating facilities would be the only improvement on
the land."

One of the more recent and interesting projects
would be the $304,587 spent in Brazoria County to
complete its 40-acre regional park in 1989. Brazos
River Regional Park, directly on the Gulf of Mexico,
has a variety of recreation facilities including a group
pavilion with restrooms, an observation tower,
playgrounds, 40 picnic tables with grills, a 1-mile
trail, a fish cleaning area, 2 picnic pavilions, and
support facilities. In this grant, the County’s
matching share was realized through the donation of
the land for the park.

Cameron County received four L&WCF grants and
is nearing completion of a master development plan
for the 143-acre Isla Blanca Park, on South Padre
Island. A total of $768,785 in L&WCF assistance
was used to develop large and small shade pavilions,
hiking trails, playgrounds, picnic areas, beach
improvements, tent and RV campsites, and support
facilities necessary to accommodate the influx of
vacationers from all areas of the United States,
Canada and Mexico. Isla Blanca Park is a popular
vacation area for retired citizens living in northern
states and Canada. In a unique way, the County’s
matching share for these grants has been realized
primarily through the issuance of certificates of
obligation, which are repaid through park revenues.

GULF STATES SUMMARY
OF WETLANDS, BEACHES,
AND DEVELOPMENT

Since the mid-1960’s the region has gained a
substantial amount of acreage in two of the most
important, and in some ways regionally unique, types
of land features it offers--wetlands and beaches.

While the figures we have compiled since the
program began are not as "hard" as I would like to
use, I can say that I am confident that each state in
the region has benefited substantially from the fund
in both areas. Below is the information compiled by
state in these three different areas:



State Wetlands Beaches Development
(acres) (acres) in S

Florida 36,289 6,051 $171,288
Alabama 638 307 3,032
Mississippi 2,383 367 3,545
Louisiana 24,941 0 § 14,740
Texas 49,856 3,698 26,385
GULFWIDE 114,107 10,423 $218,990

THE LEGACIES OF THE L&WCF

From an historical perspective, the L&WCF has
contributed significantly to the outdoor recreation
estate in this region and all across the country over
its 25 years of existence. With grants ranging from
several thousand dollars for picnic areas to millions
for new State park lands and facilities, the L& WCF
has had broad impact on outdoor America.
Significant also is that a considerable amount of the
income going to the Fund has come about through
the leasing of offshore oil rights, thus recycling an
important natural resource back to public use.
While one resource is being used another is being
protected.

It is important to note that, in addition to the large
number of projects, L&WCF grants have had
substantial long-term effects on our overall attitudes
and policies toward outdoor recreation. The first
legacy of this kind is the notion, basic to the
L&WCEF Act, that States must assume a leadership
role as providers of recreation opportunities. Today,
there is clear evidence that the grant program has
been successful in encouraging States to take greater
responsibility for the protection and development of
recreation resources at every level.

The results of State leadership extend beyond simple
increases in the size and number of recreation areas.
Among other things, they include State actions to
establish their own scenic river and recreational trail
systems, to recognize the value of recreation
resources in stimulating tourism and other economic
opportunities, and to provide additional financial
and technical assistance to local recreation efforts
through State planning, grant, and loan programs.
Maryland, for example, has its Program Open Space
to acquire key parklands; Texas and Minnesota have
dedicated portions of their cigarette taxes to support
state and local recreation programs; New Jersey has
a Green Acres program that provides loans as well
as grants for local acquisition, rehabilitation and
development. This legacy extends to the present.
In 1988, Californians approved the largest State bond
issue in American history, $775 million, for parks
and recreation. And California is only one of many
states that continue to provide leadership.
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Second, when the Fund was established, State
recreation planning was essentially non-existent.
Statewide recreation planning has come a long way
in 25 years, and has given States and their citizens
new tools to analyze recreation needs and
alternatives in a systematic and responsive way.
Indeed, many states now require that local
governments develop recreation plans as a condition
for any type of Federal or State recreation
assistance.

A 1976 amendment to the L&WCF Act, which
requires Governors to certify public participation in
the SCORP process led to development of the Open
Project Selection Process (OPSP) now used by each
State to link plan-defined priorities with actual
selection of L&WCEF projects for funding. These
processes ensure that all eligible applicants for
L&WCEF assistance are aware of the availability of
grants and understand the application procedures.
By increasing public awareness of the links between
State planning and real projects, OPSPs have
increased involvement in State recreation policy by
citizens at all levels.

The third legacy, and the one with the greatest
impact on long-term protection of recreation
resources, is the provision of Section 6(f)(3) of the
Act that requires all property acquired or developed
with L&WCEF assistance be maintained perpetually
in public outdoor recreation use. Consistent
enforcement over the years has ensured permanency
of L&WCPF’s contributions to the national recreation
estate. The most tangible evidence of the program
in future years will be the tens of thousands of
recreation sites across the country that remain
available for our children and our grandchildren.

In conclusion, the Land and Water Conservation
Fund program is building a permanent legacy for
future generations. The source of this legacy will
not always be obvious to the thousands of Americans
who want places to hike in the woods, play ball, play
with their pets, swim in a pool or sit under a tree.
But the recreation lands and opportunities supplied
and protected by the Land and Water Conservation
Fund Act will remain as perpetual monuments to the
foresight of its authors and the American people.

Mr. Samuel L. Hall graduated from the University
of Houston with a B.S. in political science in 1963.
For the past 24 years, Mr. Hall has worked for the
U.S. Department of the Interior with the Bureau of
Land Management and the Bureau of Outdoor
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Recreation and its successor agencies. Currently, he
is Chief, Division of Recreation Grants, National
Park Service, responsible for administering the
L&WCEF program as well as the UPARR and Rails
to Trails grant programs.

LAND AND WATER
CONSERVATION FUND - IMPACT
ON AMERICA’S NATIONAL
PARKS AND SEASHORES

Mr. Willis P. Kriz
National Park Service
Land Resources Division

The National Park System is composed of more than
350 units designated as national parks, monuments,
historic sites, battlefields, seashores, parkways,
preserves, recreation areas and several other
categories. Included are large, well-known areas
readily associated with the National Park System
(System), such as Yellowstone, Grand Canyon, and
Mount Ranier National Parks, but the System also
includes numerous areas not generally thought of in
connection with Federal parks: The Statue of
Liberty, Independence Hall and the White House,
to name but a few.

The System began with the creation by Congress in
1872 of Yellowstone National Park. Sequoia,
Yosemite, Crater Lake, Mesa Verde, Glacier, Rocky
Mountain, Lassen Volcanic, and other national parks
were established in ensuing years. The Antiquities
Act of 1906 authorized the President, at his
discretion, "to declare by public proclamation historic
landmarks, historic and prehistoric structures and
other objects of historic or scientific interests"
situated on lands owned or controlled by the United
States to be national monuments. By 1916, 20 such
monuments had been proclaimed, and the need for
a separate bureau to administer and coordinate
policies and plans for the national parks and
monuments had become widely recognized.
Accordingly, Congress passed and on August 25,
1916, President Woodrow Wilson signed an act to
create the National Park Service. The act provided
that "the service thus established shall promote and
regulate the use of the Federal areas known as
national parks, monuments, and reservations
hereinafter specified by such means and measures
as conform to the fundamental purpose of the said
parks, monuments, and reservations, which purpose
is to conserve the scenery and the natural and

historic objects and the wildlife therein and to
provide for the enjoyment of the same in such
manner and by such means as will leave them
unimpaired for the enjoyment of future generations”
(39 Stat. 535).

The System continued to grow at a modest pace
until it reached approximately 200 units by 1960.
Beginning in 1961, however, with the authorization
of Cape Cod National Seashore, and the
authorization of Assateaque, Padre Island, and Point
Reyes National Seashores in the following year,
expansion of the System began to accelerate. In
contrast to most pre-1961 units, which were
established primarily from the Public Domain or
were acquired and donated by States, the new units
encompassed substantial acreages of privately owned
land. These units could be developed and opened
to the public only after sufficient private lands were
acquired to create a manageable unit. Obtaining the
funds to pay for the acquisition was difficult,
however, because there were competing demands for
funding for construction and operation. Thus, in
October 1964, the Congress enacted legislation to
create the Land and Water Conservation Fund
(L&WCF) to provide separate funding for the
acquisition of land. Since enactment of the
L&WCF, over $2.5 billion have been appropriated
to the National Park Service. The money has been
used to acquire approximately 86,000 individual
parcels of land containing 1,668,000 acres (Table
4.1). The System now totals 80 million acres. The
acreage acquired with L&WCF constitutes only a
small portion of the total, but in terms of importance
to public access and resource protection, that
acreage is indispensable.

National Park Service land acquisitions with the
L&WCF have had major impacts on national park
development and enhancement in all Gulf States
except Alabama. In Florida over 600,000 acres have
been acquired with over $200 million in L& WCF
money. Expansions at Big Cypress National
Preserve and Everglades National Park in southwest
Florida have been the major beneficiaries. Over
29,000 acres of barrier islands and coastal wetlands
along the coast of northwest Florida and coastal
Mississippi were acquired with L&WCF
appropriations upon the creation of Gulf Islands
National Seashore. More than 9,000 acres acquired
with $23 million of L&WCF appropriations in
coastal Louisiana made the establishment of Jean
Lafitte National Historical Park and Preserve a
reality. In Texas, most of the 130,000 acres of
barrier islands acquired by the National Park Service
in establishing Padre Island National Seashore, were



Table 4.1.

National Park Service, Purchases by Fiscal Year, Land and Water Conservation Fund.

Fiscal

Year Appropriated Obligated Tracts Acres
1965 $ 4,805,000 $ 1,458,043 83 729
1966 21,367,023 6,386,198 91 3,974
1967 20,189,980 29,863,121 1,391 52,671
1968 32,528,163 29,889,502 2,077 58,522
1969 52,958,100 50,138,206 3,115 98,355
1970 58,370,560 57,662,101 3,805 70,540
1971 96,516,300 68,347,330 1,563 44,651
1972 68,030,000 54,902,553 2,868 68,499
1973 76,789,000 53,231,508 2,127 49,643
1974 910,000 76,826,215 3,924 86,227
1975 80,154,000 73,930,859 3,030 75,412
1976 105,784,000 114,992,318 5,360 149,246
1977 253,304,000 197,607,546 15,847 218,245
1978 367,150,000 386,948,697 17,047 260,555
1979 253,673,000 249,474,342 14,496 122,167
1980 152,928,000 132,224,769 4,205 53,702
1981 65,657,951 102,704,816 701 18,185
1982 123,200,000 75,607,561 494 18,061
1983 86,505,000 104,137,769 299 13,285
1984 122,500,000 109,820,491 723 14,369
1985 125,682,000 78,420,539 660 27,051
1986 6,943,600 80,604,976 583 73,689
1987 109,757,000 61,855,446 362 17,645
1988 40,763,000 65,427,890 587 43,577
1989 52,609,000 50,049,641 390 29,029
1990 67,245,953 55,027,423 277 15,348
1991 103,567,000 0 0 0
Total $2,549,887,630 $2,367,539,860 85,828 1,668,029

supported with appropriations from the L&WCF.
In total over 120 linear miles of Gulf of Mexico
beaches, and many thousands of acres of Gulf
coastal wetlands, have come under the jurisdiction
and stewardship of the National Park Service with
money generated through offshore leasing in the
Gulf of Mexico.

Mr. Willis P. Kriz is the Chief of the Land
Resources Division of the National Park Service, a
position he has held for the last 11 years. Among
other things, he is responsible for the acquisition of
land for the National Park System. He is a
Nebraska native and a graduate of the University of
Nebraska. He began his Federal career with the

U.S. Army Corps of Engineers 31 years ago in
Omaha. He moved on to the Park Service 6 years
later and has held positions in the San Francisco
Service Center; Point Reyes National Seashore in
California; and Regional Headquarters of the
Western and Southeast Regions. His entire career
has been in land acquisition. He was awarded the
1989 Cornelius Amory Pugsley Medal by the
American Scenic and Historic Preservation Society
for noteworthy advancement of parks at the national
level.
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LAND AND WATER
CONSERVATION FUND -
IMPACT ON NATIONAL
WILDLIFE REFUGES AND
ENDANGERED SPECIES

Mr. Villere C. Reggio, Jr.
Minerals Management Service
Gulf of Mexico OCS Region,

Mr. Larry Coe,
and
Mr. Clyde Schnack
U.S. Fish and Wildlife Service

The Land and Water Conservation Fund (L& WCF)
has had a significant impact on the conservation and
preservation of wildlife, especially migratory
waterfowl and endangered species, both nationally
and in the five Gulf States. Nationally, the growth
and expansion of about 200 units of the 477-unit
National Wildlife Refuge System have been directly
affected through the acquisition of approximately
735,000 acres of refuge lands with over $428 million
from the L&WCEF since 1967. Over 218,000 acres
have been purchased with $166 million from the
L&WCEF on 50 refuges established primarily for the
survival and recovery of endangered species.

In the 5 Gulf States 256,000 acres have been
acquired with $215 million of L& WCF money on 37
national wildlife refuges (Table 4.2), several of which
were established to protect endangered species with
critical habitat located in the Gulf region (Table 4.3).
Almost two-thirds of the 256,000 acres acquired by
the US Fish and Wildlife Service with L& WCF
money between 1967 and 1989 in the 5 Gulf States
constitute wetlands and include 25 miles of coastal
beaches (Table 4.4). All of the national wildlife
refuges are open to the public and most refuges
provide consumptive (hunting and fishing) and
non-consumptive recreational opportunities, All
refuges offer exceptional environmental education
opportunities. The L& WCF-purchased refuge lands,
now permanently dedicated to America’s
conservation estate, are an enduring public benefit
directly tied to Outer Continental Shelf leasing and
production in the Gulf of Mexico.

The tables submitted by Mr. Larry Coe from the
Southwest Regional Office of the U.S. Fish and
Wildlife Service detail the L& WCF accomplishments
by State and by refuge for States bordering the Gulf
of Mexico, and provide specific information on
accomplishments by endangered species and selected

habitat types. Information on national
accomplishments was provided to Minerals
Management Service (MMS) by Mr. Clyde Schnack
from the Realty Division at Fish and Wildlife Service
headquarters. The overview was written and
presented by Mr. Villere Reggio, Jr., of MMS, Gulf
of Mexico OCS Region.

Mr. Villere C. Reggio, Jr., is an Outdoor Recreation
Planner with the Minerals Management Service Gulf
of Mexico OCS Region. His responsibilities include
research, assessment, and reporting on the
interrelationship of the OCS oil and gas program
with the recreational elements of the marine and
coastal environment throughout the Gulf of Mexico
region.



Table 4.2. L&WCF Acquisition in Gulf States, 1967-1990.

Project Total Acres Land Cost
ALABAMA
Watercress Darter National Wildlife Refuge (NWR) 7.10 $ 36,150
Wheeler NWR 121.54 149,700
Blowing Wind Cave NWR 264.00 575,000
Bon Secour NWR 3,917.12 18,576,120
Eufaula NWR 24.19 80,000
Fern Cave NWR _199.23 110,000
6 Refuges 4,533.18 $19,526,970
FLORIDA
Crocodile Lake NWR 4,165.10 $11,131,110
St. Johns NWR 6,254.95 2,878,323
Florida Panther NWR 24,310.04 10,232,916
Great White Heron NWR 5,091.24 2,758,327
National Key Deer NWR 7,311.85 18,778,803
Lower Suwanee NWR 41,488.77 9,699,560
Cedar Keys NWR 543.00 718,690
Crystal River NWR 46.34 978,600
Ding Darling NWR 54.58 94,550
Hobe Sound NWR 3.72 18,000
Lake Woodruff NWR 23.00 38,970
Pine Island NWR 373.07 1,034,000
Pinellas NWR 14.55 18,000
St. Marks NWR 569.00 185,000
Chassahowitzka NWR 24193 183,000
15 Refuges 90,491.14 $58,747,849
LOUISIANA
Lacassine NWR 848.00 $ 559,100
Lake Ophelia NWR 9,414.24 2,618,651
Atchafalaya NWR 15,255.23 11,065,618
Bayou Sauvage NWR 18,000.00 7,750,000
Bogue Chitto NWR 23,187.67 9,966,494
Tensas River NWR 3,125.99 3,358,110
6 Refuges 69,831.13 $35,317,973

(continued)
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Table 4.2. L&WCF Acquisition in Gulf States, 1967-1990 (continued).

Project Total Acres Land Cost
MISSISSIPPI
Mississippi Sandhill Crane NWR 17,908.96 $21,033,651
Panther Swamp NWR 3.70 25,000
Bogue Chitto NWR 6,808.08 6,441,836
St. Catherine Creeck NWR 6,511.00 2,604,400
4 Refuges 31,231.74 $30,104,887
TEXAS
Atwater’s Prairie Chicken NWR 5,350.88 $ 4,050,949
Anahuac NWR 3,640.85 1,255,226
Aransas NWR 11,502.01 13,500,000
Lower Rio Grande Valley NWR 37,469.33 38,732,190
San Bernard NWR 2,445.74 14,000,000
Santa Ana NWR 69.41 179,750
6 Refuges 60.478.22 $71.718.127
GRAND TOTAL--37 Refuges 256,565.41 $215,415,806

Table 4.3. Endangered Species Refuges in Gulf States Acquired with L& WCF Funds,

Project Total Acres Land Cost
Aransas NWR (whooping crane), TX 11,502.01 $13,500,000
Atwater’s Prairie Chicken NWR, TX 5,350.88 4,050,949
Blowing Cave NWR (gray bat), AL 264.00 575,000
Crocodile Lake NWR (American crocodile), FL 4,165.10 11,131,110
Crystal River NWR (W. Indian manatee), FL 46.34 978,600
Fern Cave NWR (gray bat), AL 199.23 110,000
Florida Panther NWR, FL 24,310.04 10,232,916
Great White Heron NWR, FL 5,091.24 2,758,327
Mississippi Sandhill Crane NWR, MS 17,908.96 21,033,651
National Key Deer NWR, FL 7,311.85 18,778,803
St. Johns NWR (dusky seaside sparrow), FL 6,254.95 2,878,323
Watercress Darter NWR, AL 7.10 36,150
Totals 82,411.70 $86,063,829

NOTE:  The Gulf States refuges in general also provide habitat for other threatened or endangered species such as the bald eagle,
American peregrine falcon, red-cockaded woodpecker, Alabama beach mouse, brown pelican, eastern indigo snake, Key Largo
wood rat, Schaus swallow-tail butterfly, and the Key tree-cactus, to name but a few.
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Table 44. Acres of Wetlands and Miles of Beach Acquired with L& WCF Funds.

State Total Acres Wetland Acres' Miles of Beacl?
Acquired
Alabama 4,533 1,718 3
Florida 90,491 54,392 7
Louisiana 69,831 59,356 0
Mississippi 31,232 28,543 0
Texas 60,478 19,294 15
Totals 256,565 163,303 25
! Estimated

*Indicates miles of sandy, recreation-type beaches

LAND AND WATER
CONSERVATIONFUND -
ACQUISITION IN THE FOREST
SERVICE SOUTHERN REGION

Mr. Lawrence W. Braddock
U.S. Department of Agriculture
Forest Service
Southern Region

The Land and Water Conservation Fund Act
(L&WCF) purchases, in the Southern Region of the
U.S. Department of Agriculture (USDA) Forest
Service, have acquired for the American public
approximately 475,000 acres of outstanding
recreation valued lands (Table 4.5). Diversity and
variety best describe these lands, which are located
in such diverse locations as the highlands of the
Smoky Mountains in North Carolina and Tennessee,
and the swamplands of northern Florida.

The National Forests in the Eastern United States
were primarily formed from lands acquired from
private landowners, and in many of those in the
South, only half of the lands inside the Forest
boundaries are federally owned. The L&WCF
purchases have consolidated much of this scattered
ownership pattern, resulting in a greatly expanded
land base for the enjoyment of a wide variety of
developed and dispersed recreation activities. In the

South, these lands are the equivalent of a new
National Forest, larger in size than the Ocala
National Forest in Florida.

The first parcel of land acquired under the authority
of the L&WCF Act of September 3, 1964, was the
307-acre Hazard Mill property located adjacent to
the South Fork of the Shenandoah River. Purchased
for $59,000, this tract became a part of the George
Washington National Forest in Virginia, on
October 15, 1965. The first recreation area
developed on L&WCF acquired lands was also on
this tract, when the Hazard Mill Campground was
opened for use in late 1966.

Not far to the south from Hazard Mill, the
8,500-acre Hidden Valley property was purchased on
November 3, 1965, for $325,000 (about $38 per
acre). Also located in the George Washington
National Forest, this tract included six miles of
frontage on the Jackson River. Included in this
purchase was "Warwickton," a brick, two-story house
with four interior end chimneys. This National
Register of Historic Places dwelling was built in 1858
by Judge James Woods Warwick, a grandson of
Jacob Warwick, one of the first settlers in this part
of Virginia.

In north Georgia within the Chattahoochee National
Forest, a 1967 purchase from the Jacks River Game
and Fish Preserve acquired 3,610 acres. Now 2,190
acres of this tract along the Jacks River form a key



Table 4.5. Region 8 Summary, Lands Acquired with Money from Land and Water Conservation Fund Act of 1965.

State 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 Acres Acquired
To Date’
ALABAMA 43 -- -- 20 64 24 27 69 80 3,963 11,197
Arkansas 762 40 -- -- 247 200 -- 1,554 10,104 8,113 38,158
FLORIDA 55 -- -- -- -- -- 95 5 22,117 1,122 41,934
Georgia -- 144 155 -- -- -- -- -- 94 23 59,913
Kentucky 646 181 195 825 -- 366 24,605 1,288 1,343 1,111 37,990
LOUISIANA -- -- -- -- -- -- -- -- 85 101 1,569
MISSISSIPPI - -- -- -- -- -- -- -- -- -- 1,104
N. Carolina 40,583 72 1,510 24 1,393 797 871 1,301 1,442 7,260 85,805
Oklahoma - -- - -- - - - 160 - -- 11,934
S. Carolina 1 -- -- -- -- - -- - 340 - 6,559
Tennessee -- 1,766 6 56 857 457 160 378 276 1,100 19,558
TEXAS 39 -- -- -- -- -- -- -- 32 -- 7,370
Virginia 2,261 364 782 2,060 763 1,498 1,159 5,332 574 1,164 151,014
W. Virginia -- -- -- -- -- -- -- 21 -- -- 400
Puerto Rico -- -- -- -- -- -- -- -- -- -- --
Totals 44,390 2,567 2,648 2,985 3,324 3,342 6,917 10,113 35,487 23,957 474,505
GULF STATES TOTAL 63,174

JAs of September 30, 1990
4,424 of this acreage is in Mineral Interests (Greenwood Land & Mining Company)




part of the Cohutta Wilderness. Other important
L&WCF purchases of private lands have also
occurred within the Leatherwood Wilderness in
Arkansas, the Clifty Wilderness in Kentucky, and the
Beartown Wilderness in Virginia.

The Chattooga Wild and Scenic River, one of the
first rivers to be so designated, has several adjacent
tracts of lands acquired with L&WCF funds.
Located in the States of Georgia, North Carolina,
and South Carolina, the Chattooga is not only a
favorite of white-water boaters and trout fishermen,
but also hikers and horseback riding enthusiasts.

The Appalachian Trail (A/T), a 2,000 mile footpath
from Maine to Georgia, was designated a National
Scenic Trail on October 2, 1968. Numerous parcels
of land have been or are in the process of being
acquired on the Chattahoochee, Cherokee,
Nantahala, Pisgah, Jefferson, and George
Washington National Forests. One of the most
scenic of the tracts, acquired in the vicinity of the
A/T, is the Hump Mountain tract within both the
Cherokee and Pisgah National Forests.

The Highlands of the Roan lie along the backbone
of the Smoky Mountains of the Southern
Appalachians. This area contains the most extensive
arca of mountain balds of any location in the
Appalachians. Distinctive ~ vegetation and
breathtaking, panoramic views characterize this
eastern high-country scenic area. The initial federal
acquisition was in the 1930’s, with L&WCF
purchases in the 1970’s and continuing in the 1980’s.

The Red River Gorge is within the Daniel Boone
National Forest in Kentucky. Sandstone arches,
rugged cliffs, and peaceful valleys beckon to visitors
today, just as they did to Daniel Boone years ago.
Numerous L&WCF purchases in the past few years
have added significant lands to this outstanding
recreational attraction, which also includes the Clifty
Wilderness.

Established in 1966, the Mt. Rogers National
Recreation Area of the Jefferson National Forest in
southwestern Virginia has been greatly enhanced by
a large number of L&WCF acquisitions. Extensive
recreational use of these lands has been made for
recreationdevelopments, hiking and horseback trails,
and a multitude of other dispersed recreation
pursuits.

Water-oriented recreational lands have been
purchased in a number of the southern States. In
the national forests of Texas, three reservoirs
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constructed in the 1960’s have been national hot-
spots for large-mouth bass fishermen. Key access
lands to these surface water giants, Lake Conroe
(24,000 acres), San Rayburn Reservoir (114,000
acres), and Toledo Bend Reservoir (181,000 acres),
have been acquired with the L&WCEF funds.

The newest recreation complex in the Southern
Region is the Clear Creek Recreation Area in
Alabama, which is located on the Bankhead National
Forest next to picturesque Lewis Smith Reservoir.
This complex consists of a 125-unit campground,
with water and electrical hookups, a picnic ground,
a swimming site, and a boat launching site, which are
interconnected by 4 miles of hiking and bicycling
trails. Constructed partially on lands purchased with
L& WCEF Funds, this state-of-the-art development is
one of the finest in the Nation.

The Ocala National Forest in Central Florida has
several enormous, clear, sparkling water springs,
each flowing millions of gallons of 72° water per
day. One of these, the Salt Springs, along with
10,032 acres, was acquired on February 29, 1979,
Not only is this land a sub-tropical paradise for
recreational activities, but it is also the home of
many water habitat loving birds, such as the osprey.
During FY 90, the 512-acre Silver Glen Springs tract
was also added to the Ocala.

North of the Ocala River, on the Osceola National
Forest, a series of L&WCF purchases are underway
to acquire 50,000 acres of remote swamplands, which
will unite the existing federal ownership lands of the
Osceola National Forest and the Okefenokee
National Wildlife Refuge. Home to a diverse variety
of wildlife, such as the alligator, white-tail deer,
black bear, the endangered red-cockaded
woodpecker, and hopefully, in the near future, the
reintroduced Florida panther, about 25,000 acres
have already been acquired, with the remainder
scheduled in the next few years.

These are just a few examples of the magnificent
scenic and recreational lands that have been
acquired for the use and enjoyment of, not only
residents of the South, but for everyone in this great
nation of ours. Purchase of lands such as these
probably would not have occurred were it not for the
money made available by the L& WCF, and in turn,
most of the dollars in the L&WCF would not be
available were it not for the 90% of the revenues
from Outer Continental Shelf leases.

As we begin this 27th year of the L&WCF Act, we
are proud of our past accomplishments, but we
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realize much work remains. A recently completed
inventory of privately owned surface inholdings
within our 74 units of the National Wilderness
Preservation System, indicated that 23 of the
wildernesses contained 73 separate private tracts
totaling 6.6 thousand acres, and valued at 4.7 million
dollars. Examples of other purchase needs exist in
other outstanding areas, such as Saline Bayou Wild
and Scenic River in Louisiana, Black Creek Wild and
Scenic River in Mississippi, Sipsey Fork Wild and
Scenic River in Alabama, and Pinhook Swamp in
Florida.

We are confident this 27th year will be successful in
making available more outstandingrecreational lands
for the American people, and we look forward to the
continued participation that Outer Continental Shelf
leasing makes to this critical program.

Mr. Lawrence W. (Bud) Braddock is the Director of
Recreation for the Southern Region (R-8) of the
USDA Forest Service, headquartered in Atlanta,
Georgia. Prior to his current assignment, he was
Forest Supervisor of the National Forests in
Mississippi from March 1985 until February 1989.
During his 28 years with the Forest Service,
Mr. Braddock has served in a variety of positions in
two Forest Service Regions, including two Job Corps
Centers, three National Forest Supervisors’ Offices,
and eight Ranger Districts.

HISTORIC PRESERVATION
FUND - IMPACT ON
HISTORIC AND CULTURAL
RESOURCES

Mr. Stephen Newman
National Park Service
Preservation Assistance Division

INCEPTION
Beginnings

The National Historic Preservation Act grant
programs arise from an interesting history. Federal
preservation actions began with natural rather than
historic areas: the establishment of Yellowstone
National Park in 1872. During the Civil War years,
the Government acquired two buildings which are
now maintained as historical sites by the National

Park Service: Arlington Cemetery and Ford’s
Theater. The first Federal project in historic
preservation was in the Southwest, where
commercial looting imperiled the archeological ruins
of Indian cliff dwellings and pueblos. A petition to
protect these sites was presented to Congress in
1882, but not until seven years later was money
appropriated to protect the Casa Grande ruin in
Arizona and to preserve the surrounding land.

In the 1890’s, increasing protests against the
continued vandalizing of archeological sites resulted
in passage of the Antiquities Act of 1906. This Act
provided penalties for destroying or damaging any
historic or prehistoric ruin on public lands and
authorized the President to set aside historical
places, landmarks and structures as well as other
lands of significant natural and scientific value.
Thus, for example, Mesa Verde National Park was
established as a monument in 1906.

In 1916, Congress authorized the creation of the
National Park Service, giving it responsibility for the
care and protection of historical natural parks.
During its 74-year history, the Service has acquired
and maintained a variety of historic buildings,
monuments, and sites that are in Federal possession.

The Historic Sites Act of 1935 declared a national
policy of historic preservation. It authorized the
Secretary of the Interior to initiate a number of
preservation programs. A common element for each
of the programs was the requirement that all
property involved must be of national significance.
The National Trust for Historic Preservation in the
United States was charted in 1949 with a private
sector role in preservation. Its purposes are to
facilitate public participation in the preservation of
significant historic properties and antiquities, and to
receive donations of properties that would otherwise
be bequeathed to the Federal Government.

CONCEPT
The National Historic Preservation Act

The grant assistance phase of the Federal historic
preservation effort began with Public Law 89-665,
the National Historic Preservation Act of 1966. This
Act was the first major step to encourage both
public and private historic preservation activities, and
to support the Federal commitment with a multi-
year authorization of funds. The Act recognized the
importance of preserving properties of State and
local significance, as well as national significance.
The House Report (No. 1916) stressed the



significance of the legislation: "Notwithstanding the
progress which has been made with regard to
historic preservation, most existing Federal programs
and criteria for preservation are limited to natural
and historical properties determined to be ‘nationally
significant.” Only a limited number of properties
meet this standard. Many others which are worthy
of protection because of their historical,
architectural, or cultural significance at the
community, State or regional level have little
protection given to them against the force of the
wrecking ball. Some of them are not even known
outside a small circle of specialists. It is important
that many of these be brought to light and that
attention be focused on their significance whenever
proposals are made in, for instance, the urban
renewal field or the public roads program or for the
construction of Federal projects or of projects under
Federal license that may lead to their destruction....”

Recipients

The 1966 Act was the first major step to encourage
both public and private historic preservation
activities and to support that commitment with a
funding mechanism. Beginning with fiscal year 1968,
the Department of the Interior has made matching
grants to the 50 States, the District of Columbia,
Puerto Rico, the Virgin Islands, Guam, American
Samoa, the Trust Territory of the Pacific Islands
(since 1986 directly to the Republic of the Marshall
Islands, the Federated States of Micronesia, and the
Republic of Palau), and to the National Trust for
Historic Preservation.

Involvement by Third Parties

States may delegate work responsibilities and funds
to third parties through subgrants and contracts.
Third parties may be public or private organizations,
individuals, universities, or governmental
subdivisions. Federal agencies or properties may not
receive funds. Survey, inventory, and protection
activities may be delegated.  Subgrants for
restoration can be awarded to all property owners
except Federal owners. Tax Act review
responsibilities cannot be delegated.

One difference from the L&WCF program, this
appropriation is not "no-year” money. Funds may
not be reprogrammed after the second year of
apportionment.
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RELATIONSHIP OF THE
HISTORIC PRESERVATION FUND
AND OCS OIL AND GAS LEASING

In 1976, amendments to the L&WCF Act created
the Historic Preservation Fund (HPF). The HPF
was established from revenues due and payable
under the Outer Continental Shelf Lands Act.
Patterned after the L&WCEF, the use of royalties
from offshore oil leasing revenues is "recycled” to
finance historic and cultural resources.

From 1967 to 1990, almost $474 million have been
appropriated for grants to States, beginning in 1978
about $397 million charged to the Fund. Amounts
to the Gulf States (through 1990) total: Alabama -
$89 M; Florida - $11 M; Louisiana - $7.5 M;
Mississippi - $6.4 M; Texas - $12.2 M.

Distribution Formula

The Secretary of the Interior determines each
participant’s share of funds based on an
administrative formula. For a number of years the
formula was distributed 30% divided equally; 20%
divided by population; 50% allocated on the basis of
past expenditures. For FY 91, approximately $28
million will be allocated: 89% divided based on a
3-year average of each State’s prior allocations; 11%
based on a proportion of each State’s population
and land area to that of all States. A separate "set
aside” is allocated to the Pacific Nations and
American Samoa.

PURPOSES
Legislative Objectives

The 1966 Act was substantially amended by the
National Historic Preservation Amendments of 1980.
This legislation reauthorized the HPF through 1987
(later extended to 1992) at a $150 million annual
level. It provides a role for local governments
through certification at the State and Federal level,
and specifies Federal agency responsibilities with
regard to historic preservation programs. It revises
the structure of the Advisory Council on Historic
Preservation.

The 1980 Amendments specify the following
requirements (among others):

Citation Requirements

101b1A The State program must provide for the
appointment by the Governor of a State



101b1A

101b1B

101b1C

101b2

101b3A

101b3B

101b3C

101b3D

101b3E

101b3F

Historic Preservation Officer (SHPO)
to administer the program.

The program must provide for the
employment or appointment by the
SHPO of such qualified staff as may be
necessary.

The program must provide for an
adequate and qualified State historic
preservation review board designated by
the SHPO unless otherwise provided for
by State law.

The program must provide for public
participation, including the process of
recommending properties for
nomination to the National Register.

The Secretary must determine no less
than once every four years whether
State programs conform with provisions
the Act.

The SHPO must, in cooperation
Federal and State agencies, local
governments, and private organizations
and individuals, conduct a
comprehensive statewide survey of
historic properties and maintain
inventories of such properties.

The SHPO must identify and nominate
eligible properties to the National
Register of Historic Places and
administer applications for listing
properties on the National Register.

The SHPO must prepare and
implement a comprehensive statewide
historic preservation plan.

The SHPO must administer the State
program of Federal assistance for
historic resources within the State.
(This includes Development as well as
Acquisition of historic properties.)

The SHPO must advise and assist
Federal and State agencies and local
governments in carrying out their
historic preservation responsibilities.

The SHPO must cooperate with the
Secretary, the Advisory Council, Federal
and State agencies, local governments,

organizations, and individuals to ensure
that historic properties are taken into
consideration at all levels of planning
and development.
101b3G The SHPO must provide public
information, education, and training and
technical assistance relating to the
Federal and State historic preservation
programs.

101cl The SHPO must develop certified local
historic preservation programs and
assist local governments in becoming
certified, and transfer 10% of the HPF
allocation to Certified Local
Governments.

101d3A The Secretary may provide direct grants

for demonstration projects, to minority

groups, and other purposes. (In FY

1990, $500,000 was earmarked for direct

grants to Indian tribes.)

NATIONAL ACCOMPLISHMENTS
The National Register

The Act authorizes the Department of the Interior
to expand and maintain a National Register of
Historic Places. The Register today is maintained
by the National Park Service; it is a computerized
listing of properties that have been nominated and
accepted as having  historic, architectural,
engineering, archeological, or cultural significance,
at the national, State, or local level.

The State Historic Preservation Officer

The Act establishes detailed responsibilities of
SHPQ’s, the State officials who administer the NHP
program at the State level. Each SHPO is
responsible for surveying to identify historic
properties, developing a statewide plan for
preservation, providing technical assistance to
Federal, State, and local agencies and the public,
helping local governinents become certified to
participate in the program, and other activities.

State Review Boards

The Act requires that each program maintain a State
Review Board. In the words of the Committee
Report for the 1980 Amendments to the Act, Review
Boards "function primarily as professional bodies
which can objectively evaluate the historic



significance of properties and provide professional
advice on historic preservation matters.” Specific
duties of Review Boards are stipulated in
regulations. They are to have at least these duties:
(1) Review nominations to the National Register and
recommend to the SHPO as to whether the property
meects the criteria for listing; (2) Participate in
appeals to nominations or failures to nominate; and
(3) Review and advise on the Comprehensive
Historic Preservation Plan and the annual grant
application.

Certified Local Governments

The Act provides for the certification of local
governments whose historic preservation programs
meet prescribed standards, making them eligible for
grants-in-aid and technical assistance from the
SHPQ. Ten percent of each State’s annual grants
must be transferred to such certified local
governments.

Advisory Council on Historic Preservation

The Act creates the Advisory Council on Historic
Preservation, an independent agency responsible for
advising the President and Congress on historic
preservation matters, conducting studies relating to
preservation, reviewing Federal agency programs,
and reviewing and commenting on agency actions
that may affect historic properties. The Council’s
review process, carried out in cooperation with
Federal agencies and SHPOs, is referred to as "the
Section 106 process.”

Federal Agency Responsibilities

The Act directs Federal agencies to name "Agency
Preservation Officers” to coordinate their historic
preservation activities, to seek ways to carry out their
activities in accordance with the purposes of the Act,
to identify historic properties under their jurisdiction,
to consider such properties when planning actions
that might affect them and to give the Advisory
Council an opportunity to comment on such actions,
and to document historic properties that cannot be
preserved.

Grants-in-Aid

The Act establishes a program of matching grants-
in-aid by which the National Park Service assists
States and Territories. Grants are used to identify,
evaluate, register, or protect historic and
archeological resources.
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The Secretary of the Interior’s Standards and
Guidelines for Archeology and Historic Preservation
was first published in 1983. The Standards and
Guidelines are divided into several parts, each
dealing with a different aspect of preservation.

The Standards and Guidelines for Preservation
Planning outlines ways to plan for the protection of
historic properties and to establish ways to decide
which such properties are worth preserving at the
expense of others.

The Standards and Guidelines for Identification deals
with field surveys, background research, and other
methods used to identify properties that might be
historic.

The Standards and Guidelines for Evaluation outlines
ways to evaluate properties to determine whether
they are historically significant.

The Standards and Guidelines for Registration deals
with systems for the formal registration of historic
properties in the National Register of Historic Places
and in equivalent registers maintained by other
governments.

The Standards and Guidelines for Documentation
addresses how historic properties should be
recorded; they are particularly useful when a
property must be destroyed or significantly altered,
and it is desirable to keep a record of its original
appearance, nature, or contents. This portion of the
Standards and Guidelines is subdivided into
Standards and Guidelines for Historical
Documentation, Architectural and Engineering
Documentation, and Archeological Documentation-
-the last often called archeological data recovery,
salvage archeology, or rescue archeology.

The Standards for Historic Preservation Projects are
the measures against which acquisition, stabilization,
rchabilitation, restoration, and reconstruction
projects are measured. These Standards were
published by themselves several years before the
overall Standards and Guidelines, and were
integrated into the comprehensive document when
it was published in 1983. They are also available as
a scparate publication, with additional guidance
detail.

The Professional Personnel Standards outlines the
minimum qualifications an individual should have in
order to practice one of the "core" preservation
disciplines--history, archeology, architecture,
architectural history, and historical architecture.



BICENTENNIAL LIGHTHOUSE
FUND - $3 MILLION

Congress appropriated $1 million from the HPF in
each of fiscal years 1988, 1989, and 1990 to establish
a"Bicentennial Lighthouse Fund” in commemoration
of the 1789 Lighthouse Act. The appropriation act
provided that matching funds be allocated in the
same manner and under the same operating
requirements as "regular” HPF grants. There was
one notable exception. For the first time, States
could choose to use some of their funding to assist
properties in Federal ownership, and without
matching share, Federal owners--the Coast Guard,
the Fish and Wildlife Service, the National Park
Service itself--are among the governmental and non-
profit owners of the 958 contributing resources listed
in or officially determined eligible for listing in the
National Register of Historic Places in 33 States and
(one site in) the Federated States of Micronesia.

The total $3 million appropriation was used for
survey and nomination costs directly related to
lighthouses and river lights, for preconstruction plans
and studies, and for construction work on listed
lighthouses and river lights. Some States used the
funds to undertake thorough investigations of the
extent of the deterioration of numerous lighthouses
and to help save some structures from further
deterioration. A very positive result of this earmark
has been the exccution of preservation covenants
between the SHPO and property owner whereby the
owner agrees to maintain the property for a term of
years as a condition of receiving the grant assistance.
These covenants help by being an "insurance marker"
of sorts against vandalism. The agreements also
work to make the resources more visible to the local
community and thus to generate post-grant support.
The Gulf States projects were as shown in Table 4.6.

TAX INCENTIVES FOR
REHABILITATING
HISTORIC BUILDINGS

The HPF grants help support SHPO staff who
provide "front line" technical assistance and initial
review and recommendations for certification of
rehabilitations proposed for Federal income tax
incentives. These incentives continue to be one of
the most successful urban revitalization tools
implemented by law. From 1977 through 1989,
nearly 21,000 rehabilitation historic buildings have
been certified by the National Park Service to qualify
for these tax credits. The projects have brought
renewed life to business and residential districts,
have resulted in new jobs, have increased local and

State revenues, and have provided new, high quality
housing for families of all income levels. Housing
projects account for about half of all four historic
rehabilitation projects. Over 100,000 housing units
in historic buildings, of which about 17,000 were for
low and moderate income units and 51,000 were
newly created units, have been assisted through tax
incentives.

Since the inception of the tax incentive program in
1976, nearly 21,000 projects, representing an
investment of almost $14 billion, have been certified.
In the Gulf States for 1989 alone:

Certifications

of Certified Investment
State Significance Rehabilitations (3 millions)
Alabama 15 18 $ 975
Florida 45 37 21.23
Louisiana 40 22 17.98
Mississippi 7 7 0.53
Texas 12 21 10.50
National Total 1,010 994 $927.15

LEGACIES OF THE HPF

Since passage of the 1966 Act, we have witnessed an
increasingly strong public interest in and support for
historic preservation. The American public has
demonstrated growing recognition of the importance
of historical, architectural, and archeological values
in improving the quality of life in our cities, towns,
and rural communities. The public’s concern has
moved from a narrow interest in individual historic
buildings to the need to preserve the sense of
identity of America’s communities.

In the State historic preservation offices, the SHPOs
carry out the National historic preservation program
at the State and local level in accordance with
standards and regulations published by the
Department of the Interior. Historic preservation
programs operate in 59 jurisdictions, including 3
Micronesian governments now in Free Association
with the United States. Over 500 Certified Local
Governments now participate in the program under
State auspices.

Far more than just a cooperative program among
different levels of government, this program succeeds
largely because of the degree to which it stimulates
and facilitates citizen initiative and private
investment in the goal of preserving our national
patrimony. Just one facet of its work, the program
of Federal Tax Incentives for Historic Rehabilitation,



Table 4.6. The Gulf States Projects.

State Site Name and Location Federal Share
Alabama 1872 Light Keeper’s House (Fort Morgan), Baldwin County $ 10,000
Light Keeper’s House, Phase I, Baldwin County 10,000
1876 Lighthouse at Mobile Point, Baldwin County 10,000
Florida Cape Florida Lighthouse Preservation Plan, Key Biscayne,
Dade County $ 15,000
Ponce de Leon Inlet Oil House, Ponce Inlet, Volusia County 9814
Key West Lighthouse, Key West, Monroe County 18,318
Cape Florida Lighthouse, Phase II, Key Biscayne 30,000
St. Augustine Lightkeeper’s Quarters, St. Johns County 9,000
Key West Lighthouse Keeper’s Quarters, Phase IT, Key West 27,395
Key West Lighthouse, Phase III 22,475
St. Augustine Light Tower, St. Johns County 15,414
St. August Light Keeper’s House, St. Johns County 2,500
Louisiana Southwest Reef Lighthouse, Berwick, St. Mary Parish $ 10,000
Southwest Reef, Phase II, Berwick, St. Mary Parish 16,375
Southwest Reef, Phase III, Berwick, St. Mary Parish 14,255
Mississippi Round Island Lighthouse, Pascagoula $ 5,000
Biloxi Lighthouse, Biloxi 5,000
Round Island, Phase II, Pascagoula 9,500
Round Island, Phase III, Pascagoula 9,500
Texas Half Moon Reef Lighthouse, Port Lavaca $ 580
Planning study--historic context on Texas Gulf Coast
lighthouses, 1845 to 1945 13,646
Planning study--historic context on Texas Gulf Coast
lighthouses, Phase 11 11,879

(In addition, $1 million was earmarked from the HPF for a Natchez, Mississippi erosion study.)

has stimulated 21,000 historic building rehabilitations
with a total value of over $14 billion.

Mr. Stephen Newman has worked in Federal
assistance programs for over 22 years. He has been
Chief of Grants Administration for historic
preservation grants in the Department of the
Interior, National Park Service, Washington, D.C.

since January 1977. Prior to this he worked in field
operations for the Chicago Regional Office of the
CommunityServices Administration, the anti-poverty
Agency. He received a B.A. from the University of
Colorado and his M.P.A. from Roosevelt University,
Chicago, Illinois.



PRIVATE PERSPECTIVE: HOW
A PRIVATE CONSERVATION
GROUP CAN HELP GENERATE
MORE ACRES PER DOLLAR
FROM THE LAND AND WATER
CONSERVATION FUND

Mr. Philip G. Ellender
The Nature Conservancy
of Louisiana

THE NATURE CONSERVANCY

Founded in 1951, The Nature Conservancy (TNC)
mission is to find, protect, and maintain the Earth’s
rare species and natural communities by preserving
the lands they need to survive. The best way to say
who we are is to say who we are not -- we are not
an "anti" organization. We work with businesses
within the free enterprise system. We are a science
and data driven organization, The TNC’s
accomplishments can be capsulated in the 5.5+
million acres protected in the United States, our
1,200+ private preserves in the United States, and
the millions of acres of tropical rainforest protected
through country partner organizations and creative
debt for nature swaps.

Across the country, and especially in Louisiana,
these "protected acres” would not have been possible
without the oil and gas industry. In Louisiana the
industry includes Amoco, ARCO, Exxon, Freeport
McMoRan, LL&E, Mobil, and Texaco.
Additionally, the new President and CEO of TNC
is John Sawhill, a former Deputy Secretary of the
U.S. Department of the Energy and former
President/CEO of the U.S. Synthetic Fuels
Corporation.

People tend to generalize that if you work for a
conservation organization you naturally align against
industry. The TNC believes that working together,
instead of pitted against one another, our world’s
conservation goals can be met. There is no such
thing as "white hats and black hats;" in reality we all
wear "gray hats."

HOW CAN A PRIVATE CONSERVATION
GROUP GENERATE MORE ACRES PER
DOLLAR FROM THE L&WCF?

Simply put, we drive hard bargains. Non-profit
organizations, like TNC, are often successful in
obtaining donations and bargain sales. Our ability

to be more flexible and promote tax benefits more
aggressively allows us to demonstrate to individuals
and corporations financial justification for the
donation or bargain sale of a piece of property.

According to the U.S. General Accounting Office
(9-11-81) between the years 1965 and 1980, 4.5% of
federal land acquisitions were done by non-profit
organizations. The fair market value of these
acquisitions was $162,061,516. After the acquisition
and holding expenses of non-profits, the federal cost
of acquiring them was $114,055,161 - a savings in
excess of over $50 million to the taxpayer.

More recent and specific to TNC, between the years
1979 and 1988, TNC has acquired property with a
fair market value of approximately $200 million for
the Federal Government. The approximate cost to
the federal agencies was $180 million. A $20 million
savings to the taxpayer.

Other services that the non-profits provide to the
agencies include:

* solving complex title problems;

»  ability to move quickly;

* holding prices in a rapidly appreciating market
(not true in Louisiana today!);

* acquiring land where there is antipathy toward
the Government; and

* solve authorizing legislation constraints.

To the individual citizen or private corporation, TNC
relieves the landowner of holding cost, management
expense, and can often generate sizable favorable
publicity.

EXAMPLES OF PROJECTS DONE
BY TNC USING L&WCF FUNDS
IN THE GULF COAST STATES

As mentioned earlier, according to a 5-year average
(1983-1988) 88.3% of all deposits into L&WCF
come from Outer Continental Shelf (OCS) leasing
rentals, bonuses, and royalties. The primary fuel for
federal conservation has been and is currently OCS
production -- it makes sense as one resource is being
depleted you conserve another.

Let’s run through a few TNC projects in the Gulf
Coast region of the United States financed by
L&WCF-OCS dollars. I will start with Louisiana,
for good reason: (1) I am biased toward
Louisiana--the state possesses the greatest "natural
wealth” in the entire country; and (2) between the



years 1953 and 1987 the OCS off Louisiana’s coast
produced 92% of all OCS oil and 89% of all OCS
gas in the United States (despite the fact that
Louisiana has received only 3% of the appropriated
dollars from the L&WCF).

Louisiana

In Louisiana one of L&WCFs more recent
appropriations was to Lake Ophelia and Grand Cote
National Wildlife Refuges in Avoyelles Parish.

Demonstrating TNC’s ability to move quickly, we
acquired a priority site for the North American
Waterfowl Plan for $2.1 million with about a 3-week
notice. Monies from the L&WCF are currently
reimbursing TNC for this project.

Texas

In Texas, TNC pre-acquired Matagorda Island for
the U.S. Fish and Wildlife Service at a cost of $13
million. The 11,502-acre island is one of two
remaining undeveloped barrier islands off the coast
of Texas. It is the winter home or rest stop for over
250 species of birds including the whooping crane,
peregrine falcon, and brown pelican.

Another Texas TNC project financed by L&WCF is
Zamora Bend. The 400-acre Zamora nearly
encircles the Rio Grande River. Key wildlife
protected through this project includes the ocelot.

Alabama

Ruffner Mountain in Alabama is a 600-acre forested
woodland within the city limits of Birmingham. Its
trails and education programs have opened a world
of nature to the inner city population. Ruffner is not
an uatouched wilderness but is the last undeveloped
section. of the Red Mountain Ridge.

Mississippi

In Mississippi, Clark Creek Natural Area started as
a 427-acre gift of land to TNC from a private
company. The gift was used to match L& WCF
money to add an additional 166 acres. The area is
now managed by the Mississippi Department of
Wildlife, Fisheries, and Parks.

Florida
In Florida, the West Indian Manatee finds its home

in the Crystal River. The TNC acquired the refuge
in 1983, before it was established as a National
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Wildlife Refuge using L&WCEF dollars, which could
be described as OCS money.

These are just a sampling, a small handful of
cooperative projects--what a private non-profit
organization, TNC, has done with the L& WCF.

Mr. Philip Ellender is the Director of Development
for The Nature Conservancy in Louisiana. He is a
graduate of Louisiana State University with a
background in finance. For the past two years,
Mr. Ellender has served as a member of the
Louisiana State Mineral Board. He has also chaired
the Tract Evaluation and the Wildlife and Fisheries
Committees.

CONCLUSION

Mr. Villere C. Reggio, Jr.
Minerals Management Service
Gulf of Mexico OCS Region

Over the past 25 years, more than $7 billion have
been invested from the L& WCEF in the expansion
and enhancement of America’s recreation and
conservation estate (Table 4.7). Four-fifths of all
deposits into the L&WCF have come directly from
revenue gencrated through OCS leasing and
production, most of which has occurred off the
coasts of Louisiana and Texas. While yearly
appropriations (Figures 4.1 and 4.2) have not kept
pace with the annual L& WCF authorization of $900
million since 1978, the threat of irreversible
environmental degradation has not been manifested
on fish and wildlife resources or recreational activity
associated with the Gulf of Mexico. It is because of,
not in spite of, OCS leasing that lands along the
coast of the Gulf of Mexico permanently dedicated
to park and recreation use and wildlife conservation
have multiplied many times during the 40 years since
the advent of Federal OCS leasing.

Mr. Villere C. Reggio, Jr., is an Outdoor Recreation
Planner with the Minerals Management Service Gulf
of Mexico OCS Region. His responsibilities include
research, assessment, and reporting on the
interrelationship of the OCS oil and gas program
with the recreational elements of the marine and
coastal environment throughout the Gulf of Mexico
region.
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Table 4.7. L&WCF Authorized and Appropriated Balances, Fiscal Years 1965-1990.

UNAPPROPRIATED FEDERAL  STATEGRANTS  STATE RUNNING TOTAL
FY AUTHORIZED BAL AVAILABLE LAND ACQUIS.* ADMIN. GRANTS  GRANTSUBTOT. APPROPRIATIONS
$(000)

1965 $28,398 12,398 5563 62 $10,375 $10375 $16,000
1966 $109,717 0 38,429 1,277 $82,409 $92,784 122,115
1967 $95,007 0 36,207 2,269 $56,531 $149,315 $95,007
1968 $112,951 0 49,093 2,518 $61,520 $210,835 $113,131
1969 $253,000 88,500 116,991 2,571 $44,938 $255,773 $164,500
1970 $200,000 157,400 66,156 3,112 $61,832 $317,605 $131,100
1971 $300,000 100,000 168,226 3935 $185,239 $502,844 $357,400
1972 $300,000 38,500 102,187 4313 $255,000 $757,844 $361,500
1973 $300,000 38,500 113,412 4,788 $181,800 $939,644 $300,000
1974 $300,000 262,217 5,480 4976 $65,767 $1,005,411 $76,223
1975 $300,000 254,785 121,700 5912 $179,880 $1,185,291 $307,492
1976 $300,000 231,799 135,587 5,660 $175,739 $1,361,030 $316,986
76TQ $75,988 237,799 30,636 1,427 $43,925 $1,404,955 $75,988
1977 $300,000 0 356,286 6,198 $175.315 $1,580,270 $537,799
1978 $900,000 95,000 490,880 8,426 $305,694 $1,885,964 $805,000
1979 $900,000 257,975 360,776 6,647 $369,602 $2,255,566 $737,025
1980 $900,000 648,781 202,540 6,951 $299,703 $2,555,269 $509,194
1981 $900,000 1,260,188 108,282 6,566 $173,745 $2,729,014 $288,593
1982 $900,000 1,980,261 175,546 4381 $0 $2,729,014 $179.927
1983 $900,000 2,545,168 220,093 4,381 $110,619 $2,839,633 $335,093
1984 $900,000 3,143,278 226,890 2,081 $72919 $2.912,552 $301,890
1985 $900,000 3,756,666 213,130 1,629 $71,853 $2,984,405 $286,612
1986 $900,000 4,488,457 120,646 1,570 $45,993 $3,030,398 $168,209
1987 $900,000 5,177,831 175,656 2,270 $32,700 $3,063,098 $210,626
1988 $900,000 5,907,367 150,478 3419 $16,567 $3,079,665 $170,464
1989 $900,000 6,601,134 186,233 3,300 $16,700 $3,096,365 $206,233
1990 $900,000 1,271,325 210,049 *** 3,260 $16,500 $3,112,865 $229,809
TOTALS $14,675,061** 7,271,325 4,187,152 103,899  $3,112,865 $3,112,865 $7,403,916

*Includes Admin. for Fed. Land Acq.
**85% of all 'deposits’ from OCS revenues
***estimate

! Figures based on National Park Service Budget Office Tables and estimates of FY 1990 appropriation levels.
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CONTRIBUTED PAPERS:
OFFSHORE MAPPING AND
DEEPWATER OPERATIONS:
SESSION INTRODUCTION

Mr. G. Ed Richardson
and
Ms. Susan Gaudry
Minerals Management Service
Gulf of Mexico OCS Region

Leasing activities in the Gulf of Mexico from. 1985
to 1990 have shown a significant increase in the
number of blocks acquired in water depths greater
than 200 m. Figure 5.1 shows 38.5% of all leases
acquired in the Central Gulf of Mexico Planning
Area from 1985 to 1990 were in water depths greater
than 200 m. Strikingly, 26.6% of all leases were in
greater than 900 m of water. The Western Gulf of
Mexico Planning Area shows similar trends with
41.6% of the leases bought from 1984 to 1989 in
water depths exceeding 200 m ~ 21.7% of all of the
leases were in water deeper than 900 m (Figure 5.2).

Data in Figures 5.3 and 5.4 show that most of the
deepwater leasing activities for the interval 1985 to
1990 in both planning areas have occurred from 1987
to 1990, During the same period, the number of
leases acquired in water depths of 200 m or less has
remained fairly constant. Clearly leasing in the
deeper water arcas of the Gulf of Mexico is
increasing.

As we explore for and ultimately produce
hydrocarbons from the Gulfs deeper waters,
innovative  mapping,  surveying, - exploration,
evaluation, and production techniques must be
developed and refined.  Presentations from six
speakers in this session addressed some of the
advancements in the deepwater arena that will bring
us closer to our goal of discovering and producing
hydrocarbons in a competitively economic and
environmentally sound manner.

Mr. G. Ed Richardson is a Supervisory
Environmental - Protection - Specialist  with the
Minerals Management Service in the Gulf of Mexico
Regional Office. He has 20 years of experience with
state and Federal government and with the oil and
gas industry. He is currently serving in the
Management Development Program.
Mr. Richardson received his M.S. degree from
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Clemson University in microbiology, environmental
health, and biochemistry.

Ms. Susan Gaudry, who is originally from the
Washington, D.C. area, has almost 20 years of
federal service. She started working for the
Department of the Interior, Burcau of Land
Management, Branch of Contract Operations in
1971, and transferred to New Orleans in 1978 where
she worked in the Environmental Studies Section as
a Procurement Assistant. In 1982, she was assigned
to the Environmental Assessment Section and
worked there as an Environmental Assessment
Assistant until 1989, She currently works in the
Environmental Operations Section as an
Environmental Operations Assistant.
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Figure 5.1. CGOM leases by water depth (sales
from 1985 to 1990).
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Figure 5.2. WGOM leases by water depth (sales
from 1984 to 1989).
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UPDATE ON NOAA
MULTI-BEAM MAPPING
IN THE
GULF OF MEXICO

CAPT Albert E. Theberge, Jr.
NOAA, National Ocean Service
and
CMDR Gerald B. Mills
NOAA/NOS/C&GS/OMS/(N/CG224)

INTRODUCTION

The National Oceanic and Atmospheric
Administration (NOAA) has been systematically
mapping the Gulf of Mexico since early 1988 as part
of its multi-beam mapping program of the United
States’ Exclusive Economic Zone (EEZ). This
program is managed by NOAA’s Office of Charting
and Geodetic Services (C&GS). Sixty surveys
covering over 52,424,228 hectares (25,000 square
nautical miles) have been conducted by this program
using the sophisticated seafloor mapping systems Sea
Beam and Hydrochart II. Unprecedented accuracy
for large area bathymetric surveys has been attained
by the use of satellite-based navigation systems and
medium frequency navigation systems for horizontal
control. Many multi-beam survey techniques and
quality control methods have been developed by
C&GS during this project. Large areas of the Gulf
of Mexico are being imaged in great detail and many
new discoveries are being made. Better
management of our Gulf Coast resources and
environment will result from this program.

MAPPING PROGRAM
Goals of the Gulf Coast Mapping Program

The NOAA mapping program in the Gulf Coast
arca addresses seven distinct goals. Attainment of
these goals will help all segments of the Gulf Coast
oceanic community. These goals are:

¢ Build the foundation of a Marine Environmental

Geographic Information System for solving
global and regional change problems.

* Improve targeting of scientific and engineering
efforts involving higher cost geophysical
investigations, manned submersible
investigations and remotely operated vehicle
operations.
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*  Better manage the living and mineral resources
of the EEZ.

»  Better model the physical oceanography of the
Gulf of Mexico including factors affecting water
mass movements, acoustic propagation paths,
and sediment transport regimes.

* Model geological and geophysical hazards

affecting coastal regions and offshore
construction.

» Discover and/or define unique or previously

unknown marine environments for designation
as marine sanctuaries or protected areas.

*» Improve and enhance nautical charts and
bathymetric maps.

Progress and Accomplishments

The NOAA has mapped over 52,424,228 hectares
(25,000 square nautical miles) off the coasts of
Alabama, Mississippi, and Louisiana in the Gulf of
Mexico with multi-beam sounding systems (Figure
5.5). Four maps have been published to date within
this area including Mitchell Dome, Chandeleur
Valley, Mitchell Basin, and Researcher Basin. Four
additional maps, including Vaca Basin, Orca Basin,
Pigmy Basin and Farnella Canyon, are scheduled for
publication within the next 6 months. Each of these
maps encompasses approximately 3,355,151 hectares
(1,600 square nautical miles), contains one-half
degree of latitude by one degree of longitude in
extent, shows Minerals Management Service (MMS)
lease block areas, and includes a three-dimensional
view of the map area. All surveyed areas shown on
Figure 5.5 not already published are available in
preliminary black line copies. To date, NOAA has
defined great domes on the upper slope southeast of
the Mississippi River Passes (Figure 5.6), Flower
Garden Banks Sanctuary, the upper reaches of the
Mississippi Fan, large basins on the lower Texas-
Louisiana slope (Figure 5.7), lineations running for
tens of kilometers in the same area as the basins,
and over 402 km (250 miles) of the Sigsbee
Escarpment.

Mapping Methods

The NOAA, based on requests from the MMS and
the United States Geological Survey, has established
the strategy of surveying the Texas-Louisiana Slope
from 88 west longitude to the continental shelf break
off the coast of Texas as its highest mapping priority
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in the Gulf of Mexico. Surveys are being conducted
between the offshore limit of the EEZ and the
150 m isobath (Figure 5.5). Following completion
of this area, NOAA vessels will begin to map the
area ecast from 88 west longitude until the entire
United States portion of the EEZ in the Gulf of
Mexico has been mapped. It will take approximately
4 more years of surveying to complete the entire
Gulf at the present rate of progress.

The NOAA ship Mt. Mitchell is equipped with Sea
Beam, which is a hull-mounted narrow beam, multi-
beam sounding system. The NOAA uses this system
in water depths between 1,000 m and full oceanic
depths. The NOAA ship Whiting is equipped with
the Hydrochart II multi-beam sounding system,
which is normally used between 150 m and 1,000 m
water depth. The mission of both ships during
survey operations is to attain 100% bottom coverage
(i.e., all of the bottom has been ensonified) of the
survey area and to maintain International
Hydrographic Organization standards for map
accuracy. The NOAA strives to maintain
navigational accuracy such that 90% of all soundings
obtained during EEZ surveys have a horizontal
positioning error of less than 50 m and to maintain
sounding accuracies within 1% of true depth. To
those ends, the John E. Chance STARFIX
positioning system has been the only navigation
system used by the Mt. Mitchell and Whiting while
operating in the Gulf of Mexico this year. In
addition to using the best navigation available in the
offshore Gulf of Mexico, swath sonar alignment tests
are performed and gyrocompass drift monitored to
assure proper swath alignment, and sound velocity
tables are periodically updated by conductivity-
temperature-depth observations supplemented by
daily expendable bathythermographs.

Data Processing

Shipboard data acquisition and processing is
accomplished on MicroVAX mini-computers with
acquisition software written by the University of
Rhode Island Ocean Mapping Development Center
working with NOAA’s Office of NOAA Corps
Operations’ System Technology Division. This
software allows generation of contour plots, point
sounding plots, colored symbol plots, and navigation
track plots; all of which aid the field unit in
determining whether the data are error free. Once
inspection of these various plots assures the
bathymetrist of the veracity of the raw data, the ship
proceeds to select statistically significant soundings
from the total raw data set. This step is required
because of the huge size of multi-beam sounding

103

data sets relative to conventional hydrography. A
maximum, minimum, and average depth (i.e., that
observed depth which is closest to the arithmetical
average) are selected for unit areas approximately
250 m on a side throughout the survey area. These
representative soundings are plotted to further
assure total bottom coverage prior to submitting
data to Ocean Mapping Section (OMS) for
verification and product generation.

Once the ship has completed its processing and
review, data are submitted to OMS for verification.
Verification is an independent review of the data to
assure that proper procedures were followed during
data acquisition, that no errors had occurred during
shipboard processing, that no erroneous data had
been inadvertently forwarded, and that full bottom
coverage had been attained. When a survey has
passed the verification stage, it is accepted into the
OMS data base. The selected sounding data are
then further processed to develop a 250 m XYZ
UTM grid. These gridded data are used to develop
contour files, three-dimensional imagery, and other
specialty products.

Products

Standard National Ocean Service products developed
from the gridded data include 1:100,000-scale printed
maps, three-dimensional perspective and
orthographic plots of each printed map, and the
UTM grid on a high density floppy disk. Future
products will include: full resolution sounding data
(each individual sounding with its accompanying
geographic position); variable color contour maps of
selected areas; and electronic maps incorporating
contours, Loran-C lines of position, bottom
characteristics, and MMS lease block diagrams.
Other possible products include such items as an
atlas of imagery of scientifically interesting "type
localities;" slide sets of "type localities" for students
and teachers; and videos “flying" through the
spectacular scenery of our continental margins. "The
Gulf of Mexico," the movie, will be a very real
possibility within a few short years.

New maps, blackline copies of preliminary map
manuscripts, and revised editions of maps shown on
indices will be reflected in the annual NOS
publication of Bathymetric Mapping Products,
Catalog 5. These new maps and copies of Catalog 5
can be ordered by addressing:
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Distribution Branch (N/CG33)
National Ocean Service, NOAA
6501 Lafayette Avenue
Riverdale, Maryland 20737
Telephone 301-436-6990

Additional information about bathymetric products
may be obtained by contacting:

Graphic Mapping Unit (N/CG2241)
National Ocean Service, NOAA
6001 Executive Blvd.

Rockville, MD 20852

Telephone 301-443-8855.

CAPT Albert E. Theberge, Jr. graduated from the
Colorado School of Mines in 1969 with a degree in
geological engincering. After a short stint in the
U.S. Army, he joined the NOAA Corps. He has had
assignments on the NOAA ships Surveyor, Whiting,
and Peirce as well as having been chief of party on
mobile geodetic and hydrographic crews. CAPT
Theberge earned his M.S. in management from the
Naval Postgraduate School in 1979. Fixed shore
assignments have included project manager of the
joint NOAA-DOE Geothermal Mapping Project,
liaison to the Scripps Institution of Oceanography
Marine Physical Laboratory, and, for the past three
years, chief of NOAA’s Ocean Mapping Section. At
present, he is scheduled to be the Commanding
Officer of the NOAA ship Mt. Mitchell conducting
Seabeam surveys in the Gulf of Mexico.

CMDR Gerald B. Mills graduated from Washington
State University in 1967 with a degree in
mathematics. After nearly two years with Shell Qil
Company as an exploration geophysicist, he joined
the NOAA Corps. He has had assignments on the
NOAA ships Pathfinder, Mt Mitchell, and
Fairweather as well as having been chief of party on
the South Carolina Tidal Datum Planes Project.
CMDR Mills earned an M.S. degree in
oceanography (hydrography) from the Naval
Postgraduate School (NPS) in 1980. Fixed shore
assignments have included geophysical data
processor with the Marine Geophysics Group,
hydrography instructor of the NPS, and Deputy
Chief of the Nautical Charting Research and
Development Laboratory. He has recently taken
over as Chief of NOAA’s Ocean Mapping Section.

IMPLEMENTATIONOF
THE NORTH AMERICAN
DATUM 1983: A
PROGRESS REPORT

Mr. Paul H. Rogers
Minerals Management Service
Outer Continental Shelf Survey Group

INTRODUCTION

At the preceding Gulf of Mexico (GOM) Outer
Continental Shelf (OCS) Region’s Information
Transfer Meeting (ITM) held in December 1989, a
paper was presented outlining the internal process
the Minerals Management Service (MMS) was
employing to determine if, when, and how the
Agency should adopt the North American Datum of
1983 (NAD 83). Since that ITM, the MMS has
nearly completed its internal process. The results of
the extensive discussions and research are presented
here in the form of a draft NAD 83 implementation
plan, which will be published shortly in the Federal
Register (FR).

In addition to the efforts of the MMS NAD 83
Implementation Team, two significant events have
occurred between the ITM and mid-August 1990
that facilitated the completion of the internal MMS
process.  First, the Federal Geodetic Control
Committee (FGCC) formally approved three
methods for transforming coordinates between NAD
27 and NAD 83 (55 FR 32681, August 10, 1990).
This FGCC action curtailed the need to continue a
lengthy MMS investigation of the various datum
transformation methods. Within the MMS, the most
current version of the FGCC-authorized NADCON
transformation software will be used for most NAD
27/83 and NAD 83/27 coordinate transformations.

Second, the MMS requested assistance from the
National Geodetic Survey (NGS) in developing an
Agency-wide draft NAD 83 implementation plan.
LCDR Warren T. Dewhurst served as a consultant
from July through October, evaluating the MMS
offshore program and recommending ways that the
OCS Regions could comply with the FGCC mandate
to provide for an orderly transition from NAD 27 to
NAD 83 to the extent practicable, legally allowable,
and feasible (54 FR 25318, June 14, 1989).
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the reference ellipsoid instead of GRS 80. Further,
since the offshore program in these areas may not
be the same as for the continental United States, a
different sized grid (block size) may be used.

TIMEFRAMES

The MMS Regional Directors will determine the
timing of regional implementation based on
(1) experience gained as regridding proceeds, (2) the
current policies regarding leasing, and (3) sales
activities. Regridding will proceed on a planning
area basis. The time frames listed in the table below
are the OCS Regional recommendations for the
implementation of NAD 83 within their Regions.

OCS

Region Phase 1 Phase 11 Phase I11

Alaska present- 1992-1993  1993-1996
1992

Atlantic present- 1992 1992-1997
mid 1992

Gulf of present- 1993-1995  1995-until

Mexico 1993 completed

Pacific present- 1993-1995  1995-until
1993 completed

FORTHCOMING EVENTS

Shortly, through a Federal Register Notice, the draft
implementation plan will be released officially for
public review and comment. After the 45-day
comment period, the MMS will review and evaluate
comments, revising the draft MMS NAD 83
implementation plan as necessary. Once the MMS
review and evaluation have been completed, another
Federal Register Notice will be published announcing
the date and location of an MMS-sponsored
MMS/Coastal State/Industry forum. At least three
days prior to the forum, the MMS NAD 83
Implementation Team will meet to address specific
implementation procedures, such as prioritizing the
planning areas for conversion to NAD 83. Following
the MMS NAD 83 Implementation Team meeting
and the forum, a final NAD 83 implementation plan
will be submitted to the MMS Director for approval
and implementation.

Mr. Paul H. Rogers received his bachelor’s degree
in geography from the University of Kansas in 1967
and his master’s degree from Regent University in
1986. He is currently a Supervisory Cartographer
with the Minerals Management Service, OCS Survey
Group in Denver, Colorado. Prior to his present
assignment, Mr. Rogers was the Acting Lead Bureau
Cartographer, Bureau of Land Management (BLM),
Washington Office; Chief, Branch of
Photogrammetry, BLM, Denver Service Center;
Acting Geometronics Group Leader, U.S.
Department of Agriculture, Forest Service, Region
10 (Alaska); and a Supervisory Cartographer with
the Alaska Department of Highways.

DEEPWATER GEOHAZARDS
AND PRODUCTION
‘ STRUCTURE SITING,
NORTHERN GULF OF MEXICO

Mr. Kerry J. Campbell
Fugro-McClelland Marine
Geosciences, Inc.

The engineering geology of the upper continental
slope in the northern Gulf of Mexico is among the
most complex of any offshore area in the world. It
is far more complex than the engineering geology of
the continental shelf with the exception of the
Mississippi Delta area where modern mudflows
present hazards to exploration and production
activities. This deepwater complexity is largely due
to the recent and ongoing uplift of numerous salt
diapirs and can have an adverse impact on siting and
design of petroleum production facilities. Production
facilities have been installed recently in water depths
of up to 537 m (1,760 ft.) in the Gulf of Mexico, and
structures are being designed for much deeper
water. These facilities represent investments of
hundreds of millions of dollars. A thorough
understanding of the shallow geological and soil
conditions is needed for the safe and economical
development of these deepwater facilities.

GEOLOGIC CONDITIONS

Geologic conditions on the continental slope that can
cause engineering difficulties include: (1) steep and
potentially unstable slopes of 15 degrees of more
(Figures 5.8 and 5.9); (2) irregular, commonly rocky
topography (Figure 5.10) with sharp relief ranging
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FLEXIBLE =
PIPELINES

Figure 5.10. Side-scan sonar record showing rocky seafloor
(from Campbell et al. 1990).

from a meter to several tens of meters that could
cause pipeline spanning, damage to pipe coatings,
and unfavorable foundation conditions; (3) recently
active faults with seafloor scarps ranging up to more
than 61 m (200 ft.) high (Figure 5.9) that could also
cause pipeline spanning and other problems;
(4) both modern and ancient landslides covering
large areas; (5) gas hydrates (Figure 5.11; solid, ice-
like mixtures of gas and water) that may be subject
to reduced shear strength and thaw settlement when
heated and that could result in reduced pile capacity;
(6) seafloor erosion of tens to hundreds of meters
of sediment; and (7) soil conditions ranging from
weak, underconsolidated soil to rock.

GEOPHYSICAL SURVEY TOOLS

Deepwater, high-resolution site surveys may require
special geophysical equipment and techniques and
can be operationally more complex than
conventional shallow water high-resolution surveys.
Several types of tools are now being used on many
deepwater surveys. These tools include narrow-
beam water-depth recorder with velocimeter
calibration; combined deep-tow side-scan sonar and
3.5-kHz subbottom profiler (with acoustic
navigation) to show the seafloor and geologic
conditions to penetrations of about 61 m (200 ft.);
intermediate-penetration profiler (with minisparker
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Figure 5.11. Deep-tow subbottom profiler record showing inferred hydrate hill (Courtesy of Shell

Offshore Inc.).

or small sleeve-gun array sources, as examples) to
show conditions within the foundation zone (to
penetrations of about 153 m [500 ft.]); and deep-
penetration profiler (sleeve guns with digital
recording, for example) to show deep-seated faults,
buried landslides, and gassy sediments. Data from
these systems allow marine engineering geologists to
(1) define water depths and seafloor topography,
relationships among soil strata, and potentially
troublesome geologic and soil conditions; (2) assess
the potential engineering significance of conditions;
(3) present results in terms directly useable by
design engineers, and (4) provide recommendations
for final siting and foundation design.
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DEEPWATER PIPELINE SAFETY
AND RISK ASSESSMENT

Mr. Philip German
J.P. Kenny, Inc.
Houston, Texas

INTRODUCTION

The Gulf of Mexico is witnessing increased
deepwater oil and gas exploration and production.
It is anticipated that within the next few years, the
Gulf of Mexico will have more deepwater oil and gas
activity than any other part of the world.

Deepwater is generally considered to be water depth
in excess of 300 m (984 ft.), where working divers
are not a practical proposition.

The purposes of this discussion are to raise the
question of deepwater pipeline risk and safety, to
make qualitative comparisons to shallower water
pipelines and introduce a methodology for risk
assessment.

INSTALLATION RISKS

It is important to differentiate between installation
risks and risks during operation. The consequence
of an incident or accident during installation is likely
to be limited to cost penalty. The consequence of
an incident during operation may have adverse
environmental and safety implications as well as any
cost impact.

Risk exposure during installation of a deepwater
pipeline differs from shallow water pipeline
installation on two counts:

» the use of diverless techniques for tie-ins, and
» possible use of less conventional pipeline
installation methods.

Use of diverless techniques improves safety by
eliminating risk to divers, with the downside risk
being the possibility of considerable cost penalty in
the event of failure of a diverless system.

Conventional (shallower water) pipelay is by a
surface vessel, the pipe adopting an "S" shape
between laybarge and seabed. In deeper water the
stress levels induced by this method may be
excessive, particularly at the "overbend.” Two
alternatives to conventional pipelay exist:

* towing of prefabricated pipe strings, and
*  J-Lay installation.

Towing is well suited to short pipelines and has been
successfully employed many times, though some
notable failures have occurred.

The J-lay improves on the S-lay by eliminating the
highly stressed overbend. Pipe welding is performed
in the near-vertical and installation rate may be slow.
Several installation contractors are known to have
advanced plans for conversion of vessels to J-lay
capability.

While J-lay may yet prove to be as reliable as the
S-lay technique, it is not common. Pipe towing
remains a difficult marine operation, so the risk of
problems during deepwater installation must be
considered greater than conventional pipelay.

OPERATIONAL SAFETY

To consider the operational safety of deepwater
pipelines, it is necessary to examine the modes of
failure of offshore pipelines.

Significant offshore pipeline failure modes are listed
below:

* internal corrosion,

» dragged anchor,

* dropped object,

* external corrosion,

» fishing gear interaction, and

* environmental (mudslide, spanning, seismic,
lateral instability).

The effect of increased water depth on each failure
mode is considered below.

The risk of pipeline failure by internal
corrosion is unaffected by water depth.

Dragged anchor damage by unassociated
commercial shipping is unlikely to occur in
deep water since these vessels do not
generally carry sufficient anchor chain length
to reach the bottom in deepwater. Dragged
anchor damage by vessels working in the
oil/gas industry can occur, but this risk is
not significantly affected by depth.

The risk of dropped object damage is
unaffected by water depth.



External corrosion risk should not increase
with increased depth. Sea water oxygen
content will be less at greater depths but
this factor is not significant.

Fishing gear interaction with pipelines is a
problem in the North Sea but not the Gulf
of Mexico.

Environmental factors are depth dependent.
Scabed topography in the deeper water
regions of the Gulf of Mexico differs from
the continental shelf. Deepwater seabed
topography does not have the soft mud
deposited by the Mississippi and exhibits salt
diapirs and gas hydrates. However, these
hazards are surmountable albeit at increased
pipeline  construction  cost. Once
constructed, the deepwater pipeline should
be no more at risk than shallower water
pipelines. Seabed currents in deeper water
are lower and risks due to storm wave
conditions significantly reduced.

Finally, pipeline failure statistics indicate
that pipe wall thickness is a very significant
factor. Thick wall pipelines suffer
dramatically fewer failures than thinner wall
lines. Pipelines for deepwater will require
thick pipewall to withstand installation
loading,

The points above compare operational risk and
safety of deepwater pipelines to shallower water
pipelines. In order to put such discussion in context,
it should be noted that pipelines offer the safest
means of transport of hydrocarbons. Road, rail, or
ship transport is considerably less secure than
pipeline transport. Furthermore, offshore pipelines
are seen to fail less frequently than overland
pipelines.

In conclusion, it is argued here that deepwater
pipelines are at least as safe in operation, possibly
safer, than conventional offshore pipelines.

The immediate consequences of pipeline failure
leading to loss of hydrocarbon are the same for
deepwater pipelines as for shallower water pipelines:

*  risk to platform due to gas or oil fire/explosion
following escape on or near platform;

* threat to shipping due to large gas escape; and
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* risk of pollution due to oil release to sea (Note

that unlike gas, total oil loss from a ruptured
pipeline is usually a very small proportion of
pipeline inventory).

However, subsequent repair is very different for
deepwater pipelines, requiring specialized diverless
techniques. Detailed contingency repair procedures
should be developed in advance for all feasible
intervention scenarios. Contingency repair
equipment may have to be stocked. Any deepwater
pipeline repair will take longer to perform and be
more costly than conventional offshore pipeline
repair.

RISK ASSESSMENT

Conducting a pipeline risk assessment involves the
following steps:

* establish best quality, most applicable failure
data;

« modify failure data to suit subject pipeline;

¢ calculate failure probability by each failure
mode;

* perform consequence analysis; and

» establish acceptance criteria.

These steps apply to onshore, shallow water, and
deepwater pipelines. The difference lies largely in
the quality of available failure data. There is a
reasonable base of worldwide onshore pipeline
failure data, although the quality varies from country
to country. Worldwide, offshore pipeline data are
quite scarce simply because there are fewer offshore
pipelines than onshore pipelines.

Deepwater pipeline failure data are non-existent,
The operational risk to deepwater pipelines is
expected to be similar to conventional offshore lines.
It should therefore be possible to perform a risk
assessment based on modified shallow water data.

Mr. Philip S. German is the Chief Engineer with J.P.
Kenny, Inc. in Houston, Texas. He has a mechanical
engineering degree from Thames Polytechnic in
London, England. He has worked on pipeline and
subsea production systems in the North Sea, Gulf of
Mexico, and Australia.
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EXTENDED WELL TESTING
FOR OFFSHORE FIELDS

Mr. Ernest T. Weaver
Oceaneering Production Systems

As exploration for hydrocarbons in the Gulf of
Mexico takes operators farther offshore and into
world record water depths, investments get higher
and the risks even greater. With considerable
exploration in more than 1,000 m and leases held in
3,000 m of water, the traditional risk/reward balance
on investments no longer applies. The geology of
these deepwater reservoirs is less understood and the
size of investment required for development is such
that the risks are often just too great to proceed with
development.  This presentation addresses a
practical and cost effective means of performing
multi-well extended well testing (EWT) as a method
of evaluating long-term reservoir performance. With
the information gathered from EWT, the risks
associated with the source of revenue can be
minimized and the development scenario better
fitted to the reservoir.

The EWT concept consists of a small Floating
Production, Storage and Offloading (FPSO) system
producing from subsea wells (Figure 5.12). The
FPSO would be contracted by operators on a dayrate
basis much like a drilling rig contract. Oil, water,
and gas would be separated onboard and the oil
stored in the vessel’s tanks. Oil would be exported
either by lightering or shuttling the storage vessel.
Depending on production rates, proceeds from the
sale of the oil should offset the cost of the testing
operation. This arrangement should be selected
over a system utilizing a floating drilling rig and
storage vessel (Figure 5.13) for the following
reasons:

* In the long runm, it is inherently more cost
effective as it employs only one vessel.

* Deepwater floating drilling rigs are in limited
supply and undoubtedly will command
significantly higher day rates in the future.

* The EWT system can produce more than one

well simultaneously, thereby allowing well
interference testing and improved economics.

Extended well testing is not a new concept. It is
currently being employed in other offshore frontier
areas around the world. However, few operators in

the Gulf of Mexico, particularly those in deepwater,
have utilized EWT for long-term evaluation of their
discoveries. =~ While this system is aimed at
deepwater, it should be technically feasible to use it
in shallower water depths.

Several Joint Industry Projects (JIP) have been
commissioned in recent years to address deepwater
extended well testing. Their results have invariably
indicated technical feasibility and suggest there is a
commercial basis for such a system in the Gulf of
Mexico. However, no such system has ever been
commissioned. This is largely a result of the
following factors:

*  While most operators say they would use such
a system if it were available, no one contractor
is willing to commit the necessary capital
without reasonable expectations for return on
investment. The classic "chicken and egg"
situation prevails.

* Restrictions on flaring of associated gas limit
test duration such that long-term productivity
cannot be adequately assessed.

*  Too much emphasis has been placed on having
the EWT system act as an early or marginal
field production system. This emphasis has
resulted in higher than necessary capital costs
and day rates that cannot be supported by
typical Gulf of Mexico oil wells during testing.

* Previous studies have largely been made by
engineering companies who do not have the
resources to put a system into actual operation.
Therefore, the systems suggested by these
engineering studies have not been translated into
an FPSO.

Oceaneering Production Systems (OPS) has
determined that there is a need for a cost effective
EWT system in the Gulf of Mexico, particularly for
deepwater fields. The OPS is committed to
providing this service to the industry and has
determined that a three-phase approach is the best
way to pursue this goal.

Phase I is a JIP that will involve oil companies,
experienced hardware suppliers, and engineering
firms to perform preliminary engineering analyses to
configure the system to meet the technical and
economic needs of the operators. It will also
address the regulatory requirements of MMS, U.S.
Coast Guard, and ABS. The OPS is offering this
JIP and will manage this effort as well as perform



Figure 5.12. Floating production, storage, and offloading system.
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Figure 5.13. Floating drilling rig and storage vessel.
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some of the engineering. Subcontractors for Phase
I are Mustang Engineering, Omega Marine, Vetco
Gray, and Wellstream.

Phase II will involve soliciting contractual
commitments from operators for use of the system.
If the level of commitment is sufficient, OPS will
perform detailed design through experienced
subcontractors and will then construct the EWT
system.

Phase I1I is the actual operation of the EWT system.
The OPS will own and operate the system and will
lease it to operators on a dayrate basis.

The OPS is currently soliciting participants for Phase
I of this program. The total budget for Phase I is
$357,540. Based on eight participants, the resulting
individual cost is $44,693. Commitments for Phase
I were requested by December 7, 1990. Project
duration is estimated to be six months.

In summary, the EWT is needed for Gulf of Mexico
ficld development. While the need exists, it
continues to go unserved largely because no one
contractor or operator can justify such a
commitment. The OPS has developed an approach
to putting an EWT system in operation in the Gulf
of Mexico without undue burden on the operator or
contractor. The OPS is committed to providing an
EWT system and invites interested operators to join
in this effort.

Mr. Ermest Weaver is a Project Manager with
Oceaneering Production Systems. He has over
35 years of experience of the petroleum industry,
which includes employment with Phillips Petroleum,
Schlumberger, Houston Systems Manufacturing,
Wittaker Survival Systems, and Western Oceanic.
Mr. Weaver has a B.S. in petroleum engineering
from Louisiana State University.

OFFSHORE TECHNOLOGY
RESEARCH IN SUPPORT
OF DEEPWATER OPERATIONS

Mr. John E. Flipse
Distinguished Professor of
Ocean Engineering
Texas A&M University

INTRODUCTION

The Offshore Technology Research Center is an
academic and research joint venture of the Texas
A&M University and The University of Texas at
Austin  sponsored by the National Science
Foundation. The Universities agreed in 1987 to
organize and operate a center to perform research,
develop knowledge, train students, and interact with
industry to develop deep offshore natural resources.
Although the effort is directed toward all marine
resources, the initial program has focused on the
potential of two or more extremely large petroleum
provinces believed to exist at depths of 1,800 to
3,000 m (5,906 to 9,843 ft.) in the Gulf of Mexico, an
area considered the United States Exclusive
Economic Zone as defined by the United Nations
Law of the Sea Conference and existing treaties
between the United States and other nations. The
direction of the program was developed with the
guidance of many petroleum and offshore companies
and will attempt to meet their five to ten year
technology needs for the economical exploration and
production of these deep reservoirs.

Based on our experience and strongly guided by the
participating companies, six research thrust areas
have been identified that could significantly reduce
the cost of producing petroleum from the continental
slopes but could also enhance the United States
capacity to undertake the development of other
deepwater natural resources. The six thrust areas
are Hydrodynamic Loadings in Deepwater,
Structural Integrity of Deepwater Systems, Materials
for Ocean Applications, Foundation/Seafloor
Engineering, Transport of Mixed Wellhead Fluids,
and Fate and Effects of Deepwater Oil Spills. These
thrust areas are closely interrelated and form a
coherent integrated research program that will
require teams of researchers with different
backgrounds and expertise. The interaction between
the thrust areas is brought about not by any artificial
requirements but rather by the nature of the physical
phenomena involved.



With strong industry guidance, but limited by the
available funding, the initial effort was directed to
the first four thrust areas listed above. The offshore
industry concerns seem to focus on three major
problems, which include deepwater mooring systems,
the properties of the deep seabed, and the
fundamental knowledge needed to design and build
tension leg platforms for economic deep ocean
application. Criticism of the linear equations used
in the analysis of the hydrodynamic loadings, the
discovery and concern regarding gas hydrates in
sediments at water depths as low as 600 m
(1,969 ft.), and the considerable impact of compliant
structure motion on hydrodynamic loading were
obvious first problems to approach.

To ensure a useful research program product, basic
research in each thrust area is conducted through
the establishment of research projects involving
teams of principal investigators supported by
graduate students with overview provided by industry
mentors. The basic plan is to initiate the research
project in the first year, continue the work in the
second year, and hopefully, move the project at the
end of the third year from the research phase to the
development phase, which will be conducted by the
companies that are members of the Center. We
realize that in some cases a third or perhaps even a
fourth year will be necessary to complete effectively
the research work before it can be passed on to the
industry for development.

HYDRODYNAMIC LOADINGS
IN DEEPWATER

Offshore structures in very deep water will require
a refined knowledge of hydrodynamic forces to
prevent prohibitively expensive overdesign. Three-
dimensional, nonlinear diffraction theories must be
further developed for multi-body, large floating
structures in non-Gaussian random seas. Particular
emphasis will be focused on large amplitude, slowly
varying drift forces. The application of recent
advances in nonlinear signal processing and
polyspectral techniques to the study of nonlinear
responses of moored vessels and tension leg
platforms will significantly enhance current capability
in nonlinear marine hydrodynamics. Nonlinear
interactions between hydrodynamic loadings on
slender structures and their dynamic responses is
another area that requires further investigation.
Advanced computational techniques and
experimental studies will be conducted to support
modeling efforts. The results will provide an
improved capability for predicting hydrodynamic
loadings on tendons, risers, and mooring lines.
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Techniques will also be developed to generate
breaking waves in the laboratory. Experiments will
be conducted to investigate wave kinematics and the
interaction of extreme transient waves with fixed and
floating structures. This experimentation will
provide a foundation for developing an advanced
numerical technique to model transient extreme
waves and wave impact forces. Physical model
studies will be conducted to gain insight of the
complex nonlinear hydrodynamic phenomena and to
verify the analytical and numerical results. The use
of advanced digital signal processing techniques
should facilitate comparison of model tests with
theory and numerical studies.

THE WAVE BASIN FACILITY

In spite of the recent advancements in fluid
mechanics, theories of structures, and computational
techniques, many offshore engineering problems still
cannot be completely solved using only these
methods. Physical model tests are frequently needed
to calibrate the mathematical models in an iterative
mode, thus improving their accuracy. The
establishment of the Offshore Technology Research
Center and the commitment of the Texas A&M
University System to provide 4.5 million dollars to
build such a facility has led to the construction of a
3,800 square m three dimensional (3D) wave basin
(Figure 5.14). The basin is 46 by 30 by 6 m deep
with a pit of 18 m depth near the center of the basin.
A multi-segment directional wave generator will
create waves up to 1 m high in the basin.

This facility will be a unique asset for our offshore
educational and research program and the industry’s
development program. It will be a major, superbly
equipped modem 3D wave tank located in a
university setting where skilled scientists and
engineers can, on a continuing basis, develop and
test the theories and mathematical models necessary
for determining hydrodynamic and associated loads
on offshore structures while training the next
generation of users, teachers and researchers. The
design and equipment of the basin reflect recent
developments in both Europe and Canada and will
be capable of testing any modern deepwater offshore
structure. The facility is planned so that it can be
expanded with an L-shaped wave maker
configuration and increased length, which would
permit the testing of offshore multiple module
floating platforms suitable for industrial or defense
purposes.
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Figure 5.14. Offshore Technology Research Center and wave tank facility.

STRUCTURAL INTEGRITY OF
DEEPWATER SYSTEMS

The design of deepwater structures such as tension
leg platforms, floating production systems, or
compliant structures in general, requires reliable
estimation of the motions of the structure under
dynamic excitations such as wind, currents, and wave

action, and the determination of the stresses in
different members (for strength, stability and fatigue
considerations). The analysis is complicated by the
fact that members of very different sizes are
involved. For instance, the members of the hull are
of large dimensions requiring in general the use of
diffraction theory (linear, approximate nonlinear, or
preferably fully nonlinear diffraction) to estimate



the motions and forces. Tethers, risers, mooring
lines, or cables are, on the other hand, very slender
members normally analyzed using Morison’s
equation.  Simplified analyses of tension leg
platforms are sometimes conducted studying first the
motions of the hull (supported by elastic springs
representing the tethers), and then the tethers with
a specified motion at the top (the motion of the
hull), and the hydrodynamic forces acting along their
length. A similar procedure is followed typically in
the analysis of risers. More accurate procedures
used at present by industry consider the coupled
analysis of the hull and the tethers.

There are a number of important topics that need
further research to improve the reliability of
structural analyses, for instance, the response of
large bodies with a fully nonlinear diffraction theory,
the drag forces or hydrodynamic damping associated
with the motions of these bodies, the validity of
Morison’s equation and the flow-induced vibrations
on slender members, the impact forces caused by
breaking waves, and the strength and flexibility of
the foundation piles (tension piles for tension leg
platforms, anchor piles for cables). The first set of
questions is being addressed by the different projects
in the hydrodynamics thrust area, while the last is
being considered in the project on piles in the
Foundations/Sea Floor Engineering area. The
Structural Integrity thrust area must provide,
therefore, the tools to implement the results of this
research in an analysis package and evaluate the
effect of new wave force theories and pile models on
the performance of the structure. This requires the
availability of both sophisticated formulations and
computer programs that can account for all
nonlinearities with great accuracy, as well as
simplified models of an approximate nature, which
can be used for extensive parametric (or sensitivity)
studies in order to develop a better understanding
of behavior.

MATERIALS FOR OCEAN
APPLICATIONS

Economic oil production at ocean water depths of
1,800 m (5,906 ft.) will require the application of new
materials systems and/or more sophisticated
utilization of conventional materials. The weight and
reliability of risers and structural attachments from
the production deck to the ocean floor (moorings or
tension legs) will have a tremendous impact on the
design and cost of deepwater hydrocarbon
production facilities. The materials thrust area is
focusing on the possible application of high
performance composite materials in combination
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with conventional materials fabricated in a novel way
that enhances the economics of construction and
increases service reliability.

To date, the primary application for high
performance composites has been in the aerospace
industry. Thus, the long-term durability of such
materials in salt water immersion needs to be
explored. All polymeric materials absorb some
moisture when immersed in water. This absorbed
water can degrade the composite in two ways. First,
it can plasticize the matrix, reducing the strength of
the polymeric material. Second, it can degrade the
mechanical integrity of the matrix/fiber interface.
The effect of such degradation of the composite
system on mechanical properties, particularly fatigue
strength, needs to be fully understood.

Development of deepwater petroleum resources
poses significant challenges in the construction of
seabed linepipe, risers and other flow components,
and structures. At depths greater than
approximately 900 m (2,953 ft.), pipe must be placed
in a vertical, or J-lay, configuration, because of the
high bending stresses that would be imposed on the
pipe in conventional S-lay techniques used in shallow
water. Because the J-lay technique affords one pipe
welding and one weld testing station, the welding
process chosen for use in J-lay must be fast, reliable,
and efficient in order to be economically viable.
Dissimilar materials must be welded, as in joints
between high strength linepipe and forged risers.
Construction of deepwater structures such as
platforms, tension legs, and tieback components will
require full strength welds in thick cross sections.
Welding processes for all deepwater applications
must be developed for resistance to hydrogen-
assisted cracking and fatigue due to wave and
current forces. Finally, welding can be used to join
metal couplers (inserts) for composite risers.

It is well known that the ocean environment at
depths of 1,800 m (5,906 ft.) can be quite different
than that at shallow depths. In particular, the
oxygen concentration is often higher and the water
temperature is almost always lower at deep ocean
depths. The higher oxygen concentration will tend
to accelerate the corrosion and corrosion/fatigue
process while the lower temperature would tend to
retard it. The net effect of these two changes in the
ocean environment at great water depths on the
corrosion and corrosion fatigue behavior of
structural steels needs to be better understood.
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FOUNDATION/SEAFLOOR
ENGINEERING

The move from the Continental shelf to the slope
in search of hydrocarbons has brought a new set of
problems to the foundation/seafloor engineering
field. Mere extrapolation of shallow water solutions
to problems in the deeper waters is seldom an
alternative. Often, the reason is new foundation
concepts for deepwater structures; in other cases, it
is the result of unusual and unforeseen seafloor
condilions.

Many of the deepwater structures, such as tension
leg platforms, require foundation elements (piles)
that are continually in tension with additional vertical
and lateral cyclic loads caused by surface wave
forces. However, industry knowledge on bearing
capacity of long piles has been gained with
compression piles and there is virtually no
knowledge about tension piles - particularly under
repeated loading. New foundation concepts, such as
drilled and grouted piles and suction anchors, have
only been marginally studied. They require much
more research, particularly under repeated loading
conditions.

Significant seafloor engineering problems, in the
deeper waters include slope instabilities, mass
transport of unknown causes, and unusual shear
strength conditions. In the latter case, some of the
borings conducted in the deep Gulf of Mexico have
shown significant thicknesses of weak, under-
consolidated clays. At other locations, very sensitive
clays have been located; these pose potential hazards
for bottom-resting structures because disturbance of
the sediments may cause significant loss of shear
strength.

Gas hydrates have been detected in shallow drop
cores taken throughout the Gulf of Mexico in water
depths greater than 500 m (1,640 ft.). Hydrates in
the foundation-bearing zone present significant
hazards to foundation integrity. First, the bearing
capacity of hydrates is unknown. More importantly,
the loss of bearing capacity due to hydrate
disassociation (thawing) from the presence of nearby
hot oil in conductor pipes is a potential problem.
Furthermore, in areas where hydrates are actively
forming, the expansion of the sediment may cause
significant movement of the foundation and
consequent loss of bearing capacity.

NEW THRUST AREAS

As in all major research programs, the Offshore
Technology Research Center has far more
opportunities than resources. The times, industry
guidance, and the intellectual curiosity of our
research team have led to startup activities in two
promising areas. First, a significant expense in
deepwater hydrocarbon production is the separation
of fluids, gases, and solids from the wellhead
products. The facilities for this separation require
space on the offshore platform, which increases the
total platform size and cost, and multiple pipelines
are required to carry the products to shore. In light
of impending zero-discharge regulations, waste
products from the wellhead (sand, brine, etc.) may
also require processing or transport to the shore.
It is obviously more economical to transport all
wellhead products to a separate processing facility --
either offshore in shallower waters or directly to the
shore -- in a single pipeline. However, there are
significant difficulties with this approach, including
potential blockage of the pipeline by deposition of
solids and formation of gas hydrates.

A second challenging opportunity is the potential
problem of an environmental accident while
producing a deep Gulf of Mexico well. The aim of
this effort is not to consider beach cleanup -- which
is a technical and emotional issue being handled by
numerous researchers --but rather to consider the
fate and effects of deepwater oil releases caused by
drilling blowouts, pipeline breaks, or tanker spills.
Deepwater oil spills require a different strategy that
must be addressed quite separately from shallow
water spills and beach cleanup. If hydrocarbons are
released from a blowout during deepwater drilling
operations, the response time will be significant
merely due to the large distances from the shore to
the blowout locations. Typical alleviation measures,
drilling slant holes and injection wells to kill the
blowout, may not be suitable alternatives owning to
the scarcity of nearby deepwater drilling rigs to carry
out these activities. From earlier research on the
fate of natural oil seeps in the deepwater Gulf of
Mexico, it is not clear that the hydrocarbon products
will surface at or near the blowout location. Instead,
underwater plumes may be carried great distances
by the prevailing currents. Both the surface currents
and the deeper currents play an important role in
the transportation of spilled hydrocarbons. In areas
such as the Gulf of Mexico, knowledge of the loop
and eddy currents is necessary to predict the
movement of spilled hydrocarbons and to aid in
reducing the response time for cleanup.



CONCLUSION

The Offshore Technology Research Center was
formally established on October 1, 1988. It
presented an opportunity to bring together the many
individual research projects funded by the industry
and the state government at the two universities in
areas pertinent to offshore resource development.
In the Center context the investigators in the
ongoing research projects have found the cross-
disciplinary nature of the program to be stimulating
and gratifying in-as-much as the relevance of their
particular technical effort is clearly established. The
strong industry support suggests that the Center’s
program is on target and their high level of
interaction in both research and teaching provides
the technology transfer to which they are entitled.
We look forward to continued growth of the
program and the opportunity to contribute to
international offshore natural resource development.
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Professor John E. Flipse has been at Texas A&M
University for the past 13 years and currently serves
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Center, a National Science Foundation Engineering
Research Center, and a joint venture with the
University of Texas at Austin. His industrial and
academic experience includes ship design and
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of the National Academy of Engineering, received
his B.S. in naval architecture and marine engineering
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Mississippi/Alabama Marine Ecosystem Study: Fish
Taxonomy

Demersal Fish Food Analysis

(Continued)

Dr. James M. Brooks

Geochemical and Environmental
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Department of Oceanography

Texas A&M University

and
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Dr. Mahlon C. Kennicutt II

Geochemical and Environmental
Research Group

Texas A&M University
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Department of Oceanography
Texas A&M University
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Texas A&M University

and

Dr. William W. Schroeder
Marine Science Program
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MISSISSIPPI/ALABAMA
MARINE ECOSYSTEMS STUDY:
SESSION INTRODUCTION

Dr. James M. Brooks
Geochemical and Environmental
Rescarch Group
Department of Oceanography
Texas A&M University
and
Dr. Robert M. Rogers
Minerals Management Service
Gulf of Mexico OCS Region

An organizational plan for the Mississippi/Alabama
Marine Ecosystem Study (MAMES) was presented
and discussed. The MAMES study is being
managed by Dr. James Brooks in the Geochemical
and Environmental Research Group (GERG) at
Texas A&M University. Principal investigators for
the biological, geological, chemical and physical
oceanography components are drawn from GERG,
the Department of Oceanography, Civil Engineering
Department, and Texas A&M University at
Galveston. The three-year study will be completed
in late 1990.

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

Biological, physical, chemical and geological
characteristics were studied in a series of five cruises
between March 1987 and February 1989 along three
north-south transects across the continental shelf of
Mississippi and Alabama. Four stations in depths of
approximately 20, 40, 100 and 200 m were sampled
along each of these transects. Side-scan, remotely
operated vehicle (ROV), underwater color
photographs, and video data were collected around
topographic features in the study area. Subbottom
profiler records indicate that the shelf edge is built
upon delta-front forest beds that were truncated by
erosion during the last low stand of sea level in the
Pleistocene. Holocene sediments thickest (15 m) in

125

the central part of the survey area cap the erosional
surface, and the topographic features were
constructed on top of these sediments. Topographic
features were generally of three classes:
(1) pinnacles, with heights of about 2-15 m and
widths of 2-200 m, probably formed by coral-algal
assemblages; (2) linear ridges, perhaps lithified
coastal dunes; (3) enigmatic features. Sediments
contained a mixture of biological and petroleum
hydrocarbons.  Biological hydrocarbons were
predominantly plant biowaxes (n-C,;-n-C,;) with a
possible minor planktonic input (n-C-n-Cy).
Petroleum hydrocarbons were present as polynuclear
aromatic compounds (PAH), a complete suite of
n-alkanes, and an unresolved complex mixture.
Sediment PAHs on the shelf are on average six
times lower than PAHs analyzed in sediments in
adjacent bays. High hydrocarbon concentrations
were generally at the seaward end of the transects
between the 100- and 200-m isobaths with the
stations closest to the delta containing the highest
concentrations of hydrocarbons. Observed variations
in sediment chemistry between samplings are
possibly explained by a large episodic influx of
riverine material followed by slow biological mixing
by bioturbation of active currents on the shelf
scouring the organic matter out of the sediments and
depositing the organic rich material in a band along
the shelf break. Sediments varied greatly in iron and
trace metal content, but the variations seem to be
largely the result of natural variability in grain size
and mineralogy. Deep water sediments were
enriched in iron (Fe) and trace metals compared to
shallow water ones, but all were typical of unpolluted
Gulf of Mexico shelf sediment. Manganese (Mn)
concentration was only about half of that expected
based on iron concentration for many of the
samples. This shows the sediments of the area to be
biochemically active and capable of solubilizing Mn
and perhaps other metals. Fish food analyses have
been completed for 2,500 specimens representing 42
fish species. Types of results being obtained are
illustrated for the longspine porgy, Stenotomus
caprinus. The food of this species is primarily
polychaetes and small crustaceans, with significant
amounts of organic detritus (mainly polychaete
mucous mixed with sedimentary materials). The
percentage of polychaetes is highest in young fish,
nearshore areas, and on muddy/sandy bottoms off
Mobile Bay and near the Mississippi River Delta.
The percentage of crustaceans increases with age,
distance from shore, and proximity to DeSoto
Canyon.
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Dr. James M. Brooks is a Senior Research Scientist
and Director of the Geochemical and Environmental
Research Group in the Department of
Oceanography at Texas A&M University. He is
Project Manager for the Mississippi/Alabama
Marine Ecosystem Study. His expertise is in trace
contaminant analysis and marine chemistry. He has
authored over 100 papers.

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

THE MISSISSIPPI/ALABAMA
MARINE ECOSYSTEM STUDY:
SEDIMENT CHARACTERIZATION

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

Sediments in the study area contain a mixture of
biological and petroleum hydrocarbons. Biological
hydrocarbons are predominantly plant biowaxes
(n-G,,-n-C;;) with a minor planktonic input
(n-C,;-n-C,,) possible. Petroleum hydrocarbons are
present as polynuclear aromatic compounds (PAH),
a complete suite of n-alkanes, and an unresolved
complex mixture. Sediment PAHs on the shelf
average six times lower than PAHs analyzed in
sediments in adjacent bays. High hydrocarbon
concentrations are generally at the seaward ends of
the transects between the 100- and 200-m isobaths
with the stations closest to the delta containing the
highest concentration of hydrocarbons. Large
variations in sediment chemistry were observed
between samplings, apparently related to the influx
of riverine material. One possible scenario is a large
episodic influx of riverine material followed by slow
biological mixing (bioturbation) diluting the input.
It is also possible that active currents on the shelf
scour the organic matter out of the sediments,
transport it offshore, and deposit the organic rich
material in a band along the shelf break. Shelf
sediment PAHs are typical of unprocessed

petroleum as contrasted to adjacent bay sediment
PAHs, which are predominantly of a pyrogenic
origin.  Pyrogenic sources include fossil fuel
combustion, carbonization of coal, and forest fires.
The bay sediments were intentionally sampled away
from point sources of pollution such as large urban
areas and industrial complexes. In general, higher
hydrocarbon concentrations are associated with finer
grained, organic rich sediments, but the association
was weak. Normalization of hydrocarbon data to
grain size or organic matter content did not
significantly reduce data variability.

The temporal variations in sediment properties in
the study area can be explained by various scenarios.
Individual sediment components vary independently
and are subject to a variety of different processes.
These scenarios are as follows:

(1) cyclic--on time frames of 6 months, 1 year,
2 years, and possibly longer. This variation can
be explained by either regular inputs (such as
seasonal variations) being balanced by either
removal processes or dilution events (ie.,
aromatic and aliphatic hydrocarbons).

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

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

(4) no change--could reflect input equal to removal
rate with a relatively constant rate of input, or
the time frame of change is greatly in excess of
the 2 years monitored in this study (ie.,
carbonate content at some locations).

Sediments on the Mississippi/Alabama shelf are very
dynamic and change on time scales varying from less
than six months to more than two years. Inputs are
complex and often independently driven. Removal
processes are complex, constituent dependent and
vary independently. Sediment properties vary by an
order of magnitude or more over the two years of
the study. Many of these variations can be directly
related to variations in land-derived inputs that are
mediated by river outflow from the Mississippi
River/Delta system as well as other rivers in the



area. Hydrocarbon pollutant loading to sediments
is primarily derived from fresh, unrefined petroleum
closely associated with fine particulates derived from
riverine transport. Aeolian transport and outflow
from coastal bays appear to be minor influences.

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

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

MISSISSIPPI/ALABAMA SHELF
MARINE ECOSYSTEMS STUDY:
PHYSICAL OCEANOGRAPHY

Mr. Frank Kelly
Civil Engineering Department
Environmental and Water Resources Area
Texas A&M University

The physical oceanography component of the project
maintained a cross-shelf array of three current meter
moorings in the eastern part of the study area
throughout 1988 and added a second array of two
moorings on the outer shelf in the central part of the
study for 1989. Five semi-annual interdisciplinary
cruises collected CTD/Transmissivity, dissolved
oxygen, and nutrient data at the 12 primary stations
and 5 to 10 supplemental stations. A collateral data
set consisting of meteorological, wave, river
discharge, water level and satellite infrared
observations supplements the time series and
hydrographic data.
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Large climatic fluctuations, tropical cyclones,
outbreaks of intensely cold arctic air, and mesoscale
intrusions of warm salty Gulf waters are events (non-
periodic processes) that impulsively drive this
continental shelf region at various times. The year
of 1988 may have been unusual in that all of them
did so. The signature of each one in the physical
record is clearly detectable, especially the rise in
bottom temperature associated with intrusive Gulf
waters. The impact on the ecosystem of numerous
such physical events acting in concert is unknown.
The principal large-scale weather event of 1988 was
the severe drought and heat wave. By summer time
the Mississippi River reached near record low levels,
restricting barge and towboat traffic.  The
streamflows in the Alabama and Tombigbee Rivers
were also unusually low. Although the time series
data are limited, they suggest the drought elevated
the average salinity of the shelf waters. For
example, the average salinity at 10 m at Site A for
April through June 1988 was 35.7 ppt; for the same
period in 1989 it was 32.2 ppt. During the first week
of January 1988, a severe cold wave moved down
from Canada, bringing record low temperatures to
the Midwest. February and March also featured a
couple of memorable cold spells. Later in the year
the Northeast and Southeast had their third coldest
October of the century (LeComte 1989). Bottom
temperatures dropped during each cooling event, but
the effect of the cold spells on mean bottom water
temperature cannot be determined because of the
countervailing influence of intrusions of warm Gulf
water.

Tropical Storms Beryl and Keith and Hurricanes
Florence and Gilbert influenced the currents and
hydrography of the region to varying degrees.
Gilbert had the greatest impact despite its southern
Gulf track. At Mooring B (60 m water depth)
current speed reached 80 cm/s at 10 m depth and
35 cm/s at 57 m depth. The currents flowed
southwesterly at both depths and brought warm
water from the east where, satellite imagery suggests,
a Loop Current filament had extended up DeSoto
Canyon. Bottom water temperature was elevated
for much of the month of September, reaching a
maximum of 24.1°C, the highest bottom temperature
recorded at this sight during the two years of
observation. The October cold spell reduced bottom
temperatures, but an intrusion of warm Gulf water
elevated them in November, resulting in the highest
mean value of the two-year period, 21.6°C.

The satellite image sequence gathered during 1987-
1989 indicates that filaments or plumes that extend
northward from the Loop Current are a frequent



128

and persistent influence on the Mississippi/Alabama
continental shelf. Vastano et al. (in prep) defined
the northern extreme of Loop Current intrusions
based on continuity with the Loop Current and/or
an intrusion-Loop Current temperature difference
of less than two degrees. They found intrusive warm
waters were observed north of 29.5°N in December
1987; January, March, and May 1988; and February,
March, and May 1989 (note that the latitude of
Mooring B is 29°37.45N).

Both Cruise B2, 10-18 March 1988 and Cruise B4,
11-18 February 1989, were conducted during periods
of intrusions of Gulf water onto the shelf and
provide hydrographic data that complement the
satellite thermal imagery. Figure 6.1A shows the
subjectively contoured, surface temperature field
based on the data collected during Cruise B2.
Figure 6.1B shows the satellite infrared (IR) image
for 2110 hours (GMT) March 13, 1988, while Figure
6.1C shows the temperature and salinity time-series
records collected during March by the bottom
current meter at Site A, located in 30 m of water
depth. A plume of Guif water, characterized by
higher temperature, salinity and dissolved oxygen
values throughout the water column, pushed onto
the western portion of the shelf and wrapped
clockwise to the northeast. A southwestward return
flow, with opposite water mass characteristics,
occurred east of the plume. The plume reached
current meter Site A briefly on 11 March and then
for an extended period beginning 15 March. Bottom
temperature rose abruptly by more than 2°C and
salinity by about 1 ppt. Clearly, intrusions of Gulf
water onto the shelf can displace a major portion of
the shelf water for periods of weeks.

Mean near surface flow over the outer shelf and the
shelf slope is dominant toward the east and
northeast with no clear seasonal variation. Mean
bottom flow is directed toward the west and
southwest. The current data from the mid-shelf
mooring, Site A, show no dominant direction, but
there is a slight tendency for eastward flow during
the spring and a slight tendency for westward flow
otherwise.

The technique of cross-rotary spectral analysis for
pairs of vector time series was used to study the
coherence between wind stress and currents and
between currents at various locations. Wind stress
is strongly coherent with the currents at the mid-
shelf Site A over the synoptic period band of
2-10 days, but for the deeper moorings the
coherence is generally much weaker. Coherence

among the currents at the five locations is strong,
particularly at periods of 10-15 days and 5-7 days.
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Mr. Frank Kelly is an Assistant Research Scientist
and Lecturer in the Civil Engineering Department,
Environmental and Water Resources Area, at Texas
A&M University. He received a Bachelor’s Degree
in physics from the University of California,
Berkeley, and a Master’s Degree in oceanography
from Texas A&M Universityy He has been
conducting research in the Gulf of Mexico for the
past 15 years.

SHELF-SLOPE EXCHANGE -
NORTHEASTERN GULF
OF MEXICO

Dr. Andrew Vastano,
Ms. Cynthia Lowe,
Mr. Charlie Barron,
and
Ms. Evelyn Wells
Department of Oceanography
Texas A&M University

Satellite surveillance and analysis during the
Mississippi/Alabama Marine Ecosystem Study
(MAMES) program monitored the relationship
between the waters of the northeastern Gulf of
Mexico and the Loop Current from October 1987
to May 1989. This report presents a study that
focused on the 1988 image subset to examine
satellite-derived surface flow patterns associated with
Loop Current Intrusions, Mississippi River outflow,
and atmospheric forcing. Episodic shelf and slope
water exchanges, transient cyclonic and anticyclonic
eddy features, and the penetrations of Loop Current
Intrusions and western Gulf waters occurred during
these observations.
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Early studies in the eastern and western reaches of
the MAMES region inferred the presence of
turbulent features and current reversals with drift
bottle returns. The perceptions obtained by these
means are both verified and modified by MAMES
satellite evidence. More recent circulation
investigations using drifters, satellites and ships have
shown instances of shelf water modification and
redistribution during bay-shelf water exchanges and
shelf responses to Loop Current Intrusions. The
results related in this report present satellite
assessments of mesoscale and submesoscale features
and flow patterns that were associated with shelf-
slope water exchange processes during 1988.

Six sequences have been selected to illustrate flow
regimes with patterns showing:

e northeastward flows along the shelf break
adjacent to the Mississippi Delta;

* counter-clockwise rotating eddies over DeSoto
Canyon,

» scaward, cold water, cross-shelf plumes and
paired vortices at the shelf break;

e seaward, cold water plumes over the slope
southwest of Cape San Blas;

¢ penetrations of Loop Current Intrusions from
the west and east sides of the MAMES region
with formation of clockwise eddies southeast of
the Mississippi River Delta by Loop Current
Intrusions; and

¢ formation of counter-clockwise eddies adjacent

to the Mississippi River Delta by river outflow
waters.

A relatively long-term influence on shelf-slope
exchange was exerted by a Loop Current Intrusion
south of the MAMES region in the interval between
February and May 1988. Figure 6.2 shows four
schematic interpretations of the surface water
distributions in the eastern Gulf. An intrusion
approached the MAMES region during February,
established a counter-clockwise rotating eddy south
of the Delta, and induced off-shelf transport in
western and eastern plumes. The eddy evolved
through mid-May and intermittently entrained
Mississippi River and shelf waters in accord with the
proximity of the western plume to the Delta.

The outflow of the Mississippi River generated an
offshore eddy in the fall of 1988. This feature was
observed during a five-day interval from November
05-10. Figure 6.2 shows the connection of the eddy
south of the Delta to the vicinity of South Pass and
Pass a Loutre on November 06, and the flow pattern
representing motion over a 24-hour interval between
the fifth and sixth. The five days of observation
produced four flow patterns and these have been
used to estimate movement of the surface waters
within the MAMES region. Five-day computed
trajectories were based on the flow patterns. These
paths demonstrate entrainment into the eddy south
of the Delta and the degree to which start positions
dictated capture or escape. The eastward motion
along the coastline was continuous, inshore of an
eddy over the head of DeSoto Canyon, and joined
an offshore plume carrying shelf water seaward of
the shelf.

Dr. Drew Vastano, Professor and Satellite Group
Leader, received his Ph.D. in Physical Oceanography
from Texas A&M University in 1967. Dr. Vastano
is a member of the American Meteorological Society
and the American Geophysical Union. His
professional interests include mesoscale ocean
circulation and structure long-wave generation,
propagation and modification, quantitative satellite
analysis of oceanic features and Lagrangian studies
of ocean circulation. During the last five years
Dr. Vastano has performed numerical studies of
tsunami propagation and modification with
translating coordinate systems. He assigned
particular emphasis on evaluating the tsunami
signatures. Dr. Vastano has also concentrated on
the analysis and application of satellite data over the
last five years. He has made traditional Lagrangian
analyses of satellite-traced drifter data and most
recently, Dr. Vastano has made numerous analyses
of sea-surface flow estimates derived from AVHRR
imagery for streamfunction, seasurface topography
and vorticity fields. He has also used satellite
AVHRR to derive the local and advective time rates
of change of heat content in the sea surface layer.
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Figure 6.2. Schematic representations of a Loop Current intrusion and associated offshore, shelf water plumes
taken from satellite infrared imagery on 13 February, 11 March, 08 April, and 07 May 1988. (Shelf
waters are represented by coarse stripe shading, the intrusive waters by fine stripe, Loop Current
and Loop Current eddy by course dot, and cloudy regions by fine dot shadings.)
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MISSISSIPPI/ALABAMA
MARINE ECOSYSTEM STUDY:
MACROINFAUNA AND
MACROEPIFAUNA

Dr. Donald E. Harper, Jr.
Department of Marine Science
Texas A&M University at Galveston

The Mississippi/Alabama continental shelf has three
basic sedimentary regimes that appear to influence
the community composition of infauna and, to a
degree, epifauna; i.c., coarse sand-coral rubble at
stations D2 and D3, very soft mud at stations C3,
C4, M4, and D4 (Figure 63). The remaining
stations have a sandy to sand-shell sediment.

The macroinfaunal communities were dominated by
polychaetous annelids. Of these, Armandia agilis,
the most abundant species, attained very large
numbers only during cruise 3 (spring 1988) and was
an insignificant member of the community otherwise.
The most “stable” infaunal dominant species were
Lumbrineris emesti and Paraprionospio pinnata.
Bivalves and amphipods constituted the second and
third most abundant groups. Most of the dominant
species have also been reported as dominating
assemblages in the western Gulf of Mexico.
Abundances of macroinfauna decreased in deeper
water on two of the three transects; the Armandia
agilis population was very large at station C4 in
spring 1988 and caused the total abundance to be
much higher than at M4 or C4.

Abundances of macroinfauna increased between
spring 1977 and spring 1988 and then declined
through spring 1989. Cluster analysis of data
indicates that the assemblages are influenced by
sediment type; the deep stations (200 m depth)
formed a cluster distinct from the sand/sand-
shell/coarse sand stations.

Macroepifaunal assemblages were dominated by
crustaceans, especially penaeid and caridean shrimp
and portunid crabs. Abundances of macroinfauna
increased between spring 1977 and spring 1988 also,
and then declined through spring 1989; the decrease
in spring 1989 was extreme as very few organisms
were obtained by trawl at any station. There did not
appear to be a trend of decreasing abundance from
nearshore to offshore.

Cluster analysis indicated that the inshore stations
(20 m depth) and the deep stations (150 and 200 m)

each formed distinct groups, and the sand-
shell/coarse sand bottomed stations in between (D2,
D3, and M2) formed a separate cluster.

The heart urchin communities, which were
principally located at stations C3 and C4, near the
Mississippi River Delta, were comprised of a species
complex of the genus Brissiopsis, which included
B. alta, B. atlanticus, and two morphs that integrated
between the two "species.” The urchin populations
appeared to be relatively stable from spring 1987
through fall 1988. In spring 1989, the numbers and
sizes of urchins were greatly reduced, suggesting that
some event had eliminated the adult urchins from
the community, and the community was being
repopulated by younger individuals.

Dr. Donald E. Harper, Jr., is an Associate Professor,
Department of Marine Biology, Texas A&M
University at Galveston. He received his Ph.D. and
M.S. in marine biology from Texas A&M University
and B.S. in zoology from the University of Miami.
Dr. Harper’s research interests include the ecology
of macrobenthic communities and taxonomy of
polychaetous annelids.

MISSISSIPPI/ALABAMA
MARINE ECOSYSTEM STUDY:
FISH TAXONOMY

Dr. John McEachran
Department of Wildlife and Fisheries
Texas A&M University

INTRODUCTION

The Mississippi/Alabama continental shelf has long
been known for its diverse and productive fisheries
resources. Gunter (1963) noted that 23% of the
nation’s marine fish landings occurred in ports from
Pascagoula, Mississippi, to Port Arthur, Texas. The
fish assemblage of the area is often considered to be
transitional between that of the soft, terrigenous
substrata of the northwestern Gulf of Mexico and
that of the carbonate substrata off peninsular
Florida.

The present study was designed to build on the
foundation of historical data and to provide an up-
to-date and semi-quantitative picture of the
composition and distribution of the fishes of this
shelf area to a depth of 200 m. Summer and winter
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surveys along three transects were made with
stations at depths of approximately 20, 60, 100, and
200 m The three transects were extended seaward
near Chandeleur Islands, off Mobile, Alabama and
near DeSoto Canyon. Paired trawl hauls were made
at each station, and data were analyzed to determine
species composition, species distribution patterns,
faunal assemblages and associations of faunal
assemblages with physical factors.

METHODS

Field collections were made during three winter and
two summer cruises. Despite some bad weather and
gear problems, 104 successful trawl collections were
made (59 during winter and 45 during summer). All
12 stations were sampled at least 4 times during
each season.

Each trawl haul was standardized to a common unit
of area to facilitate comparisons. The actual area
covered by each trawl was estimated by multiplying
the trawl spread by the distance trawled. These
estimates were standardized to reflect catch per
species per hectare (10,000 m?). Spread of the trawl
was directly observed during special trials at two
depths by scuba divers.

Trawl variability was estimated by comparing the 46
sets of paired trawl hauls. Length frequency plots
were prepared for the 20 most abundant species.
Plots were summarized by cruises and by seasons.
Species  diversity was computed for stations,
transects, depths, cruises, and seasons. The
Canberra metric dissimilarity coefficient was used to
estimate faunal affinities. Entities were stations in
the normal classification and degree of overall
similarities between assemblages of fishes were
measured. Entities were species in the inverse
classification and their presence and/or abundances
in collections were the attributes.

RESULTS

Variability of the trawl catches for all 46 paired
hauls was a little over one-third of the mean catch.
This variation was thought to be due to stormy
weather that plagued all of the cruises. Most of the
variance was at the deepest stations where winds and
currents were the strongest.

A total of 16,182 fish specimens were collected
weighing 312.6 Kg. These averaged 323.3 fishes per
hectare weighing 6.22 Kg per hectare. The fishes
represented 207 species in 68 families. The most
speciose families were Bothidae (18 species),

Serranidae (17 species), Triglidae (14 species),
Ophididae (9 species), Ogcocephalidae, Sciaenidae,
and Scorpaenidae (7 species) and Congridae,
Synodontidae, Gadidae, Lutjanidae and
Cynoglossidae (6 species).

There was no clear pattern of numerical abundance
by any species or small group of species. The most
abundant species made up 10.3%, the top 5 species
made up 30.5%, the top 10 species accounted for
45.1% and the top 20 species comprised 61.0% of
the total catch.

Halieutichthys aculeatus, pancake fish, was the most
abundant and ubiquitous species. It was captured in
high abundance on both winter and summer surveys,
and was taken along all transects and at all depths.
Length of specimens ranged from 4 to 11 ¢m and
represented 2 age classes, young of the year and
one-year olds.

Stenotomus caprinus, longspine porgy, was second in
abundance and widespread, but was more abundant
at the two inshore stations (20, 60 m). Lengths of
specimens ranged from 3 to 19 cm and represented
2 age classes, young of the year and one-year olds.

Syacium papillosum, dusky flounder, was third in
abundance and was most abundant at intermediate
depths (60 m) along the Mobile Bay and DeSoto
Canyon transects. Lengths ranged from 34 to 28 cm
and represented several age classes.

Syacium gunteri, shoal flounder, was fourth in
abundance and most common at the shallower
stations (20, 60 m) along the Chandeleur Islands
transect. Lengths ranged from 4 to 24 cm and
represented at least 2 age classes, young of the year
and one-year olds.

Anchoa hepsetus, striped anchovy, was fifth in
abundance and almost entirely limited to the
shallowest station (20 m) along the Chandeleur
Islands transect. Lengths ranged from 6 to 14 cm
and represented 2 age classes, young of the year
and one-year olds.

The 20 most abundant species displayed several
distributional and temporal patterns within the study
area. Several were most abundant at intermediate
depths (60, 100 m) along the Chandeleur Islands
transect. Two were most abundant at the deepest
station along the Chandeleur Islands transect.
Several were most abundant at the shallowest station
along the Chandeleur Islands transect. One species
moved from the deeper stations (100, 200 m) during



the winter to the shallowest stations (220, 60 m)
during the summer surveys. Two species were most
abundant at the inshore stations (20, 60 m) along the
Mobile Bay and DeSoto Canyon transects. One
species was most abundant at intermediate depths
(100 m) along the DeSoto Canyon transect. A
majority of the 20 most abundant species appear to
be short lived, in that samples consisted of young of
the year and one-year olds, and the one-year olds
were mature.,

The number of species captured at the 12 stations
over the 5 surveys ranged from 3 on the fifth survey
at station C4 (200 m) to 32.5 on the fourth survey at
station C2 (60 m). The average number of species
per station was about 20 (range 17.1 to 21.8) for all
surveys except for the last survey on which the
number of species averaged 11.3 per station.

The number of individuals per hectare captured at
the 12 stations over the 5 surveys ranged from 13.7
on the fifth survey at station M1 (20 m) to 1,859.2
on the fourth survey at station C1 (20 m). The
average number of individuals per hectare ranged
from 91.9 for the fifth survey to 510.9 for the second
survey.

The indices of diversity, H’, for the 12 stations over
the 5 surveys ranged from 1.16 on the fifth survey at
station C4 (200 m) to 3.13 on the third survey at
station M3 (100 m). The first survey had the lowest
mean diversity and the third survey had the highest
mean diversity.

The lowest number of species, mean number of
individuals per hectare and mean total weight per
hectare were lowest for the fifth survey. The fourth
survey had the highest average number of species,
and the second survey had the highest average
number of individuals and highest average total
weight per hectare. The third survey had the highest
average H’ diversity. The deepest stations (200 m)
had the lowest average number of species, lowest
average number of individuals per hectare and the
lowes: average total weight per hectare but not the
lowest H’ diversity. DeSoto Canyon transect had
the lowest average number of species, lowest number
of individuals per hectare and lowest average total
weight per hectare on the winter surveys.
Chandeleur Islands transect had the highest average
number of species, highest average number of
individuals per hectare and highest total weight per
hectare on the summer surveys.

The cluster analysis for all five surveys divided the
57 stations sampled (collections) into two major
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groups (A and B) of 34 and 23 collections,
respectively (Figure 6.4). Each of the major groups
was in turn subdivided into two major subgroups.
Group A has one major subgroup consisting of 19
collections (Subgroup A1) and the other consisting
of 15 collections (Subgroup A2). Subgroup Al
includes all of the collections at station 1 along the
three transects, in addition to 4 of the 5 collections
at station C2. Four of the five collections at station
D1 clustered together and were the most distinct of
the subgroup. Subgroup A2 consists of all of the
collections at stations M2 and D2, and one collection
at station C2, in addition to the four collections at
station D3. Within Subgroup A2, the collections
along the Chandeleur Islands and the Mobile Bay
transects, and one station along the DeSoto Canyon
transect, clustered together, and the remainder of
the collections along the DeSoto Canyon transect
clustered together. Group B has two major
subgroupings, B1 and B2, consisting of 10 and 13
collections respectively. Subgroup B1 consists of all
of the collections at the third stations along the
Chandeleur Islands and Mobile Bay transects.
Subgroup B2 consists of all of the collections at
station 4 along the three transects. The DeSoto
Canyon stations clustered together and the
Chandeleur Islands and Mobile Bay stations
clustered together.

Clustering indicated that depth is important in
clustering stations, and that the Chandeleur Islands
and DeSoto Canyon transects are more distinct from
each other than either is from the stations along the
Mobile Bay transect.

DISCUSSION

Trawl samples can, at best, be considered semi-
quantitative because of the source of variables
inherent in the sampling procedures; i.e., coastal
currents, sea state, wind, bottom topography and
composition, operation of the ship, trawl winch and
trawl, various degrees of clumped distribution among
the fish species, location of fishes in relation to the
bottom and relative ability of different fish species
to avoid the trawl. However, despite these variables,
sequential tows, made at approximately the same
location in rapid succession, deviated only slightly
over one-third from the mean value of the two tows.
Further, there is general agreement among surveys
and combined seasonal surveys for average number
of species, average total number of individuals,
average total weight and average H’ diversity. The
sole exception was the fifth survey, in which the
average number of species, average total number of
individuals and average total weight were greatly
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reduced and the average H’ diversity was moderately
reduced. The deviations between sequential tows
and correspondence among the first four surveys
suggest that the lower values for the fifth survey are
real, and the result of a major environmental
perturbation.

The present study is remarkable because no species
or group of species is dominant in abundance,
suggesting that more than a single habitat was
sampled along the coast of the study area. Other
studies of fishes of the continental shelf in the Guif
of Mexico have found that a relatively small number
of species are dominant in abundance. Unlike most
of the previous studies the present study took place
in a transitional area between the soft, terrigenous
substrates of the northwestern Gulf of Mexico and
the calcarious substrates of the northeastern Gulf of
Mexico.

The clustering by stations and by species suggested
that depth is a prime factor in distribution of the
fishes but also that there is a faunal break between
the Chandeleur Islands and DeSoto Canyon
transects. The faunal break is supported by reports
in the literature and by the lack of dominance of a
small group of fish species in the species
composition.
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FOOD ANALYSIS

Dr. Rezneat M. Darnell
and
Mr. James D. Simons
Department of Oceanography
Texas A&M University

INTRODUCTION

Among the functional characteristics of ecological
systems, none is more basic than the flow of
materials and energy through the producer,
consumer, and decomposer components. Whereas,
this flow is governed in all systems by physical and
chemical laws, each system is unique in the way this
flow is programmed through the various biological
components. The pattern of material and energy
flow is referred to as the trophic structure of the
system, and the primary means of studying this
structure is through the analysis of food habits of the
component species.

The present study was designed to examine the
trophic structure of the continental shelf ecosystem
off Mississippi and Alabama. By focusing upon this
limited area and by making repeated collections at
regular stations carefully spread throughout the area,
it was anticipated that the study would reveal not
only the overall trophic picture, but also trends,
gradients, and local variations that might be
associated with depth, transect, food resource
availability, and other factors. In this respect, the
study represents a pioneering effort to examine local
aspects of the continental shelf ecological system
through the medium of fish food consumption. A
further goal of the study was to determine
objectively the relations of the various collection
stations to each other based upon similarities and
differences in food group utilization.

All fish specimens examined in the present study
were taken by bottom trawls at the regular sampling
stations. The 4,675 individual fishes examined
represent 28.9% of all fishes taken by trawls during
the study. All told, 49 species of fishes were
examined. Efforts were made to include 10-20
specimens with food from each available size class
and to achieve representation of the different depths
and transects inhabited by each species. Space
precludes consideration of the food patterns of
individual species, and only the broader ecosystem
aspects of the results are presented here.



RESULTS

Utilization of the various food groups by all species
combined is shown in Table 6.1. Crustaceans made
up the bulk of the food (47.5%) followed by fishes
(14.4%) and polychaetes (13.2%). Together these
three food categories accounted for 75.1% of all the
food and 97.4% of the identifiable food items. The
remainder included minor phyla, valved mollusks,
cephalopods, and organic detritus. Undetermined
animal matter constituted 22.8% of the total stomach
contents.

Table 6.1. Summary of the Percent Utilization of
the Various Food Groups by All Species
Combined.

Food Group Percent

Major Food Groups:

Minor phyla 0.13
Mollusks (valved) 0.07
Cephalopods 0.62
Polychaetes 13.18
Crustaceans 47.52
Fishes 14.38
Animal matter (undetermined) 22.83
Organic detritus 127
Crustacean Groups:
Small benthic crustaceans 0.75
Calanoid copepods 3.08
Isopods 0.82
Amphipods 9.00
Shrimp 58.61
Lobsters 3.81
Megalopa 2.69
Crabs 10.05
Stomatopods 4.17
Undetermined crustaceans 7.03

Among the crustaceans, shrimp made up over half
of the food (58.6%) followed by crabs (10.1%) and
amphipods (9.0%). Together these groups
constituted 77.7% of all the crustacean material and
83.6% of all the identifiable crustaceans. Additional
groupsincluded calanoid copepods, isopods, lobsters,
megalopa, stomatopods, and a variety of small
benthic crustaceans (ostracods, harpacticoid
copepods, cumaceans, and anomurans).

The distribution of the major food groups by depth
was examined to determine statistically significant
patterns. Polychaetes and crustaceans (particularly
the larger mobile species) showed no significant
patterns. They appeared to be universally present
and were consumed equally at all depths.
Cephalopods were eaten in greatest quantity at the
shallowest stations, and their utilization decreased
regularly with depth. Fishes made up only a small
percentage of the food at the shallowest stations, and
they peaked at a depth of 100 m. Among the
crustaceans, the zooplankton and small benthic
species peaked at the shallowest stations and
decreased more or less regularly with depth.
Benthic microcrustaceans peaked at two depths,
20 m and 100 m, and they were very low at the
remaining depths.

The distribution patterns of food intake by transect
were also examined. Fishes were consumed most
heavily on the Chandeleur transect, zooplankton was
taken most abundantly on the Mobile transect, and
benthic microcrustaceans were utilized most
intensely on the DeSoto Canyon transect. The
remaining food groups appeared in about equal
abundance on all the transects.

Principal component analysis was employed to
determine similarities in food utilization patterns of
the different study stations. The analysis revealed
that the two shallowest stations on the DeSoto
Canyon transect (D1 and D2, Figure 6.3) were
greatly different from each other and from all other
stations. The two deeper stations on the DeSoto
Canyon transect (D3 and D4) clustered together
and with the 100-m station of the Chandeleur
transect (C3). All the remaining stations on the
Chandeleur and Mobile transects formed a single
large cluster, but the two shallowest stations (C1
and C2) were somewhat distinct from each other
and from the remaining stations within the group.

In overview, the fish populations on this shelf area
are very mobile, and each species has independently
developed its own particular life history pattern. At
first glance the complex community dynamics are
bewildering. However, upon careful analysis certain
clear feeding patterns emerge. The young of most
species inhabit shallower water, and as they mature
they move to greater depths. While in the shallows
they tend to feed largely upon zooplankton, small
benthic crustaceans, and young squids. As they grow
and move into deeper water they concentrate upon
polychaetes, shrimp, and fishes (according to what
is locally available and what they can best capture).
Because ofits unique hydrographic, sedimentary, and



biological characteristics, the DeSoto Canyon region
is a unique feeding area. Closer to the Mississippi
River Delta, the 100-m depth on the Chandeleur
transect is also unique, but the reasons for this are
not immediately apparent.

Dr. Rezneat M. Darnell is a professor of
Oceanography at Texas A&M University. He has
investigated ecosystem composition and dynamics
of streams, estuaries, and continental shelves.
Recently he has examined the distribution of
demersal fish and shrimp populations of the U.S.
Gulf of Mexico continental shelf in an effort to
discern the structure of shelf communities and to
develop appropriate management implications.
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contributed to the understanding of estuarine and
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MISSISSIPPI/ALABAMA
MARINE ECOSYSTEMS STUDY
GEOLOGICAL CHARACTERIZATION:
SEA LEVEL EFFECTS ON
CARBONATES AND
SEDIMENTATION
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Dr. Richard Rezak
Department of Oceanography
Texas A&M University
and
Dr. William W. Schroeder
Marine Science Program
University of Alabama

INTRODUCTION

Though many sections of the northern Gulf of
Mexico continental shelf have been extensively
surveyed, topographic and sedimentary features of
the Mississippi/Alabama outer shelf were poorly
known. Pinnacle-like calcareous structures had been
observed near the shelf edge (Ludwick and Walton
1957), but their area-wide distribution could only be
surmised. Moreover, the known sediment
distribution, a relict sand sheet thought to cover
most of the middle and outer shelf and a belt of
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calcareous reef and interreef facies at the shelf edge
(Ludwick 1964), appeared to be suspiciously simple
in comparison with sediments elsewhere in the
northern Gulf of Mexico (e.g., Curray 1960). The
goal of our study was to clarify the picture of
geologic features in this area and illuminate their
interrelationships using high-resolution geophysical
data.

METHODS

During 1987 and 1988 we surveyed 1,620 kn? of the
Mississippi/Alabama outer continental shelf using a
100-kHz side-scan sonar to provide acoustic images
of the seafloor and either a 3.5-kHz or 4.0-kHz
echo-sounder as a subbottom profiler to probe the
upper sediment layers. Survey track positioning was
accomplished using either STARFIX satellite or
ARGOS radio-triangulation precision navigation.
Geophysical data were collected along survey track
lines mainly oriented along the shelf-break trend and
spaced to allow complete coverage with the side-
scan sonar (Figure 6.5). Only in the featureless
northern third of the western extension was the side-
scan coverage less than 100%. There alternate lines
were skipped, yielding 55% coverage. Interesting
features were examined in greater detail by four
surveys using a narrow side-scan swath-width and
covering areas of 0.5-1.0 kn?. Additionally, six tie
lines were run oblique to the shelf-break trend to
obtain seismic reflection dip-lines with the echo-
sounder and a 400-Joule mini-sparker.

Side-scan sonar records were analyzed individually
for details and photographically assembled into
mosaics 9-14 km on a side to examine larger trends
(Laswell et al. 1990). Bathymetry data were derived
from the echo-sounder profiles and corrected for
sound-speed variations using temperature and
salinity measurements made near the survey area.
A limited amount of ground-truth data was collected
using a remotely operated vehicle (ROV) to obtain
underwater video and still photographs (27 stations)
and a grab or dredge to gather geologic samples (17
stations each).

RESULTS

Seafloor depths in the survey area range from about
48 m on the northern (landward) side to 240-360 m
on the southern (seaward) side (Figure 6.6). The
shape of the outer shelf is mostly smooth with a
gradual decline to the upper slope at about 120 m.
Two seaward bulges in the bathymetry contours
within the main survey area are the surface
expressions of two relict fluvial deltas.
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Punctuating the expanses of flat outer shelf seafloor
are a multitude of topographic features, divisible into
three classes: (1) reef-like mounds (RLM),
(2) ridges, and (3) shallow depressions. The
depressions are similar to "pock-marks" caused by
gas sceps in shelf settings elsewhere (Hovland and
Judd 1988). Unlike the other topographic features
in this study, their distribution does not appear
closely related to sea level.

The RLM are the most widespread and display the
greatest variation in size and shape. Found in water
depths less than 120 m, they are sometimes isolated,
but more often occur in clusters. Most are
equidimensional to slightly elongate in plan view.
The smallest are 1-2 m in diameter, usually with
nearly equivalent heights. Several ficlds were found
containing thousands of small RLM (3,500-7,000 per
knf) with the appearance of patch reefs. The
largest RLM are 500-1,000 m in diameter with
heights of 3-15 m. Additionally, the RLM display
three types of summit morphologies: spire-like
("pinnacles”), flat-topped, and hummocky. Our
ground truth studies corroborated previous results
(Ludwick and Walton 1957) and imply that the RLM
are calcareous bioherms.

Although the RLM appear at most depths, they are
mainly concentrated along two isobath bands: 105-
120 m and 74-82 m (Figure 6.7). A smaller number
of other RLM, not associated with these two groups,
are found at depths of 87-94 m in the western survey
extension and 60-70 m in the northern part of the
main survey.

The second type of topographic feature, ridges,
mainly trend along the landward side of the 74-82
RLM band. These features are usually isobath-
parallel and have typical widths of tens to hundreds
of meters, heights of 1-8 m, and lengths of up to
20 km. Often the ridge is asymmetric with a
seaward escarpment. The largest, with a height of
up to 8 m, is found in the western part of the main
survey area. It bears a striking resemblance to
small, modern barrier islands on the Louisiana coast
(Penland et al. 1988).

Seismic reflection data show two delta lobes within
the main survey, one on the east side and one on the
west. These deltas have thicknesses of greater than
80 m and 125 m, respectively. Atop each is an
unconformity whose erosional nature is indicated
by foreset bed truncation on the seaward side of
each delta. Interestingly, the RLM are concentrated
on the truncated foreset beds at the center seaward

edge of each delta, perhaps because these beds
provided a suitable substrate for their growth.

The deeper unconformity (A) has an average
seaward slope of 0.4° and forms a surface that
appears to be continuous across most of the survey
area. Only a thin sediment layer, 1-7 m thick,
overlies this surface in the western part of the
survey. The seaward edge of this unconformity
occurs consistently at an average of 126 m and
probably delineates the shelf edge during a sea level
lowstand. Eastern delta sediments bury A in the
central part of the main survey, indicating that the
delta is younger. The unconformity atop this delta
(B) has a seaward slope similar to A and ranges
from 90 to 68 m in depth. Recent sediments
deposited atop B are thin and patchy.

Side-scan sonar mosaics showed complex patterns of
backscatter (acoustic energy bouncing off the
seafloor). Backscatter is primarily a function of
sediment texture; for example, sand and gravel
usually display strong backscatter whereas that for
mud and clay is low. Thus, the backscatter pattern
complexity implies a similarly intricate distribution
of sediments.

We divided the backscatter patterns into ten
different classes (Figure 6.8, Table 6.2). Four classes
consist of seafloor with homogeneous reflectivity of
varying strengths. Six denote "patchy" patterns of
varying forms. The homogeneous backscatter types
were (R1) low, (R2) moderate, (R3) moderate-
strong, and (R4) strong. Patchy patterns included
those with linear trends, (R6) occasional wispy
lineations, (R8) large high-backscatter lincar features
with a consistent trend, and (R9) small high-
backscatter linear features with a consistent trend,
and those without dominant trends, (RS) large
patchy high-backscatter areas, (R7) small patches of
high-backscatter, and (R10) strong backscatter
seafloor with quasi-linear, randomly oriented trends.

Strong backscatter was usually correlated with RLM
and ridges. The RLM cluster between 105-120 m in
the western part of the main survey and that
between 74-82 m in the eastern part of the survey
constitute the largest areas of high backscatter (R4).
The strong acoustic echoes appear to come from
reef and interreef facies sediments around the RLM.,
These probably contain large fractions of biologic
debris, such as "shell hash." Similar backscatter
characteristics occur along the large ridge trending
across the northwestern part of the main survey. In
this instance, the strong acoustic echoes may be from



[ I Sl — e

Kiiometars " Miles ——

<7 7 7
1,204 842

|_:z(i’wz; 4

‘o
""Sv»

T 7 T A AN B S K T T T ; T T EA e —
1383013 1305 801 rafsey 104,900 14lar0 1s1daar

Figure 6.7.

Topographic feature locations in the Mississippi/ Alabama Marine Ecosystems Study area. (Reef-like mounds [RLM] are shown
as black spots; closed contours surround groups of RLM too small to reproduce at this scale. Lines show ridge locations; lines
with teeth depict asymmetric ridges with the teeth pointing downhill. Contours with gravel pattern denotes fields of thousands
of small RLM ["patch reefs"]. Contours with plus symbols show fields of shallow depressions ["pock marks"].)

341



144

-87.6

R

5 nm

.

-87.8
3
k23
R

29

A
AVAVAY

R6

-88.0

i
i

PR

0

1

R

9

R8

7

R5

R4

R3

R2

R1

Figure 6.8. Distribution of backscatter patterns within the Mississippi/Alabama Marine Ecosystems Study area. (Pattern key at
bottom; pattern descriptions in Table 6.2.)



145

Table 6.2. Acoustic Backscatter Patterns.*

Low backscatter. Homogeneous light area on side-scan sonar record, usually showing featureless seafloor

Moderate to high backscatter. Homogeneous, often featureless seafloor yielding moderately strong

Patchy backscatter. Seafloor with discontinuous, but typically strong acoustic echo. Areas of high

Moderate backscatter with linear high backscatter patches. Seafloor displays predominantly low to
moderate backscatter. High backscatter patches are usually lineated, can occasionally be traced between
adjacent ship tracks, and often show an overall trend within a limited area. Overall trends, however, are

Mottled backscatter. Seafloor with discontinuous moderate to high backscatter. Areas of high backscatter

Linear backscatter, large features. Predominantly strong backscatter with lanes of lower backscatter.
Lineations are subparallel, trending generally northeast. Lineations are wide and long, measuring on

Linear backscatter, small features. Similar to R8 except that linear backscatter features are smaller and
shorter, averaging about 50-75 m across and less than about 500 m in length. Area of low to moderate

* and yielding a weak seafloor echo.
R2  Moderate backscatter. Homogeneous, often featureless seafloor giving moderate acoustic echo.
R3
acoustic echo.
R4  High backscatter. Homogeneous, often featureless seafloor giving strong acoustic echo.
RS
backscatter are usually equidimensional, hundreds of meters across, and display no preferred trend.
R6
variable.
R7
are usually equidimensional and show no preferred trend and are smaller than those in RS.
R8
average about 150-200 m across and 500-1,500 m in length.
R9
backscatter between features is greater than in RS,
R10

Quasi-linear backscatter, confused trends. Seafloor with varying, but predominantly strong backscatter
having characteristics similar to R7-R9. Backscatter features are quasilinear, but do not have coherent
trends.

*From side-scan sonar mosaics in Laswell ef a/. 1990.

sand, which is usually the main constituent of barrier
islands and longshore dunes.

Patchy backscatter was found primarily in shallow
water in the central and landward side of the survey
area. In particular, the lineated backscatter features
are in water shallower than about 75 m. This depth
limitation suggests that the lineated and patchy
features may be a result of sorting caused by large
storm waves.

SEA LEVEL IMPLICATIONS

Though we have no age data, it appears that the
RLM formed after the last ice age because they
show no evidence of the subaerial erosion that would

have occurred during the last ice age when the shelf
was exposed.  Furthermore, the living biotic
assemblages on these features could not have built
them, so they were probably not formed recently at
their present depths. Corals or calcareous algae
probably formed the RLM, so these features likely
grew actively only near sea level, but because of the
transgression since the last ice age, they are found
all across the outer continental shelf. The
concentration of RLM into two isobath bands
implies two periods during which conditions for reef
formation were particularly good; perhaps the water
was clear and warm and sea level was at a stillstand
or not rising rapidly. The scarcity of RLM at other
depths suggests that each of these periods was
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followed by times that were not as conducive to reef
formation.

The RLM and ridges are distributed in relatively
good agreement with independent data showing the
rise in sea level since the last ice age (Fairbanks
1989). Figure 6.9 shows our model of the formation
of the RLM and ridges and their relationships to sea
level. The outer edge depth of unconformity A
(126 m) coincides with estimates of the depth of the
sea level lowstand during the last ice age (121+5 m),
which occurred approximately 18 ka BP in
radiocarbon years (Fairbanks 1989). This
observation implies that A was eroded during the

lowstand and that subsequent subsidence has been
negligible.

The deeper band (105-120 m) of RLM must have
formed during the early part of the deglaciation, a
period during which sea level rose slowly (Fairbanks
1989). Later in the early deglacial period, at about
12-13 ky BP, the sea level rise accelerated
(Fairbanks 1989). The pinnacle-like spires on the
summits of many of these RLM may show that these
reefs were building upward rapidly, trying to
maintain themselves in shallow water.  The
shallowest summits of the deeper RLM are at about
90 m, approximately the same depth that the first
sediments of the eastern delta spill over onto
unconformity A. Perhaps a combination of the rapid
rise in sea level with the increased water turbidity
caused a cessation in the active growth of these
features.

The concentration of RLM and ridges in the 74-
82 m isobath band and their association with
unconformity B imply that a significant
environmental change occurred. Because these
features overlie the eastern delta, whose shallowest
beds are at 68 m depth, this change must have
occurred after sea level reached this depth.
According to Fairbank’s (1989) sea level curve, this
level is approximately coincident with the Younger
Dryas cold event (Broecker et al. 1988).

Unconformity B can be interpreted as a subaerial
erosional feature and suggests that sea level fell by
up to 22 m, caused perhaps by a resurgence of the
ice caps during the Younger Dryas period. If the
ridges had already formed from material scoured
from the eastern delta, then their unusual
lithification and preservation may have resulted from
subaerial exposure and cementation. Obviously, the
shallower band of RLM could not have formed until
the sea reclaimed the erosional surface after the
Younger Dryas. The abundance of RLM at this

depth implies that there was a stillstand or that sea
level rose slowly. Furthermore, all of the flat-topped
RLM occur in this band of features, with summit
depths consistently at 66 m. Perhaps these flat tops
were caused by a limitation of the reefs’ upward
growth or a slight drop in sea level.

The sea level curve (Fairbanks 1989) implies another
rapid rise in sea level after the Younger Dryas event.
This phenomenon is consistent with the fact that the
RLM of the shallower isobath band appear to have
ceased significant growth and that there are only a
few isolated RLM in the portion of the survey
shallower than this band.
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Figure 6.9. Cartoon showing hypothesized effects of sea level on sediments and topographic features in the
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INTRODUCTION

South of Mobile Bay, there are extensive areas of
low relief rock outcrops (Schroeder et al. 1988).
Additional rock features exist on the outer
continental shelf (OCS) and continental slope in the
northeast Gulf between 73 and 365 m (Ludwick and
Walton 1957; Moore and Bullis 1960; Ballard and
Uchupi 1970; Shipp and Hopkins 1978). Some
hardgrounds in the Mississippi Bight may represent
"drowned reefs" or "paleo-reefs” of biogenic origin.
Some of these may have begun development on hard
substrates provided by authigenic carbonate
production (Roberts ef al. 1988).

Ludwick and Walton (1957) surveyed the OCS
between the Mississippi River and Cape San Blas,
Florida. They noted a zone of 10-15 m tall
"pinnacles," 1.6 km wide and discontinuous with 16-
40 km gaps in depths from 73-100 m. These are
thought to be calcareous biogenic structures that
formed since the last sea level low stand of the
Pleistocene. Present-day biotic assemblages were of
tropical Atlantic origin and dominated by
ahermatypic hard corals (e.g., Oculina?), octocorals,
and crinoids. Other organisms include
antipatharians, various crabs, asteroids, ophiuroids,
and fishes commonly associated with hard-bottom
habitats elsewhere in the Gulf of Mexico
(Continental Shelf Associates [CSA] 1985).

As part of the "Mississippi/Alabama Marine
Ecosystem Study,” the Minerals Management Service
(MMS) requested complete side-scan sonar coverage
and selective video reconnaissance within an area of
1620 kn? on the OCS off eastern Louisiana,
Mississippi and Alabama (Figure 6.10). Acoustic
surveys showed the area to contain a variety of
substrate and topographic feature types (e.g., Laswell
et al. 1990). Topographic features included isolated
low relief formations with relief up to 2 m, isolated

moderate (2-6 m) relief and high relief features (up
to 20 m relief), clusters of moderate and high relief
features, linear ridges several kilometers in length,
and clusters of shallow depressions. Horizontal
extent of moderate and high relief reef-like mounds
ranged from around two to over 700 m.

Particularly interesting among these groups are three
feature types: "patch reefs," the pinnacles described
by Ludwick and Walton (1957), and flat-topped
reefs. Patch reefs are clusters of features, 2-12 m in
diameter and 3-4 m tall, occurring in some places in
densities of 35-70 per 10,000 nf. The pinnacles are
spire-like features 10-20 m tall, with rugged, often
vertical reef faces and jagged summits. By contrast,
the flat-topped reefs have similar reef faces, but flat
summits up to approximately one kilometer across.

Such hard-bottom areas often contain biological
communities of sensitive nature. They can be
composed of organisms intolerant of unnatural
perturbations that may occur with anthropogenic
insult, including excessive sedimentation,
eutrophication, and water pollution (Environmental
Science and Engineering, Inc, LGL Ecological
Research Associates, Inc. and CSA 1987). Such
areas, termed "live-bottom areas” by MMS, are
defined, in part, as "...those areas which contain
biological assemblages consisting of such sessile
invertebrates as sea fans, sea whips, hydroids,
anemones, ascidians, sponges, bryozoans, or
corals...[on]...hard or rocky formations with rough,
broken, or smooth topography..."” (MMS 1987). We
summarize here the results of a biological
reconnaissance survey conducted to evaluate the
nature and extent of development of live-bottom
assemblages inhabiting hard bottoms in the study
area, and probable regional ecological controls on
community development.

METHODS

Surveys on two cruises in 1988 were conducted at 22
locations within the initial study area (largest
rectangle in Figure 6.10) using a remotely operated
underwater vehicle (ROV). Surveys in 1989 were
conducted on six unique reef and bank features to
the west of the initial survey area. At least three of
these features are surface manifestations of salt
diapirs (Kindinger 1988). The features provided a
continuum of topographic relief and habitat
complexity (from virtually none to over 18 m vertical
relief) over which live bottom community
comparisons could be made.
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Figure 6.10. Map of Mississippi/Alabama Marine Ecosystems Study area, showing locations of reefs and banks surveyed during 1989
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Data were collected at 27 sites over 28 days using
ROV surveys, rock dredges, grabs and hook-and-
line fishing. Station descriptions included, among
other things, characterizations of habitats, biotic
composition, and qualitative descriptors of
abundance for each taxon in each habitat type
present at stations (some stations contained reef
flats, reef faces, low surrounding features, rubble
debris fields, and surrounding sandy bottom areas).
Complete station descriptions are given by Brooks
and Giammona (in prep). Qualitative descriptors
for taxa at each station were:

Rare seldom observed, or a very small
percentage of observations at a site;
usually only once or twice at any given
station, or several times at sites with
very high overall abundances.

Occasional sporadic observations, usually at
irregular intervals; generally several
observations, or a higher number at
stations with very high overall
abundances, but not frequent.

Frequent encountered regularly; common; seen
in a large portion of their preferred
habitat at a survey site.

Abundant a regularly encountered species
observed in high numbers, representing
a high percentage of observations.

Study site comparisons were made both qualitatively,
comparing pertinent biotic and abiotic parameters,
and semi-quantitatively, by assignment of arbitrary
numerical values to qualitative descriptors for each
taxon at each survey site (1 for rare, through 4 for
abundant). Because biological variability for
individual taxa is inherently high, numbers were
summed for selected taxonomic groups for
community comparisons.

Comparisons were also made between features on
the Mississippi/Alabama OCS and other hard-
bottom areas, including those on northwestern Gulf
salt-diapiric structures and on south Texas relict
coralgal reefs, and on other hard substrates in the
northeastern Gulf, on the west and east Florida
shelf, and on the east coast of the United States.

RESULTS AND DISCUSSION

Biological assemblages on features in the study area
(53 to 110 m) were dominated by suspension-
feeding, tropical hard-bottom organisms and reef
fishes. Epibenthos included gorgonian corals,

ahermatypic scleractinian corals, antipatharian corals,
spenges, comatulid crinoids, alcyonarians, and
oysters (roughly in this order of abundance, though
occurrence varied significantly between the sites).
Though these features may have been formed by
hermatypic invertebrates, present-day substrate
prcduction is probably limited to an impoverished
calcareous algae population on features cresting
above 78 m. Very few hermatypic corals were seen.
Features below 78 m are considered completely
drowned reefs.

Invertebrate and fish abundance and diversity
increased with the amount of exposed hard bottom,
substrate roughness, and the complexity of the
features (i.e., the number of habitat types available
for colonization). Variation between epibenthic
development on features is attributable, in many
cases, to differences in the potential for
sedimentation. Figures 6.11 and 6.12 show that
faunal assemblages are of low diversity and
depauperate on features with relief less than two m.
Both diversity and abundance can be high on some
features of 2-6 m relief. All features with relief over
6 m harbor dense assemblages whose composition
varies with habitat type. Horizontal reef tops harbor
large populations of sponges, tall antipatharian and
gorgonian corals, and comatulid crinoids. Vertical
or rugged areas are dominated by ahermatypic
corals.

Patterns of longitudinal variation are illustrated in
Table 6.3 for benthic organisms that dominate most
high relief features in the study area. The data
suggest that the particular area over which the
effects of the Mississippi River plume become
limiting for conspicuous hardbottom organisms
varies with species. As a group, however, the
influence occurs across an area between the
westernmost station (32), and Stations 25 and 26,
where the sum of taxa frequencies peaks. East of
Stations 25 and 26, taxa frequencies vary
considerably, but this is likely due to factors other
than those influenced by the river. This "Mississippi
Threshold,” an area with average water quality that
is suboptimal for hard-bottom community
development, extends east of the river perhaps no
greater than 70 km. A comparable area of limited
hardbottom community development is much
breader to the west of the delta, perhaps limiting
hard-bottom development over a distance of some
300 km (Rezak et al. 1985, 1990).

Communities on these features contained hard-
bottom and fish communities similar to those on the
decper portions of topographic prominences in the
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vertical relief. (Boxes surround data points from features with low,
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Table 6.3. Relative Abundance of Selected Invertebrates on the Largest Topographic Features between the
Mississippi River and the Eastern Edge of the Hard-Bottom Study Area (blank=absent, * = rare,

s = occasional, eee = frequcnt’ XXX

= abundant; frequency sum = sum total of the

frequency estimates for all selected taxa at each station).

Taxon Sta. 32 | Sta 30/31 | Saa. 27-29 | Sta. 33 | Sta25/26 | Sta. 8/9 | Sta.l8 | Sta 13/14 |
Sandpile | Horseshoe | Mt. Top 36-Fm Pinnacles | West Reefs | Pinnacles 40-Fm
Bank Bank Bank Ridge land 2 Area Fishing
Gr.
Distance from 27 km 37 km 50 km 58 km 70 km 90 km 102 km | 128 km
ﬁlsshsslppi River
Elisella spp. oo R . N LK) ) eo 00
Nicella sp. . ) seo e o0 seo e XEX)
Rhizopsammia sp. . . ses e o D ) LI )
Oculina? sp. o0 o s e e e L) o
Madrepora carolina eoo e ) ) e e
White coral clusters . o0 es e se e eeo e o
Encrusting sponges e s oo . ee e oo o0 s e e
Frequency Sum ['] 9 17 23

northwest Gulf of Mexico (Rezak ef al. 1985) and
those on hard substrates at the head of the DeSoto
Canyon (Shipp and Hopkins 1978), both of which
consist of assemblages predominantly of tropical
origin. More specifically, epifaunal species
composition is comparable to the deeper portions of
the Algal-Sponge Zones, Antipatharian Zones and
Nepheloid Zones on outer shelf, midshelf and south
Texas banks described by Rezak et al. (1985). With
some exceptions, their description of the fauna
inhabiting partly and completely drowned reefs,
which exist at 46-88 m on shelfedge features in the
northwest Gulf, is nearly identical to many hard-
bottom site descriptions for features on the
Mississippi/Alabama OCS. Furthermore, patterns
of dominance of fish species suggest more difference
between features in the study area and those at the
Florida Middle Ground and on the east coast than
between the former and the northwest Gulf.

Studies by CSA (1987) on hard bottoms of the
southwest Florida shelf resolved communities similar
in many respects to those found on features in this
study area. Depths of comparable communities,
however, were deeper off southwest Florida. These
depth differences are probably attributable to such
factors as deeper average light penetration on the
southwest Florida OCS, warmer water temperatures,
and the absence of a nepheloid layer.
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SUMMARY AND SYNTHESIS

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

The continental shelf area stretching seaward off the
coasts of Mississippi and Alabama and lying between
the Mississippi River Delta marshes and DeSoto
Canyon is conveniently referred to as the East
Mississippi Bight. The western and northern sectors
are bounded by barrier islands inside of which lie
extensive sounds, bays, estuaries, and marshlands
that serve as nursery areas for many shelf species.
Review of the technical literature reveals a
widespread and dramatic decrease in the
environmental quality of these inside waters during
the past few decades due to the accumulated
activities of human society.

In response to seasonal changes in the physical
environment, the biological species of the continental
shelf display regular cyclic patterns of spawning,
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growth, maturation, and migration. However, the
area is subject to episodic events that may have
catastrophic effects upon the natural populations.
These events include major storms, floods, cold
snaps, red tide outbreaks, and hypoxic events. All
are known to affect populations of the bays and
estuaries, but the shelf environment is directly
affected only by storms, floods, and red tide
outbreaks.

During the past two decades the commercial and
recreational fishing effort on the continental shelf
has increased severalfold. Simultaneously there has
been a dramatic decline in shelf populations of
demersal, reef-related, and pelagic fish species.
Clearly, unregulated overfishing has played a major
role in this decline, but reduction of environmental
quality in the bays and estuaries could also be a
significant factor.

Results of the present study will be examined and
interpreted in light of this historical background.

PHYSICAL ENVIRONMENT

Present evidence indicates that this is a very dynamic
area. Water currents are quite active throughout the
area, particularly in shallow water near the barrier
islands. Although wind stress is the dominating
force, induced effects from the Gulf Loop Current
are also important. Major storms modify the barrier
islands, transport sediments, and stir the bottoms to
depths of at least 80 m. As a result, finer particulate
material tends to remain in suspension, creating a
persistent nepheloid condition.

The primary sources of fine sediments (silts and
clays) include the older sedimentary deposits around
the Mississippi River Delta as well as freshwater
inflow from currently active distributaries of the
Mississippi River. Additional fine materials derive
from periodic openings of the Bonnet Carre Spillway
and subsequent transport through Lakes
Pontchartrain and Borgne. Once on the shelf these
sediments are subject to resuspension and transport
by the active water currents. Sediment samples
analyzed during the present study show that sandy
sediments predominate throughout the northeastern
half of the shelf and that silts and clays predominate
throughout the southwestern half of the shelf. Some
seasonal changes are evident.

CHEMICAL STUDIES

Potential chemical pollutants, including both trace
metals and hydrocarbons, are associated primarily

with the finer sediments. Their concentrations tend
to be highest in the southwest sector and lowest in
the sandy sector of the northeast. Despite heavy
chemical pollution of the neighboring bays and
estuaries, levels of these chemicals in sediments of
the shelf tend to be quite low. Except for deep
waler stations near the Mississippi River Delta,
sediments of the shelf may be considered essentially
pollution free.

BIOLOGICAL RESULTS

Benthic infaunal invertebrate populations of the area
are characterized by very high species diversity, and
their densities are closely associated with sediment
types. Highest concentrations (exceeding 1,000
individuals/m’) tend to be found in association with
the coarser sandy sediments, and lowest
concentrations generally occur in the finer sediment
areas. Large seasonal changes in the density of
infaunal animals have been observed, and one
anomalously high density occurrence on fine
sediments near the Mississippi River Delta was
noted.

The demersal fish community was found to be highly
diverse and very mobile. Large seasonal changes in
local densities and species composition were noted.
Statistical clustering techniques reveal that the three
shallowest stations on the Chandeleur and Mobile
transects display a fairly high degree of faunal
similarity. Likewise, during the winter months those
species inhabiting the deepest stations (200 m) on all
three transects are closely associated with each
other. Throughout the shelf area the densities of the
demersal fishes were found to be greatly depressed,
and the estuary-related species were particularly
affected. This differential reduction in populations
of estuary-related species argues strongly that the
general decline in shelf populations is due both to
the decline in quality of estuarine habitat as well as
to overfishing of the shelf populations.

Analysis of the food habits of over a quarter of those
fishes actually captured reveals that the primary food
materials are crustaceans (especially shrimp), fishes,
and polychactes, in that order, and together these
three groups make up over 97% of the identifiable
focd items. Variations in food consumed were noted
in relation to depth and transect. Principal
component analysis revealed similarities in food
consumption patterns at the different stations. Food
consumed in the DeSoto canyon area was distinct
from that taken on the neighboring Mobile transect.
All stations on the Chandeleur and Mobile transects
(except Chandeleur Station 3, Figure 6.3) showed a



fairly high degree of similarity. On all transects the
20 m stations showed some degree of distinctness.
These variations are explained on the basis of food
availability, life history stages of the fishes, and other
factors.

Topographic prominences (hard bottom "reefs") of
the outer shelf were examined in some detail.
Distribution patterns of the different feature types
were mapped, and biological characteristics of
several types were defined. It was found that these
features are inhabited by unique communities that
show little relationship with communities of the
surrounding flat bottom areas. In effect, they
represent fragile faunal "islands” semi-isolated in the
deep water environment.

MANAGEMENT IMPLICATIONS

1. Despite heavy chemical pollution in the bays and
estuaries, the shelf area is basically unpolluted.
Hence, any pollution effects of future oil and gas
development  activities should be readily
detectable.

2. The fish communities of the shelf are already
devastated, due apparently to deterioration of
the estuaries and to overfishing. Future effects
of oil and gas developments on the fish
communities will likely not be detectable.

3. Daeto their fragile nature and unique biological
assemblages, the topographic features represent
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areas of special concern. This is particularly
true of the deepwater pinnacles. These features
should be protected from the effects of human
intrusion.

4. High levels of seasonal and annual variability
characterize the physical and biological
processes of the shelf in this area. Further
studies should be carried out to more clearly
define the factors responsible for this variability
and the nature of their interactions and to
establishmore definitive baseline measurements.
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PRODUCED WATERS: FINDINGS
OF RECENT STUDIES IN THE
COASTAL WATERS OF LOUISIANA:
SESSION INTRODUCTION

Dr. James J. Kendall
and
Ms. Gail Rainey
Minerals Management Service
Gulf of Mexico OCS Region

Produced waters are waters contained in
hydrocarbon-bearing formations that are brought
to the surface during the extraction of hydrocarbons
(crude oil, condensates, and natural gas). These
waters generally have dissolved salt concentrations
higher than those of typical seawater, contain
dissolved and dispersed hydrocarbons and related
non-hydrocarbon organic compounds, and elevated
concentrations of certain trace metals and
radionuclides. These waters must be separated from
the oil and condensates and disposed of by various
means. In coastal and marine environments,
produced waters may be discharged directly into
surface waters. This practice has resulted in a
number of studies to characterize the fates and
effects of such nearshore discharges. The purpose
of this session was to foster the sharing of
information regarding recently completed studies on
the fate and effects of produced waters and to
discuss the future regulation of their discharge.

Dr. James J. Kendall is a biologist with the Minerals
Management Service, Gulf of Mexico OCS Region,
Office of Leasing and Environment, Environmental
Studies Section. His research interests include the
effects of contaminants on the physiology of corals,
the behavior of reef animals, and procedures for
aquatic toxicity testing. Dr. Kendall has conducted
research and monitoring programs in the Gulf of
Mexico, Galveston Bay, the Florida Keys, and the
Gulf of Eilat, Red Sea. Dr. Kendall received his
B.S. in biology from Old Dominion University and
his Ph.D. in oceanography from Texas A&M
University.

Ms. Gail Rainey is a marine chemist with the
Minerals Management Service, Gulf of Mexico OCS
Region, Office of Leasing and Environment,
Environmental Assessment Section. Her primary
expertise and interests include oil spill sources and
fate processes and petroleum contamination of
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coastal and offshore waters. She received her M.S.
in marine science (chemical oceanography) from the
Louisiana State University.

INTRODUCTIONTO THE
MINERALS MANAGEMENT
SERVICE-FUNDED STUDY ON
PRODUCED WATERS AND
STUDY SITE DESCRIPTIONS

Dr. Nancy N. Rabalais
Louisiana Universities
Marine Consortium

INTRODUCTION

During the production of crude oil, condensates or
natural gas, water that is trapped within permeable
seclimentary rock may also be brought to the surface.
This water is called formation water, produced water
or oil field brine. Of the estimated 1.1 million
barrels per day (bbled ') of produced water
generated on the Gulf Outer Continental Shelf
(OCS), a significant portion is piped ashore with the
product streams and separated at shore-based or
nearshore facilities. Within the State of Louisiana’s
coastal and estuarine environments, approximately
369,000 bbled™’ of this volume are discharged into
surface waters. Because of the findings of the
general study of Boesch and Rabalais (1989) and the
increasing need for information useful in the prudent
regulation of OCS-related discharges, the Minerals
Management Service provided funds for a follow-up
study to provide information on more sites than
investigated in the first study and to provide greater
resolution of the fates and effects of produced waters
discharged from these facilities.

STUDY DESIGN

Of the 14 facilities that currently discharge OCS-
generated produced waters into coastal environments
of Louisiana, 10 discharges in 7 study areas were
examined (Figure 7.1). The volumes of discharges
in the study areas are larger than most for coastal
Texas and Louisiana, and a variety of receiving
environments is represented. The volumes of the
discharges examined in this study ranged from 3,000
to 106,000 bbled ™. The receiving environments for
these effluents are varied, but include the shallow,
nearshore continental shelf; high energy, freshwater
distributaries of the Mississippi River delta; and
saline coastal environments with moderately to
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poorly flushed waters. This study expanded on the
initial assessment of Boesch and Rabalais (1989)
with increased temporal and spatial studies of three
areas, additional study sites including an abandoned
discharge, and additional analytical and field
observations (Table 7.1).

COMPARISON OF DISCHARGES

Several factors determine the fate and effects of
produced waters on coastal environments and on
organisms. These include the volume and the
composition of the discharge and the hydrologic and
physical characteristics of the receiving environment.
Produced water discharges vary greatly in the
amounts of organic and inorganic compounds.
Similar compounds are found in each of the
effluents, but the relative proportions differ with the
facility and through time. A comparison of the
discharges is given in Table 7.2 with the discharge
volumes being totaled for each study site. The mass
loadings are calculated from the average
concentrations in the various effluents, average daily
discharges, and conversion of 1 barrel = 159 liters.

An evaluation of the hydrological and
sedimentological characteristics of each study area
was made to determine the dilution potential of the
envircnment for the produced water effluents.
Dilution of water soluble contaminants would be
influenced primarily by the volume of the receiving
waters and the current velocity. With the exception
of mecasurements taken on a high spring tide
(Empire Waterway) and during a storm (Romere
Pass and Eugene Island Block 18 in May 1989),
current velocity measurements were assumed to be
representative of similar conditions throughout the
year. Dispersion of sediment-adsorbed contaminants
would be influenced by the bed shear stress,
proportional to the slope of the current velocity
profile (potential for resuspension and transport),
sedimentation rates, and the grain size distribution
of the surface sediments.

RECEIVING ENVIRONMENTS

Two environments were characterized as having a
high potential for dilution of contaminants: Emeline
Pass and Eugene Island Block 18. Mean current
velocities reach 9 mes™ in Emeline Pass, and the
coarse-grained, low organic content sediments
indicate active sediment transport close to the bed.
Eugere Island Block 18 is located in open, shallow,
offshore waters adjacent to the Atchafalaya River
delta. High freshwater flow influences the area, and
the shallow inner continental shelf is expected to be
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subject to wind-induced events causing resuspension
and rapid turnover of surficial sediments. On the
other end of the continuum is the Pass Fourchon
study site. Current velocities are consistently
negligible; potential for sediment entrainment and
transport is low. The sediments in the dead-end
canal system are sandy muds or muddy sands.
Abrupt transitions within the study site are apparent
in increasing sand content at the station in closest
proximity to the back of the sandy barrier shoreline
and at those stations in the more tidally active Belle
Pass.

The remainder of the environments were
characterized as having a medium potential for
dilution of produced water contaminants. Current
velocities were strong in Bayou Rigaud and sufficient
to resuspend and transport sediments during peak
tidal flow. The sedimentary regime, however,
indicated periods of high silt content. Alterations in
sediment grain size composition would indicate
periods of accumulation and periodic resuspension
related to storms. A similar situation was found in
Empire Waterway. Tidal currents were strong when
measured (as noted above on a high spring tide) and
indicated that potential for sediment resuspension
and transport was high. However, the high silt
content of the sediments and the accumulation of
contaminants near the abandoned discharge point
indicated a depositional environment. Resuspension
of sediments and shifts in sediment grain size
distribution would be storm related as in Bayou
Rigaud. In Romere Pass sediments were sands, but
finc-grained, and graded to silts on the northern end
of the transect. Resuspension events in Romere
Pass would be seasonal and related to the flow of
the Mississippi River rather than storm related as in
Bayou Rigaud and Empire Waterway. Two
hydrological and sedimentary environments can be
distinguished at the East Timbalier Island study site.
Current velocities, during the single sample period,
indicated moderate flushing in the east-west canal
where sandier sediments occurred. The north-south
access canal was less well flushed, had siltier
sediments, and contained higher levels of sediment-
adsorbed contaminants.

REFERENCES

Boesch, D.F. and N.N. Rabalais, eds. 1989.
Produced waters in sensitive coastal habitats:
an analysis of impacts, central coastal Gulf of
Mexico. OCS Report/MMS 89-0031, U.S. Dept.
of the Interior, Minerals Mgmt. Service, Gulf of
Mexico OCS Region, New Orleans, La. 157 pp.
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Table 7.1. Study Components and Principal Investigators for this Study.

Principal Investigator Study Component
(Institution)
Nancy N. Rabalais Program Manager
(LUMCON) Hydrography
Sulfides
Benthos
Interstitial Salinity
Denise J. Reed Currents
(LUMCON) Sediment Total Organic Carbon
Sediment Grain Size
Brent A. McKee Radionuclides
(LUMCON) Sedimentation Rates
Jay C. Means Hydrocarbons
(LSU) Trace Metals
Bicaccumulation

Table 7.2. Comparison of Produced Water Discharges by Study Site. (Study sites arranged in order of
decreasing total daily discharges of both OCS- and State-generated produced waters [VOA, volatile
organic analytes; PAHs, polynuclear aromatic hydrocarbons).)

Discharge Daily Number Mass Loadings
Site Discharge of VOA PAHs
(bbl.d™") Discharges (kged™) (kgod™)

Bayou Rigaud 145,760 2 98.8 10.5
Pass Fourchon 48,169 3 11.2 3.5
East Timbalier Island 25,558 4 1.2 36
Eugene Island Block 18 21,000 1 194 14
Romere Pass 20,158 2 51 34
Empire Waterway 10,959 1 26 09

Emeline Pass 3,693 1 0.5 14




Dr. Nancy N. Rabalais is a member of the scientific
staff at the Louisiana Universities Marine
Consortium where she has been employed since
1983. She received her Ph.D. in zoology from The
University of Texas at Austin in 1983. She is the
Program Manager for the above described research
program funded by the Minerals Management
Service and was involved in two other large, multi-
institutional, multi-disciplinary studies of produced
water discharges in coastal environments of the
northwestern Gulf of Mexico.

FINDINGS OF THE MINERALS
MANAGEMENT SERVICE-FUNDED
STUDY ON PRODUCED WATERS:

CHEMICAL CONTAMINANTS

Dr. Nancy N. Rabalais*
Louisiana Universities
Marine Consortium

INTRODUCTION

Of the 14 facilities that currently discharge Outer
Continental Shelf (OCS) generated produced waters
into the coastal environment of Louisiana, 10 were
studied. An assessment of the fate and effects of
produced water discharges was made along with a
detailed analysis of the effluent. The receiving
environment was characterized with respect to the
hydrographicregime and sedimentarycharacteristics.
Hydrographic profiles, interstitial salinity of surface
sediments, and overlying water contaminants were
examined to determine the extent of the brine
effluent and its chemical constituents. Surface
sediments were examined to assess the extent and
composition of chemical contamination. Vertical
cores provided information on the long-term
accumulation of chemicals.

CHARACTERIZATION OF
PRODUCED WATERS

Produced waters contain high concentrations of

organic compounds, primarily petroleum
hydrocarbons but also partially oxidized organics.

*As presented by Dr. Jay C. Means
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They also contain elevated levels of several metals,
elemental sulfur, and radionuclides. Produced water
discharges vary greatly in the amounts of organic and
inorganic compounds. Similar compounds are found
in each of the effluents, but the relative proportions
differ with the facility and with time.

The largest component of the organic load of the
produced water effluents in this study was the
aliphatic fatty acids and the aromatic acids
(Figure 7.2). The acid-extractable compounds are
very water soluble and not readily sorbed onto
particulate matter; these compounds are less likely
to be deposited in sediments, but are more likely to
be diluted in the water column. The saturated
hydrocarbons were the next highest in concentration;
these compounds are the least toxic fraction of crude
oil and are very susceptible to microbial degradation.
The volatiles and the phenols made up the next
largest component of the produced water effluents.
Of the volatiles, benzene and toluene composed 75%
to 95%. The volatiles and phenols are highly water
soluble and, in high concentrations, are acutely toxic
to organisms. Their long-term fate, however, is to
be diluted and dispersed in the water column. The
polynuclear aromatic hydrocarbons (PAHs) were the
smallest component of the identifiable hydrocarbons.
This fraction, however, is the heaviest, most toxic,
and environmentally stable fraction of crude oil.
The toxicity of crude oil is a reflection of its
aromatic content, primarily the alkyl-substituted
naphthalenes and phenanthrenes. The PAHs are the
most likely components of produced water
discharges to be incorporated into the sediments
because of low water solubilities and high sorption
coefficients.

The produced water effluents generally had barium,
vanadium, and nickel in highest concentrations.
Zinc, copper, and chromium were also found in high
concentrations in most of the discharges. Water
samples were analyzed for a variety of radionuclides.
Uranium 238 and thorium 234 activities were below
detection levels (<0.5 and <0.8 disintegrations per
minute per liter [dpm «17'], respectively). This lack
of enhanced uranium and thorium activity indicates
that the high radioactivity levels associated with
produced waters originate with the radium isotopes
and are not supported by radioactive parents of
radium which are higher in the decay chain.
Produced waters from the sites examined had total
radium radioactivities from 304 to 2,312 dpme«17',
which are approximately 150 to 1,150 times higher
than natural waters. All discharges sampled had
total radium activities in excess of the 111 dpme1~
activity designated by the Environmental Protection
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Agency (EPA) as hazardous waste. Produced waters
from the sites examined had Pb-210 radioactivities
ranging from 0.21 to 25.4 dpm. 1™, which are 2 to
254 times higher than natural waters.

DISPERSION OF BRINE EFFLUENT

Because produced water effluents have salinity levels
in excess of that of ambient sea water, they may
form a dense plume upon discharge into receiving
waters. The salt content of the bottom waters may
thus be used as a conservative tracer of the plume.
A clear density plume was identifiable only at the
Pass Fourchon study site and extended up to 800 m
from the point of discharge (Figure 7.3). Elevated
salinity was found in the bottom water at a single
station in the East Timbalier Island study site and
was related to the produced water effluent.
Otherwise, no clear salinity signals were found that
could be attributed to the produced water effluents.

Other tracers of the produced water effluent
(volatile organic analytes [VOA] and total radium)
are water soluble and are not conservative, but their
presence in overlying waters would indicate the
extent of the produced water plume to at least the
distance they were detected. In the case of VOA,
the extent of contamination of the overlying water
column by these chemicals was the same for Pass
Fourchon (Figure 7.4) and East Timbalier Island as
the salinity signal. At Eugene Island Block 18,
elevated VOA in overlying waters was detected
adjacent to the discharge and to some distance from
the discharge whereas an elevated bottom water
salinity was not. In a somewhat similar situation at
Bayou Rigaud, elevated VOA was detected in
overlying waters near a discharge point and at
uniformly low levels at several other stations even
though a salinity plume was not detected in the
bottom waters. Of the five remaining sites, elevated
levels of VOA were found only at a single station at
East Timbalier Island in a dead-end canal near the
discharge point. The lack of flushing at this
particular point, compared to the moderately to
well-flushed characteristics of the other areas, would
account for VOA contamination in spite of the
relatively low loadings.

At the Pass Fourchon study site, total radium activity
was elevated above background level to a distance
of 1,000 m from the discharge point (Figure 7.5).
VOA and salinity signals were detectable only within
800 m of the discharge point. Elevated radium
levels were detected at Bayou Rigaud, but there was
no clear pattern to the distributions. At Eugene
Island Block 18, higher total radium (Ra) activities
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paralleled the elevated levels of VOA. In Romere
Pass, total Ra three times above natural levels was
detected at RP1000N (450 m from the discharge
point) where there were no detectable levels of VOA
or elevated salinity. For both the East Timbalier
Island and Empire Waterway study sites, total Ra
activities were elevated well above background levels
throughout the study areas, indicating some level of
water column contamination not indicated by the
other tracers.

SEDIMENT CONTAMINATION

Substantial contamination of fine-grained sediments
with petroleum hydrocarbons of produced water
origin was observed at all study sites with the
exception of Emeline Pass and the active discharge
facility at Empire Waterway.  Distance of
contaminant effect was determined as the greatest
distance where the concentration of the constituent
was elevated above background levels or the fossil
fuel pollution index indicated petrogenic origin
hydrocarbons. Produced water origin PAHs were
found to the maximal distances of the study transects
at both Bayou Rigaud and Pass Fourchon, 1,300 and
1,000 m, respectively (Figure 7.6). More limited
distances of effect were found for alkylated PAHs at
Romere Pass (450 m), East Timbalier Island
(250 m), Eugene Island Block 18 (250 m), and the
abandoned discharge at Empire Waterway (250 m).

The concentrations of hydrocarbons, trace metals
and lead 210 (Pb-210) were analyzed for several
vertical sediment cores at several of the study areas.
Pb-210 activities in the vertical sediment profiles
were not appropriate for calculation of
sedimentation rates, because some decay in Pb-210
was not present with depth. The profiles obtained
indicated either an increase in activity levels with
depth or inconsistent variability with depth. We
concluded that the profiles were due to several
factors including varying input and disturbance of the
secimentary structure by dredging, boat traffic
and/or natural events. This explanation is consistent
with the hydrocarbon contamination seen in some of
the vertical cores, which indicates maxima in
produced water origin hydrocarbons in both
subsurface and/or with depth in the core. Such non-
uniform distributions indicate varying inputs of
contaminants to the sediments.

Hydrocarbon concentrations in vertical cores
indicated (1) a decrease in overall concentrations
with increasing distance from the produced water
discharge point; (2) maximal concentrations in the
upper sections of the cores at those stations closest
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to the discharge point; (3) subsurface maxima and
additional maxima with depth in cores separated by
lower concentrations in intervening sections,
particularly in those closer to the discharge points;
(4) very often a weathering of saturated
hydrocarbons with depth in the core; and
(5) elevated levels of hydrocarbons in the upper
sections of vertical cores collected from the distal
ends of study area transects usually indicative of
pyrogenic  hydrocarbon inputs. Changes in
concentration of produced water hydrocarbons with
depth in vertical cores are related to changes in mass
loadings through time, variations in transport and
deposition of contaminated sediments, resuspension
and transport of contaminated sediments from the
area during storm events, and transport of
uncontaminated sediments into the area during
storm events. The presence of high concentrations
of produced water derived hydrocarbons to depths
of 25 to 30 cm in a vertical sediment core in some
of the study areas, including the abandoned
discharge, indicates the long-term accumulation of
these contaminants and their resistance to
degradation.

Dr. Nancy N. Rabalais is a member of the scientific
staff at the Louisiana Universities Marine
Consortium where she has been employed since
1983. She received her Ph.D. in zoology from The
University of Texas at Austin in 1983. She is the
Program Manager for the above described research
program funded by the Minerals Management
Service, and was involved in two other large, multi-
institutional, multi-disciplinary studies of produced
water discharges in coastal environments of the
northwestern Gulf of Mexico.

Dr. Jay C. Means is a Professor with Louisiana State
University Institute for Environmental Studies and
has conducted several studies on produced water.
He is a Ph.D. graduate of the University of Illinois
in chemistry.

FINDINGS OF THE MINERALS
MANAGEMENT SERVICE-FUNDED
STUDY ON PRODUCED WATERS:
BIOLOGICAL ASSESSMENT

Dr. Nancy N. Rabalais
Louisiana Universities
Marine Consortium

INTRODUCTION

A previous Minerals Management Service (MMS)
funded study on produced waters (Boesch and
Rabalais 1989) documented the general nature and
extent of environmental contamination and biological
effects at three major sites of Outer Continental
Shelf (OCS) generated produced water discharges.
This study expanded on the initial assessment with
increased temporal and spatial studies of three areas,
additional study sites including an abandoned
discharge, and additional analytical and field
observations. Biologicalimpact assessments included
benthic community analyses and the bioaccumulation
of produced water origin contaminants.

STUDY DESIGN

Two locations (Pass Fourchon and Bayou Rigaud)
were selected for seasonal and intense spatial
sampling. Additional sites were selected because
they represented the range of coastal environments
receiving OCS produced waters and because of the
size of the present discharges. East Timbalier Island
was sampled in the previous study and was sampled
once more intensively during this study. Two sites
were sampled during high and low flow periods of
the Mississippi and Atchafalaya Rivers: Eugene
Island Block 18, located offshore of the remnant
oyster reefs that demark the lower end of
Atchafalaya Bay, and Emeline Pass in the Mississippi
River delta. Additional sites were located in
Romere Pass and near the Empire Waterway. An
abandoned discharge near the Empire Waterway was
studied. Bottom sediments were sampled along the
same gradients as for sedimentary characteristics and
contaminants for benthic macroinfauna.

An additional biological assessment examined the
potential impacts of the organic and inorganic
cortaminants associated with the discharges of
produced waters to be accumulated in filter-feeding
bivalves. Deployments of oysters were made at
known distances from the discharge points in Pass
Fourchon and Bayou Rigaud for known periods of



time. Deployments were made in April and May for
14 and 27 days, respectively.

RESULTS

The most severely depressed benthic macroinfaunal
communities were found within 500 to 800 m of the
discharge point in Pass Fourchon (Figure 7.7).
Impacts to the benthic communities were observed
as far as 700 m in Bayou Rigaud, 300 m at Eugene
Island Block 18, 100 m at East Timbalier Island, and
within 550 m of the abandoned discharge at Empire
Waterway. The impacts of accumulated and residual
produced water contaminants adjacent to the
abandoned discharge site indicate the persistent
effects of these constituents on the benthic fauna and
an unknown length of time for adequate recovery of
the environment following cessation of the discharge.
No effects on the benthic communities were
observed in the Emeline Pass and Romere Pass
study areas. Both of these environments, however,
were normally low in numbers of species and
individuals. Impacts on the benthic macroinfauna
were consistent across season in the Pass Fourchon
and Eugene Island Block 18 study sites. Benthic
community impacts were associated with distance
from the discharge and levels of produced water
chemical constituents in the sediments.

Results from the bioaccumulation studies indicated
(1) lower weight gain for those oysters deployed
close to the discharge point at Pass Fourchon,
(2) increased mortality for oysters during the longer
deployment at sites closer to the discharges at Pass
Fourchon, (3) accumulation of alkylated polynuclear
aromatic  hydrocarbons (PAHs) and total
hydrocarbons in all oysters above background levels
in the first deployment, (4) rapid accumulation of
produced water contaminants, (5) variability in
accumulation with season and reproductive
condition, (6) a decrease in the accumulation of
alkylated PAHs and total hydrocarbons in May
compared to April, (7) levels of accumulated
contaminants above the concentrations of
contaminants in ambient sediments, (8) inconsistent
results for trace metal accumulations, and (9) limited
accumulation of radionuclides. The bioaccumulation
studies show the clear potential for uptake and
accumulation of produced water origin contaminants
by oysters, both in close proximity to the discharge
point and to great distances from the discharge.
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REVIEW: FINDINGS OF THE
AMERICAN PETROLEUM
INSTITUTE STUDY
ON PRODUCED WATERS

Dr. Jerry M. Neff
and
Dr. Theodor C. Sauer, Jr.
Marine Sciences Unit
Arthur D. Little, Inc.

INTRODUCTION

There is limited information available regarding the
chemical composition of oil well produced water and
the effects of chronic discharges of this material on
shallow water benthic marine communities. The
investigation reported here was designed to
determine: (1) if sediments located near platforms
that have been discharging produced water into
shallow coastal waters for many years contain
elevated concentrations of organic and metal
contaminants, and (2) if the communities of benthic
marine animals resident in the sediments are
adversely affected by these chronic discharges.

The design of the study was based on the hypothesis
that any significant impacts to the marine
environment resulting from more or less continuous
discharges of produced water for several years would
be manifest as gradients of decreasing sediment
contamination and alterations of normal benthic
community structure with distance from the
produced water discharges.
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- METHODS

Two sites were selected from an initial screening
survey of four oil-water separation platforms in less
than 20 m of water off the central Louisiana coast.
One site, Lake Pelto, Tank Battery No. 1, located in
Terrebonne Bay, represented a shallow enclosed
estuarine environment; the other site, Eugene Island,
Block 105, represented a shallow offshore
environment. Two field surveys were performed at
each platform, the first in March 1986 and the
second in October 1986. On the first survey, 16
stations arranged in a radial array at distances of 20,
100, 300, and 1,000 m from each produced water
discharge were sampled. On the second survey, a
subset of the stations was resampled.

On both surveys, three sediment grab samples for
chemical analysis and six sediment grab samples for
biological analysis were collected from each station.
The chemistry grab samples were analyzed for
sediment grain size, total organic carbon, total
saturated and aromatic hydrocarbons, individual
n-alkanes, individual two- through four-ring aromatic
hydrocarbons and their alkyl homologues, steranes,
triterpanes, phenols, and nine metals (barium,
cadmium, chromium, copper, lead, mercury, nickel,
silver, and zinc). The biology samples were analyzed
for sediment grain size and benthic macrofauna,
including juveniles retained on a 0.3 mm screen.
Produced water samples from each platform were
also collected and analyzed for the same analytes as
the sediment samples, plus volatile hydrocarbons
(methane through the C,-benzenes).

RESULTS AND DISCUSSION
Produced Water Composition

The average rate of discharge of produced water
from the separator platform in Eugene Island, Block
105, is 1,570 barrels/day (250,000 L/day). The
discharge was initiated in May 1981. The average
rate of discharge of produced water from Lake
Pelto, Tank Battery No. 1 is 2,750 barrels/day
(437,000 L/day). The discharge was started in the
mid-1940’s. Water depth at Eugene Island is 7.6 to
8.5 m, whereas Lake Pelto is only 1.8 to 3.0 m.

The average compositions of the produced water
from the two platforms (Table 7.3) were similar to
that of produced water from other sources.
Produced water from both platforms was a
hypersaline brine. The concentration of total
organic carbon (TOC) in the samples was in excess
of 200 mg/L (parts per million:ppm). Only about
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10% of this organic carbon was accounted for by
hydrocarbons. The rest probably consisted of the
uncharacterized nonvolatile soluble organic matter
noted by others, mostly organic acids. Phenols and
ketones contributed little to the TOC in the samples.
The most abundant hydrocarbons in the produce
water samples were the monocyclic aromatic
hydrocarbons, benzene, toluene, and xylenes. The
dominant polycyclic aromatic hydrocarbons (PAHs)
were naphthalene and its alkyl homologues. Samples
from Lake Pelto also contained phenanthrenes.
Concentrations of total steranes and triterpanes were
higher than concentrations of total PAHs.

The only metals present in produced water from the
two platforms at concentrations substantially (more
than a thousand-fold) higher than those in normal
seawater were barium, lead, and zinc. High
concentrations of barium have been reported in
solution in produced water from other sources, and
apparently are possible if the produced water
contains very low concentrations of sulfate and
carbonate. Concentrations of lead and zinc in the
produced water samples were quite variable and may
have been derived in part from corrosion of
galvanized structures on the platform or in the oil-
water separator system.

Environmental Impacts
Sediment Contamination

Patterns of sediment grain-size distribution were
quite different at stations around the two platforms.
At Eugene Island, sediment texture was finest near
the platform and became coarser with distance from
the platform. At Lake Pelto, the coarsest sediments
were located 20 m from the platform with the mean
secdiment grain size decreasing with distance from
the platform. Grain size has important effects on
the distribution of both benthic petroleum
hydrocarbons and fauna.

Patterns of hydrocarbon distributions in sediments
around the platforms tended to parallel those of
sediment TOC concentrations. At Lake Pelto,
concentrations of totalsemivolatile hydrocarbons and
total PAHs in sediments were highest at one or
more stations 20 m from the platform and decreased
with distance from the platform. Total PAHs
dropped to essentially background values at all
stations 300 and 1,000 m from the platform. At
Eugene Island, there was a gradient of decreasing
concentrations of total semivolatile hydrocarbons in
sediments with distance from the platform along
most transects. However, concentrations of both
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Table 7.3. Mean Concentrations of Several Classes of Organic and Inorganic Compounds in Produced Water
from Production Platforms at Eugene Island, Block 105; and Lake Pelto, Tank Battery No. 1 (values

in pg/L unless indicated otherwise).

Compound Class Eugene Island Lake Pelto
Total Organic Carbon 220,000 298,000
Total Semivolatile Hydrocarbons (IR) 36,300 25,500
Total Saturates (GC) 28,400 17,100
Total Aromatics (GC) 2,500 3,300
Total Hydrocarbons (GC) 30,900 20,400
Total Targeted n-Alkanes (C,,-C,,) 2,680 606
Total Targeted PAHs (Naph.-Peryl.) 80 142
Total Volatile Hydrocarbons
(Methane - C,-Benzenes) 11,300 5,515
Steranes 63 92
Triterpanes 76 80
Ketones 2,230 1,320
Phenols (C, - G,) 2,720 675
Salinity (parts per thousand) 183 150
Metals
Barium 37,400 11,500
Cadmium 0.32 0.12
Chromium 111 0.71
Copper 6.36 0.40
Lead 17.9 1.50
Mercury 0.06 0.07
Nickel 0.40 1.27
Silver <0.20 <0.20
Zinc 1,200 125

total n-alkanes and total PAHs in sediments were
not elevated above apparent background values at
any but a few stations in the 20-m ring surrounding
the discharge. Sediments from stations 100 to
1,000 m from the platform had relatively uniform
concentrations of total n-alkanes and PAHs in the
range of 0.3 to 1.6 and 0.02 to 0.16 ppm, respectively.
Background concentrations of total hydrocarbons
and PAHs in sediments from the northern Gulf of
Mexico are in the range of 3 to 70 ppm and 0.4 to
11 ppm, respectively. As a general rule,
concentrations of total hydrocarbons, n-alkanes, and
PAHs were higher in sediments at Lake Pelto than
at Eugene Island.

Several hydrocarbon diagnostic parameters and
ratios were used to show that, at Eugene Island,
sediments from stations 20 m from the platform

contained low concentrations of petroleum
hydrocarbons in the range of 20 to 90 ppm.
Sediments from stations 100 m or more from the
plaiform contained background concentrations of
petroleum hydrocarbons. Chronic discharges of
produced water at a rate of about 250,000 L/day to
inner continental shelf waters with a depth of about
8.5 m have resulted in a low level of contamination
of surficial sediments with petroleum hydrocarbons
out at least to 20 m but not to 100 m from the
platform.  Contamination of sediments with
petroleum hydrocarbons, even at the 20-m stations,
apparently was not sufficient to cause hypoxia of the
bottom water or surficial sediments.

At Lake Pelto, sediments out at least to 100 m, but
not as far as 300 m, from the platform contained
petroleum hydrocarbons, probably derived from



produced water discharges. Surficial sediments from
20 and 100 m from the outfall contained 24 to
270 ppm total hydrocarbons.  Discharges of
produced water at a rate of about 440,000 L/day to
a shallow, partly enclosed bay with a water depth of
about 2 m have resulted in a low to moderate level
of contamination of surficial sediments with
petroleum hydrocarbons out at least to 100 m but
not as far as 300 m from the platform.

Barium was the only one of the nine metals analyzed
that was present in sediments at concentrations
substantially higher than expected for
uncontaminated sediments from the northern Gulf
of Mexico. Concentrations of barium in sediments
from most stations were in the range of 500 to
2,000 ppm. There were no gradients of barium in
sediments that might indicate that the barium was
derived from platform discharges. The excess
barium may be from area-wide discharges of
barium-laden drilling muds and produced water from
many platforms throughout the areca and from the
Mississippi River outflow.

Effects on Benthic Fauna

The benthic communities at both Eugene Island and
Lake Pelto consist of pioneer species characteristic
of disturbed marine and estuarine environments.
The nature of the disturbance is unclear but appears
to be area-wide. At Eugene Island, the disturbance
may be periodic hypoxia of the bottom water.
Episodes of bottom water hypoxia are known to
occur during the summer in waters of the inner
continental shelf off central Louisiana. However, no
such episodes were documented at Eugene Island
during this study. The Mississippi River outflow
with its tremendous load of suspended matter and
nutrients probably contributes to environmental
stress throughout the area.

At both platforms, the benthic fauna were
dominated by one or a few species at all stations,
even those most distant (1,000 m) from the
platforms and presumably unaffected by the
produced water discharges. At both locations, the
dominant taxon was the capitellid polychaete,
Mediomastus ambiseta. This and the other dominant
taxa are short-lived opportunistic species. Juvenile
forms were very abundant in both seasons,
representing more than 50% of the total number of
individuals of several species at many stations.
Despite these faunal characteristics, species diversity
was moderate to high at all stations. Benthic
communities with similar characteristics have been
described by other investigators at several locations
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in shallow estuarine and coastal waters of the
northern Gulf of Mexico. It is probable that benthic
community structure throughout the area of this
investigation is controlled in large part by factors
such as high suspended sediment loads attributable
to the Mississippi River outflow and periodic bottom
water hypoxia, neither of which is related to
discharges from coastal exploration/production
operations.

At Eugene Island, benthic faunal density was
greatest near the platform and decreased with
distance from the platform. However, diversity was
lower near the platform than at stations farther
away. These trends were due to the fact that the
fauna at the inner stations was dominated by
Mediomastus. Similarity analysis revealed that the
benthic fauna of the 4 stations 20 m from the
platform were similar to one another and different
from the fauna at stations further away. Many of
the juveniles present in the spring did not survive
until the fall, but were replaced by new juveniles of
the same and different species. Diversity and
abundance patterns were the same in the spring and
fall.

At Lake Pelto, the gradient of decreasing sediment
grain size with distance from the platform obscured
any gradients that might have existed in the benthic
fauna because of impacts of produced water
discharges. As a general rule, benthic communities
at Lake Pelto were more diverse than benthic
communities at Eugene Island. Highest diversities
were recorded at stations that had coarse sediments
near the platform. There was no clear relationship
between distance from the platform and density of
benthic fauna.

The relative abundance of the dominant species,
Mediomastus ambiseta, increased with distance from
the platform, whereas the density of another
dominant polychaete, Streblospio benedicti, was
highest at stations near the platform and decreased
with distance from the platform. The mean percent
juveniles in the total infauna at different stations
ranged from 25.2 to 52.9% in the spring and from
24.2 to 35.8% in the fall. However, the juveniles
rarely persisted to adult stages and some taxa were
replaced by others at different seasons. There was
no relationship between percent juveniles and
distance from the platform.

Cluster analysis revealed that 2 of the stations at
20 m from the discharge were very similar to one
another, but quite different from all other stations.
Sediments from these two stations contained the
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highest concentrations of total hydrocarbons and
total PAHs. Diagnostic ratios indicated that a
majority of the hydrocarbons in sediments from
these stations were from petroleum.

Sediment grain size was the most important
parameter contributing to gradients of benthic
community structure around the platforms,
particularly at Eugene Island. Nevertheless, there
is an indication that benthic communities within
about 20 m of both platforms were influenced by
sediment contamination, probably derived from
produced water discharges. Benthic communities
located 100 to 1,000 m from the platforms exhibited
no evidence of impacts attributable to platform
discharges. Thus, relatively minor effects on benthic
communities resulting from chronic produced water
discharges to shallow estuarine and coastal waters of
the northern Gulf of Mexico were restricted to a
small area around the platforms.
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INTRODUCTION

Produced water is a by-product of the oil production
process and is brought to the surface along with
petroleum from subsurface formations. Also known
as formation water or oil field brine, produced
waters associated with Louisiana oil reserves are
usually highly saline with ranges of from 50 to 150
parts per thousand (ppt) (Hanor et al. 1986).

The recent escalation of research into the
environmental effects of produced water discharges
is largely due to the increased regulatory concerns
of various federal, state, and local agencies. These
agencies have directed research efforts towards
obtaining the data necessary for reassessing and
updating current regulations dealing with produced
water discharges.

Within the State of Louisiana, the Louisiana
Department of Environmental Quality (LDEQ),
Water Pollution Control Division, governs all
discharges to surface waters. In 1968 an additional
rule was promulgated that prohibited the discharge
of oil ficld brines into freshwater areas, but allowed
for their release into " ..normally saline waters,
tidally affected waters, brackish waters, or other
waters unsuitable for human consumption or
agricultural purposes" (LAC 1988).

Orn November 20, 1985, the LDEQ adopted a water
discharge permitting system that required all
effluents, including those from the oil and gas
industry, to be permitted. Data from the



applications submitted by the petroleum industry
were summarized in a study by Boesch and Rabalais
(1989a). The total volume of produced water
discharged into Louisiana waters was almost 2.0
million barrels per day (bbled™) at the time of the
study.

Presented in this paper is a general summary of the
results of a recent study conducted by the LDEQ
and the Louisiana State University Institute for
Environmental Studies. This study was partially
funded by the U.S. Environmental Protection
Agency. The original study report, which is
presented in more detail, is available from the study
coordinator.

STUDY SITES

Four sites in southeast Louisiana were selected for
study. Study sites consisted of a single discharge
and were located in the Lirette (LRT), Delta Farms
(DF), Bully Camp (BC), and Lake Washington (LH)
Oil Fields. Three transects, labeled "A," "B," and
"C," radiated from each outfall. Eight sampling
points were distributed at varying distances from the
outfall along the transects. An unaffected reference
site (control) was selected for each study site for
comparison.

Discharge volumes varied from 462 bblsd™' at the
LRT site to 13,458 bbl+d™’ at the DF site. Effluent
salinities were considerably higher than receiving
stream concentrations, ranging from 139 ppt at the
LRT site to 193 ppt at the LRT site. Receiving
stream salinities ranged from about 4.0 ppt at the
DF site to an average of 23 ppt at the LW site.

HYDRAULIC BEHAVIOR OF
PRODUCED WATER EFFLUENTS

Due to their high salinities, Gulf Coast produced
waters are generally much denser than Louisiana
inland waters. Boesch and Rabalais (1989a)
concluded that produced water effluents can act as
dense plumes after discharge to estuarine waters.
Studies by Boesch and Rabalais (1989a, 1989b) and
Armstrong et al. (1979) have also shown high
concentrations of hydrocarbons in sediments near
produced water outfalls.

For chloride analyses, a slotted core tube was used
to collect sediment and overlying water samples from
each transect point. Overlying water was collected
from the core tube at the sediment/water interface
(0 level) and at the 10 cm (+10) and 20 cm (+20)
levels. Interstitial water was collected also at 10 cm

177

levels (i.e., -10, -20, and -30). Water column
measurements were also taken with a commonly
used conductivity, temperature, depth (CTD)
instrument,

Results from all four study sites indicated that
produced waterinfluences on chloride concentrations
were more apparent in the sediments than in the
water column. At some stations highly elevated
sediment chloride concentrations were measured,
while no measurable impact in the water column was
detected. This suggests that almost no apparent
mixing of these discharges is occurring or that any
dilution that might occur is insufficient to completely
reduce the density differences between the produced
water effluent and the receiving water column.

Produced water was shown to penetrate to a depth
of at least 30 cm at some stations and there was a
strong positive correlation between depth increases
and interstitial chloride increases at the most
impacted transect points. The trend of steadily
increasing sediment chlorinities suggests that a
produced water penetration to levels deeper than
30 cm is likely.

Study results also indicate that conventional CTD
instruments may not be capable of consistently
detecting produced water chloride impacts since
much of the effect, at least in poorly flushed systems,
may be below the position of the conductivity sensor.
A strict reliance on water column salinity readings
near produced water effluents might result in the
erroneous conclusion that produced waters are
completely mixed and quickly dispersed after
discharge.

RADIUM 226 ACTIVITIES
IN PRODUCED WATER

Produced waters from Louisiana and locations
throughout the world have been shown to contain
environmentally high concentrations of radium (Ra)
(Reid 1984). High Ra-226 levels were detected in
all study site effluents and ranged from a low of 355
picocuries per liter (pCi/l) at the Delta Farms site
to 567 pCi/l at the Bully Camp site. The variation
between site effluent activities is probably due to
differences in the mineral composition of the
geologic formations from which petroleum is
extracted (Kraemer and Reid 1984).

The top 10 cm of sediment from each transect
sample point were analyzed for Ra-226. The
sediments from the station nearest to the outfalls at
the Lirette, Bully Camp, and Lake Washington study
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sites contained high concentrations of Ra-226
ranging from 182 pCi/g at the Bully Camp transect
origin to 533 pCi/g at the Lirette site transect origin.

Ra-226 levels in LRT, BC, and LW sediments
located away from the outfalls were lower than
transect origin sediments but were still elevated
above background levels at most of the transect
sample points. Stations indicating Ra-226 activities
greater than 5 pCi/g above the background site
(reference) were up to 500 m from the outfall.

BIOTOXICITY

Samples of each study site effluent were tested for
acute toxicity to mysids and sheepshead minnows.
Sediments from a station near each effluent site and
each reference site were also tested for acute toxicity
using a solid phase procedure.

Each effluent exhibited 96-hour acute toxicities to
mysids that were attributed to components other
than salinity. The Lirette effluent was the least toxic
to mysids with an LC,; value of 5.8% effluent. The
highest mysid effluent toxicity was 2.6% effluent
measured for the Bully Camp discharge. The mean
LG, for all effluents was 4.3%.

Effluent toxicity patterns using sheepshead minnows
differed from mysid test patterns and sheepshead
minnows were shown to be less sensitive to produced
water effluents. The 96-hour LG, values for
sheepshead minnows ranged from 33.8% effluent
(least toxic) at the Bully Camp site to 7.2% effluent
(most toxic) at the Delta Farms site. The mean
96-hour LG, value for all effluents used in
sheepshead minnow tests was 20.1%.

A solid phase sediment toxicity procedure was used
to measure the toxicity of sediment samples to the
burrowing amphipod, Hyalella azteca. Significant
levels of acute toxicity to H. azteca, due to a
component other than salinity, were measured using
this solid phase procedure. The mean mortality rate
for all treatment sediments was 73.3% mortality.
One reference sediment sample, BC-R,
demonstrated a significant mortality rate (28.9%).
The remaining reference sites showed no significant
mortality.

CHEMICAL CHARACTERIZATION
OF PRODUCED WATER IMPACTS

The chemical composition of the four produced
water discharges was characterized using gas
chromatography/mass  spectrometry for the

identification and quantification of the organics and
inductively coupled plasma/mass spectrometry for
the quantification of the trace metals. The produced
waters were characterized by high concentrations of
volatile hydrocarbons, including benzene and
toluene, and semivolatile hydrocarbons such as
aliphatic hydrocarbons and a series of alkylated
polycyclic aromatic hydrocarbons (primarily
naphthalenes and phenanthrenes). The discharges
also contained high concentrations of aromatic acids
and aliphatic fatty acids. The trace metal content of
the four discharges was very variable; however, each
was characterized by high levels of barium, ranging
from 1,521 parts per billion (ppb) in the Delta
Farms produced water discharge to a maximum of
4,644 ppb in the Lirette. Vanadium, a trace metal
often associated with oil, was also found in each of
the four discharges at variable levels. Some
discharges contained significant levels of arsenic and
copper. These levels of toxic metals and organics
represent a significant negative impact to the
receiving waters of natural bayous because of the
high volumes of formation waters discharged
annually into confined waterways that are often
poorly flushed by freshwater flow or tidal exchange.
Because of the hydrology of these systems and the
particle reactive nature of both the metals and
organics being discharged, we would anticipate that
these substances would accumulate to high levels
within the sediments in the vicinities of the
discharges.

ASSESSMENT OF PRODUCED
WATER CHEMICAL IMPACTS
TO RECEIVING STREAMS

The impacts of produced water discharges on
sediment quality varied in each of the areas studied.
Major factors determining the degree of impact
were (1) discharge rate, (2) quantity and quality of
the hydrocarbons and trace metals present in a
particular discharge, (3) local hydrology,
(4) sediment disturbances (i.e., dredging and boat
traffic), and (5) sediment types (organic carbon
content and texture). Analyses of sediments
collected at the four sites revealed that all four
receiving water systems were measurably impacted
by the discharges in the region. Concentrations of
both aliphatic and alkylated aromatic hydrocarbons
characteristic of the discharges, as well as barium,
were found at elevated levels above background in
the sediments surrounding the outfalls, The areal
extent of this contamination expressed in terms of
a Fossil Fuel Pollution Index (Boehm and Farrington
1984) or barium concentration was found to extend
to the farthest points sampled at each discharge site



(approximately 300 m). The continuation of these
discharges into these receiving waters will likely
result in an increase in both the level and extent of
contamination at these sites.

Investigations by Daniels and Means (1989) of the
genotoxic potential of produced water indicated that
chemicals in produced waters represent a significant
genetic risk to embryo and larval stages of fish. In
this study a bioaccumulation model applied to the
levels of contamination found in the sediments
yielded extremely high potential tissue burdens for
benthic invertebrates, including edible species. Thus,
these chemicals represent both a potential ecological
and human health risk.

ACCUMULATION OF ORGANICS
AND RADIUM 226 BY OYSTERS

In this study component, caged oysters were used to
assess the potential for the uptake of organic
contaminants and Ra-226. Opyster cages containing
75 individuals each were placed at the Lirette, Bully
Camp, and Lake Washington sites. The Lirette
cages were 110 m from the outfall and the Bully
Camp and Lake Washington cages were placed 85
and 70 m, respectively, from produced water outfalls.
A control was deployed at an unaffected location in
Caillou Lake. All oysters remained in place for 30
or 33 days.

All of the oysters exposed to produced water impacts
in this study component accumulated both volatile
and semivolatile organic compounds. The control
site oysters accumulated no volatile organics and
only trace quantities of pyrogenic semivolatiles.
Total tissue volatiles among treatment site oysters
ranged from 3 ppb at the Lake Washington site to
372 ppb at the Lirette Site. Of all volatiles
measured, toluene was detected in the greatest
quantity. Petrogenic  polynuclear aromatic
hydrocarbons were detected ranging from 41 ppb at
the Lirette site to 319 ppb at the Lake Washington
site.

The Ra-226 analysis of caged oyster tissues indicated
that oysters growing near produced water effluents
may accumulate petrogenic radionuclides. Tissue
samples from oysters placed near the Lirette effluent
accumulated 3.1 + 03 pCi Ra-226/g of tissue.
Opysters placed at the Caillou Lake reference and
the Bully Camp and Lake Washington study sites
accumulated no measurable radium activities.

Studies with freshwater bivalves by Jeffree and
Simpson (1986) demonstrated that these organisms
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could readily accumulate these pollutants in a linear
manner from water containing radium at levels that
were much less than those measured for the four
outfalls of this study. A complete in-depth study
would be needed to assess the full radiological
impact of produced waters on oysters. Such a study
is recommended since many of these discharges
currently exist near commercial oyster harvesting
areas.
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The purpose of this paper is to discuss the direction
that environmental regulations are heading at the
U.S. Environmental Protection Agency (EPA) from
a National and Regional perspective as they relate
to oil and gas discharges, particularly produced
walers. In light of new EPA National goals focusing
on the reduction of toxic discharges and the EPA’s
new policy on waste minimization, Region 6 is
currently developing general permits to regulate the
discharges from oil and gas exploration and
production facilities.

The Oil and Gas Extraction Point Source Category
is currently subdivided into the following five
subcategories: offshore (includes territorial seas),
coastal, onshore, agricultural and wildlife water use,
and stripper.  Since there are no nationally
promulgated effluent guidelines beyond best
practicable control technology (BPT) for these
subcategories (40 CFR 435), permits written by the
Region implementing more stringent technology
based controls must be developed on a best
professional judgement basis. The BPT regulations
currently limit oil and grease discharges for the
offshore and coastal subcategories at 48 mg/l
moanthly average and 72 mg/l daily maximum;
onshore, zero discharge; and agricultural and wildlife
water use, 35 mg/l daily maximum. The BPT



effluent guidelines for stripper wells are currently
deferred.

On July 9, 1986, EPA Regions 4 and 6 jointly issued
a general permit (51 FR 24897) that covered all
discharges from oil and gas operations in Gulf of
Mexico Federal waters (i.e., discharges from facilities
greater than 3 miles from shoreline). The permit
implements best available technology (BAT) for
nonconventional and toxic pollutants and best
conveational pollutant control technology (BCT) for
conventional pollutants. In addition, the permit was
developed using ocean discharge criteria regulations
and the best professional judgement of our scientific
staff on what discharges could be allowed without
harm to the Gulf of Mexico. Produced water
discharges are regulated in this permit at a BCT
level of control, where oil and grease discharges
cannot exceed a 48 mg/l monthly average and a
72 mg/1 daily maximum.

Region 6 has recently proposed general permits for
the onshore oil and gas subcategories for the states
of Louisiana, New Mexico, Oklahoma and Texas
(54 FR 35930), August 30, 1989. The final permits
are to be published within the next couple of months
and will include the zero discharge guidelines
requirement for produced waters. Location of the
well head is the determining factor as to whether the
onshore limitations apply to a particular facility. The
transportation of produced waters across subcategory
boundaries for the purposes of discharge is also
prohibited by these permits (i.e., the discharge of
produced waters from the onshore areas into coastal
or offshore areas would be prohibited). These
permits also apply to wells that become classified
as stripper (produce less than 10 bbls of oil per day)
after the effective date of the permit,

The Region has recently proposed coastal drilling
general permits for the states of Louisiana and Texas
(55 FR Part II, 23348, June 7, 1990). Most
significantly, these general permits when issued in
final form will prohibit the discharge of drilling muds
and cuttings within the coastal subcategory.

General permits that cover produced water
discharges for Texas and Louisiana coastal waters
are currently in the final stages of preparation. The
production general permits will propose a zero
discharge limit on produced water based on BAT
and water quality criteria. The EPA is considering
a zero discharge requirement similar to the one
advanced by the Louisiana Department of
Environmental Quality that would be implemented
over a S-year phase-in period, with the largest
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volume dischargers scheduled to go to injection first,
followed by smaller dischargers over the next several
years. Such a plan would provide for all surface
produced water discharges being eliminated at the
end of the 5-year period.

The economic evaluation for this zero discharge
BAT determination is based on a worse-case
scenario that shows that the average injection
disposal cost after-taxes for produced water to be
$0.20/barrel. Wells located over marshes and open
water bodies would experience slightly higher
disposal costs due to higher costs for platform
construction. Disposal costs could increase by
$.05/barrel in marsh areas and $.10/barrel over
open water. Our model includes very conservative
assumptions that all-new injection wells would be
required and that existing wells would not be used.
As with the onshore general permits, the location of
the well head determines if a facility is included in
the coastal subcategory. The transportation of
produced waters to other subcategory areas for
purposes of discharge would also be prohibited.
These permits are expected to be completed during
the next several months and should be proposed
soretime after the beginning of the year.

Beginning in late 1992, EPA Region 6 plans to
address facilities that qualify for discharge under
the agriculture and wildlife water use subcategory.
Because of the limited number of facilities that
would qualify under these guidelines and the site
specific water quality considerations necessary in
permit development, we may take the approach of
issuing individual permits rather than general
permits.

The EPA Region 6 is currently in the process of
characterizing the stripper well subcategory (i.e.,
number of wells, volume of water discharged, size of
operator, current disposal practices, etc.) to help
determine appropriate technology and water quality
limitations for these dischargers.

On September 15, 1975, EPA promulgated effluent
guidelines for interim final BPT requirements at
40 FR 42543, and proposed regulations for BAT and
new source performance standards (NSPS) for the
offshore subcategory. On April 13, 1979, the EPA
promulgated final BPT effluent regulations, but
deferred action on BAT and NSPS. On August 26,
19&5 the EPA proposed BAT/BCT/NSPS effluent
guidelines for the offshore subcategory at
50 FR 34592. The proposed BCT requirement for
produced water limited oil and grease discharges to
48 mg/1 as a monthly average and 72 mg/1 as a daily
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maximum. The EPA reserved BAT guidelines for
produced water in this proposal. On October 21,
1988, EPA published a notice at 53 FR 41356,
requesting public comment on new technical,
economic and environmental assessment data
relating to the development of BAT and NSPS
regulations for the offshore subcategory. Now the
EPA is currently preparing to repropose effluent
guidelines for the offshore subcategory within the
next several months and will promulgate final
guidelines during 1992,

The following eight options are being considered for
produced water discharges at the BAT level of
control in the EPA’s soon to be published offshore
effluent guidelines proposal:

Option 1~ Shallow water filtration/deep water
BPT control.

Option 2 Shallow water zero discharge/deep
water BPT control.

Option 3 Filtration for al! discharges.

Option 4  Shallow water zero discharge/deep
water filtration.

Option 5 Zero discharge for all water depths.

Option 6  Filtration <4 miles/deep water BPT
control.

Option 7  Filtration <6 miles/deep water BPT
control.

Option 8  Filtration <8 miles/deep water BPT
control.

Of these eight regulatory options considered, options
3, 6, 7, and 8 examine two different levels of
filtration technology for produced water discharges,
cach having its own effluent limitations. The

granular media filtration technology, if adopted,
would require discharges to meet oil and grease
limits of 16 mg/l as a monthly average and a
29 mg/l limit as a daily maximum not to be
exceeded. The membrane filtration technology
would limit oil and grease discharges to 7 mg/1 as
a monthly average and 13 mg/1 as a daily maximum
nol. to be exceeded.

In summary, environmental regulations for produced
water discharges are becoming more stringent as
technology based controls become more efficient and
as water quality impacts become more apparent.
The amount of oil and grease that can currently be
discharged could be reduced by as much as 80% or
more in the new proposal. At a Regional level, EPA
Region 6 will soon propose coastal production
permits that will require all operators to cease all
surface discharges of produced water. In onshore
arcas the Region has already proposed zero
discharge permits for Texas, Louisiana, Oklahoma,
and New Mexico. Final issuance of these permits is
expected in the next several months.

Dr. Lee Gibson has worked at the U.S.
Environmental Protection Agency for the last three
years, currently serving as an environmental scientist
in the industrial permits section of the water division,
Region 6. He has over 30 years of professional
exploration and production experience in the oil
industry, both foreign and domestic, as a geologist
and stratigrapher in operations, research, and
exploration management. Dr. Gibson reccived his
B.A. in zoology and his MA. in geology from
Washington University, St. Louis, Missouri. He has
attended Texas A&M University, College Station,
Texas (oceanography), the University of Chicago,
Chicago, Illinois (ecology), and received his Ph.D. in
geology from the University of Oklahoma, Norman,
Oklahoma.
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MINERALS MANAGEMENT
SERVICE OFFSHORE
TECHNOLOGY ASSESSMENT
AND RESEARCH PROGRAM:
SESSION INTRODUCTION

Dr. Maurice 1. Stewart
and
Mr. Robert C. Lanza
Minerals Management Service
Gulf of Mexico OCS Region

As the pace of exploration and development
increases in the Outer Continental Shelf, concerns
continually arise about technology needs to safely
and efficiently develop oil and gas operations. The
primary objective of this session was to present an
overview of several major research efforts sponsored
by the Minerals Management Service that address
operational needs for the permitting of drilling and
production operations, safety and pollution
inspections, enforcement action, accident
investigation, and well control training requirements,
The major research efforts addressed in this session
are verification technology for deepwater and aging
structures, blowout prevention in deepwater drilling,
blowout fire suppressions, engine exhaust emission
control technology, and safety of operations.

Dr. Maurice I. Stewart is the supervisor of the
Technical Assessment Unit of the Minerals
Management Service. He earned B.S., M.S., and
Ph.D. degrees in mechanical, civil, and petroleum
enginecering from Louisiana State University and
Tulane University. He is an SPE lecturer, has
served as both a member and chairman of the
Engineering Registration Committee, and has served
as Continuing Education Chairman of the Delta
Section of SPE since 1980.

Mr. Robert C. Lanza is a petroleum engineer in the
Technical Assessment and Operations Support
Section of the Minerals Management Service, His
current position is Staff Production Engineer for the
Technical Assessment Unit. Mr. Lanza has 10 years
of Federal Government service relating to the oil
and gas industry. He has a BS. in civil engineering
from the University of New Orleans. Mr. Lanza is
a registered professional engineer in the State of
Louisiana.
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OVERVIEW OF MINERALS
MANAGEMENT SERVICE
TECHNOLOGY ASSESSMENT
AND RESEARCH PROGRAM

Mr. Charles E. Smith, P.E.
Minerals Management Service
Technology Assessment and
Research Branch

INTRODUCTION

The Minerals Management Service (MMS) of the
U.S5. Department of the Interior has a mandate to
manage the leasing, exploration, development, and
the collection of royalties from mineral resources on
the Outer Continental Shelf (OCS). In this capacity,
the MMS must oversee the development of offshore
oil and gas resources and assure that such
developments are conducted in a safe, pollution-free
manner, using acceptable technology. Through its
Technology Assessment and Research (TA&R)
Program, the MMS supports an active research
program to understand the engineering constraints
for operations in hostile frontier environments,
especially those related to the structural integrity of
platforms and the prevention of pollution.

The research program was initiated in the spirit and
letter of the Outer Continental Lands Act, as
amended in 1978, which specifies "the Secretary (of
the Interior). . . shall require, on all new drilling and
production operations, and wherever practicable, on
existing operations, the use of the best available and
safest technologies which the Secretary determines
to be economically feasible wherever failure of
equipment would have a significant effect on safety,
health, or the environment . . . ." The TA&R
Program has been given the responsibility for
assessing and evaluating technologies proposed for
offshore operations. Information derived from the
research program is integrated into operations
offshore and is used in making regulatory decisions
pertaining to the issuing of permits and the
reviewing of applications.

The TA&R Program is basically a contract research
program, that is, the research is not performed
within the agency but is conducted by academic
institutions, private industry, and Government
laboratories. Studies are performed in cooperation
with the offshore industry or with other agencies or
governments. This aspect of the Program provides
an important multiplier of funding support, but
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probably of equal importance is the discourse it
provides with the industry. The ability to work
together to assess a particular technology or the
rationale for future technical developments helps
both industry and government. Such cooperation
and dialogue allow us to understand each other’s
needs and eliminate possible conflicts or
misunderstandings concerning the engineering
feasibility of an operational decision. As a result of
this dialogue, a valuable exchange of information is
provided between MMS and the industry.

RESEARCH PROGRAM

The TA&R Program, established in 1975, is an
integral part of the inspection and enforcement
mission of MMS Offshore Operations. As such, the
Program provides the following services to MMS
operations personnel:

* An independent assessment of the technologies
applicable to OCS operations,

e« Research into the solution of operational

problems where technology gaps are determined
to exist, and

* A continuing dialogue at the engineering level

between the industry, the research community,
and the MMS operations personnel.

In this respect, the program is directed toward those
technologies that are needed to assure the public
that offshore operations are being conducted in a
safe and pollution-free manner. The Program does
not address the economics of operations, which are
within the purview of industry. On the contrary, it
specifically addresses operations and functional
requirements of MMS personnel as they work with
an offshore industry that is moving farther into the
hostile environments of the deep ocean and ice-
infested Arctic.

In addition to the research program, the MMS also
sponsors an Environmental Studies Program (ESP).
The ESP is used to gather and develop information
needed to predict, assess, and manage the impact of
OCS oil and gas leasing activities on the human,
marine, and coastal environment. This program
sponsors environmental and socioeconomic studies
used in the preparation of environmental impact
statements for particular lease areas. The TA&R
Program, on the other hand, provides a formal
technology base for field and headquarters
personnel, especially as the oil and gas industry
moves into the frontier areas. In short, the two

programs can be differentiated in that the ESP is
concerned with the effects of operations on the
environment, whereas the TA&R Program is
concerned with the effects that the environment has
on operations.

OPERATIONAL MISSION
REQUIREMENTS

The mission of MMS OCS operations can be divided
into five broad functional requirements:

* Permit and plan approvals

» Safety and pollution inspections

* Enforcement actions

* Accident investigations

*  Well control training requirements

In order to fulfill these requirements, while working
with a rapidly growing technology base within the
industry, MMS personnel need to avail themselves
of the latest research developments. Since the
inception of the Program, approximately 150 projects
have been sponsored, yielding some 700 technical
reports and papers, all of which, with the exception
of proprietary studies, are available to the public.
The proprietary studies are projects in which the
TA&R Program was part of a joint industry research
effort where the data and documents produced are
held proprietary to the funding participants or their
agents for a specified period of time. For the
purpose of management, the projects within the
research program are categorized in four main
sections.

*  Well control

*  Verification of structures and pipelines
» Engine exhaust emission control

* Oil-spill containment and cleanup

However, for the purpose of budgeting and project
review, the four main subject areas are subdivided
into the following categories:

*  Well-control

»  Oil spill mitigation

» Engine exhaust emission control

»  Structural dynamics

»  Structural inspection and monitoring

*  Geotechnical conditions and pipelines
*  Arctic environments and ice mechanics
* Materials

* Risk and reliability



Table 8.1 relates the TA&R Program to the broad
operational requirements of the MMS. The list
illustrates certain mission responsibilities and the
research initiatives established to assess and develop
usable technology. The requirements and missions
are not all inclusive of the research pursued by the
Program but they do illustrate the process that is
used in the selection of a particular study area for
funding. These operational requirements, coupled
with insights gained from the industry, are used in
conjunction with future leasing plans to plan and
develop research efforts. By combining information
from all of these sources, the Program strives to
select projects to ensure that leasing and
development can proceed in a timely manner without
technical impediments.

The following sections of this paper will review each
of the four major categories of projects and will cite
specific investigations to illustrate the type of studies
sponsored by the research Program. References 1
and 2 provide a detailed listing of all projects that
are currently being or that have been sponsored by
the Program in the past. In addition, References 3
and 4 provide short summaries of selected projects.
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Mr. Charles E. Smith, P.E., is the research program
manager for the Technology Assessment and
Research Branch of the Minerals Management
Service in Herndon, Virginia. He is a registered
professional engineer in the State of Virginia.
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VERIFICATION TECHNOLOGY
FOR DEEPWATER AND
AGING STRUCTURE

Mr. Charles E. Smith, P.E.
Minerals Management Service
Technology Assessment and
Research Branch

VERIFICATION OF STRUCTURES
AND PIPELINES

Safe and economical designs for deepwater platforms
require that it be possible to predict accurately the
impact of the environment on the structure being
contemplated for use. Industry has a long history of
experience with fixed leg platforms in water depths
up to 600 feet (ft.). However, new designs are using
fixed leg platforms in water depths up to 1,500 ft.
Also, new types of platforms known as compliant
structures (tension-leg platforms, compliant towers,
and floating production systems), offer promise for
extending platform capabilities significantly further.
For these new-type structures, their dynamic
response properties must be understood in order to
make meaningful fatigue life predictions. Areas of
particular interest are problems relating to fluid-
structure interaction, the determination of structural
response properties, damping and model shapes, and
the ability to predict the dynamic response of
offshore structures to wave and ground excitation.
With the compliant structures, a major need exists
to understand riser strumming and to develop a
conscientious methodology for their analysis and
design. The Technology Assessment and Research
(TA&R) Program is funding projects in the
following areas to develop a better understanding of
the technologies required to approve development
plans for deepwater operations:



Table 8.1. Mission Statements versus Research Initiatives.
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Mission Titles

Operational Requirement

TA&R Programmatic Response Initiative

1. NO, Control for OCS
Operations

2. Oil spill response for broken
ice conditions

3. Structural inspection data
management modeling

4. Risk analysis modeling

5. Verification of innovative

deep ocean facilities

6. Diverter design and
operation

7. Deep ocean well control
procedures

(continued)

Control or reduce nitrogen
oxide air pollution resulting
from OCS activities to provide
continued leasing and
operations.

Improve capability for
containing and cleaning up oil
in broken ice fields.

Provide an accurate and detailed
knowledge base of the service
condition of offshore platforms.

Determine the applicability of
risk analysis as a management
tool for OCS operations.

Ensure the integrity of
innovative facilities projected
for ocean operations.

Improve the safety of diverter
operations.

Ensure that the safest well
control proceduresareavailable
for deep ocean operations.

Provide stimulus for industry, government, and public
participation in improving NO, control technologies by
analyzing technologies, devising development plans,organizing
workshops and enlisting private industry funding support.

Quantify state of the art in containing and cleaning up spilled
oil in areas of broken ice and conduct theoretical and
experimental investigations into the application of improved
technology.

Devise computerized program for retrieving proper structural
data required by 30 CFR 250 for optimum analysis, archiving
and management decision making.

Develop and exercise an OCS operations risk analysis model(s),
annotate the usage of the model, and summarize for
management the risk analysis language and procedures
applicable to MMS operations.

Analyze and develop the verification technologies and
inspection programs needed by MMS for the new technology
platforms projected for deep ocean operations.

Assess the design and operation of state of the art diverters
and develop technologies, through theory and experiment, to
improve operation safety.

Assess state of the art equipment and procedures for well
control and, by theory and experiment, examine the feasibility
of applying computer-assisted measurements while drilling.



Table 8.1. Mission Statements versus Research Initiatives (continued).

Mission Titles Operational Requirement

TA&R Programmatic Response Initiative

8. Platform reverification Ensure the suitability for service
of old or damaged platforms.

9, Earthquake design Ensure the safety of platforms
in earthquake-prone areas.

10. Verification of arctic Ensure the safe operation of
OCS facilities facilities subjected to arctic ice.
11. Open ocean response for Improve the capability of
large oil spills containing and cleaning up large

open ocean oil spills.

Devise philosophies and strategies for assessing degradation
and damage, for planning and conducting inspections, and for
determining extent of repairs necessary for safe usage.

Conduct seismic event monitoring in earthquake-prone areas;
devise forcing functions for design purposes and procedures
for verifying safe operation.

Determine by theory and experiment the mechanical
properties of sea ice and permafrost and the forces exerted on
facilities as well as inspection and repair strategies.

Quantify the state of the art for containing and cleaning up
large open ocean spills and, by means of theory and
experiment, analyze the application of new and innovative
techniques.
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*  Method for Predicting Hydrodynamic Damping
for Offshore Structures--A joint industry study
to develop improved damping parameters and
methods of representing the effects of damping
for the analysis and verification of decpwater
platforms.

* Response Prediction Techniques for Risers in
Sheared Currents--A Joint industry program to
assess the global static and dynamic behavior of
compliant risers in a shear current.

* Fatigue of High Strength Steels for Innovative
Offshore Structures--A joint industry program
to assess and characterize the fatigue properties
of a variety of new high strength steels under
consideration for innovative platforms.

* Wind Loads and Wind/Wave Interaction on
Compliant  Offshore  Structures--A  joint
industry/Government project initiated to develop
improvements in design guidelines and
procedures related to the verification of
compliant structures subject to strong wind and
wave environments.

* Resistance of Tension Leg Platform (TLP)
Tendon Steel to the Ripple-Load Effect on
Stress Corrosion Cracking--A project to
determine the susceptibility of candidate steels
and associated weldments for TLP tendons to
stress-corrosion cracking in sea water and how
this phenomenon might be influenced by the
ripple-load effect.

In other areas, the Program is continuing its
research to develop the philosophy and procedures
for determining the reserve strength and remaining
service lives of old and damaged platforms. Six oil
companies, the United Kingdom Department of
Energy, and the Minerals Management Service are
now part of this research on this increasingly
important operational problem.

CONCLUSIONS

This paper has highlighted some of the studies being
sponsored by the TA&R Program as the industry
moves forward to open the deep ocean to offshore
oil and gas operations. It has not been possxble to
present a complete account of all the projects being
conducted, such as deepwater foundation concerns,
(i.e., drilled and grouted piles and hydrates)
deepwater pipeline systems, or oil-spill and
containment procedures for both open ocean and

Arctic conditions, which must be developed in order
to proceed in a safe and reliable manner. A
concerted effort is being made by industry, as well
as the regulatory agencies, to meet these challenges.
Inclustry has historically demonstrated the ability to
develop the required technologies to meet needs
arising from a move into new frontier areas of
resources. Because of the extensive research being
conducted by both Government and industry and the
continual accumulation of frontier area experience,
the future holds much promise for further
developments.

Mr. Charles E. Smith, P.E. is the research program
manager for the Technology Assessment and
Research Branch of the Minerals Management
Service in Herndon, Virginia. He is a registered
professional engineer in the State of Virginia.
Mr. Smith received his B.S. degree in civil
engineering from Virginia Military Institute, an M.S.
in structural engineering from Georgia Tech and in
applied mechanics from the University of Virginia
and is currently working on his Ph.D. in structural
engineering from George Washington University.

BLOWOUT PREVENTION IN
DEEPWATER DRILLING

Dr. Adam T. Bourgoyne, Jr.
Louisiana State University

INTRODUCTION

In some marine environments where abnormal
formation pressures may be encountered at very
shallow depths, conventional blowout prevention
equipment and procedures are likely to be of no
berefit. This can lead to very severe well control
problems when permeable, gas bearing formations
are drilled. There have been numerous disastrous
blowouts resulting from loss of well control after
drilling into shallow, abnormally pressured gas
formations. A research well facility at Louisiana
State University has been used to study this problem
undler the sponsorship of the Minerals Management
Service (MMS). A number of technical publications
have resulted from this work. In this report, those
technical contributions will be summarized and
concepts will be presented for minimizing shallow
gas hazards.



Shallow gas accumulations are always at least slightly
abnormally pressured in the upper portion of the
reservoir due to the density difference between the
gas and the surrounding water. Abnormal formation
pore pressures that are approaching the formation
fracture pressure are thought to be possible in sand
lenses due to gas migration along fault planes from
below. Shown in Figure 8.1 is a recently discovered
crater (Prior ef al. 1989) in the floor of the Gulf of
Mexico that is thought to be the result of a naturally
occurring shallow gas blowout. It was discovered by
a Shell Oil Company survey team in 2,176 m
(7,139 ft.) of water, about 115 km (71 miles)
southeast of the Mississippi River delta. The crater
was elliptical in shape, 58 m (190 ft.) deep, 280 m
(920 ft.) across, and about 400 m (1,300 ft.) long.
Slow seepage of the abnormally pressured gas was
thought to be blocked by the formation of gas
hydrates in the near surface sediments.

Even when the formation pore pressure is nearly
normal, it is generally not feasible to shut-in a
shallow gas flow when drilling from a bottom
supported vessel. By the time the rig crew can
recognize that the well has started to flow, the gas
has already traveled a considerable distance up the
open borehole. If the blowout preventers are closed,
the pressure at the casing seat will generally build to
a value exceeding the formation fracture pressure.
If one or more fractures reach the surface, the
resulting flow can destroy the foundations of a
bottom-supported structure and ultimately lead to
the formation of a crater. The rig shown in Figure
8.2 eventually collapsed into a large crater in the
seafloor.

PREVENTION OF SHALLOW
GAS FLOWS

Because of the difficulties in handling gas flows while
drilling at shallow depths, considerable attention
should be given during well planning to preventing
such flows. Seismic surveys can sometimes be used
to identify potential shallow gas zones prior to
drilling. If localized gas concentrations are detected
by seismic analysis, surface well location can reduce
the hazards.

When possible, empirical correlations should be
applied to the seismic data to estimate formation
pore pressures (Bourgoyne ef. al. 1986). This
application will sometimes permit the detection of
shallow, abnormal pressure in the marine sediments.
When formation pore pressures can be accurately
estimated, an appropriate mud density program can
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be followed to prevent gas from entering the
borehole.

In drilling the shallow portion of the well, drilling
practices can also impact the blowout risk.
Operations that can reduce downhole pressures, such
as pulling the drill string from the well, should be
carefully controlled to ensure that a pressure
overbalance is always maintained in the open
borehole. Trip-tank arrangements that keep the
well completely full of drilling fluid at all times are
better than those that require periodic refilling of the
well. Modern top-drive rotary systems permit
pumping down the drill-string while pulling pipe and
can be used when necessary to eliminate the
swabbing effect caused by pipe movement.

Gas-cut drilling fluid can also cause a loss in
borehole pressure that can result in a significant
reduction in equivalent mud density at shallow
depths. Conditions favoring a shallow gas flow due
to gas-cut mud become more severe with increasing
hole size, increasing drilling rate, and increasing
length of uncased borehole. Entrained gas, entering
the drilling fluid from the sediments removed by the
bit at the hole bottom may reduce the hydrostatic
pressure below the allowable safety margin opposite
a more shallow sand. This potential problem can be
controlled by limiting the penetration rate of the bit.
An approximate relationship between penetration
rate and loss of borehole pressure was previously
presented by Bourgoyne et al. (1978). This
relationship permits the development of guidelines
for an estimated maximum safe drilling rate in the
shallow portion of the borehole.

DEVELOPING CONTINGENCY PLANS

Unfortunately, industry is not always successful in
preventing the occurrence of shallow gas flows.
Historical drilling records since 1965 for the Outer
Continental Shelf of the Gulf of Mexico indicate
that shallow gas flows have been encountered on
approximately 1 well out of every 900 drilled.
Shallow gas blowouts have accounted for 25% of all
blowouts experienced in this area. In some other
offshore development areas of the world, this
percentage has been much higher. Thus,
contingency plans must be developed to address this
possibility.

Since 1975, a diverter system has been required for
rigs drilling on the Outer Continental Shelf of the
Gulf of Mexico. The function of the diverter system
is to divert flow from the well overboard, away from
the drilling personnel and rig structure.
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Figure 8.1. Side view of a crater on the sea floor thought to be due to a naturally occurring shallow gas
blowout (After Prior ef al. 1989) (Courtesy of Science Magazine).

W
Sea Floor

Fracture
Gas Flow Path

Figure 8.2. Example blowout illustrating the need for a diverter system.



In many cases, after rig construction, diverter
systems have been added, which have complicated
the placement of vent lines. Further, since diverter
systerns are not routinely used, special testing and
training are nceded to ensure maintenance of the
diverter components and readiness of the rig crew
to handle a shallow gas flow. Records available in
the Events File of the MMS indicate a diverter
failure rate of approximately 50% during shallow gas
flows.

The three most common modes of diverter failure
have been

1. a failure of the vent line valve to open;

2. formation fracture due to insufficient vent line
size; and

3. erosion.

Divert design criteria have been developed that are
directed at overcoming these common modes of
diverter failure.

DIVERTER DESIGN

In the past, diverter systems have been designed
primarily based on surface pressure considerations.
Equations for single phase flow of gas were used to
select a vent line size that would result in a
maximum acceptable wellhead pressure for a
maximum anticipated gas flow rate. It was generally
assumed in these calculations that the exit pressure
of the vent line was atmospheric pressure. Many
offshore rigs were equipped with 0.152 m (6 in.)
diverter lines and, until recently, this was considered
acceptable practice by many offshore operators and
by regulatory agencies. Experience with these
systems in the Gulf of Mexico later provided
evidence that larger diverter vent lines were
sometimes needed.

Beck et al. (1987) have suggested an improved
diverter system design procedure. They recommend
that the final well design should consider the gas
reservoir, borehole, casing, and diverter linked
together as a single hydraulic system. A systems
analysis approach permits the simultaneous
calculation of pressures throughout the wellbore and
diverter system. Through this type of analysis, it
can be determined if a successful diverter system
operation can be maintained using the design under
consideration. The predicted operating pressures
can be used to evaluate the working pressure of
diverter system components and the tendency for
formation fracture at the casing seat. This approach
can be used to determine the minimum safe
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conductor setting depth for expected well conditions
and for the available vent line size. If a practical
casing program cannot be achieved with the diverter
system available on the rig, then the benefits
achieved by increasing the vent line size can be
evaluated.

In performing the systems analysis, Beck ef al. (1986)
have shown that the flow at the vent line exit is
usually sonic, and the assumption of atmospheric
pressure at the diverter exit can lead to large errors.
They also showed that near the exit, a significant
pressure gradient resulted from fluid acceleration,
which could also cause significant errors if ignored.
Experimental data was obtained in a model diverter
system to permit evaluation of various methods for
calculating flowing pressures for single and
multiphase flow at near sonic conditions.

The systems analysis is accomplished by defining the
pressure change occurring in each system component
as a function of flow rate. The calculation is most
casily accomplished by starting at the vent line exit,
and proceeding stepwise through each component
of the flow path to obtain the bottom-hole pressure.
The calculation is repeated for several assumed exit
pressures or flow rates to define a flow-string
resistance curve. An inflow performance equation
is used to model the flowing reservoir pressure at
the borehole wall as a function of flow rate. The
pseudo steady-state flow rate that will be observed
during the diverter system operations is determined
from the intersection of the flow-string resistance
curve and the formation--inflow performance curve.

Beck et al. (1987) performed experiments in model
diverter systems to measure sonic exit velocities for
a natural gas having a specific gravity of 0.64. Data
were presented for single and multiphase flow for
diverter vent line diameters of 0.0233 m (0.918 in.),
0.0492 m (1.937 in.), and 0.1244 m (4.897 in). These
data were used to determine experimental values for
the polytropic expansion coefficient, n. Their results
have been curve fitted and are shown in Figure 8.3.
Note that the measured value of n varied with vent
line diameter and gas weight percent (quality) for
the range of conditions studied and could be
approximately defined by

n =28 d*¥ (1 + o

s5d (1 - x )]
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Figure 83. Values of polytropic expansion coefficient, n, measured during experimental
study of diverter vent line operations.

where the diameter, d, is expressed in meters. The
experimentally determined value of n departed
significantly from k, especially for the largest
diameter studied. Recently, experiments have been
conducted for diameters of 0.203 m (8 in.) and
0.254 m (10 in.) to verify this correlation.

Flowing Pressure Gradient Calculation

U‘;)stream of the vent line exit, the pressure gradient,
, is given by the expression

< 12
Pgcos(g) + fP v
dp 2d 2
dL. - dv.
| S pvdp

where the first term of the numerator accounts for
hydrostatic pressure changes and the second term
accounts for frictional pressure losses. The term
P vdv in the denominator accounts for pressure
changes caused by fluid acceleration, In the first
term, g represents the acceleration of gravity, and ©
represents the vertical deviation angle of the flow
section under consideration. In the denominator,
the effect of fluid acceleration between any points 1
and 2 in a section of uniform area was found to be
most accurately determined assuming a polytropic
expansion model. Use of this model yields

- 31" pm th
prar 2V P oP )
dp th th
(P,—p')P' p2

The experimental work performed in this study has
shown the acceleration term to be important and
this term should not be neglected in diverter design
calculations.

Formation Productivity

Resistance to flow is present in the gas reservoir as
well as in the flow path to the surface. Since little
is generally known about the properties of the gas
reservoir causing the unexpected flow, detailed
reservoir simulations are not usually justified.
However, it is important to take into account
turbulence and other factors that become important
at high gas velocities. The Forchheimer (1901)
eq nation as adapted for radial, seml-steady state flow
in a homogeneous gas reservoir is recommended for
use in design calculations for diverter systems. This
equation can be arranged to give flowing bottom-
hole pressure, pbh, within a well-bore of radius, rw,
due to flow within a circular reservoir of external
radius, re, and effective thickness, h, and having an
average reservoir pressure, pr. The Forchheimer
equation for these conditions is defined by:



where the subscript ’sc’ denotes standard conditions.
The terms in brackets reduce to a constant for a
given reservoir. The second term is needed to
properly model high-velocity gas flow where the
velocity coefficient, b, is determined empirically.
Note that once the bracketed terms are reduced to
a constant, a relatively simple relationship between
gas flow rate and flowing bottom-hole pressure
results.

Formation Fracture Pressure

Coanstant and Bourgoyne (1989) have recommended
fracture pressure equations for offshore drilling
operations based on Eaton’s correlation. The
recommended method gives the absolute overburden
stress, oob, in SI units in terms of the seawater
depth, Dsw, and the sediment depth below the
seafloor, Ds, using

G, =101300 +10000 D, +25,500

©®)

D, - 21,980,000 [l —exp (~0.000279 D, )]

The minimum expected absolute formation fracture
pressure, pf, is then determined from the absolute
formation pore pressure, pp, and the overburden
pressure, Sob, by

P' = Pp + [l - 0.629 exp 6)

(- o002 D, [ - p]

This minimum fracture pressure would correspond
to extending an existing fracture in a sandy
formation. Higher formation fracture pressures
would be expected for fracture initiation and in
plastic "gumbo” shale formations. The maximum
expected pressure for fracture extension is the
overburden pressure given in Equation 6.

Working Pressure of Diverter Components
The systems analysis procedure provides information

about the pressures that could be expected on the
diverter system components after the well is
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unloaded and pseudo-steady-state conditions are
reached. However, while the drilling fluid is being
displaced from the well, the mud in the system
behaves as a viscous plug that greatly slows flow
through the diverter. This results in a pressure peak
occurring when the leading edge of the gas reaches
the vent line entrance. The magnitude of the
pressure peak depends primarily on the formation
pressure and on the amount of mud that remains in
the well due to slippage past the gas while the well
is unloading. The pressure peak can be substantially
higher than the equilibrium wellhead pressure
calculated from a systems analysis procedure. This
pressure peak is of short duration, typically lasting
only a few seconds. If fracturing occurs, it is unlikely
that fracture propagation would move very far from
the wellbore before the pressure subsides to the
equilibrium value. As long as the equilibrium
borehole pressure is less than the fracture extension
pressure, there is a high probability that the fracture
will not propagate to the surface. Thus, it is
recommended that the design load at the casing seat
is based on equilibrium flowing conditions.
However, the design load for surface diverter system
components should be based on the pressure peak
occurring when the drilling fluid is being displaced
from the well.

Santos (Santos and Bourgoyne 1989) performed
experiments on a 0.152-m (6 in.) diverter vent line
attached to a 382-m (1,252 ft.) well containing
0.178-m (7 in.) casing to study unsteady-state
pressure behavior when the well is first placed on a
diverter system. In the experiments, the gas entering
the bottom of the well flowed through a valve that
was controlled by a process control computer that
simulated the behavior of a formation. A program
was developed for the flow control computer to
permit a range of formation productivities to be
simulated. Pressures were monitored during the
experiments at a number of locations in the well and
diverter. Experimental runs were made using a
number of different mud systems.

Santos (Santos and Bourgoyne 1989) developed a
computer model for predicting the pressures and
flow rates observed during a shallow gas flow as a
function of both time and position. The program
was first verified using the experimental results
obtained with the model diverter system. The
computer results for peak wellhead pressure
matched the observed pressure peaks within an error
band of about 25%. The program was then used to
simulate a wide variety of field conditions. It was
found that the peak wellhead pressure tended to
decrease with decreasing formation pressure,
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decreasing formation productivity, and increasing
vent line diameter. For the field conditions studied,
the peak wellhead pressure was generally less than
65% of the formation pressure. Also, the time
required to unload the well was typically only a few
minutes.

Shown in Figure 8.4 are results obtained using the
computer model for an example 0.254-m (10 in.)
diverter vent. The drilling fluid in the well when the
shallow gas flow began was assumed to have a
density of 1,116 kg/m’ (9.3 Ib/gal.). Note that it is
predicted that the well will unload in about one
minute with a peak wellhead pressure of 1,436,000
Pa (208 psi), which is about 34% of the formation
pressure. Thus, a working pressure for diverter
components of at least this value would be needed.
The calculated pressure at the casing seat exceeds
the minimum fracture extension pressure of
1,467,000 Pa (214 psi) during most of the first
minute but drops to about 496,000 Pa (72 psi) after
pseudo-steady state conditions are reached. Similar
simulations performed for a 0.152-m (6 in.) diverter
vent line gave a peak wellhead pressure of 2,620,000
Pa (380 psi), which was about 63% of the formation
pressure.

Diverter Anchors

Some diverter failures have involved the anchor
system used to hold the vent line piping in place.
The anchor system should be carefully designed to
withstand the forces resulting from the moving
fluids. The maximum forces on the anchoring
system occur when the wellhead pressure reaches
its peak value. When telescoping segments or slip
joints are used below the annular blowout preventer,
a maximum upward force on the wellhead must be
resisted that is equal to the peak pressure multiplied
by the internal annular cross sectional areas at the
slip joint. In computer simulations made by Santos
(Santos and Bourgoyne 1989), these forces
sometimes reached as high as 1,300,000 N (300,000
1bf) for the field conditions studied. Similarly, a
maximum axial thrust distributed along the length of
the vent line exists that is equal to the peak pressure
multiplied by the internal cross sectional area of the
vent line. In addition, at bends in the diverter
system, the anchor system must resist a force equal
to the mass rate of flow multiplied by the change in
the fluid velocity vector at the bend. For a 90°
bend, this force is approximately given by the fluid
density times the square of the average velocity,
pv 2.

Rate of Erosion

Information was collected on 31 wells that
encountered shallow gas. Typical locations of
erosion type failures are shown in Figure 8.5 for a
simplified diverter schematic. Problems tend to
occur

1. at bends in the vent line.

2. at flexible hoses connecting the vent line to the
wellhead.

3. at valves or just downstream from valves.

4. in the wellhead and diverter spool.

The severity of the erosion problems experienced
was greatly affected by the quantity of sand produced
by the well. When considerable sand was produced,
diverter system component failures started in the
bends and valves and progressed back to the
wellhead.  The entire wellhead and annular
preventer were cut from the well in an extreme case.
For this well, sand piles of 10 ft. in height were
reported on the rig floor after the well bridged.

Bourgoyne (Santos and Bourgoyne 1989) used two
experimental set-ups to measure the rate of erosion
in various fittings. The first set-up was used for
mud/sand slurries. Drilling mud flowed from the
right side of a partitioned tank to a centrifugal
pump, through 20 ft. of 2 in. inside diameter pipe,
through the fitting being evaluated, and then back
into the tank. Flow rates were periodically checked
by temporarily closing an equalizing line connecting
the left and right sides of the tank. Sand
concentration in the mud was also periodically
checked by taking a sample from the tank.

The second set-up was used for gas/sand and
gas/water/sand mixtures. Compressor-supplied air
flowed first through a flow control value and 2-in.
orifice meter. The flow control value maintained a
constant flow rate by means of a process control
computer. Sand was added to the flow stream from
a 6,000-Ib capacity sand blasting pressure pot
through a metering valve. The weight of the
pressure pot was continuously monitored, and the
sand flow rate was determined from the rate of
change of weight with time. Water or mud could be
introduced downstream of the sand injection point.
The mixture then flowed through 56 ft. of 2-in.
inside diameter line, through the fitting being
evaluated, through a one-foot tail piece, and then
exited to the atmosphere.

The fittings evaluated included steel ells, plugged
tees, vortice ells, and rubber hoses. The plugged
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tees had only a blind flange on the dead-end portion
and did not contain any special lead targets. Weight
loss and wall thickness loss were periodically
determined during the tests. Wall thickness
measurements were made using an ultrasonic
method. Thickness profiles were determined along
both inside and outside radii of the bends. The
locations of the areas of maximum wear are shown
for the various fittings and fluid types studied. Data
were collected to permit evaluation of sand rate,
fluid velocity, fluid properties, and fitting type. The
sand used in the experimental tests was No. 2
blasting sand.

Based on the experimental work performed,
Bourgoyne (Santos and Bourgoyne 1989) proposed
the following equation in SI units for estimating the
rate of loss in wall thickness, hw, with time, t, in a
diverter component of density, Ps, and cross
sectional area, A, flowing abrasives having density,
P a, at a volumetric flow rate, qa, and flowing gas or
liquid at superficial velocity, vsg or vsi, and volume
fraction (holdup) Agor A1:

Gas Continuous Phase (Dry Gas or Mist Flow) D

.—d.ll.' = F g_ q_. [ _Z!— ]2
dt ‘P A 100 A,
Liquid Continuous Phase

®)

E‘_" = F P q: A 1

a9 a0y, !
The accuracy of the proposed calculation method
was verified using the experimental data collected.
The average error observed was 29%. Currently
these equations are being evaluated by collecting
erosion rate data in a 6-in. model diverter system.

Plugging

Solids in the drilling fluid tend to settle in the
diverter components and can lead to valve
malfunctions and vent line plugging. To the extent
possible, the diverter system is generally sloped
towards its exit to promote draining and minimize
the accumulation of solids in the system. In
addition, provisions for flushing the system should
be made. Clean-out connections with flushing jets
should be placed upstream of all valves, bends, and
local low spots.

Control System

Control of the diverter vent lines should be achieved
by means of valves that can be fully opened to

minimize erosion and pressure losses. The diverter
control system generally involves pneumatic or
hydraulic valve operators and can be operated from
rernote panels located with the blowout-preventer
control panels. It is often advantageous to integrate
the diverter control system with the blowout
preventer control system. Standards regarding the
accumulator unit, which stores the pressurized
control fluid needed to operate the valves, should be
similar to those adopted for the blowout preventer
system. A non-flammable, low freezing-point power
fluid should be used in the hydraulic units. The
controls should be designed so that the well cannot
be closed with the diverter system,; i.e., the valves to
the vent line should automatically open before the
annular sealing device is closed. When multiple vent
lines are needed to insure downwind diversion, the
currently selected vent valve should open before the
other vent valve is closed. Specially designed
integral sequencing diverter components have
recently become available that provide the annular
sealing device with a vent line valve in a single unit
(Roche 1986).

Design Considerations for Dynamic Kill

Some operators use a contingency plan that calls
for a "dynamic” well control procedure to be
attempted as soon as the well is placed on a diverter.
The dynamic well control procedure has been
described in detail by Blount and Soeiinah (1981).
With this method, high-circulating rates are used to
increase annular frictional pressure losses sufficiently
to cause the bottom-hole pressure to be raised above
the formation pressure. Some operators maintain
a volume of weighted drilling fluid on location for
use in an immediate attempt at a dynamic kill.
Other operators plan the use of seawater after the
available mud volume has been exhausted. The
success of the dynamic well control method is
governed primarily by the hole size being drilled, the
flow rate and pressure limitations of the available rig
pumps and the effective thickness of the gas
formation penetrated by the bit before the gas flow
is detected. Data that was collected on 28 shallow
gas flows occurring in the Gulf of Mexico indicate
that in 2 cases the flow was successfully stopped
using a dynamic kill procedure.

When a dynamic well control procedure is included
in the shallow gas contingency plan, the diverter
system design load should be based on the well
conditions that will result with the rig pumps
operating at the maximum available flow rate. The
basic calculation procedure remains unchanged,



except that the liquid pumped is added to the
formation gas being produced on bottom.

Even when the dynamic well control method cannot
be successfully employed using the available rig
equipment, there is a high probability that control of
the well can be regained through borehole collapse
or reservoir depletion. In 25 to 28 shallow gas flow
events that occurred in the Gulf of Mexico (90%),
the well plugged due to borehole collapse. In 14
cases (50%), flow stopped within a 1-day period.
In 22 cases (79%), flow stopped within a 1-week
period. However, in one case two relief wells had
to be drilled before the well could be brought under
control with auxiliary pumping equipment.

Koederitz et al. (1987) developed a computer
program for determining the flow rate and pressure
requirements required to bring a shallow gas flow
under control using the dynamic well control
method. The program can be used to evaluate the
requirements for regaining control using the existing
wellbore, or using one or more additional relief

wells.

The program developed by Koederitz et al. (1987)
also determines the maximum pressure experienced
at every point in the borehole as the pumping rate
is increased up to the value required to bring the
well under control. It was found that the maximum
pressure at a given point in the borehole does not
necessarily occur at the maximum liquid rate.
Ideally, the diverter system design would permit any
pumping rate up to the kill rate to be maintained
without exceeding the fracture pressure.

RECOMMENDATIONS

As aresult of the research conducted, the following
recommendations are made:

1. Seismic surveys should be made at proposed
offshore wildcat-well locations and the data
processed for shows of shallow, abnormally
pressured gas. However, the operator should
recognize that the use of shallow hazard surveys
will not always detect the presence of shallow
gas formations.

2. Maximum controlled safe drilling rates should
be estimated for the shallow portion of a well in
which gas-cut mud could occur and increase the
risk of a shallow gas flow,

3. A systems analysis design procedure should be
employed for proposed wildcat wells to verify
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the adequacy of the planned casing program for
the available diverter system. The systems
analysis should consider the possibility of sonic
flow velocity at the diverter vent line exit and at
restrictions and changes in direction of the flow
path.

4. The working pressure of a diverter system
should be based on pressure peaks that could be
expected during the unloading of the drilling
fluid from the well.

5. Bends in diverter vent lines should be avoided
whenever possible. When bends are required,
a plugged tee or vortice ell should be used.

6. Dynamic well control methods have been
successfully used to control some shallow gas
flows with available rig pumps. However, a vent
line exit monitor should be developed that will
detect sonic flow, significant levels of sand
production, and provide appropriate warning
when these conditions are detected.

7. When shallow gas flows are severe, the diverter
system on a bottom-supported drilling vessel
should be used primarily to provide time for a
orderly rig abandonment.
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BLOWOUT FIRE SUPPRESSION

Dr. David Evans
National Institute of Standards
and Technology

STATE RELATIONSHIPS
FOR FUEL MIXTURES

Typical oil well blowout and diverter fires involve
simultaneous non-premixed combustion of two or
more gaseous and liquid fuels. In order to construct
state relationships for a variety of possible fuel
mixtures using those for pure fuels, a simple mixing
rule was devised. This rule involves the assumption
that the two or more fuels react with air independent
of each other and the products of their individual
reactions mix to produce the products of the rule.
Measurements of gas species concentrations in four
coflow laminar jet diffusion flames burning mixtures
of methane and acetylene were conducted. Two
gaseous fuels were selected for simplicity, methane
to represent the natural gas in oil well fires and
acetylene to represent a second fuel component that
may have high soothing tendency.

Due to the high soothing tendency of acetylene, a
sampling probe/scheme capable of obtaining gas
samples in spite of clogging by soot particles was
designed. The design relies on the simple principle
that the flow that clogs the probe also carries the gas
sample. The sampling system consists of a quartz
microprobe (250 4 m and 350 um orifice sizes were
uscd) connected to an evacuated (typically to
0.3 atm) and purged (with the carrier gas helium)
sampling bulb with an isolation valve. A purge line
carrying a small flow of helium is also connected to
the probe. The sampling bulb is equipped with an
evacuation port, a carrier gas pressurizing line, an
absolute pressure gauge and a sampling septum.
During operation, the probe is inserted to a desired
location within the flame while carrying a small (just
to maintain the overpressured) purge flow of helium.
The bulb is isolated during this process. Once the
probe is at the desired location, the purge flow is
shut off and the bulb isolation valve is opened. The
pressure inside the bulb is monitored. If the probe



does not clog, then the sampling ends when the
pressure in the bulb reaches 1 atm and a gas sample
is removed for routine chromatography. If the probe
clogs, the bulb reaches a constant subatmospheric
pressure. At this time, the isolation valve is shut off
and a flow of helium is started through the
pressurizing valve to bring the bulb pressure to
1 atm. The amount of sample collected is known
from the pressure reading at the time of clogging.
A sample from the bulb is now removed for analysis.
3The bulb is then evacuated and purged with helium
for the next highest soot concentration regions of
acetylene/air diffusion flames. To our knowledge,
gas sampling within this region has never been
possible before.

Measurements of gas species concentrations were
taken in a flame burning 27% methane in acetylene
with air plotted as a function of local mixture
fraction. The concentrations of N,, O,, CH,, G H,,
CQ,, and CO were seen to correlate very well.
Several measurements were conducted at three
different heights from the burner exit and observed
to correlate similar to those supporting the laminar
flamelet concept for fuel mixtures. If the present
measurements for the pure fuels are used, then good
agreement between the mixing rule and the data for
CO and CQ, is also observed. These findings have
established a convenient method for estimating the
major gas species concentrations in flames burning
fuel mixtures.

BUOYANT HORIZONTAL
TURBULENT DIFFUSION
FLAMES

Diverter fires near oil well platforms pose hazards
to structures and personnel surrounding them. The
flame structure is complicated by the effects of
buoyancy turbulence interactions. This flame
configuration has received very little attention in the
literature. We have developed a parabolic finite
difference scheme using a grid that adapts to the jet
trajectory as it turns under the action of buoyancy.
The predictions of the flame centerline trajectory
using the present method compared with
measurements (based on visible flame trajectory) for
flames with initial Reynolds numbers vary by a factor
of 3. The agreement between measurements and
predictions is very encouraging.

Measurements of flame surface intermittency using
30 (out of 9,000) randomly selected digitized images
show that buoyancy increases the intermittency
significantly for all 3 Reynolds numbers. Thus
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buoyancy-turbulence interactions are expected to be
important in this flow and are being addressed.
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ENGINE EXHAUST EMISSION
CONTROL TECHNOLOGY

Dr. Robert Wilson
Arthur D, Little, Inc.

REDUCING EXHAUST POLLUTION

On the Outer Continental Shelf (OCS), engine
exhaust pollution problems are categorized in two
ways. For general pollution all of the polluting
gases, such as carbon monoxide (CO), sulphur
dioxide (SO, ) and nitrogen oxide (NQ, ), emanating
from all sources are considered for purposes of
complying with the California Clean Air Act of
September 1988. The Act requires that offending
companies use Reasonably Available Control
Technology (RACT) to reduce these pollutants to
acceptable levels. These RACT technologies, by
definition, are available for application usually from
the manufacturers of emitting devices.

The second pollution problem, NQ,, as a precursor
to ozone, is acute, and current RACT technologies
will not suffice for ozone reduction under the new
National Air Quality Act as it is envisioned. Leasing
will be stifled unless, through a combination of
methods (onshore and offshore), NQ,, is reduced to
permit the attainment of ozone standards. If
improved technology can be applied on the OCS to
significantly reduce NQ,, emissions, it is probable
that the largest factor constraining leasing off

Table 8.2. NQ, Central Measures Currently Used.

southern California will be removed. Figure 8.6
shows the various sources of NO,, and the severity
of pollution estimated for the Santa Ynez Unit
Project. Figure 8.7 shows the Point Arguello field
project for the year 1988. Depending upon the kind
of offshore operations, the specific types of sources
will vary, and an effective control program will have
to take them into account. In general, the most
important sources are production platform gas
turbines, crew and supply boat main (diesel) engines,
and exploratory drilling rig diesel engines.

TECHNOLOGY STATUS

NQ, results both from the combustion of fuels
containing bound N, and from using air, which is
4/5,N,, as an oxidizing agent. However, by properly
controlled combustion (keeping the combustion
temperature comparatively low), and or by use of
exhaust gas treatment, levels of NO,, can be held to
a minimum. Table 8.2 summarizes the NQ, control
measures that are currently used.

CONCLUSION

These control measures, to varying extents, can
reduce NQ, levels appreciably. But as exemplified
by pollution control levels required for automobiles,
environmental demands are ever-increasing and
improvements in controls are a continuing
requirement. So, too, on the OCS is the need for
improvements in exhaust control technology to cope
with the ever-increasing power requirements and
attendant air pollution.

NQ, Control Technology

Source Applicability

1. Use of Natural Gas as Fuel
Heaters and Boilers Onshore

Water/Steam Injection
Low NQ, Burners
Use of California Certified Engines

AR T

Precombustion Chamber Design
Two Stroke Engines

o

Injection Timing Retard

7. Turbocharging and Aftercooling

Platform Gas Turbines

Platform Gas Turbines
Heaters and Boilers Onshore
Main Diesel Engines (High-Speed)

Stationary, Natural Gas, Spark-Ignited

Diesel Engines (Crew and Supply Boats)
Dicsel Engines (Crew and Supply Boats)
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in engineering physics from the University of
California.

EMISSIONS IN TONS

60 -
50
40
30 -
20 -
10 -
— —
o i v [ : T V ’
SUPPLY CREW TANKERS PLATFORM PLATFORM OTHER
BOATS BOATS CRANES FIRED PLATFORM
HEATERS EQUIPMENT
B oieseL ENGINES [ HeaTERS/BOILERS W OTHER

Figure 8.6. Sources of NQO, and severity of pollution estimated for Santa Ynez Unit Project.
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ADVANCES IN TELEMETRY,
TAGGING, AND TRACKING
OF ENDANGERED SPECIES:
SESSION INTRODUCTION

Dr. Robert M. Avent
and
Mr. Patrick Mangan
Minerals Management Service
Gulf of Mexico OCS Region

INTRODUCTION

The Minerals Management Service (MMS) has the
responsibility for the leasing, minerals exploration,
and development of submerged Federal lands on the
U.S. Outer Continental Shelf.

The Endangered Species ACT (ESA) of 1973, as
amended, calls for the conservation of animal and
plant species determined to be endangered or
threatened. The ESA requires Federal actions
(including those of the MMS) to avoid jeopardizing
listed species or critical habitats. It also requires
interagency consultation on the potential effects of
proposed actions on protected species. The Marine
Mammal Protection Act (MMPA) of 1972, as
amended, specifically protects marine mammals,
whether listed by the ESA or not.

Five species of sea turtles have been recorded in the
Gulf: the endangered green, leatherback, and
hawksbill turtles; the threatened loggerhead; and the
highly endangered Kemp’s ridley. Mysticete whales
seem to be comparatively rare, but odontocetes are
represented by a remarkable diversity of species
including the endangered sperm whale.

In response to the ESA and MMPA, the MMS
Environmental Studies Program has funded
protected species studies in the Gulf of Mexico,
mostly aerial overflight population characterizations.
Two protected species workshops have been funded
and convened as well.

As a result of the research priorities for cetaceans
and marine turtles suggested at the 1989 workshop,
MMS began to consider supporting studies involving
radio and acoustic telemetry. The Information
Transfer Mecting provided an opportunity to
convene manufacturers and researchers who design
and use this equipment to present the state-of-the-
art technology. In the morning session speakers
discussed the application of radio, satellite, and
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acoustic telemetry to determine the behavior and
movements of great whales and marine turtles. In
the afternoon, manufacturers and service
representatives presented future prospects in
equipment improvement, and existing limitations in
satellite, acoustic and radio hardware. The
afternoon session finished with a critique of the
design and implementation of an MMS-sponsored
study on marine turtles.

Dr. Robert M. Avent received the M.S. and Ph.D.
degrees in biological oceanography from Florida
State University in 1970 and 1973, respectively. He
has pursued investigations on the biological effects
of hydrostatic pressure, shelf physiography, animal
zonation, and reef morphology. He has worked in
academia, the consulting industry, and state and
federal agencies. Coming to the Environmental
Studies Section of the Minerals Management Service
in 1981, he has coordinated studies of shelf and
decp-sea ecology, protected species, and effects of
petroleum contamination.

Mr. Patrick Mangan served until December 1990 as
the staff specialist for marine mammals and
endangered species in the Environmental
Assessment Section of the Minerals Management
Service, Gulf of Mexico Region. He has also
worked for the U.S. Government conducting
fisheries and wildlife research in Florida, Colorado,
Utah, Minnesota, and the Republic of Kenya. He
specialized in freshwater invertebrate ecology and
fisheries at the University of Wisconsin.

THE APPLICATION OF SONIC,
RADIO, AND SATELLITE
TELEMETRY FOR STUDYING
THE ECOLOGY OF JUVENILE
KEMP’S RIDLEY SEA TURTLES

Dr. Edward A. Standora
State University College at Buffalo
and
Mr. Stephen J. Morreale
Okeanos Ocean Research Foundation

For the past several years we have been using
bictelemetry to study the activities of juvenile
Kemp’s ridley sea turtles in the waters surrounding
Long Island, New York (Morreale and Standora
1990). Kemp’s ridleys first enter the area during
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June, do most of their growing during August and
September, and leave the region by early November
when water temperatures begin a sharp decline
(Burke 1990; Burke ef al. in press). Telemetry has
made it possible for us to study not only the animals’
short term movements within the estuaries of Long
Island, but also the long-term movements as the
turtles emigrate from the region. In addition to
tracking, by employing various telemetric techniques
we also have been able to monitor specific ecological
interactions and behavioral activities of these turtles.
Each summer we have tracked up to 10 individual
turtles outfitted with telemetry devices, sometimes
simultaneously tracking as many as five animals.

We applied radio, sonic, and most recently, satellite
transmitters to monitor the turtles’ behavior. Recent
advances in miniaturization of electronic components
and advances in battery chemistry have resulted in
smaller and lighter packages with high output signals
and extended lives. Perhaps the only application of
biological telemetry that has not progressed during
the last two decades is in the application of
multichannel telemetry; i.c., the monitoring of
several physiological or physical parameters from a
single device attached to a freely-swimming animal
(Standora and Nelson 1977; Standora et al. 1982).

The radio transmitters we use operate at a frequency
of 164 mHz, weigh approximately 40 grams, and
have a life span of four months. These units have
a range of 11 km with our boat mounted, 11-element
yagi antenna, and a range of 20 km with dual
antennas mounted on an aircraft. These transmitters
contain no sensors but simply act as locational
beacons. Because of the high ionic concentration of
sea water, transmissions can only be monitored when
the antenna breaks the surface of the water. The
radio transmitters are usually attached to the turtle
by means of a short tether with a breakaway link to
ensurc the turtle’s survival in the event of
entanglement. The transmitting package is made
positively buoyant by the addition of external
flotation and trails behind the turtle as it swims.
Although the unit contains no diving sensor, it is
possible to study surface and submergence times by
recording periods of signal acquisition and loss.
Tether length is critical to the interpretation of such
data, as a turtle may be swimming fully submerged
although the antenna is exposed.

Since much of the turtles’ time is spent below the
surface, the additional use of sonic transmitters has
enabled us to monitor a much broader range of
activities. All sonic transmitters provide precise
location and some are equipped with additional

sensors for measuring temperature or pressure. The
transmitters emit a brief acoustic pulse at
approximately 30 kHz and have an interpulse period
proportional to the variable being measured; e.g.,
faster pulse rate as the temperature increases or as
the turtle swims deeper. Although sonic transmitters
require more power than a traditional radio
transmitter and have a shorter range (often less than
2 km depending on ambient noise level) they are
extremely valuable because they permit constant
monitoring when the animal is at or below the
surface. These transmitters also have allowed us to
conduct detailed analyses of diving behavior by
plotting second-by-second descent and ascent rates.
By combining our dive profiles with simultaneous
fathometer tracing, we can correlate specific diving
behaviors with respect to available water depths.
Other physical characteristics of the water column
were also monitored at 1-m intervals to correlate
these with the turtles’ diving behavior. A very
important benefit to the use of sonic transmitters is
the increased capabilities to locate and recapture
study animals. By using submersible acoustic
receivers the free-swimming turtles are recaptured
at intervals of greater than 14 days for growth rate
measurements (Standora et al. 1989) and fecal
sarples are obtained for diet analysis (Burke et al.
in press).

Turtles are tracked primarily from a 43-foot research
vessel that allows us to monitor the turtles’ behavior
throughout New York waters from July through
October. As turtles begin emigration we have
followed them for as far as 23 km into the open
occan. Because of inclement late fall weather
conditions in the North Atlantic, we have been
unable to extend such tracks. It was not until this
autumn that satellite transmitters were available in
a size suitable for application to the juvenile size
class of Kemp’s ridleys we encounter in New York.
Because these models were experimental, we tested
two configurations: a 300-gram unit (90 g in water)
that was mounted as a backpack, and a 240-gram
towable model that, with flotation, had a positive
buoyancy of 75 grams. Two techniques were used
to conserve battery power in these units. First, the
transmitters had a duty cycle in which the
transmitting circuitry operated for only eight hours
per day. Second, by the use of saltwater switches,
the unit’s transmitting circuitry was turned off
whenever the transmitter was submerged. With a
quiescent current drain of 3 milli Amperes per day
(mA/d), an active power consumption of 1.2 milli
Amperes per hour (mA/h), and a 1,000 mA/h
power supply this unit has a calculated life of 79
days. Actual transmitter life, however, may be



longer depending on the turtle’s surfacing behavior
during the active phase of the duty cycle. Extended
periods of submergence will considerably increase
transmitter life (Figure 9.1).

For the satellite to receive a transmission, three
things must occur simultaneously: (1) the satellite
must be orbiting over the proper location; (2) the
transmitter must be in the operational window of its
duty cycle; (3) the turtle must be at the surface. To
determine the appropriate cycle for transmitter
activities, we applied our prior knowledge of the
turtles’ diel diving cycle to increase the probability
of reception. With our turtle swimming near 40°
north latitude we received three contacts per day for
26% of the days tracked (Figure 9.2). The accuracy
of the computed location depends on the quality of
the signal received by the satellite and the duration
of contact. Location classes are assigned to the
computed position, with location Class 3 being the
most accurate (within 150 m) and location Class 0
requiring that the quality of results be determined
by the user. Approximately half of our receptions
were assigned to location Class 0 (Figure 9.3).
Groundtruth verification of these positions from our
tracking vessel showed the mean error in longitude
to be 12.6 km, and for latitude 7.9 km., which may
be acceptable for determining global scale
migrations. In the process of groundtruthing, we
also noted a more serious problem when on
numerous occasions the turtle was observed
swimming at the surface but the saltwater switch on
the backpack model was indicating submergence.
Without on-site verification totally erroneous
conclusions would have been made concerning the
diving behavior of this animal.

In summary, sonic transmitters have the advantage
of continuous data transmission with instantaneous
sensor data. These units also provide precise
locations of submerged animals and are moderately
priced; €.g., $550 for depth sensing units. The range
of sonic transmitters can be greatly influenced by sea
state, thermoclines, and adventitious sounds
generated by the biota. Transmitter life for a
145-gram sonic unit with a pressure transducer
ranges from four to eight months depending on
depth. Radio transmitters are less expensive at
approximately $250, are light (40 grams), have
excellent range, and last for four months.
Disadvantages include difficulty of tracking animals
that spend long periods of time submerged, and the
necessity of having experienced personnel to
effectively and reliably determine positions. Satellite
transmitters have the advantage of global coverage
and ease of tracking, as only a computer with a
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modem is required. These transmitters are not as
well suited, however, for smaller scale movements
and precise behavioral observations. The initial cost
of these transmitters is high ($3,000-3,500) as is the
cost of satellite time (approximately $4,000 per year
under the Global Agreement per transmitter). This
must be balanced, however, against the cost of
supporting a tracking vessel and crew. Size and
reliability have been a problem with early models,
although progress is being made in both these areas.
Ore serious consideration with satellite systems is
the ease with which they can be applied and the
remoteness of the researcher from the animal.
Interpretation of data appearing on a terminal
screen, where real time interactions of biotic and
abiotic factors are usually lacking, is often much
different than interpretations based on direct
observation in the field.

As no one telemetry system is best for all
applications, we suggest the use of double tagging
with different types of transmitters, thus combining
the advantages of each system. Two important
factors contributing to the success of any telemetry
project are the field experience of the researchers
and the use of an appropriate tracking vessel. It is
important that we do not become fixated on
technology by using more than is required to obtain
the necessary data. Sophisticated instrumentation
should not be viewed as an end unto itself, but
instead as a tool to achieve desired research goals.
It is vital that a project has clearly defined testable
hypotheses and is based on sound experimental
design. Such an approach allows us to collect a
sufficient data base, which is essential for proper
management of a living resource.
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Figure 9.1.

Expected life of the satellite transmitter described in
the text (fine line with square symbols). (Solid line
with triangles shows longer life which is possible if
the turtle would remain submerged for 25% of the
operational time.)

Figure 9.2.

Number of receptions by the satellite per day. (Data
are combined for turtles equipped with backpack and
towable model satellite transmitters.)

Figure 9.3.

Frequency of calculated locations categorized into the
four accuracy classes. (Data obtained from satellite
transmitters attached to juvenile Kemp’s ridley turtles.
Many of the class 0 positions were verified by on-
site observations aboard our research vessel.)
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STATE OF THE ART
SEA TURTLE TRACKING

Mr. John A. Keinath
Virginia Institute of Marine Science
College of William and Mary

TELEMETRY SYSTEMS

Knowledge of movements, behavior, and physiology
of free-ranging sea turtles is fundamental to
understanding their life histories and for formulating
appropriate conservation plans. The recent advances
in electronic technology have allowed sea turtle
researchers to use telemetry to monitor free-ranging
sea turtles remotely (Table 9.1).

Three types of systems are currently used on sea
turtles: radio, sonic, and satellite telemetry. Radio
telemetry utilizes VHF radio frequencies transmitted
through air to the receiver, while sonic telemetry
uses sound waves to transmit information through
water.  Satellite telemetry uses UHF radio
frequencies to transmit information to satellites,
which transmit it in turn to ground stations.

Sea turtles can be tracked at distances up to 30 km
with radio telemetry and this method requires the
least investment in equipment. Further, because
VHF radio waves do not travel through sea water
and signals are received only when the transmitter
is at the surface, the amount of time the turtle
spends at the surface can be measured. The
distance a transmitter can be detected is dependent
on many factors; e.g., weather conditions, transmitter
power, receiver sensitivity, and height and types of
antennas used on the transmitter and receiver, but
ranges are typically 5-15 km. Because of the small
energy requirements of radio transmitters, duration
of experiments can be up to 6 months. Minimal
recciving equipment (receiver and yagi antenna)
costs $2,000, with additional costs for more
sophisticated equipment; e.g., improved antennas,
microprocessors. Transmitters can be purchased
for $100-200 each. Additional housing costs depend
on the turtle’s contemplated maximum dive depth.
Although tracking of turtles from land (Keinath
1986) and airplanes (Byles 1988) has been
attempted, a support vessel is usually needed to stay
in contact with the turtles for continuous monitoring
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Table 9.1. Sclected References of Studies Relevant to Sea Turtle Telemetry.

SPECIES RADIO SONIC

SATELLITE

REFERENCE

Chelonia mydas
green turtle

bl oo le]

EOT i

Lepidochelys kempi
Kemp’s ridley turtle

Caretta caretta
loggerhead turtle

K XK X X XK M K
Pl e

Dermochelys coriacea
leatherback turtle

>
>

Baldwin 1972

Carr 1967, 1972

Dizon and Balazs 1982
Heath and McGinnis 1980
Ireland 1979

Ireland ef al. 1978
Mendonca 1983

Standora et al. 1982

Byles 1988

X Byles 1989
Mendonca and Pritchard 1986
Timko and DeBlanc 1981

Byles 1988

Byles and Dodd 1989

Keinath 1986

Keinath ef al. 1989

Kemmerer et al. 1983

Murphy 1979

Murphy and Hopkins 1981

Soma and Ichihara 1977

X Stoneburner 1982
Stoneburner et al. 1982
Timko and DeBlanc 1981

X Timko and Kolz 1982

>

Duron-Dufrenne 1978
X Duron-Dufrenne 1987

Keinath 1986

Standora et al. 1984

over long periods of time, and thus adds to the cost
of a project. Unless the turtles are known to be
sedentary, around the clock monitoring is necessary
to keep in contact with the turtle, requiring
additional personnel (Kenward 1987 for a discussion
of many practical aspects of radio telemetry).

The range of sonic telemetry is usually less than
radio telemetry, but sonic telemetry allows
continuous monitoring of the turtle. Except for
unusual circumstances, the best reception range of
sonic telemetry is 2 km. But the range is heavily
dependent on power of equipment, physical
characteristics of the water and bottom (e.g.,
presence of thermocline, shape and type of bottom),

and ambient noise. Because of the large amount of
energy needed to run all but the simplest sonic
transmitters, battery life is usually less than 1 month.
Sonic telemetry requires a larger initial investment
than radio telemetry; good sonic receivers cost in
excess of $7,000, and transmitters are more than
$200. Although data from radio telemetry are often
limited to location and surface times, sonic
transmitters can be monitored continuously and
other parameters can be obtained; e.g., temperature
and depth. They are measured by varying either the
pulse width or the duration between pulses, and
equipment is needed to electronically time the
signals. Since the receiving range is limited to 2 km,
a support vessel is required, thereby increasing cost.



Because of the limited range it is very easy to "lose”
a signal. Since VHF radio waves are receivable at
"line of sight" distances, researchers usually use both
sonic and radio transmitters on a turtle; sonic to
obtain specific data, and radio to measure surface
durations and to act as a backup location system if
the sonic range is exceeded.

Satellite telemetry uses UHF transmitters that
transmit signals to a satellite, which in turn relays
them to an earth station. The costs of satellite
telemetry are three-fold: Transmitters ($3,500),
satellite time ($4,000/year, government rate), and
data reception costs ($200/month). The ARGOS
satellite telemetry system utilizes National Oceanic
and Atmospheric Administration (NOAA) Tiros
satellites to calculate transmitter location by doppler
shift of the transmitter’s radio frequency (Kenward
1987), and also allows transmission of digital data
collected by transmitter sensors. Data collected by
on-board sensors have included water temperature
and precise diving/surfacing data (Byles 1989; Byles
and Dodd 1989; Keinath ef al. 1989), and a depth
sensitive prototype will soon be available (Byles and
Keinath in press). A salt water switch was used to
determine dive parameters, and the switch also
served to turn off the transmitter while underwater
(UHF radiowaves do not travel through seawater)
to extend the battery life to over a year of operation.
Data are transmitted from satellites to ground
stations, and processed and disseminated by ARGOS
(Byles and Keinath in press). Data can be accessed
via computer and modem, and back up diskettes or
print-outs of monthly data can be purchased from
ARGOS. Location parameters sent by the
transmitter, day and time of reception, and
probability of location accuracy are among data
received. In contrast to radio and sonic telemetry,
which can provide continuous data, the ARGOS
system provides only a limited number of daily fixes,
depending on latitude (Kenward 1987). Since Tiros
satellites are polar orbiting, more fixes are possible
at higher latitudes (up to 15 per day) than at the
equator (up to seven per day), and since the
transmitter is below the surface most of the time,
probability of receiving a location is decreased
further. Usually two fixes per day have been
received from loggerhead turtles tracked off the east
coast of the United States (Keinath pers. obs.).

The advantage of radio telemetry is the relatively
small investment in equipment, but the limited types
of data and costs of support vessels and personnel
make radio telemetry expensive for long-term
studies. The addition of sonic capabilities requires
extra costs for equipment, but the added data
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gathered may be worthwhile. Further, both systems
provide continuous data as opposed to the limited
number of data points per day from satellite
telemetry. But satellite telemetry economically
provides data over a much longer period. A satellite
track of a sea turtle over a one-year period currently
costs about $10,000, while costs for a ship capable of
following a free ranging sea turtle for one year
would be $730,000 at $2,000/day (Byles and Keinath
in press).

OTHER CONSIDERATIONS

Two general methods have been used to attach
transmitters to sea turtles, trailing floats and
backpacks. Trailing equipment is buoyant and is
attached to the turtle by a line or cable. Backpack
style equipment is usually negatively buoyant and is
attached directly to the turtle’s carapace.

A primary consideration in attaching any instrument
to a turtle is the effect upon the animal.
Stoneburner’s (1982) satellite transmitter units were
floating discs 38 cm thick and 76 c¢m in diameter
attached to the turtle by a 33-m cable. These large
units (as large as the turtle) likely altered the
animal’s normal behavior. The effects of the
attached instrument should be minimal if results are
to be representative of the wild animal. The
maximum limit of buoyancy or (submerged) weight
of transmitters should be less than 10% of the body
weight of the turtle, although a limit of 5% is more
desireable for long-term (i.e., satellite) studies (Byles
and Keinath in press). If weights are kept below
those suggested, size and shape of the transmitters
become more important than weight. Low
hydrodynamic profiles and small sizes reduce the
drag produced by the transmitter,  Trailing
transmitters should be cylindrical with round or
cone-shaped ends. For backpack style attachments,
smooth contours conforming to the shape of the
carapace are recommended (Byles and Keinath in
press).

Trailing transmitters and some backpack style
equipment have been bolted through holes drilled
through the edges of the carapace, which is possible
with all sea turtle species (e.g., Byles 1988; Standora
et al. 1984; Keinath 1986). Loggerhead turtles have
been recaptured years after being tracked, and holes
from attachments were clean and seemed to have
unaffected the turtle (Keinath pers. obs.).
Alternatively, backpack transmitters have been
attached with harnesses (Keinath unpublished) and
suction cups and silicon sealer (Keinath 1986),
although these should be considered for short-term
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studies only. Backpack transmitters have been
attached to the carapaces of hard shelled turtles with
fiberglass resins, producing a hydrodynamic shape
that presents a low profile for reduced drag and low
probability of entanglement in debris or nets.

Two opposing intentions affect attachment design;
the need for the transmitter to be attached for the
duration of the study and the desire for the
transmitter to eventually break free.  With
equipment attached by lanyards or harnesses, a
corrodible link is placed in a strategic location.
Magnesium corrodible links are available for
short-term (up to 1 week) studies. Ferrous bolts,
which corrode in relation to thickness, can be used
in longer studies. Turtles that have been at large
for 1 year have shed iron bolts of 6 mm.
Transmitters attached with resin eventually separate
from the scutes over time (over 8 months, Renaud
et al. in Byles and Keinath in press).

Cryptic colors should be used on transmitters and
attachment hardware to prevent predator attraction.
Shark tooth fragments were removed from a
transrnitter housing that was attached to a
leatherback with a harness (Keinath pers. obs.),
although the turtle was unharmed. It is probable the
shark was visually attracted to the red harness.

Fouling of the transmitter and associated hardware
should be a concern for long-term studies. A
transmitter that was at large for over six months
was encrusted to such an extent that it could no
longer float. Marine anti-fouling paint should be
used to prevent affecting the transmitter’s
performance and fouling (and associated drag).

Choice of a telemetry system depends on the
duration and type of data desired. Both radio and
sonic telemetry can provide continuous data on
behavior and physiology, but are labor intensive,
usually require a support vessel, and are generally
limited to less than a month of monitoring, Satellite
telemetry provides limited daily data, but for
durations over a year. Generally, radio and sonic
telemetry provide fine scale data for small time
periods and geographic ranges, while satellite
telemetry supplies coarse grain data over large
periods of time and geographic ranges.
Consideration should be given to size, shape, and
weight of the transmitter in relation to the turtle,
and type and duration of attachment. The desired
result of telemetry is gathering data that represent
the typical wild animal, and minimization of the
effects of the attachment and presence of the
transmitter should be a major objective.
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ASSESSING CRITICAL HABITATS
OF WHALES BY SATELLITE
TRACKING

Dr. Bruce R. Mate
Oregon State University
Hatfield Marine Science Center

INTRODUCTION

Because whales spend so much time underwater
and it is hard to identify specific individuals from a
distance, the movements, diving habits and behaviors
of most species are poorly understood.

Conventional vessel and aerial survey techniques are
good for describing the general seasonal abundance
and distribution of some species within the limits of
their sampling regime. However, at best, most
surveys offer only short segments of behavioral
observation and a series of static distribution data.
Marvelous findings have come from more detailed
observations, including the linkage of known
individuals between various parts of the species’
range and important reproductive parameters like
the female calving interval, weaning and some calf
mortality data.

CONVENTIONAL RADIO TAGS

Often what is desired is a more complete
understanding of how whales live: how and where
they find food, sleep, migrate, mate, and calve.
Some questions like frequency and duration of dives
can be addressed for short periods of time by direct
observation.

With adequate vessel and crew for continuous
monitoring, conventional short-range radio tags can
be very effective for periods of several days or weeks
but are limited to the number of animals that can
be monitored at one time due to the short range
(3-20 miles) of such tags. The cost of ships and
aircraft to relocate tagged whales is often the
limiting factor in collecting data from whales tagged
with conventional radio tags. However, Watkins and
his collaborators have successfully tracked several
pelagic species by ship for periods of several weeks
that have included significant movements over
distances of hundreds of miles.

In 1979, Minerals Management Service (MMS)
funded the use of a surface-mounted VHF radio tag
to track a gray whale approximately 6,680 km from
Mexico to Alaska during a 94-day period (Mate et
al. 1983). This is the longest distance and longest
period of time for tracking a cetacean using
conventional radio telemetry, and because this
species migrates nearshore, cost-effective monitoring
from shore could be accomplished. One such VHF
tag stayed attached for 27 months.

SATELLITE-MONITORED RADIO TAGS

In contrast to the logistics and labor of conventional
telemetry, satellite-monitored radio tags are more
expensive to purchase initially but can be monitored
for less than $12/day. Satellite-monitored radio tags
ar¢ becoming smaller and less expensive. Simple
tags costing $4,000 each last year will probably cost
$2,000 by 1992. The ARGOS system currently
provides the only service available for civilian use to
locate specialized transmitters by satellite. ARGOS
determines suitably accurate locations daily from
transmitters anywhere in the world when enough
messages are received during satellite passages
overhead (up to 16 minutes). The satellite coverage
is better near the poles (28 times/day at latitudes >
75°) than the equator (7 times/day). ARGOS can
also collect sensor data that can be helpful in
evaluating whale behaviors and the whale’s
environment.

In 1983, Mate (1985) obtained 10 locations from a
humpback whale via a Telonics-built ARGOS
transmitter over a 6-day track of 700 km. The
animal demonstrated a distinct preference for a
convergence area between the Gulf and Labrador
Currents, where other humpbacks were known to be
feeding. Although the equipment was state-of-the-
art, it was large and the attachments were
inadequate.

By 1985, transmitters in tethered floats were used to
track manatees for 100 days (Mate et al. 1988) and
have since been used for periods up to 10 months on
this species.

In 1987, a pilot whale was tracked with an ARGOS
transmitter for 7,600 km and 95 days (Mate 1989),
providing important insights into the animal’s deep
diving habits at night and unusual surface resting
paiterns at sunrise on a 4-7 day cycle. This is
currently the longest distance and duration for
tracking a cetacean by satellite or any other form of
radio tracking,



In 1989, an adult male North Atlantic right whale
was tracked via ARGOS for 1,600+ km during 22
days. It visited every known right whale habitat for
that season in just 10 days. Another dramatic
discovery was the routine deep diving to the bottom
by a species that has been described primarily as a
"surface skim feeder.” In 1990, 9 right whales were
tagged and several moved 3,000-4,000 km in just 6
weeks. Previously unknown habitats included deep
water 400+ km from shore and use of the warm
Gulf Stream. Wide-ranging distributions were
documented.

These studies reinforce the notion that new
techniques really do provide new perspectives and
that even relatively short duration experiments can
change fundamental "understandings" for such poorly
known species. These dramatic results included
(1) confirmation of male mobility throughout the
known breeding range, strongly suggesting the
population is a single stock (reproductive unit);
(2) demonstration of the animal’s use of the entire
water column to depths of 300 m; (3) amazing
mobility between areas of known concentration
(even for females with calves); (4) use of distant and
deep offshore regions, which use affirms open water
navigational skills (as opposed to nearshore
limitations); and (5) on preliminary analysis, a
considerable variation between individuals in diving
habits.

I believe this technique will be increasingly effective
in identifying critical habitats, migration paths and
whale behavior as the technology continues to
produce smaller, more efficient, sensor-capable, and
cost-cffective transmitters. Attachments appear to
be a limiting factor for the size tags currently in use,
but there are encouraging developments for smaller
tags and more effective attachments. Tags that can
be fully implanted (except for the antenna) are not
far away and should stay attached longer. The
effectiveness of bio-compatible materials is being
examined and deserves more attention. It is
probably more important to place a high priority on
reliable longer-term tracking for basic distribution
data than on the incorporation of exotic sensors at
this time. However, the use of even simple sensors
adds an enormous amount of information to
interpret whale behaviors, movements, and
navigation/foraging strategies. For certain types of
physiological and behavioral information, even short-
term satellite-monitored tags with sophisticated
sensors may be the most appropriate method to
"characterize” diving, acoustic, and foraging habits.
In the future, satellite-monitored radio tags should
provide us with an understanding of why whales
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select specific habitats and what aspects of those
habitats make them "critical.”
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ECOLOGICAL STUDIES ON
LARGE WHALES USING
TELEMETRY

Mr. Jeffrey D. Goodyear
Department of Zoology
University of Guelph

INTRODUCTION

The use of telemetry in studies of whales has the
potential to provide data and facilitate the
acquisition of detailed information on the
distributions, stock identification, movements,
behaviors, habitats, and ecological requirements of
these animals. Telemetry is a broad term that
covers many different techniques, each of which has
its own unique suite of applications and advantages.
The application of each specific telemetry method
must be appropriately matched with the scope,
desired resolution, and proposed goals of the study.

Similarly, each telemetry method must be matched
with the appropriate associated information or
techniques. There is a mutual dependency and
ultimately, a synergy, between the telemetry and the
associated data. Knowledge that this mutual
dependency exists is critical to the success of
environmental impact studies. In the context of
environmental impact studies, the question of "why"
animals spend time in certain areas, or why they
behave in certain ways must be answered. When
properly matched with the study goals and when
properly applied, telemetry and associated data
collection can approach these types of questions.

In this presentation, I will describe some of the
telemetry systems that I have designed or worked
with, and how I have applied them in studies of large
whales.

DESCRIPTION AND USE
OF TELEMETRY SYSTEMS

Remora Tag

In 1980 I participated in a study on the problem of
large whales becoming entangled in fishing gear in
Newfoundland. A method was needed with which
to monitor large whales for several days after their
release from entanglement. For this, "remora"
suction-attached VHF tags were used (Goodyear
1981). Remora tags are minimally invasive,
recoverable at sea, reusable, inexpensive, and
deployable from a crossbow. They are constructed

of a hollow aluminum tube, which serves as the
pressure housing and flotation, a VHF telemetry
transmitter, lithium battery, a 1/4 wavelength whip
antenna, and a roof-rack suction cup.

The application of these tags on whales in
Newfoundland allowed me to learn a great deal
about diel movement and dive patterns of
humpbacks and to develop an understanding of why
and when they were most likely to become entangled
in fishing gear.

In my M.Sc. research on humpback whale night
behavior (Goodyear 1989a), 10 humpbacks were
tagged and followed throughout 24-hour periods
from a small motorboat. The use of telemetry made
it possible to follow and identify individual whales on
a consistent-repeatable basis and to record
movements, and surface and dive patterns of whales
throughout 24-hour periods. It also made it possible
to make close approaches to tagged whales and their
associates "at will' so associated data could be
collected there.

The remora tag is an inexpensive tool that could be
useful for tagging free-swimming whales in ecological
studies where short-term (several days) monitoring
is desired.

Capsule Tag

In 1985 I was asked to participate in a bowhead
whale study that required the use of telemetry
(Richardson 1987). Because bowheads commonly
break through the ice to breathe, it was necessary to
use a tag that penetrated completely below the skin
surface. In response, I designed the capsule tag
(Goodyear 1985). Capsule tags are stainless steel,
bullet-shaped cylinders that contain a VHF
transmitter, a lithium battery supply, and an 18-mm
diameter X 45 cm long, 1/4 wavelength whip
antenna (Figure 9.4). A variety of wildlife telemetry
VHF transmitters have been used; only Holohil
Systems, Ltd., and Telonics transmitters are
recommended. Capsule tags are deployed from a
crossbow and penetrate to a maximum of about nine
cm leaving only the antenna sticking above the skin
surface.

Before capsule tags were used in bowhead studies,
their first major application was in migration studies
of gray whales (Swartz et al. 1987). In that study,
20 gray whales were tagged and followed along the
California coast in order to identify diel migration
rates and surfacing and dive patterns. The main
tracking vessel was a 20-m motorsailor equipped
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Figure 9.4. Capsule radio tag used on right whales (Goodyear 1985).

with several multi-element Yagi-Uda antennas and
two Telonics TR2 receivers. A single engine aircraft
equipped with wing mounted antennas conducted
some of the radio monitoring. This effort relocated
tagged whales as long as 23 days after tagging,

Application of capsule tags in the bowhead studies
provided the first successful use of telemetry on that
species (Goodyear et al. 1987). At the time of the
study (1986), the most significant biological
information from the telemetry was that a tagged
bowhead was relocated 16 days after tagging, after
having moved 625 km westward from Canadian to
waters off Point Barrow, Alaska. Also significant
is that in May of this year, Alaskan Eskimo whalers
killed a bowhead whale that contained one of the
capsule tags that had been deployed in 1986.
Apparently, the tag itself and the surrounding tissue
were in good condition. This is the longest known
attachment for any telemetry device on whales.

In a four-year study on the diel activity and food
requirements of right whales in the Bay of Fundy
(Goodyear in prep.) 13 right whales were
successfully tagged with capsule tags and monitored
for up to 30 days. An 11-m sloop was the principal
tagging and tracking platform. The sloop was
equipped with tracking gear similar to that used in
the graywhale study. From the sloop, whales were
easily located from distances to over 20 km. From
cliff stations, signals from tagged whales 40 km
offshore were received easily. In the one aerial

tracking of the study, tagged right whales were
located over 60 km away.

Complimentary data that were collected while in
close proximity to tagged whales included fine scale
distribution and abundance of zooplankton by use of
nets, sonar, and remotely operated vehicles (ROV);
detailed night observation of tagged whales and their
associates using a B.F. Meyers "Dark Invader” model
3000 night vision scope and Sony CCD-V9 video
camera; and, observations of whale responses to
ships and fishing vessels.

Capsule tags were used successfully in other studies
on right whales 100 km off Massachusetts during
which similar data were obtained (SCOPEX project,
unpublished data).

VHIF capsule tags have allowed detailed tracks and
surface and dive patterns to be documented for
several near and offshore species of large whale.
There utility in studies on migration and stock
identification of whales would depend on the
geographic scale, the species, and location of the
study.

Sonic/VHF depth tags

The most basic yet most significant problem in
corducting feeding, energetics, or prey studies of
whales is the inability to determine when whales are
actually feeding. To improve the inference level that
whales do feed below the surface, knowledge of their
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depths of dives and underwater movements
contributes significantly to this question. To help
solve this problem, I developed another tag
(Goodyear 1989b), one which incorporates a sonic
and a VHF transmitter and is deployed by a
crossbow. The VHF transmitter allows for the long
distance monitoring and relocation capability. The
sonic transmitter, manufactured by VEMCO, Ltd.
(model V3P-HP), produces a pressure-induced pulse
rate-modulated 50 kHz signal that allows real-time
depth recordings to be made as frequently as once
per second. The sonic signal also allows
determination of the whale’s position relative to the
vessel and its general heading and speed underwater.
A directional hydrophone is mounted on a pole with
a compass rose and aimed at the whale to maintain
maximum signal strength.

For use on right whales in my study in the Bay of
Fundy, I wanted the tags to release after two to
three days so they could be recovered and reused.

To do this, I attached each tag to its anchor with a
magnesium link. These links corrode apart after
two to three days and release the tag. If a tag is
connected directly to its anchor it would probably
stay attached to a whale for several weeks. The tags
were also designed to float with the VHF antennas
pointing up. Once a tag was released from a whale,
it was tracked by radio or the sonic receiver and
then recovered.

Seven right whales were tagged with sonic/VHF
tags. This made possible the detailed recordings of
dive profiles (Figure 9.5) and underwater traveling
speed and direction of those whales. During close
approaches to tagged whales (facilitated by the
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Figure 9.5. Sample depth of dive record of tagged right whale in the Bay of Fundy. (Note the bottom depth
marks; whale consistently dove to near the bottora.)



telemetry) fine scale net sampling was conducted in
attempts to identify densities of their potential prey.

The sonic/VHF tags worked well in right whale
studies. It is likely that they would be appropriate
for ecological studies of other mysticetes. However,
because the sonic signal that they produce is within
the hearing range of most odontocetes, they might
not be appropriate for use on those cetaceans,

Auvailability of an alternative system for telemetering
depth of dive that avoids the problem of sonic
frequencies overlapping with odontocete hearing
ranges would be important. A VHF depth
telemetering tag would be ideal, because depth of
dive, surfacing and dive patterns, and location of
tagged whales could be obtained simultaneously and
remolely over substantial distances. The VHF
system would best be set up to record depth values
from one or a series of dive sequences, then transmit
that block of data at a subsequent surfacing,

Satellite Tags

As my research in the Bay of Fundy progressed, it
became important to know where right whales
migrated to in the winter. For many years
Dr. Bruce Mate has worked on the development of
satellite systems for marine mammals and has tested
them on several species. In 1989, he had some
success in applying satellite tags to right whales in
the Bay of Fundy (Mate and Nieukirk 1989). In
1990, [ decided to contribute and apply satellite tags
of my own design with the hope that between our
efforts, the mystery of where right whales go in the
winter and what they do there, would be dispelled.
If tags stayed on whales, my hope was to fly to the
locations provided by the satellite so direct
observations of their activities could be made.

The tag is about 16 cm (6.5 in. long), 4.6 cm (1.8 in.)
high, and weighs about 400 gm (14 oz) (Figure 9.6).
The attachment allows the tag to pivot so that direct
hits by other whales should flip the tag to the side
rather than knock it off. Each tag contains a
Telonic’s ST6 transmitter that was designed for and
registered with the Service ARGOS satellite system.
The transmitter is programmed to record, then
transmit a series of dive parameters and seawater
temperature. The tags are set up to transmit for up
to eight months. A VHF transmitter is attached to
the tag so tracking of a whale can be done from a
vessel at sea. Sea-based tracking will allow close
observation of the tag so changes in its attachment
over time can be noted and to allow associated data
to be collected.

Figure 9.6. Approximate schematic of the new
satellite tag for whales (Goodyear,
unpublished data).

Satellite data recovery tests from land and sea-based
tags were very successful. Field tests of the
attachment and housing design were planned by use
of dummy "satellite” tags which contained VHF and
sonic transmitters. Due to poor weather conditions
and a paucity of right whales these tests were passed
up. The first trial of this new system was with a
functioning satellite tag. The tagging of an adult
female right whale went very smoothly. After
tagging, monitoring of the tag’s VHF transmitter
produced strong signals which indicated that the tag
was still attached. However, no locations were
produced by satellite link.

During the tagging, the whale had been in a very
active social group. I assume that the tag was
smashed off during continued social activities.
Because of the frequent and intensive social activity
exhibited by right whales, long-term satellite tracking
of this species will require a measure of luck.
Reduction in the size of satellite transmitters and
their power requirements so tags can be made small
enough to fully implant, would solve this problem.
Through persistence, however, some tags will make
it through the biological battlefield in their present
corfiguration. Application of these tags on other
species should be less problematic. With slight
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modifications to the pressure housing, these tags
should be appropriate for use on deep diving
odontocetes, such as sperm whales. Next spring, I
plan to resume tests and tag several whales with
dummy tags. If modifications to the anchor
attachment seem necessary, the remaining satellite
tags will be modified before they are deployed.

SUMMARY

When properly matched with the study goals,
telemetry and associated data can have a synergistic
effect in contributing answers to ecological questions
and those related to environmental impact.
Telemetry is a broad term that encompasses several
specific techniques for obtaining data remotely or
for providing the opportunity to make observations
from close distances. This presentation describes
some of my experiences with specific telemetry
techniques and their use in several studies on several
species of large whale. VHF radio, sonic, and
satellite systems were used singly and in combination
with non-telemetry techniques to fit specific study
designs and goals. Appropriateness of these
techniques, how they might be applied in other
environmental studies, or how they might be
improved, is discussed.
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PASSIVE AND ACTIVE
ACOUSTIC DETECTION OF
BIOLOGICAL TARGETS

Dr. Coleman Levenson
Naval Oceanographic and
Atmospheric Research Laboratory

Techniques for acoustically detecting and counting
biological targets are many and diverse. These
include use of passive, active and hybrid arrays and
individual hydrophones in various configurations.
Marine organisms of interest such as whales and
turtles are endangered species and are usually
migratory, responding to seasonal and physiological
conditions. In addition, these organisms spend as
much as 95% of their time beneath the surface.
Utilization of passive and active acoustic detection
is therefore an important method in determining
temporal and spatial distribution of these biological
targets and is considered with emphasis on marine
mammals. Knowledge of the effect of environment
and physical parameters affecting sound propagation
and thereby detection is necessary and is briefly
reviewed. Analysis techniques are discussed along
withl a general overview of past, present and possible
future directions of research to minimize effects of
offshore activities to endangered species.

Y

Dr. Coleman Levenson is a senior research scientist
with the environmental acoustics group at the Naval
Oceanographic and Atmospheric Research
Laboratory. He conducts research on acoustic
characteristics, distribution and population dynamics
of marine organisms that produce and reflect sound.
These include long-term studies of both mysticete
and odontocete cetaceans conducted from research
ships, aircraft and oceanographic towers.

PROGRESS IN THE USE OF
ACOUSTIC TAGS IN THE
TRACKING OF MARINE FISH

Mr. William T. Whelan
Ocean Communication Systems

In response to a U.S. Fish and Wildlife Service
request, efforts were made to investigate the possible
reason(s) for continuing unsatisfactory results in
their attempts to track the Gulf Sturgeon (Acipenser
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axyrhynchus desotoi) in the marine environment of
Apalachicola Bay, Florida, and the adjacent Gulf of
Mexico. Several acoustic tag systems had been used
in the estuarine and bay environments with
unacceptably small acquisition ranges and little or no
effective track lengths. This poor performance
frustrated attempts to locate the position of the
tagged fish by triangulation.

Theoretical and experimental investigatory field tests
were undertaken at Panama City, Florida. The
latter were made in the biogenically noisy
environment of St. Andrews Bay. These studies
identified several significant system design flaws and
hardware deficiencies that accounted for the
observed poor performance. An improved tag
design was implemented that used more effective,
lower duty cycle means for encoding of individual
tags. This increased code efficiency reduced the
battery load. When combined with a simpler, higher
efficiency transmitter/transducer combination, the
acoustic output from the tag was increased about
four-fold for the same battery energy demand. Such
an improvement was trivial, in view of the system
performance deficit. At least an additional two or
three orders of magnitude of system power gain
were required for adequate fish tracking
performance. This had been deduced from the use
of a basic propagation model on a proposed design
requirement to establish the minimum acquisition
ranges of 1 to 2 miles.

The most significant change made in the attempt to
achieve not less than 25 dB (over 300-fold) system
improvement was the introduction of a new acoustic
receiver designed for operation in the measured
environment found in the noisy waters of the local
bay. Unfortunately, the most significant possible
system improvement could not be implemented. As
a result, the work reported here is seriously
incomplete and the most significant part of the
improvement program is yet to be accomplished.

The results of the short-term improvement program
were gratifying, however. The reliable working
radius of acquisition for tagged sturgeon was
increased to somewhat over two nautical miles. This
represented a 60-fold improvement in working range
over the average results obtained previously. It also
resulted in acquisition of the first meaningful tracks,
which displayed fish behavior. These were gratifying
following several years of minimum results.

Perhaps, most significantly, the model used to
predict performance of the system closely described
the actual field data that were obtained and that
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were correctly predicted the improvements that were
realized. Because of this, the propagation model is
considered to be quite trustworthy.

Projections based on the system model are especially
encouraging. These predict that, when the correct
acoustic frequency band is used instead of that
currently used, the tag acquisition range should
extend to 10 or 20 miles. The tagged fish acquisition
area increases as the square of the reception range.
Thus, an increase in acquisition range, if it can be
purchased without an increase in tag power (which
will, also, normally increase as the square of the
reception range, unless something drastic is
invoked), is probably the most significant of system
performance parameters.

Extension of the acquisition range to 2 miles, as
reported here, provided a bay and estuary survey
area of approximately 20,000 acres. Other than the
replacement of the system receiver and a tag
efficiency improvement, the cost of the necessary
changes to provide the 2-mile range capability was
minimal.

The model study results, which predict the 10 to 20
mile radius of acquisition, reflect a significant
projection of the system’s capability and applicability
for marine fish finding and tracking. By increasing
the survey area to approximately 270,000 acres for
a 10-mile radius and 1,000,000 acres for a 20-mile
radius, the applicability of the system to open Gulf
searches becomes a reasonable proposition. The
required re-engineering of the system in order to
accomplish this greater operating range is, not
surprisingly, a more significant task than that which
has been accomplished thus far.

The predicted availability of the 10- to 20-mile
acquisition range is based entirely upon making
significant reductions in the "dB per kilometer"
absorption coefficient by changes in the operating
frequency. This is the "drastic change" referenced
above. Such reduction permits a reappointment of
the system’s available gain between the geometric
diffusion loss and the reduced absorption losses.
This reduction produces the substantial increase in
the range of acquisition.

Operation at greater ranges in the unsheltered Gulf
environment and in the deeper and thermally more
complex water column will bring more complex
propagation. There will also be more noise with
which to contend because of the increased wind
noise from stronger surface winds and the resulting
larger waves that result. The inevitable vagaries of

underwater acoustic propagation in the more
complex thermal structure will cause greater
variability in the results achieved. Despite this
inevitable price that Gulf operations will exact, the
improved performance threshold would be a
significant step forward in this difficult area of fish
study.

Mr. William T. Whelan is the owner and founder of
Ocean Communication Systems of Panama City,
Florida. The company manufactures data systems
for free dragging ocean buoys. He has been
instrumental in developing telemetry equipment for
the marking of Gulf Sturgeon in the Florida
Panhandle. Mr. Whelan has directed civilian and
military electronic programs since 1942,

ACOUSTIC TRACKING
TECHNOLOGY

Mr. Don Brumbaugh
Sonotronics, Inc.

When unobstructed, sound radiates spherically in
water, its strength diminishing by 50% or 6 dB each
time the range doubles. Range is also affected by
the frequency of the signal, background noise,
dissolved salts, temperature, and pressure.
Absorption loss is directly related to frequency and
inversely related to water temperature. Under
normal ocean conditions, at 75 kHz this loss is about
20 dB or 90% per kilometer. At 30 kHz, this loss
is about 10 dB per km. Operating at lower
frequencies, while desirable in the ocean, means
large transducers for efficient operation. The
maximum efficiency of a radiator occurs at
mechanical resonance. This, of course, means larger
diameter tags. Operating small rings at frequencies
below resonance is done but at a sacrifice in
efficiency. The net result is shorter lifetime or
reduced range for a given package size.

Background noise is produced by increasing sea
state, aquatic noise makers like snapping shrimp, and
hydrophone motion. In thermally stratified water,
warmer surface waters refract the acoustic signal
toward the bottom. A tag below the thermocline
can generally be received only directly overhead.
The resultant reduction in effective range is
predictable, but requires exact knowledge of the
thermal profile and the depth of the tag.



The effective range of a tag can be predicted if tag
frequency and power are known. Our 18-mm
diameter x 100-mm tag has been consistently
detected at 4 km in the Bering Straits through 8 m
of ice cover, range measured by Loran. In the well-
mixed Gulf of Mexico near-coastal waters the same
tag has only 1,000-m range. We feel this is due to
suspended particulate matter or micro air bubbles.
This tag operates at 75 kHz and, for certain, would
have better range under all conditions if it operated
at a lower frequency at the same power.

Animal size determines tag size, which in turn,
determines range and tag life. If one were only
tracking very large animals, you could operate with
very large tags and not be particular about size and
weight. But if you are attempting to track a 20-in.
red snapper then you are very aware of the trade
offs. Ultra small tags have a life of about 20 days
and range to 500 m in sea water. Tags 18 mm
diameter x 100 mm have a 3-km range and 2-year
life; however, shortening this tag to 75 mm reduces
the life to about 300 days with the same range
performance. Acoustic tags can also be designed to
provide depth, individual coding and hyperbolic
location capabilities. Real-time depth tags are small,
very accurate and inexpensive. Coded tags can
individually identify large numbers of fish on the
same frequency. The use of the same frequency
speeds data retrieval. Hyperbolic systems are
expensive, require omni-directional hydrophones, and
have reduced sensitivity. The loss of 25 dB at 75
kHz (94.4%) cannot be improved by amplification
without reducing the (Signal+Noise)/Noise ratio.
The use of micro-processors has resulted in
automatic scanning and data processing. These
systems are able to detect tag frequency and pulse
interval, eliminate false targets, and make
calculations from received data.

The most important part of an acoustic system is the
hydrophone. You have to make sure that it is
located in the water column far enough down so that
it is not exposed at low water or beat upon by waves.
The other limit in shallow water systems is to make
sure it is not looking at a hill or other obstruction on
the bottom. Of course you also want to know that
it is pointing in the right direction. Hydrophone
cable length is also an important consideration. It
must be long enough to lower the hydrophone to be
inserted into the water deep enough to avoid
obstructions such as the keel of a boat, but not so
long so as to be spread across the deck where it can
be damaged. Coiling up the coax cable in a
diameter less than the forearm will kink it and
shorten its life.
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In systems of good design, the most frequent failures
occur in hydrophone cables (up to 80%).
Deployment from fixed platforms, docks, and shore
is preferable to boats, facilitates retrieval for
inspection and maintenance, and provides greater
protection from crushing, abrasion and vandalism.
Cable length must be adequate for lowering to
sufficient depth to avoid obstacles such as passing
ships and should be secured and stowed properly.
Improper coiling, kinking or small cuts can result in
cable failure. Acoustic gear used for tracking
(inexpensive pingers) may also be used for the
relocation of remotely deployed systems, or lost or
displaced oceanographic equipment.

Mr. Don Brumbaugh is the owner of Sonotronics, a
business that specializes in acoustic tracking systems.
Previous to that, he was analog design engineering
manager at Burr Brown Research Corporation,
engineering director for Sensory Systems Laboratory
specializing in animal tracking systems, and a
Research Project Director at the Lunar & Planetary
Laboratory of the University of Arizona. He was
educated at RCA Institutes, Pennsylvania State
University, and the University of Arizona.

ADVANCES IN SATELLITE AND
RADIO LOCATION TECHNOLOGY

Mr. Stanley M. Tomkiewicz, Jr.
Telonics, Inc.

This paper provides a technical overview of the fields
of conventional radio biotelemetry and wildlife
satcllite tracking. Telemetry is defined as the
transfer of information from one point to another
through the use of various carrier frequencies. This
is a simplified definition that certainly does not, in
itself, define the complexity of the "art of radio
telemetry." The unifying principle in radio telemetry
is the "system" concept. The telemetry system is
composed of two basic subsystems; first, the
transmitting subsystem incorporating the electronics,
antenna, power supply, packaging, and the
attachment devices. Second, the receiving subsystem
includes receiving antenna, reccivers, data
processing, storage units, and associated power
supplies.

System performance is affected by many factors.
Range, in particular, is a system level characteristic
that can only be determined by considering the
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specifics of both the transmitting and the receiving
subsystems. Moreover, environmental conditions,
physiography, and the behavioral and physical
parameters of the animal are underlying factors that
heavily impact system performance.

TRANSMITTING SUBSYSTEMS

Conventional transmitting subsystems are capable of
measuring a number of parameters and transmitting
data including temperature, heart rate, activity level,
mortality status, and various other parameters.

Selection of the appropriate power supplies for
specific applications is critical. Lithium
electrochemical systems alone offer over a dozen
distinct varieties from which to choose. In addition,
mercury- and silver oxide-based electrochemical
systems are still used in specific applications. This
selection becomes even more complex when
secondary power systems such as nickel cadmium or
nickel/metal hydride batteries are utilized as
intermediate energy storage devices allowing
operation of a transmitter from solar cells.

Consideration must also be given to each attachment
method as it can directly affect the biology of the
animal, as well as the overall system performance.
Therefore, careful research and consideration are
given to minimizing the biological and physiological
impact on the animal, while maximizing system
performance. Depending upon these factors,
animals are instrumented using any one of a variety
of methods of attachment, from the classic collar to
a harness, ear tag, leg-mount, implants within the
body cavity, to gluing the unit to the fur.

RECEIVING SUBSYSTEM

Protocol receivers reached a theoretical level RF
performance several years ago. Therefore, they have
not undergone significant redesign, with the
exception of modifications to increase production
efficiencies and reduce costs. However, the 1990’s
promise advances to the receiving subsystem by
introducing inexpensive microprocessors,
contributing significantly to the development of
sophisticated automated data acquisition systems.
As a cautionary note, however, if this new technology
is incorrectly applied, it can adversely affect range
performance.

SATELLITE TELEMETRY

Satellite telemetry was the experimental program of
the 1980’s and, as this technology moves into the

1990’s, it promises many new advances. Satellite
telemetry technology will advance from being an
experimental system to becoming an operational
system, foreseeably experiencing an even greater
growth in the wildlife field. Size reduction of the
overall units and increases in system reliability are
bringing this technology into its own. Micropowered
microprocessors have cleared the way for an entirely
new development in the field of on-board transmitter
data collection and more efficient utilization of the
location capabilities of the ARGOS system.
Sophisticated software now dominates the role of
data collection and prolongs operational life.

Mr. Stanley M. Tomkiewicz, Jr. is Director of
Wildlife Programs for Telonics, Inc. of Mesa,
Arizona. He received his B.S. in biology from Penn
State University, and an M.S. in zoology from
Arizona State University. He began his work with
Telonics in 1976. His early professional work was
directed towards the development of implantable
telemetry systems for monitoring physiological
parameters in unrestrained wildlife.

Mr. Tomkiewicz has since been involved in
development of radio telemetry technology for deer,
caribou, polar bear, and grey and humpback whales;
as well as investigations of techniques for electronic
immobilization of wildlife. Current work involves
satellite telemetry applications to a wide array of
terrestrial and marine mammals, as well as
transmitters designed for avian species.

CAPABILITIES OF THE
ARGOS SYSTEM

Mr. Christopher Estes
Service ARGOS

The ARGOS system is a satellite-based, data
collection and location system primarily reserved for
environmental applications. It is the embodiment of
a Memorandum of Understanding between the
National Oceanic and Atmospheric Administration
(NOAA), the French space agency CNES, and the
National Aecronautical and Space Administration
(NASA). Data collection occurs on the NOAA
TIROS spacecraft. All TIROS class spacecraft,
NOAA-A through NOAA-M, have, or will carry
ARGOS payloads. Service has been continuous
since 1978 and is expected to extend beyond the year



2000. The spacecraft launches are timed for least
two in simultaneous orbit.

Service ARGOS maintains a list of manufacturers
that produce compatible transmitters. Although a
variety of sizes, applications, and capabilities are
acceptable to the system, all must have a stable
transmission of 401.650 mHz (oscillator drift <
4Hz/min). Manufacturers may couple transmitters
with any combination of sensors that can send data
within a 256-bit message.

The space segment of the ARGOS system is
composed of two parts: the Data Collection and
Location System (DCLS) and the NOAA spacecraft
that carries the DCLS. The spacecraft are in low
altitude (833 km or 870 km), circular (eccentricity <
0.05), polar orbits. The orbital period of the
spacecraft is approximately 101 minutes (14.1
orbits/day). Orbits in a constant alignment with the
sun allow ARGOS to calculate the time of an
overflight.

The ARGOS DCLS contains four radio receivers
that measure the message’s frequency reception time
and provide data storage of the reformatted data
onboard the satellite. The satellite transmits the
data to ground stations in Lannion, France; Wallops
Island, Virginia; and Fairbanks, Alaska.

From Wallops Island and Fairbanks, the data are
transmitted via geostationary satellite to the NOAA
processing center in Suitland, Maryland. The data
are sent through the Satellite Operations Control
Center (SOCC), which is responsible for the
maintenance, programming, and monitoring of the
spacecraft. As it passes, an ARGOS computer
decodes the data and transmits them to processing
centers in Landover, Maryland, and Toulouse,
France. When SOCC is finished with the data, they
are sent to National Environmental Satellite Data
Information Services (NESDIS) for further
processing. The NESDIS isolates the ARGOS data
and transmits them to the ARGOS processing
centers. With this configuration, ARGOS receives
each data set twice, once from SOCC and once from
NESDIS. This redundancy ensures that the ARGOS
system provides complete coverage, in the event that
data scts are lost or damaged at either of the NOAA
processing centers.

Data from the Lannion ground station are
transmitted directly to the French Global Processing
Center, and from there to the U.S. Global
Processing Center through a 56-kb digital link.
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When the data arrive in the ARGOS processing
center, they contain the frequency measurement,
the time stamp, and the sensor data (if any). The
data are analyzed for the transmitter frequencies
during the overflight to determine location. During
this phase, sensor data are converted to engineering
values based on "calibration curves” that are supplied
by the users. The two types of processing are done
separately because the calculation of location is less
predictable than the reception of sensor data. In this
case, the sensor data are paired with the previous
location of the transmitter. The processing centers
also receives messages from transmitters specially
equipped for alarm situations, monitor DCLS
functions, calculate orbit corrections, and receive
weather information for the World Meteorological
Organization’s Global Telecommunication System
(GTS).

The ARGOS users can retrieve data by on-line
access, databanks, direct data distribution, or
through the GTS. In the summer of 1991, the
distribution capabilities will be further enhanced.
On-Line access to the data is the most popular
method of accessing ARGOS data. Users connect
to the ARGOS processing center via TYMNET and
interrogate the ARGOS system directly. This
method is best for users who have time-critical
applications, as the data are available as soon as the
pracessing is complete (typically less than three
hours after transmission). The Databank is another
popular method of receiving ARGOS data. For
applications where time is not a critical element, the
Databank is usually sufficient. Databank consists of
either a monthly or fortnightly collection of a user’s
data. The data can be delivered on a variety of
media: diskettes (5% or 3%%), nine-track tape, or
hardcopy. This method of distribution allows
ARGOS to deliver data directly to the user’s
computer. If the user’s host computer is on SPAN
or the Internet, ARGOS can send data on a daily
basis as either a file transfer or a mail message. If
a user’s computer is not on SPAN or the Internet,
the ARGOS system can be instructed to deposit
information on a remote computer via modem and
dialup line. Users who wish to retrieve their data
from the GTS may request this processing from
ARGOS. For this to work, the transmitter must
send messages in one of the WMO code formats.
The data are transmitted directly to the GTS as soon
as the location and sensor processing are complete.

The process of determining the location of an
ARGOS transmitter relies on the doppler effect.
The doppler effect is a well known phenomenon that
explains frequency shifts as a result of the relative
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positions and velocities of the creator and receiver
of a signal. The simplified formula for computing
reccived frequency is

F: frequency received
F: transmitter frequency (in the case of

ARGOS, 401.650 mHz)
V,: relative velocity of satellite to
transmitter
V, = Vs - vt

A: angle formed by the speed vector of the
satellite and transmitter direction
c: the speed of light

Since the received frequency (F,) is measured by the
spacecraft, the only unknown element in the
equation is A. This angle creates a cone that has
the following attributes:

* The apex is the satellite.

e The axis is along a line tangent to the
spacecraft’s orbit.

*  The surface is inclined away from the axis at the
angle A.

The altitude of the transmitter must be specified
when the platform is introduced to the ARGOS
system. If a sphere having a radius of the
transroitter altitude is imagined, the cone described
above will intersect the sphere in an arc. For each
message that the transmitter sends, a new arc can be
constructed. The arcs will intersect at two points,
one of which is the actual location of the transmitter.
To determine the correct location, the system
evaluates the measured Doppler effect versus the
theorctical Doppler effect at both points (using the
least squares method) as well as the last known
frequency and last location of the platform.

The ARGOS locates transmitters in three classes of
accuracy. The following table describes the distance
within which 68% of positions are accurate for the
three accuracy classes:

Class Accuracy
1 1000 m
2 350 m
3 150 m

Criteria for Class 1 location may not be met for
animal tracking because the animal’s size limits the
size and subsequent signal strength. Animals also
inhabit areas that are not conducive to a strong
signal transmissions (underwater, in narrow valleys,
in caves, etc.). For these reasons, ARGOS offers
Class 0 location quality. Class 0 locations have no
accuracy associated with them; the interpretation of
these locations is left solely to the user. To aid in
the interpretation of these locations, additional
information regarding the performance of the
transmitter and other parameters are supplied along
with Class 0 location.

To obtain the listed accuracies for the classes of
services a number of criteria must be met. The
criteria limiting or affecting the three normal classes
of ARGOS service include the numbers of messages
received per pass, the length of time between first
and last signal, angle of line between the transmitter,
the satellite, and its path, and the drift of the
oscillator from ideal frequency and transmitter
velocity. Calculated locations are rejected if the
conditions are violated. For example, in Class 3
service, 5 signals are not received in a minimum
time of 420 seconds during a pass, or the angle falls
outside the range of 5 to 18°.

The number of locations per day usually increases
with latitude because the polar orbit provides better
coverage at the poles than it does at the equator.
The number of times both spacecraft will pass over
a transmitter per day varies from 6 to 28 times.

When evaluating the accuracy of Class 0 locations
users should consider transmitter altitude,
transmitter movement and solar flare activity.

Mr. Christopher Estes has served as the Manager of
Production & Operations at Service ARGOS for the
past seven months. Prior to this, he worked as a
consultant, designing and implementing computer
systems for clients in a variety of businesses.
Mr. Estes received his B.S. in Technology of
Management in Computer Systems Applications
from The American University, in Washington, D.C.
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NATURALLY OCCURRING
RADIOACTIVE MATERIALS:
SESSION INTRODUCTION

Mr. Lars Herbst
and
Mr. Gary Rutherford
Minerals Management Service
Gulf of Mexico OCS Region

This session on Naturally Occurring Radioactive
Materials (NORM) was organized in an effort to
provide an overall update on the issue of NORM.
The speakers invited for this session were selected
to provide oil and gas industry, regulatory, and
service industry perspectives on NORM.

Although there has been much discussion on the
issue of NORM over the past few years, several
issues such as permitting of NORM decontamination
and disposal remain mostly unresolved. However,
we hope that the continued discussions and transfer
of information between industry and the various
regulatory permitting agencies will lead to resolving
these issues.

Mr. Lars Herbst and Mr. Gary Rutherford, chairs
for this session, once again thank those who
presented papers as well as those who participated
through attendance.

Mr. Lars Herbst is currently the Drilling Engineer
in the New Orleans District Office for Minerals
Management Service. He has been involved with the
issue of NORM for the past three years as a Staff
Engincer in the Technical Assessment and
Operations Support Section in the Minerals
Management Service, Gulf of Mexico OCS Region.
Prior to his employment with Minerals Management
Service, he was employed by Schlumberger as a
Field Engineer in production testing. He received
his B.S. in petroleum engineering from Louisiana
State University and is registered in Louisiana as a
Professional Engineer in petroleum engineering.

Mr. Gary Rutherford is a geologist in the Minerals
Management Service, Gulf of Mexico OCS Region,
Leasing and Environment Section. He has been
involved with the issue of NORM for the past year.
Prior to his employment with Minerals Management
Service, he worked seven years in the oil industry,
five years of which he was a petroleum geologist
with Gulf Oil Exploration and Production Company.
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He received his B.A. in geology from the University
of Tennessee and his M.S. in geology from the
University of New Orleans. He is an active member
of the American Association of Petroleum
Geologists.

INDUSTRY PERSPECTIVE ON
NATURALLY OCCURRING
RADIOACTIVE MATERIALS

Mr. W. A, (Buck) Steingraber
Mobil Exploration & Producing U.S. Inc.

INTRODUCTION

The presence of naturally occurring radioactive
materials (NORM) in oil and gas operations has
been recognized since the 1930%s, but the
phenomenon received only minimal attention in this
country until the mid 1980°s. At that time regulatory
agencies in several of the Gulf Coast States began
to focus attention on NORM in the exploration and
production segment of the oil and gas industry.
Concern was expressed by regulatory agencies that
presence of NORM in the workplace could have
worker health and safety implications. In addition,
the release for unrestricted use of NORM
contaminated oil and gas equipment was being
questioned from a public health and safety
standpoint.

In response to this emerging issue the American
Petroleum Institute (API) in 1986 formed an Ad
Hoc Committee on NORM. The charge of this ad
hoc committee was to investigate the NORM
phenomenon in the oil and gas industry and to
determine what practices, if any, needed to be
implemented to address the potential environmental,
health or safety concerns. The ad hoc committee
has worked closely with the Conference of Radiation
Control Program Directors (CRCPD) in reviewing
and commenting on the draft Part "N" Suggested
State Regulations For The Control of Naturally
Occurring Radioactive Materials. The API Ad Hoc
NORM Committee actively supported the efforts of
State oil and gas organizations in their negotiations
with individual States who were drafting or preparing
to draft NORM regulations.

CURRENT INDUSTRY ACTIVITY

The API Ad Hoc Committee on NORM was
replaced by the NORM Issue Group in 1989. The
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issue group is subdivided into four working groups
as follows:

The State Coordination Task Force;

The CRCPD Task Force;

The Federal Coordination Task Force; and
The Guidance Document Task Force.
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These task forces are manned by part-time volunteer
technical and legal personnel from API member
companies and are supported by full-time API staff.
Some of the major task force activities are

¢ Interface with Regulatory Community;

¢ Coordination with Other Oil and Gas
Organizations;

» Data Collection and Analysis; and

*  Guidance Document Development.

Interfacing with the regulatory community involves
maintaining liaison with various State radiation
control agencies, State oil and gas agencies and
Federal regulatory agencies such as the
Environmental Protection Agency, Nuclear
Regulatory Commission, Department of
Transportation, Minerals Management Service, and
Bureau of Land Management. In addition, certain
regulatory agency task forces or committees such as
the CRCPD are active in developing policies and
guidance on various NORM issues. The API
NORM Issue Group is following the activities of
such agencies/organizations on a continuous basis
and providing input by reviewing and commenting
on proposed policies, guidance and regulations.

The oil and gas industry in this country is very large,
both in terms of geographic distribution and
numbers of organizations, companies and individuals
associated with the industry. The API NORM Issue
Group routinely works with and supports the efforts
of numerous State oil and gas organizations,
including those consisting primarily of major
companies as well as independent producers and
royalty owner associations. Working with these State
oil and gas organizations provides API task force
members the opportunity to learn what issues are
significant at the local level and how they relate to
the nationwide perspective on NORM.

Data collection and analysis are fundamental to
API’s efforts to understand the NORM phenomenon
in the oil and gas industry and to aid in developing
sound policies and procedures to address potential
environmental, health or safety concerns. The API
has published the results of four studies on NORM

in the exploration and production segment of the oil
and gas industry. The titles of these reports are:

* A National Survey on NORM in Petroleum
Producing and Gas Processing Facilities;

¢ Radionuclides in Produced Water;

e Methods for Measuring NORM in Petroleum
Production Equipment; and

* Management and Disposal Alternatives for

NORM Wastes in Qil and Gas Plant
Equipment.

The management and disposal alternatives report
cited above is a significant study and forms the basis
for APP’s guidance on safe disposal practices for oil
and gas NORM. The study considered the 4 major
types of oil and gas NORM, 12 different disposal
methods, and 7 exposure pathways. Radionuclide
pathways analysis modeling was performed to
determine the Radium 226 or Lead 210 activity level
that could be safely disposed of by each of the
individual disposal alternatives. The activity levels
reported in this study are the result of examining
environmental, health and safety concerns in light of
existing regulatory standards/limits for radiation
exposure and available disposal options.

The APl Guidance Document Task force is
preparing a NORM guidance document that will
cover the following topics:

*  Occurrence of NORM

»  Prevention of NORM Deposition

* Sampling and Measurement Equipment and
Procedures

*  Worker Protection Guidelines

* NORM Removal Guidelines

*  Surface Storage Guidelines

» Transportation Guidelines

* Equipment/Property Transfer Guidelines

* Disposal Guidelines

» Site Closure

The document is now in its second draft and is
scheduled to be finalized for distribution at the end
of first quarter 1991.

Additional studies planned for 1991 and 1992 include
a NORM Risk Assessment Study, Economic Impact
Analysis of CRCPD Model State NORM
Regulations, and NORM Activity Levels in the Oil



and Gas Industry. Other planned activities include
development of training programs for general
education on NORM and training to aid in
implementing the NORM Guidance Document.

SUMMARY

API and industry data collection and analysis efforts
to date reveal the following facts:

¢« The NORM in oil and gas operations is not
predictable with respect to occurrence, quantity
or quality, and is found both onshore and
offshore;

* Radionuclides of significance are Radium 226
in production equipment as scales, sediment and
sludges and Lead 210 in gas plant equipment as
a thin film or coating;

*  Greater than 99% of the 36,890 external gamma
survey measurements taken in 20 states and 3
offshore areas were less than 2 micro Rem per
hour (mR/hr) (OSHA limit), and 95% were
less than 0.1 mR/hr, therefore minimizing
concern over worker health and safety due to
ionizing radiation doses;

* Ingestion and inhalation of sufficient quantities
of NORM to cause health concerns can be
prevented by application of standard industrial
hygiene practices at the workplace;

*  Concern over radon gas inhalation and internal

dose to lungs from daughter products is
minimized by following standard closed space
entry precautions prevalent in the oil and gas
industry due to the presence of hydrogen sulfide,
carbon monoxide and oxygen depleted
atmospheres often found in tanks and other
closed vessels; and

*  The NORM wastes can be handled and disposed
of on-site at oil and gas operations in a number
of ways with no adverse environmental effects
or health or safety effects to the workers or the
general public.

Mr. W. A. (Buck) Steingraber has worked for Mobil
the last 10 years and is currently waste advisor for
Mobil Exploration & Producing U.S. Inc. in Dallas,
Texas. His primary job responsibility is to
implement a uniform waste management program
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for Mobil’s 16 E&P Asset Teams in the United
States. He is currently chairman of the API’s
NORM Issue Group. Mr. Buck reccived his
Bachelors and Masters degrees in geology from the
University of South Florida and has completed
course work for a Ph.D. in geology from the
University of Texas at Austin.

REGULATION OF NATURALLY
OCCURRING RADIOACTIVE
MATERIALS IN LOUISIANA

Dr. L. Hall Bohlinger
Louisiana Department of
Environmental Quality

The investigation and regulatory control of the
impacts of naturally occurring radioactive material
(NORM) have largely been overlooked by Federal
and State agencies in the past, while stringent
controls were placed on X-ray and other man-made
sources of radiation. The lack of regulatory controls
for NORM has been due, in part, to the fact that the
Federal government has limited jurisdiction over
NORM, and control was previously left up to the
States, which typically did not have adequate
programs or staff to deal with the additional
problem.

While considerable work has been done by the
conference of Radiation Control Program Directors
(CRCPD), the U.S. Environmental Protection
Agency (EPA), and individual States, much of this
work was performed during the late 1970’s and early
1980’s and many of the recommendations have not
been acted on by the EPA or other involved Federal
and State agencies. However, there is at this time,
arcsurgence of interest in NORM by EPA, CRCPD,
and some affected State agencies.

Of particular interest to Louisiana is the growing
awareness of problems related to the NORM
content of produced waters and contamination of
equipment and facilities in the oil and natural gas
production and support industriecs. The occurrence
of environmentally high concentrations of
radioactivity, primarily radium isotopes, in oil field
production waters and in precipitates collected from
the bottom of oil-water separators and from ditches
and pits used for disposal of production waters were
first reported in the United States over 30 years ago.
The radium levels observed in most saline produced-
waters from the Gulf Coast region exceed existing
and proposed radium discharge limits applied to
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other sectors. Recent investigations by the Louisiana
Department of Environmental Quality, Radiation
Protection Division, have identified radioactive
"scale" resulting from the production of oil and
associated brines that contained Radium 226 in
concentrations of up to 3700 KBqKg.' (100,000 pico
Curies per gram [pCi/gm]). The scale is formed on
the internal surfaces of "tubulars" (piping and
equipment) exposed to production waters and can
vary considerably in thickness and radioactive
concentration. Contamination of soil can occur as
scale becomes dislodged and falls from the ends of
pipe, and it can become particularly elevated at sites
where the scale is actively removed from pipe by
reaming, "rattling," or other means used to reclaim

the pipe.

On Sunday, December 11, 1988, the Morning
Advocate in Baton Rouge, Louisiana, began
publishing four consecutive days of front-page
articles with the titles, "Brine Flowing in Louisiana
Watersis Radioactive," "Oil Field Brine Radioactivity
New Concern,” "Pipes Handled by Oil Workers
Discovered to be Radioactive,” and "Radioactive
Playground Equipment Torn Down." Almost
overnight, more consequences of the years of oil
production in the State became apparent to the
general public.

Concern over the magnitude of the problem, the
safety of workers cutting and reaming contaminated
pipe and equipment, and the future unrestricted use
of NORM contaminated arcas has prompted
regulatory action to be initiated on behalf of the
State. On September 20, 1989, the Radiation
Protection Division amended the Louisiana
Radiation Regulations under "emergency rule"
procedures. The amendments address the
"Regulation and Licensing of Naturally Occurring
Radioactive Materials." The regulations additionally
establish acceptable surface radiation levels for
NORM and require worker protection during
decontamination of facilities and equipment. It is
estimated that over 1,000 facility locations in
Louisiana will be subject to the requirements of this
amendment. There are certain exemptions to the
rule, but in general, any facility with NORM on-site
with radiation levels 50 micro Rem per hour
(mR/hr) and greater fall under the regulations and
general licensure.

In addition to requiring surveys and reporting of
NORM contamination, the rulemaking, which
became final in October 1989, is expected to provide
a data base on the quantity and distribution of
NORM contaminated sites and material within the

State. Additional efforts are currently underway to
characterize the risk associated with different uses
of discarded pipe and scale, and to study alternative
disposal practices for such materials.

The details of the regulation as well as the impact
on the regulated community will be presented along
with any data available at that time.

Dr. L. Hall Bohlinger received a B.S. from
Southeastern Louisiana University and an M.S. and
a Ph.D. from Tulane University in environmental
sciecnce. Dr. Bohlinger has been involved in state
environmental regulatory programs for the past 20
years, the majority being in radiation control. He is
a member of Health Physics Society, American
Nuclear Society, Air Pollution Control Association,
Louisiana Nuclear Society Conference of Radiation
Control Program Directors, and currently serves as
Vice-Chairman of the Central Interstate Low-Level
Radioactive Waste Compact Commission. Currently,
Dr. Bohlinger is a Program Manager in the
Louisiana Department of Environmental Quality,
Radiation Protection Division.

THE STATUS OF THE STATE
OF TEXAS’ REGULATORY
EFFORT CONCERNING
NATURALLY OCCURRING
RADIOACTIVE MATERIALS

Mr. Ralph S. Heyer
Texas Department of Health
Bureau of Radiation Control

INTRODUCTION AND BACKGROUND

The Texas Department of Health Bureau of
Radiation Control (BRC), as well as other state
regulatory agencies, has become increasingly aware
during the past few years of radiation problems and
potential hazards from technologically enhanced
naturally occurring radioactive materials (NORM).

The types of NORM problems that many agencies
believe need some amount of control are mainly
diffuse sources of NORM with low to moderate
radiation levels and concentrations of radium,
uranium, and thorium. Some examples of sources
of NORM are



¢ radium in drinking water filtration systems (resin
beds);

¢ residuals from mineral extraction such as
phosphogypsum tailings from phosphate
industries and thorium tailings from chemical
extracted tin; and

* radioactive scale buildup on pipes and
equipment from the oil and gas industry. The
scales trap radium, thus making the deposits a
source of contaminated waste.

Requests for use of phosphate fertilizer tails and
coal ash for use in commercial products and
construction materials (such as roadbeds), as well as
the potential for litigation involving radioactive scale
containing uranium, thorium, radium, and associated
decay products, have shown the need for uniform
regulatory standards. Since NORM is not regulated
under the Atomic Energy Act by the United States
Nuclear Regulatory Commission (NRC), the
Conference of Radiation Control Program Directors
(CRCPD)--an organization made up of State
regulatory personnel--designated a committee to
address these areas through model state regulations.
Other reasons for the development of the regulations
were

¢ the need for consistency with other regulated
industries, since all of the materials and waste
associated products mentioned contain
concentrations of radium that exceed cleanup
levels for uranium mill tailings;

* the need for uniform State regulations
throughout the country; and

* to apply U.S. Environmental Protection Agency

(EPA) standards for waste and uranium to
similar NORM waste.

THE BUREAU OF RADIATION
CONTROL REGULATORY
INITIATIVES

Although there are several other regulatory agencies
and groups that are currently studying the NORM
issue, the BRC has proceeded (as has the State of
Louisiana) in formulating rules. The BRC’s Texas
Regulations for Control of Radiation (TRCR) Part
46, Draft 1, is similar to the CRCPD, Suggested
State Regulations Part N. The BRC’s draft rule sets
up a regulatory structure similar to that for
byproduct material in NRC’s Title 10 Code of
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Federal Regulations--that being Exemptions,
General Licenses and Specific Licenses.

The regulations would allow for exemptions based
on concentration of NORM, specific activities, and
specific products.  Specific exempted activities
include manufacturing, distribution, use, and disposal
of natural potassium compounds not enriched in
potassium-40, Brazil nuts (which contain greater
than 5 pico curies per gram [pCi/g] radium),
phosphate and potash fertilizer, phosphogypsum for
agricultural purposes, and building materials that
contain NORM not technologically enhanced (such
as red brick). Specific exempted products include
natural gas and natural gas products, and those
products issued under a specific TRCR Part 46
license.

Licenses are of two types--general and specific. The
regulations would require that general licenses be
issued to cover onsite use of NORM and disposal of
waste. The rules under the general license refer to
worker protection standards similar to NRC’s
10 CER Parts 19 and 20, which include exposure
limits and notification provisions. Equipment and
soils must be within the specified contamination
limits before they can be released for unrestricted
use. Examples of acceptable contamination levels
are as follows:

Average Maximum Removables
(/100 cnt) (/100 cnf') (/100 cnt)
Ra-226,
Ra-228 100 dpm 300 dpm 20 dpm
Th-230,
and Th-228

Other limits are listed for uranium and other
associated daughter products.

Soil limits (above background) are given for radium
averaged over any 100 square m as follows:

» 5 pCi/g, averaged over the first 15 cm of soil
below the surface, and

* 15 pCi/g, averaged over 15-cm thick layers of
soil more than 15 cm below surface.

A specific license, issued only after review and
acceptance of a specific application, would be
required for the manufacturers and the distributors
of exempt products and for persons providing the
decontamination of NORM contaminated
equipment and facilities. These activities would
involve greater potential for worker and public
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radiation exposure, therefore requiring specific
licensure.

One of the BRC’s main areas of continued concern
is that of diffuse NORM waste disposal. The
alternatives currently being discussed are

1. licensed low-level waste disposal facilities for
concentrations greater than 2 nano curies per

gram (nCi/g);

2. state-licensed waste facilities specifically
developed for NORM;

3. uranium mill tailings disposal facilities for
NORM with similar chemical and radiological
characteristics;

4. Resource Conservation and Recovery Act
(RCRA) hazardous waste facilities; and

5. municipal solid waste landfills for low
concentration material requiring disposal.

CURRENT ACTIVITIES AT THE BRC

The BRC is continuing to meet with other Texas
state agencies, such as the Railroad Commission of
Texas (RRC) under the provisions of a
Memorandum of Understanding, to discuss and
exchange information concerning NORM and to
identify potential problem areas. The agencies have
most recently identified these areas where NORM
may present a concern.

*  Produced waters (mainly brines) resulting from
drilling in many instances may contain NORM.
In Texas, more than 90% of the produced water
is reinjected. A few discharge pits are allowed
in coastal areas. Lined collecting pits are
permitted for emergency collections. Water
from these pits is evaporated, and the materials
are then injected into the secondary production
zone or below. There are currently about 5,800
ermitted discharge pits in Texas.

* Tank bottom wastes from oil production
facilities do not contain "hazardous" constituents;
therefore the wastes are exempt from RCRA
requirements. Tank bottoms from oil
reclamation plants and petrochemical plants are
not exempt. These are considered hazardous
waste by the EPA.

* Disposal options allow the disposal of NORM
or NORM contaminated tubulars in cased

plugged and abandoned wells. These options
are reviewed on a case-by-case basis. However,
the RRC plugging rules do not allow for
plugging in such a manner that the well could
not be re-entered. This would limit the extent
of the use of this disposal method.

*  Water treatment, which is performed at gas
plants on water associated with gas production,
involves the use of ion exchange resins and could
create another potential source of NORM waste.

CONCLUSION

The problems that the TRCR Part 46 and CRCPD
Part N address may vary from State to State. Each
State should go through its normal rulemaking
procedures to implement applicable State
regulations. Each State may have a unique set of
problems and therefore should modify the CRCPD’s
Part N as appropriate, the basic framework of the
regulations intact.
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THE APPLICABILITY OF
ENVIROCARE’S DISPOSAL
SITE IN UTAH FOR
NATURALLY OCCURRING
RADIOACTIVE MATERIALS

Mr. Kurt M. Higgins
Envirocare of Utah, Inc.

Envirocare owns and operates a facility for disposal
of Naturally Occurring Radioactive Waste Materials
(NORM). This facility is located 80 miles west of
Salt Lake, at the edge of the Bonneville Salt Flats.
This location was selected by the U.S. Department
of Energy (DOE) and the State of Utah for disposal
of 2.3 million cubic yards of 11(e)2 by-product
material, generated as a result of the Vitro Uranium
Millings operation. This facility was identified as a
safe alternative for disposal of radioactive material
due to its extreme isolation and geotechnical and
hydrological suitability. The operating criteria
implemented at the Envirocare facility are the exact
duplication of the DOE’s design and requirements.
In addition, Envirocare’s Clive facility has
implemented a complete incoming inspection
program strictly to verify waste qualifications,
segregation, and complete isolation of the waste
material of each customer. This is to minimize
potentially radioactive products issues, and
compaction of the waste during the disposal to
ensure long-term structural integrity of the cell.

Envirocare has received NORM waste from a variety
of customers, mainly the U.S. Environmental
Protection Agency Comprehensive Environmental
Compensation and Reliability Act projects and
several State programs. Such waste material
includes soil and debris generated as a result of
clean-up projects, pipe scale and equipment from oil
and geothermal industries, process waste from non-
licensed facilities and contaminated scrap metal from
private firms.

Envirocare’s Clive Facility benefits from the most
ideal delivery options. This facility is located 2 miles
south of the Transcontinental Interstate 80, and it
also owns and operates a railroad spur that enters
the facility from the Union Pacific Railroad. In
addition, Envirocare utilizes an automatic railcar
tipper (rollover), which allows Envirocare to receive
and dispose in excess of 10,000 tons of material per
day.
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Due to the unique method of disposal at this facility,
which includes individual handling of each container
and emptying the content and subsequent
compaction, Envirocare can receive waste in virtually
any method suitable to the generator as long as it
complies with State and Federal Regulatory
guidelines. Such options may include steel drums,
B-12 and B-25 boxes, polypropolene bags,
intermodels and railcars.

Envirocare has provided such a safe disposal
alternative at a fraction of the cost compared to the
three other existing low-level facilities. The lower
cost of operation and disposal is due to a safe and
suitable site and lower fees and surcharges by
regulatory agencies. Envirocare clearly recognizes
the need of reasonably priced and economical
disposal operations for the industry and in turn has
passed these savings to its customers.

It is also important to note that Envirocare is
expected to receive a license for Mixed NORM
Waste no later than December 31, 1990. This
capability should provide another safe alternative at
a reasonable cost for the generator of this
classification of waste material.

Mr. Kurt M. Higgins has worked for Envirocare of
Utah, Inc. for over two years as Customer Relations
Specialist in the Marketing Section of Envirocare’s
operation. Prior to working for Envirocare he was
employed by the Utah Division of State Lands and
Forestry for 14 years as Program Specialist for
Surface Management and Chief Appraiser for the
Division. Mr. Higgins received his B.S. degree in
biclogical science from Southern Utah State College
and his M.S. degree in range entomology from Utah
State University.

CLEANING OF NATURALLY
OCCURRING RADIOACTIVE
MATERIALS AND NORTH
SEA PROCEDURES

Mr. Rupert Macnamee
Hydrocut/Macnamee Services

I am the Chairman of the Macnamee Group in
Aberdeen, a group of companies which has been
involved in the North Sea Qil Industry for over
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14 years, dealing with high pressure water jetting,
industrial cleaning, inspection and ancillary services.

We employ approximately 100 people and feel we
have justly deserved our reputation for a professional
and safe service. As part of our growth programme
we have entered into a joint venture with a Houston-
based company specializing in the use of an abrasive
and water mix to safely cut metals and other hard
substances. This company is called Hydro-Cut. We
feel that there will be a great advantage in the
exchange of knowledge and services between the two
companies and countries.

Macnamee Services has been involved in naturally
occurring radioactive materials (NORM)
decontamination (called Low Specific Activity
Scale/LSA Scale in the United Kingdom) for the
past seven years to such an extent that it is now a
part of our normal daily routine in the offshore
waters of the United Kingdom.

The purpose of this speech is to describe Macnamee
Services’ procedures for NORM decontamination
and disposal on North Sea Platforms and to discuss
its relevance to the United States Market.

All workscopes with Ionizing Radiations in the
United Kingdom are performed in accordance with
an Act of Parliament--the Ionizing Radiations
Regulations 1985. The regulations state that every
employer must draw up "Local Rules." These are
general principles and descriptions of the means of
compliance with these regulations. It is therefore my
intention to outline the principle points of the 1985
regulations and, where appropriate, to discuss
Macnamee Services’ "Local Rules” on how to
implement the regulation in the actual
decontamination workscopes.

Regulation 5 states employers are required to notify
the health and safety executive of work with Ionizing
Radiations. We, in fact, have achieved a blanket
notification with the executive relieving us of the
need to inform them of every NORM workscope
which was being undertaken.

Regulation 7 requires every employer to take all
necessary steps to restrict so far as is reasonably
practicable the extent to which employees and other
persons are exposed to Ionizing Radiations. It also
imposes limits on the doses of Ionizing Radiations
which employees and other persons may receive in
any calendar year.

Regulation 8 requires that all areas in which persons
are likely to receive more than specified doses of
Ionizing Radiation be designated as Controlled
Areas or Supervised Areas and restricts entry into
Controlled Areas to specified persons and
circumstances. As discussed under Regulation 7,
dose limits are imposed. The limits translated under
hourly working limitations to these areas are as
follows:

*  Supervised Areas will be designated when:

a. the dose equivalent rate exceeds 2.5uSV /h
(micro-sieverts per hour), or

b. the surface contamination exceeds
2.0 Bq/cm® (bequerals per square cm), or

c. the air concentration exceeds 0.003 Bq/m’
(bequerals per cubic metre).

* Controlled Areas will be designated when:

a. the dose equivalent rate exceeds 7.54SV/h
(micro-sieverts per hour), or

b. the surface contamination exceeds
7.0 Bq/cn?® (bequerals per square cm), or

c. the air concentration exceeds 0.01 Bq/m’
(bequerals per cubic metre).

For Supervised Areas it is simply a case of constant
monitoring of an area, open to all personnel with
basic or minimal protection, to ensure that no
change in levels of Ionizing Radiation occur.

For Controlled Areas, the following would apply in
our Local Rules for Entry/Exit procedures:

a. The Controlled Area shall be set up allowing
sufficient space to undertake all work and
storage involving radioactive material. Thisshall
include both a changing area and a washing
facility. In general, this type of area shall be
erected by use of habitat materials (tarpaulins,
polysheeting) around the vessel entry point or
contaminated area for cleaning,

b. Barriers and signs shall be erected to prevent
entry of unauthorized personnel.

c.  All personnel entering the Controlled Area shall
be “classified personnel.”



d. All personnel entering the area shall change into
the protective clothing provided.

e. All measures shall be taken within the area to
avoid irradiation by absorption, inhalation, or
ingestion. This shall include the prohibiting of
work with any open cuts, and while eating,
smoking or chewing tobacco.

f. A person shall be delegated to monitor the
access point to Controlled Areas with
responsibilities to

1. log entry of all personnel and equipment
into the Controlled Area;

2. log exit and monitor all personnel and
equipment leaving the Controlled Area;

3. ensure the observance of washing
instructions by persons leaving the area; and

4. ensure the protective clothing provided has
been removed before exit from area.

g On completion of workscope, the Controlled
Area shall be thoroughly decontaminated and
dismantled. = Checks using contamination
monitors shall be made and recorded.

Regulation 9 requires the designation of all
personnel working in a Controlled Area to be either
“Classified" of working under a "Scheme of Work."

As a company policy, we use only "Classified
Workers." This means all personnel involved in
NORM decontamination shall

a. Undergo yearly ionizing radiation medical
examinations;

b. Wear a personal Total Lethal Dose (TLD)
badge (Dosimetry);

c. Be registered for dose record keeping through
a dosimetry service; and

d. Be fully trained and understand the basics of
their workscopes.

Regulation 10 requires the appointment of a
Radiation Protection Advisor (RPA).

Since 1985 Macnamee Services has used the
National Radiological Protection Board (NRPB) as
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our RPA. Our RPA’s advice is sought for the
following;

a. A drawing up and reviewing of Local Rules;

b. Investigation of unusually high exposures and
overexposures;

c. Training;

d. Hazard assessment and contingency
arrangements; and

e. Calibration of monitoring instruments and
dosimetry (TLD badges).

Regulation 11 requires the appointment of Radiation
Protection Supervisors.

Radiation Protection Supervisors (RPS’s) are used
to control any given workscope involving Ionizing
Radiation. Our RPS’s are chosen only from
personnel who have worked with NORM
decontamination for at least two years and have
undergone further intensive training,

Regulation 12 requires adequate training for
personnel involved with Ionizing Radiations.

Our training in the United Kingdom consists of both
in-house seminar courses as well as the intensive
training by the NRPB. This training is to ensure
that all personnel are fully conversant with the
requirements of, and methods of compliance with,
the regulations.

The training undertaken by the NRPB covers the
following points:

a. Radioactivity and how it is arising from Wet
Wells;

b. Risks associated with exposure to Radium 226
scale;

c. Health supervision;

d. Safe methods of working;
e. Monitoring instruments;

f.  Transport and storage; and

g. Requirements of regulations applied to
workscopes.
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Regulation 13 requires that doses of Ionizing
Radiations received by Classified and certain other
specified persons are assessed by one or more
dosimetry services approved by the executive and
that records of such doses are kept for each person.

We use the NRPB to supply TLD badges, take the
readings therefore, and the subsequent
recordkeeping. The TLD badges are exchanged
quarterly for which we receive a quarterly report in
addition to a year-end report. These are then kept
for two years.

Regulation 16 requires the need for medical
surveillance. The primary purpose of medical
surveillance is to ensure, before persons are
classified, that they are fit to commence such work
and that periodic reviews are made to see that they
remain fit. Our review period is one year. A person
cannot be a "Classified Person" unless he has been
certified fit by an Employment Medical Advisor or
appointed Doctor on a health record. We, in fact,
use an appointed Doctor.

Regulation 21 covers the transport and moving of
radioactive substances, the purpose of which
regulation is to ensure that, so far as is reasonably
practicable, the substance is kept in a suitable
container suitably labelled, while it is being
transported.

For transportation, the completion of a Radioactive
Substance Transport Form is mandated and requires
the following;

a. The nature and quantity of the Radioactive
Substance is clearly known and shown.

b. Certain limits are set for maximum dose
equivalent rates outside the package as well as
maximum surface contamination levels on the
external of the package.

¢. A guarantee that no leaks of Radioactive
Substances can occur.

d. Packages are well marked "Radioactive.”

e. The point of origin and destination are clearly
marked with the destination point having prior
knowledge of its arrival.

Regulation 22 requires the use of washing and
changing facilities. As already discussed, this is part
of our Controlled Area set up.

Regulation 23 requires that suitable protective
clothing be worn, regularly examined, and properly
maintained. For our workscopes the following
protective clothing would be deemed to be essential:

a. One-piece wet suit or J-suit with elasticated
sleeves, legs, and hood, hard wearing and
durable;

b. One pair of light overalls for changing purposes;
c.  One pair of long rubber gauntlets;
d. One pair of rubber boots with toe protectors;

e. Either a filter mask approved to British
Standards or a full face breathing apparatus,
depending on requirements;

f.  Goggles, face visor, or safety specs depending on
the workscope; and

g- A TLD badge.

Regulation 24 requires radiation levels to be
mcnitored and removed in Controlled and
Supervised Areas and provides for the maintenance
and testing of monitoring equipment,

Constant monitoring is undertaken and also
recorded during any given workscope, especially at
the exit/entry point to a Controlled Area and of
original contamination levels or equipment to be
cleaned so that quantity and level of contamination
can be assessed for disposal. Regulations require
that the calibration of all radiation monitors is
undertaken by our RPA’s at a maximum of yearly
intervals. In practice this is done more frequently,
as the instruments tend to be too delicate for their
surroundings. Tests can be done to check if the
monitors’ calibration is accurate by use of a sealed
source whose activity has already been determined
by laboratory techniques by an authoritative body.

Regulations 25-27 require every employer who
undertakes work with Ionizing Radiation to make an
assessment of the hazards that are likely to arise
from that work. It also requires employers to make
contingency plans for dealing with foreseeable
incidents.

The contingency plans that we have written into our
Local Rules cover the following points:

a. Overexposure to NORM contaminated material;



b. Physical injury to an employee within a
Controlled Area;

c. A rapid accumulation of scale buildup in any
area other than the one designated as
Controlled;

d. A spillage of scale during transfer;
e. A worksite emergency within a Controlled Area;

f. An emergency evacuation of Controlled Area
worksite.

Last, but not least, we deal with the disposal of
NORM contamination.

Although the disposal of NORM contamination is
not directly discussed in the 1985 regulations, we
revert to the disposal methods as stated in the 1960
Radioactive Substances Act.

This Act states that any employer wishing to dispose
of Radioactive Substances in Scotland must apply to
the Scottish Development Department stating the
methods they propose to use. The Department shall
then study the proposals and either accept or impose
restrictions and/or parameters before the application
is accepted.

In practice, it is the operators of the platforms or
rigs who are responsible for applying to the
Department for disposal. The Department has laid
down stipulations as to the maximum quantities of
disposal from any one given location.

Another stipulation is that the substance to be
disposed of must be of a particle size of 1 mm or
less and disposed of below the sea level. To achieve
this, our procedures call for the use of a direct in
line grinder/macerator which is capable of grinding
this material to 1 mm or below and deliver for
disposal subsea. It works on the principle of a series
of cutting discs (approximately 2 rows of 40 discs)
which rotate in opposite directions towards each
other, at a speed of 100 revs per minute. The unit
is fitted with a 1-mm filter, with a backflush through
the system available. The unit can either be air or
electric driven.

Now that all our parameters have been discussed, a
quick word on the cleaning procedure. Qur Local
Rules will have specific procedures for the
decontamination of equipment such as vessels/tanks,
production manifolds, tubulars, and valves, etc, This
cleaning procedure shall begin with the setting up of
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the Controlled Area, information on changing
facilities and washing facilities to be used.

Entry would only be allowed to highly trained
"classified" personnel who are wearing the correct
protective clothing. The actual cleaning procedures
will be discussed. Cleaning in all cases is achieved
using high pressure water or, in some circumstances,
high pressure water with grit abrasive injection. This
is done to avoid any inhalation hazards of scale dust.
During the cleaning process all water (grit) and scale
removed shall be collected. If it is cleaning of a
vessel, this collection is done naturally by ensuring
drains are closed. If it is a tubular or manifold
collection is achieved by ensuring the Controlled
Area also includes a catchment area to contain all
water and scale. The water and scale are then
continuously pumped away directly through our
grinder/macerator and hence subsea.

This, I am sure you will appreciate, is a very
straightforward procedure and can be achieved
successfully under any given circumstances.

To summarize, I would like to emphasize the
procedures which our company already uses, and
which we feel are imperative to follow in any
NORM workscope in the United States.

1. Ensuring all notifications and/or licenses are in
place.

2. Reducing exposure to a minimum.

3. Ensuring good procedures are clear and precise
and are understood by all.

4. Using Supervised and Controlled Areas and all
necessary precautions which relate to this.

5. Using only the equivalent of "Classified
Workers."

6. Ensuring all personnel are highly trained, and
only very experienced personnel used as
Radiation Protection Supervisors.

7. Ensuring we have a suitable advisory service.

8. Ensuring the correct personal protective
equipment is used and inspected frequently.

9. Ensuring changing facilities and washing
facilities are both set up and used successfully.
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10. Ensuring that throughout workscopes,
monitoring is constant and accurate, and that all
monitors are calibrated and maintained to a high
standard.

11. Ensuring contingency plans are in place.

12. Ensuring we comply with all disposal and
storage precautions which are in place at
present.

By using the basics of our Local Rules already set
up, we feel that we will provide a much better,
safer, and commercially viable cleaning and

decontamination service to all clients who require
this service.

Mr. Rupert Macnamee is Chairman of Macnamee
Group of Companies with offshore experience in
the North Sea for the past 14 years. Mr. Macnamee
was educated in Edinburgh, Scotland, but is now
looking forward to settling down in the United
States.
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IMPACT OF OFFSHORE
OIL EXPLORATION AND
PRODUCTIONON THE
SOCIAL INSTITUTIONS
OF COASTAL LOUISIANA:
SESSION INTRODUCTION

Dr. Shirley Laska
Environmental Social Science
Research Institute
University of New Orleans
and
Ms. Vicki Zatarain
Minerals Management Service
Gulf of Mexico OCS Region

The purpose of this session is to present the
progress of the Louisiana University Marine
Consortium (LUMCON), University of New Orleans
in conjunction with the University of Southwestern
Louisiana, project on the social implications of the
extraction of oil offshore Louisiana. In examining
impacts of offshore oil exploration, development, and
production on coastal Louisiana, the impacts at
various levels of society were explored. The five
levels analyzed were (1) the family level, the
smallest unit; (2) social service level, i.e., poverty and
what various public and private organizations within
the community can or cannot do to mitigate these

impacts; (3) parish/county level; i.e., what happens -

to communities, the grouping of individuals and the
activities that they participate in at a level where
there is organization, structure, and spatial location;
(4) level of governmental process, what impact had
oil in both boom and bust on State and local
community levels; and (5) the oil industry and its
changes and how it impacted the lower levels of
hierarchy of social institutions.

The first presentation by Dr. Craig Forsyth dealt
with the impact of offshore oil exploration and
production on the familial structure. Because
offshore oil workers’ schedules involve cyclical
father /husbands’ absences, the research explores the
familial adaptations to those absences. Types of
familial adaptations among offshore oil workers are
as follows: Traditional authority occurring about
49% of the time, where the wife takes on both
traditional male and female roles during the offshore
oil worker’s absence, but when he returns, he
assumes only the male role, leaving the wife to carry
on traditional female tasks. The second adaptation
is that of the marginal father, occurring 20% of the
time, where the wife has taken on both the
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traditional male and female roles in both the
absence as well as the presence of the offshore oil
worker. The third adaptation is that of contingent
authority, occurring 17% of the time. The wife has
been given the authority to make only minor or
emergency decisions in the absence of the offshore
oil worker. The offshore oil worker retains all
authority and responsibility for the functioning of the
family upon his return. The fourth adaptation
occurring 7% of the time is that of conflict
adaptation, which can be further subdivided into 2
groups: terminal conflict (2%) and habitual conflict
(5%0). The primary characteristic of families
associated with terminal conflict is that the marriage
has ended in divorce due to ongoing unresolved
conflicts. Those families using the habitual conflict
strategy are involved in much ongoing tension and
conflict as well, yet the conflict is largely controlled.
The fifth adaptation is that of the egalitarian family,
occurring 4% of the time. Families using this
adaptation have divided the responsibility and
authority in the family equally between the parents.
The final adaptation is that of the replacement
father, occurring 2% of the time. These families live
close to relatives, and essentially a male relative
“replaces” the offshore oil worker during his absence.

Though nonstandard work schedules may be
problematic to the family, adaptations as those
described above will result. In some families, the
absences necessary for working offshore will come
to be defined as appropriate, in others they will not.

The second presentation by Dr. Sarah Brabant
discussed poverty during boom /bust cycles and social
service response. The time frame for the study, 1970
to 1990, includes the period before the oil embargo,
the rapid escalation in the price of crude oil
following the embargo, and the subsequent decline
in price.

Priz-boom poverty was typical of the underemployed,
including the illiterate with menial jobs and lower
incomes and the elderly on fixed incomes. During
the boom time, those who could not respond with
skills never got in on the oil boom. For the elderly
poor, boom made poverty even worse while the
impact on minorities was mixed. With the nation in
a recession, the under and working class migrated to
the area. Therefore with the bust, the first to be
hurt were those who were the last to come.
Previous welfare recipients lost jobs and had to
return to food stamps. In addition, a class of people
who came to be known as the "new poor" emerged.
The common characteristic of the "new poor" was
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not type of job or income, it was that they had never
been poor before.

Some unique aspects of the Louisiana boom/bust
cycle with regard to social service response include
the following: First, as a result of the Civil Rights
movement and the War on Poverty, a number of
community-based organizations were alreadyin place
prior to the boom/bust period, though it was
difficult for these programs to meet the changing
flux of poverty. In addition a powerful bureaucratic
entity was already in place. This entity, the Roman
Catholic Church, served to give both credence and
organizational structure to several attempts to serve
the poor.

The third presentation by Dr. Ruth Seydlitz was the
social and economic impact of offshore oil extraction
and production on involved communities. Three
types of social impacts were examined: social
disorganization, long-term human capital
development, and the economic health of
communities. Social disorganization of a community
or other social unit was measured by suicide and
homicide rates. With the changes communities
experience with the growth and decline of oil
production when it is a significant portion of the
economy, it is expected that social disorganization
would occur. The enhancement or suppression of
long-term human capital is a second way in which it
is proposed oil production would impact
communities. The two measures that were used to
examine this question were high school dropout
rates and percent of students going on to college.
The third measure of social impact is the economic
health of the communitics. Three measures of
economic health were examined: transfer payments,
income, and migration.

Time series analysis indicates that the effects of the
oil variables are more likely to be significant in the
parishes defined as highly involved in oil and gas
activities. The models including oil variables explain
more of the variance in the highly involved parishes.
Both positive and negative impacts from oil activity
are evident. It is important to anticipate such
impacts, to understand how they are caused and to
determine mitigative actions that might be possible
for the negative ones.

The fourth presentation by Dr. Ralph Thayer was
the impact of the recession in Outer Continental
Shelf (OCS) activity on the provision of public
services by State and local government in coastal
Louisiana. Many impacts on local government were
structural. First, the number of "special taxing

districts (or areas)” has proliferated. Parishes
indicated that voters preferred ‘“earmarking”
increased taxes to specific areas and purposes as
opposed to paying into the general fund. Also,
parishes and cities report having done everything
they could to cut expenses. Layoffs were common,
privatization or contracting out was practiced, and
all operations were reviewed for possible cutbacks.
Virtually all local financial support provided on an
optional basis to support social services was
eliminated as a matter of necessity. Many local
areas have consolidated city-parish operations or
even consolidated governments. Where
consolidation has not occurred, municipalities and
parishes often squabble over municipal plans to
annex unincorporated territories to insure that they,
not the parish, will have the sales tax collections as
these areas develop. Tax competition is on the rise.

Planning and strong central management could paint
a different picture for the Louisiana coastal parishes,
but this does not seem to be in the offing. Central
local authority has been seriously diluted by the
proliferation of special districts with their own
boards and dedicated sources of revenues. Public
understanding of their local government is lessened
since the proliferation of special project accounts
and districts makes the public focus only on an
awareness of "their districts” to the exclusion of
others and the general government. Planning is
difficult under any circumstances, virtually impossible
in a multi-headed non-system.

The fifth presentation by Mr. Charles Lambert
pertains to offshore leasing activity as corporate
strategy. The U.S. oil industry needs to shrink, and
many analysts believe it is still overcapitalized.
Industry expansion was driven by high oil prices, the
anticipation of still higher prices, and a desire to
circumvent OPEC production controls and U.S.
price controls. Declining oil demand and economic
recession in the early 1980’s put many oil firms at
risk financially although profits remained relatively
high.

Repositioning of integrated multinational oil
companies during the 1980’s frequently took the
form of mergers, asset purchases, stock repurchase
and reorganization. A primary goal of many
mergers between 1982 and 1988 was to unload low
profit assets to increase return on existing assets, and
to purchase oil reserves cheaper than drilling for
them. A large number of similar mergers involved
large integrated independent oil companies that
purchased other independents.



When these mergers are considered in light of recent
patterns of offshore lease purchases, two types of
corporate strategy emerge. One group of companies
has concentrated on restructuring for the short-term
profitability and pursuit of opportunities outside the
Louisiana-OCS region. A second group of
companies continues to pursue growth strategies and
has maintained or increased its presence in
Louisiana-OCS leasing, particularly in deep water
exploration.

A third group of companies may be an essential part
of the future of Louisiana-OCS activity. These firms
include natural gas producers that are expanding
leasing activity to position themselves for potentially
rich offshore finds, increased demand, and higher
gas prices. A final potential for future offshore
growth could be investment trusts that show signs of
moving into Louisiana-OCS leases.

The sixth presentation by Dr. Vern Baxter was to tie
together the previous presentations in common
themes of social institution impact and response.
The various presentations investigate the interaction
of integrated and independent oil companies, federal
and state government agencies, and public and
private social service providers as they relate to the
offshore oil industry as well as the familial
adaptations of offshore oil workers and family
members to the uncertainties of offshore
employment and unemployment. Changes in the
international oil industry and in Louisiana offshore
oil activity interact with local political conditions and
cultural traditions to produce effects on the social
institutions and lives of Louisiana citizens. A
common theme in the LUMCON research is that it
is important to examine local institutions and how
they affect and are affected by changes in the global
oil industry. State revenue, the system of social
service delivery, and overall socioeconomic
development in Louisiana are all tied to oil, but
existing political traditions, systems of social service
delivery, and family adaptation also survive and
affect the way global changes affect Louisiana.

The final three presentations were by prominent
sociologists active in this area, discussing the project
at hand and future implications for Minerals
Management Service (MMS).

Dr. Robert Gramling discussed how the structure
of the oil industry and the structure of local
governments affect social impacts of coastal
Louisiana, but also highly important is the
Department of the Interior’'s MMS’s policy on
leasing. Between 1954 and 1978, an argument can
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be made that leasing was essentially a closed activity
between the Secretary of the Interior and industry.
Most of the leasing until the 1960’s was in Louisiana
and all in the Gulf of Mexico. There were no
problems with local population objections since
leasing offshore Louisiana was established in the
1920’s. In 1969, the Santa Barbara oil spill changed
perceptions about the safety of offshore oil in the
United States except in the Gulf. The Santa Barbara
spill was considered facilitative of NEPA and the
1978 amendments to the Quter Continental Shelf
Lands Act (OCSLA). In 1978, the OCSLA was
amended and the assessments of effects of leasing
on marine, coastal, and human environment were
mandated. In 1974, following the 1973 oil embargo,
the size of lease offerings was tripled. In 1982, the
Secretary of the Interior combined the offshore
functions of the Bureau of Land Management and

5. Geological Survey to form MMS. Further,
area-wide leasing was instituted and went into effect
in 1983. Leasing is fundamental to social impacts.
Much of the United States is now under a leasing
moratorium by President Bush until 2000. The
domestic leasing program is almost entirely in the
Gulf of Mexico. A third structural variable to be
entered into analyzing social impacts is the
Department of Interior’s leasing policy, scheduling
of lease sales, and historic leasing.

Dr. William Freudenburg provided context and
reactions. Impacts on human environment have not
been systematically done. The purpose is not to
prohibit development but to foresee negative impacts
and mitigate. Four reactions to the LUMCON
presentation are (1) promising first steps have been
made; (2) on the basis of progress, there are no
easy/cheap "fixes"; (3) the agency and the research
cornmunity need to do more; i.e., focused research
task; i.e., applied research to answer specific, narrow
questions; (4) the links/conflicts need to be explored
focusing on impacts of OCS development on the
human environment,

Simple model to do this:

OCS Activity --> Affected  ------- > Impacts
o Individuals
o Communities
o Regions

The final speaker, Dr. Harvey Molotch, discussed
the challenges of examining social impacts from OCS
activity since there are no standard sources from
which to begin. There is a need to separate the
United States and World versus things local; i.e., the
need to define what is distinctive to OCS activities.
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Secular trends in the United States since the
beginning of the turn of century include expanding
public budgets. Cost of development (physical and
social infrastructure) has been absorbed by
government. In the last decade, however, there has
been a sharp cutback in public expenditures, which
means that whatever happens, happens at the
expense of a community. The community must deal
with it. The community can deal with the cost of
development through mitigation. Wealth should be
drawn from the production process at the time
wealth is extracted to minimize the paying for
infrastructural cost of that development.

What is part of secular national trends must be
isolated from what is peculiarly local. In what ways
does development under these circumstances create
peculiar problems for localities that perhaps can be
mitigated? What about the nature of OCS activities
lends them to mitigation? With an extractive
industry, you are taking out a non-renewable
resource and a bust is inevitable. It is suggested that
there be mechanisms in place to provide bonding for
lease abandonment; i.e., to remove physical
infrastructure; perhaps there is a way to generate an
analogous fund to take care of social consequences;
i.e., an extra cost of doing business in an extractive
industry. Plausible mitigation needs to be specified.
In order to provide plausible mitigation, a theory or
a set of propositions that can link empirical
observations needs to be made.

It is acknowledged that what goes on at the local
level in these communities is embedded in national,
political, and economic structures. To some degree
they must be taken as givens. But out of those
givens, particular types of mitigation may be possible
to tease out of careful empirical works

Dr. Shirley Laska teaches sociology at the University
of New Orleans. She is currently Associate
Professor of Sociology and Director of the
Environmental Social Science Research Institute
there. Her areas of interest and research are urban
and environmental issues. Dr. Laska received her
B.S. from Boston University and her Ph.D. from
Tulane University.

Ms. Vicki Zatarain is an Economist in the Minerals
Management Service, Gulf of Mexico OCS Regional
Office of Leasing and Environment. She holds a
B.S. in marketing and an M.A. in economics from
the University of New Orleans and a B.A. in
computer information systems from Tulane

Upiversity. Prior to employment with the Minerals
Management Service, she was an economist with the
New Orleans District of the U.S. Army Corps of
Engineers and a teacher of computer information
systems. Her current research and analysis center
on regional economic impacts associated with
offshore oil and gas activity as well as design and
maintenance of in-house leasing data bases.

FAMILIAL STRUCTURAL
RESPONSES TO CYCLICAL
FATHER ABSENCE:
THE OFFSHORE FAMILY

Dr. Craig J. Forsyth
and
Ms. DeAnn Gauthier
Department of Sociology
University of Southwestern Louisiana

This research explores the familial adaptations to the
father/husband’s cyclical absences. It involved a
sample of 147 offshore oil families.

Before discussing our findings in detail, we must call
your attention to the problematic notion of assigning
types. Some families will obviously be a good fit,
while many more of them will be located on a
continuum somewhere close to a specific type. We
are not, therefore, saying that each of our families
is an exact fit to the type to which they are assigned.
Rather, we are saying that their behaviors lean more
to those of one type than they do to another. If we
created a type to which every family could be
matched exactly, we would have 147 types, and the
research would be useless. We identified seven types
of adaptations to cyclical father absence among
families of offshore oil workers (Table 11.1).

The first adaptation identified was that of traditional
authority, occurring almost 49% of the time with an
n of 72. These families tended to pass the authority
back and forth between the parents, allowing both
parents active participation in family life. When the
offshore oil worker is present, the wife relaxes her
authority so that it may embrace his role as
decision-maker. However, they are not in an
egalitarian relationship. The wife takes on both
traditional male and female roles during his absence,
but when he returns, he assumes only the male role,
leaving her to carry on traditional female tasks. The
most important reason for the success or failure of
this adaptation lies in the willingness of the mother
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Table 11.1. Types of Familial Structure/Adaptations Among Offshore Oilworkers.

Familial N Percent
Structural Adaptation
Father/Centered (100) (68.03)
Traditional 72 48.98
Replacement Kin 3 2.04
Contingent Authority 25 1701
Role Reversed (30) (20.41)
Marginal Father 30 20.41
Egalitarian ) (4.08)
Egalitarian 6 4.08
Conflict 11) (7.48)
Terminal Conflict 3 2.04
Habitual Conflict _8 5.44
TOTAL 147 100.00

to relinquish her hold on all of the authority and
assume a shared role in the authority of the family.

The second adaptation identified was that of the
marginal father, occurring 20% of the time with an
n of 30. In this situation, the wife /mother has taken
on both the traditional male and female roles in
both the absence as well as the presence of the
offshore oil worker. She makes all the decisions
regarding the family, with no real involvement on the
part of her husband, who is treated more as a guest
than as an active participating member of the family.
His role has been reduced simply to that of
"breadwinner.” One wife is reported as saying:

"I've taken on more of the controlling role
than he has because he’s always kind of left
things up to me...[His working offshore] has
given him that shadows effect. He’s there
but he’s that shadow in the corner."

In fact, this adaptation is easy to achieve with the
occurrence of cyclical father absence and causes one
system of authority: that of the wife/mother. Our
marginal father is similar to Forsyth and Gramling’s

"periodic guest,” which occurs among merchant
seamen. However, because offshore oil workers
have schedules that rotate far more frequently that
those of merchant seamen, it seems extreme to term
the offshore oil worker’s stay as "periodic."

The third adaptation identified is contingent
authority, which we found to occur 17% of the time
with an n of 25. Here, the wife has been GIVEN
(by the offshore oil worker) the authority to make
only minor or emergency decisions in his absence.
Usually, he returns to resume all authority and
responsibility for the functioning of the family, and
the wife steps back to make no real decisions
without first obtaining his stamp of approval. If
major decisions must be made during the offshore
oil worker’s absence, one of two things occur: he is
contacted by phone, or the decision is avoided, put
off until his return. This is especially true of child
discipline, as illustrated by the common threat, "Just
wait till your father gets home.” That threat in turn
yields its own difficulties when the offshore oil
worker returns to a list of problems and complaints
that he may choose not to deal with. Children in
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families exercising contingent authority then possess
unusually high levels of power as a result.

The conflict adaptation was found to occur 7% of
the time with an n of 11. This category is further
subdivided into two groups: terminal conflict (n=3)
and habitual conflit (n=8). The primary
characteristic of families associated with terminal
conflict is that the marriage has ended in divorce
due to ongoing unresolvable conflict. Usually
terminal conflict occurred after having failed at
another adaptation. In one family, it appears that
the wife was attempting to exercise contingent
authority, but the stress proved to be too much for
her husband of 14 years.

"Whenever you get home, you need to
unwind, but instead, my wife was always in
my ear telling me that when the boys got
home I had to get on them for this or that.
I hated myself for some of the times I
spanked my sons, but she was on me so
much, so long about getting them, that I
would lose my head for the littlest things
they had done. Instead of making our time
together quality, I was taking my frustrations
out on them."

Those families using the habitual conflict strategy
are involved in much ongoing tension and conflict as
well, yet the conflict is largely controlled. These
partners have "agreed to disagree,” and therefore
never resolve their problems, nor are they seeking
separation or divorce. One woman put it this way:

"My husband and I have argued for years
about finances and disciplining the
children...He wants to lay back and do
nothing and I want him to get involved...We
don’t seem to agree on anything, but we're
still married."

A fifth adaptation identified among our sample was
that of the egalitarian family, occurring 4% of the
time with an n of 6. The literature suggests that
egalitarian relationships occur only between couples
in which both partners are professionals, but our
findings show that the literature may have sold the
working class short. Offshore oil worker families
using this adaptation have divided the responsibility
and authority in the family equally between the
parents. Unlike the husbands in families using
traditional authority, these men assume traditional
female tasks while at home--such as the care of
infants and children, cooking, cleaning and shopping.
All of the families we identified as egalitarian had

two wage earners although not all would be
considered professionals. In all cases, both spouses
were employed full-time, and at least one spouse had
a father who was an offshore oil worker or was
involved in another father-absent occupation. We
believe this is important because negative childhood
memories related to the work schedule of the father
have inspired these spouses to consciously avoid the
same unhappiness from occurring within their
families.

The final adaptation identified was that of the
replacement father, occurring 2% of the time with
an n of 3. These families live close to relatives, and
essentially a male relative "replaces” the offshore oil
worker during his absence. In all our cases, the
male was ecither the father or brother of the
husband, and he would fill in as disciplinarian,
handyman, etc. In other words, he filled in for the
traditional male role usually occupied by the father.
Forsyth and Gramling found this adaptation to be
primary in their research with merchant seamen, but
we find only an infrequent occurrence among
offshore oil workers. We believe this is so because
the offshore oil worker returns too frequently to
foster such an adaptation. Most of the families
interviewed never considered such an alternative
because the father would be returning shortly.
There were many instances where replacement kin
would occur in cases of emergency, but we believe
there is little difference in this action and that of
shore-based occupations and their families. Also,
the increased reliance on kin by dual-career couples
is not typically considered to be a replacement kind
strategy.

Our findings are consistent with the findings of
others, indicating that nonstandard scheduling is a
problem for families, and although offshore
oilworkers’ scheduling is unique, the problems
encountered by these families may or may not be.
In some families, the absences necessary for working
offshore for many reasons (social, interpersonal,
economic) will come to be defined as appropriate;
in others they will not. Certainly work scheduling is
problematic as is obvious simply from the literature
on commuter couples and nightworkers. And as the
availability, cost and quality of day-care interacts
with scheduling--different adaptations will result,
This is one set; those identified by Forsyth and
Gramling with merchant seamen were another.
QOurs are similar, but also different because
merchant seamen really illustrate only the
replacement father and periodic guest adaptations
while offshore oil workers’ have a wider range of
strategies.  All are traceable (except perhaps



conflict) to these people because of their individual
backgrounds. Further research will be systematically
looking at these backgrounds quantitatively.
Table 11.2 denotes our findings and
recommendations on types of stress created by
father absence.

A NOTE ON THE EFFECT
OF SOCIAL STRUCTURE ON CULTURE

Much has been written about the traditional culture
of South Louisiana. Before the drilling for oil
offshore began nearly half a century ago, the
patterns of life in this culture fit the traditional man
concept. One of the characteristics of this traditional
culture of Acadiana has been the focus upon
extractive economy (fishing, hunting, farming,
trapping, etc.), first as an occupation, which
facilitated well the lack of, or need for, social
mobility. Being self-employed in an extractive

Table 11.2. Types of Stress Created by Father Absence.
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occupation allows one to set his own schedule or
rather work when he only wants to or needs to.

The greatest intrusion upon this culture has been the
drilling for offshore oil. Not only did it bring in
more rational views and its accompanying need for
social mobility, but it brought with it a unique work
schedule. But the demand for offshore oil workers
was such that workers were able to quit anytime they
wished to participate in their extractive occupation.
Offshore oil workers would quit during shrimping
season to devote full-time to the occupation they
enjoyed. As the offshore rig facilitates fishing, the
industry preserved this traditional culture. Another
type of scheduling would have destroyed it. With the
bust in the oilfield, this ability to quit disappeared.
The supply of workers vastly outnumbered the
dernand; consequently the oil worker could not quit
the job for two months and expect to get another job
when his recreational job was over.

1. Separation from children.

2. Uncontrolled home environment.

a. The more involved the father is, the higher is this stress.
b. The less involved the father is, the lower is the stress.

Problem: The less involved the father is, the greater the risk to the family during unemployment.

Problem: Retirement.
RECOMMENDATIONS

Family

Make literature available for families of offshore workers.

Community and Industry

The effect of culture on structure is important to offshore oil. No other culture is so attracted to it.
The effect of structure on culture is important to communities. It allows distanced communities to

survive. It also allows the culture to exist.

Policy

Need to consider both of these factors (culture and structure).

Examples:

1. Trend to pay in lump sum may affect marginal father.

2. Limiting shrimping has effect on lifestyle, then culture, and may alter structure. Offshore work

may no longer be attractive.
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Has offshore oil, which was accommodating to this
traditional aspect, yet eroded another cultural trait
or will culture reemerge when the structure is more
accommodating? The past tells us that these
cultural traits will disappear, never to return. Only
a resurgence of the U.S. oil industry will give us an
answer.
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POVERTY DURING BOOM/BUST
CYCLES AND SOCIAL
SERVICE RESPONSE

Dr. Sarah Brabant*
University of Southwestern
Louisiana

Alexander Godunov, Mikhail Baryshnikov, Rudolph
Nureyev--names associated with stages in New York,
San Francisco, possibly Chicago, Washington D.C.,
maybe New Orleans--but Lafayette, Louisiana? Yet
between 1982 and 1986, each of these internationally
acclaimed ballet superstars appeared on the stage of
the Lafayette Municipal Auditorium (now Heymann
Center for the Performing Arts) through the
auspices of the Fine Arts Foundation. How could
this be? The answer is simple--oil.

And oil means money, lots of money. In March of
1981, Lafayette’s oil money captured the attention of
the New York Times.

With oil selling at $37 a barrel, and
investors consequently rushing to put money
into drilling for that oil, once-in-a-lifetime
fortunes are being made by those engaged
directly in the oil business, and by those
capitalizing on the prodigious, oil-induced
growth of Lafayette itself (Stevens 1981:4).

By June of 1986, however, oil was selling for $9.39
(Oil and Gas Journal Data Book 1988:1). The boom
was over. By summer of 1988, the Fine Arts
Foundation was no more (Brabant 1989). In 1989,
The New York Times Magazine (King 1989)
described Lafayette as "Bad Times on the Bayou."
The present research shifts away from front stage
Lafayette to the back streets, the world of the poor.
How did the fluctuations in oil and gas activity
impact poverty? An oft quoted biblical statement
suggests that the poor are always with us (cf.
Matthew 26:11). Did poverty disappear during the
boom? And the bust--what happened then, with
respect to needs and response?

The time frame for the study, 1970-1990, includes
both the period before the oil embargo, the rapid
escalation in the price of crude oil following the
embargo, and the subsequent decline in price. Basic
need is defined as the necessity of individuals to go
outside of kin or informal neighborhood networks
in order to obtain food, shelter, or clothing. Four

*As presented by Dr. Robert Gramling



parishes were selected for the study: Lafayette
Parish, the administrative center of offshore oil;
St. Mary Parish, high blue-collar involvement;
Calcasieu Parish, directly impacted by oil and gas
but with greater economic diversity; and Ouachita
Parish, a parish impacted only indirectly by energy
related activity. Data were collected in three ways:
in-depth interviews with persons in both public and
private settings who work or worked with individuals
needing basic assistance; agency statistics; and
newspaper accounts. In all, 50 interviews were
completed between July 1989 and May 1990.
Twenty-nine interviews were conducted in Lafayette
Parish, the central focus of the study, six in St. Mary,
eight in Calcasieu, and seven in Ouachita.
Informants are identified by number only.

PRE-BOOM POVERTY

The majority of the pre-boom poor were the
undercmployed. "Clients who received food stamps
had jobs but did not earn enough money to support
them, their families independently of food stamps"
(#7); they were "illiterate, those who had menial
jobs with lower incomes without any hope of being
able to rise above that" (#1). They were the elderly,
"who are always with us on the food stamp program”
(#6), and "on rare occasions we’d have a working
class family that may have had an extreme setback
of some kind" (#11). White informants tended to
see the poor as predominantly black; black
informants tended to see them as mixed. For the
most part, however, the pre-boom poor across all
four parishes were similar. They were local people,
they were uneducated, and they lacked skills,

BOOM TIME

A member of a prominent family commented, "It
was really a boom time here in Lafayette for
everyone...we all reaped rewards in business and so
that just rippled out to everyone. It was a good time
all those years" (#50). Not everyone, however,
enjoyed the good times. "[For] the people who could
respond with skills, it was all right. But there were
some people in Lafayette that never had the
required skills, and never got in on the oil boom”
(#14). For the elderly poor, boom times made
poverty even worse. "The cost of living went
up...[and] that bled finances” (#45). For those on
fixed income and those whose incomes were
relatively low, housing was also problematic unless
they owned pre-boom. The impact of the boom on
minorities was mixed. An informant in Lafayette
Parish commented: [the oil industry] did hire a few
blacks, but it was just the minimum and the same

261

thing with women...it was only to meet quotas.” One
in St. Mary Parish remarked, "it was mostly whites
who were in the oil industry; a handful, only a
handful of blacks who really fought their way in"
(#43). The impact on blacks in Calcasieu was more
positive. Parish differences may well be attributable
to the type of industry. For Lafayette and St. Mary,
industry was primarily non-union. Plants in
Calcasieu "employed a lot of construction workers”
and these workers were unionized; "the unions came
in and gave them [blacks] these jobs" (#32).

"As the oil industry made a plea for workers and the
word got around that if you go to Lafayette,
Louisiana, anybody can get a job, people came from
all over. Many of these people had been
unemployed for a while and they came on foot, they
were hitching rides here. When they came here they
were penniless... We had families living in cars. We
had people sleeping in ditches. We had people
slecping anywhere downtown and the police would
pick them up and try to find a place for them to go"
(#14). In the early days of boom, most found work.
The manager of Job Services (state employment)
recalled that "it was practically impossible to furnish
the oilfield people with the personnel that they
needed to do what they wanted to do while prices
were high... they wanted warm bodies, right. They
didn’t bother too much about physical exams and
things like that" (#47).

In October 1981, National Enquirer described
Lafayette as "Boom Town, USA" (Mullins 1981).
The nation was in recession, and several informants
(#13, #29, #41) felt this article influenced the under
and working class, particularly those fleeing the "rust
bel.." Some hitchhiked in. Others came in "regular
cars like a recent model appearing to be in good
condition" (#13). Still others came in cars "just
barely chug-a-lugging, you know, but they finally
made it down here. Yeah, they did have some old
beat up vehicles” (#41). "Some were just old cars
packed to the — I mean like something you'd see in
movies or something, things hanging out the
windows it’s so stuffed. And trucks. I remember
that! Trucks just being loaded down with people’s
belongings" (#13). There are many stories of those
who got jobs, settled down, and then tried to help
other newcomers (#48). Some, however, fell into
the clutches of the labor camps.

They'd bring them to the job site, they’d
work there during the day and then they’d
bring them back to the labor camp at night
so they could sleep. When it came time for
their pay checks, they owed for the bed they
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slept in at night, they owed for their meals.
They wouldn’t get a check, you know,
they’d work a whole week and then they'd
maybe end up with $10 cause naturally they
were selling their cigarettes at a higher price
than what they paid for them (#2).

The labor camps exemplify the worse case of human
exploitation. Even when there was no exploitation,
however, hardship stories abound. Families sleeping
in cars were common in both Lafayette and St. Mary
(#11, #2). Both parishes also saw the emergence
of "tent cities” which sprang up on the outskirts of
towns as newcomers streamed into the area (#13,
#42). Some people resorted to living in "store and
locks" (#14). Some slept in the open. "They would
sleep next to the air conditioners, wherever there
was a closed area, in the corner, in the back of the
shrubbery by the church® (#41). There were
problems other than housing. "Some families didn’t
have transportation so that posed another problem”
(#13). In addition, the nature of offshore work (cf.
Gramling 1989) compounded problems by separating
familics. Then it was 1982 and the market shifted.

THE BUST

Among the first to be hurt were those who were the
last to come. Some came too late to get a job.
Others, only recently hired, were the first to be fired.
Previous welfare recipients lost jobs and had to
return to food stamps. In addition, a class of people
who came to be known as the "new poor” was born.
Both the backgrounds and the time of emergence
of this "new poor" vary across parishes. For
St. Mary Parish, the layoffs at McDermott and
Avondale in 1982 signalled the end of the boom
(#2); for Calcasieu, it was the closing of the
petrochemical plants. The "new poor" became
evident somewhat later in Lafayette Parish. Like
the "new poor" in other parishes, they had made
huge salaries in the oil industry. Unlike the others,
they were likely to be white-collar and many were
highly educated. The bust was a great equalizer.
The common characteristic of the "new poor" was
not type of job or income. It was that they had
never been poor before. Homelessness became
commonplace. As the crunch began to affect the
middle and upper class, domestic workers lost their
jobs (#11, #12). The bust had begun in 1982; by
1986, the boom was over for everyone: the poor, the
near poor, the middle class; the rich; and the very,
very rich; and then the poor. As one informant put
it: "It's affected everybody. I guess that’ll be the
best way to explain [it]" (#12).

THE AFTERMATH

One of the impacts of the bust often noted in the
boom town literature is the loss of population.
Although there was some out-migration, it was not
as high as the literature would suggest. For some,
staying meant changes in living arrangements. Some
moved in with relatives, "Everybody’s living with
everybody. I don’t mean sexually, I mean families
moving in together” (#11). For some, however, just
the opposite took place. "When the oilfield crunch
hit back here it took a lot of hard working men and
put them into depression. They lost their families
because they couldn’t keep up their house note
anymore” (#40). For other couples, role reversal
enzbled the family unit to survive. A food stamp
worker in Lafayette commented, "I have more men
now...receiving food stamps" (#8). Another stated
"most of the time it’s the woman who’s working.
Some men will come in, some men still won’t come
in, so the women will take off* (#9). Workers at
other agencies in the parish also report men coming
in for help for their families (#16, #48). In July
1989, a local newspaper reported "a modest
recovery” (O’Donell 1989:19). Unemployment rates
were down, employment was up. Comments from
those who work with the poor, however, reflect a
picture that is not so optimistic. "All of these jobs
that are available now here are part-time. That
means you're offered nothing" (#12). The cultural
prescription against moving away from family may
be creating a new Appalachia. One informant when
asked "What has oil done for this area?" responded:
"Well, it made it and then it broke it" (#18).

COMMUNITY RESPONSE

Many characteristics ascribed to other areas
impacted by extractive industries apply to the three
oil/gas impacted parishes presented in this research.
These include rapid population growth, increased
cost of living, inability of traditional systems; i.e., kin
or neighbors, to meet basic needs in crisis situations
and the suddenness and unexpectedness of the bust
(cf. Gulliford 1989). There are, however, some
unique aspects of the Louisiana boom/bust cycle,
particularly with regard to social service response.

First, as a result of the Civil Rights movement and
the War on Poverty, a number of community-based
organizations were already in place prior to the
boom/bust period. This presence proved to be
extremely important. The structure, scope, and
guideline limitations and constrictions of national
organizations; €.g., Salvation Army, often made it



difficult, if not impossible, for these programs to
meet the changing flux of poverty.

In addition, there was a second factor unique to
Southern Louisiana. Programs inaugurated and
carried out by individuals, regardless how good
intentioned and well meaning, are often doomed to
failure. Sheer physical and emotional exhaustion is
often a problem. In addition, new programs are
highly susceptible to destructive criticism on the part
of those with other agendas. Lafayette, St. Mary,
and Calcasieu were unique in that a powerful
bureaucratic entity was already in place. This entity,
the Roman Catholic Church, served to give both
credence and organizational structure to several
attempts to serve the poor. In addition, the Civil
Rights movement of the late 1960’s created networks
between Protestants and Catholics that facilitated
both the development of programs and subsequent
networking,

No matter how good the programs or how dedicated
the workers, it takes money. The presence of two
federally funded programs, Food Stamps and
Federal Emergency Management Administration,
were critical. The individual pain brought about by
the bust should not be minimized. It was terribl