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INTRODUCTION

Thisyear’s Information Transfer Meeting (ITM) again brought together people from all over the
country and the world to discuss the various topics funded by the Environmental Studies
Program. As always, the ITM provides aforum where interchange on topics of current interest
relative to environmental assessments of the offshore oil and gas industry can occur. The
accomplishments of the MM S Environmental Studies Program for the Gulf of Mexico and of
other research programs or study projects were presented. The ITM isaplace to foster an
exchange of information of regional interest among scientists, staff members, and decision-
makers from MMS, other federal or state governmental agencies, regionally important industries
and academia. It is an opportunity for attendees to meet and nurture professiona acquaintances
and peer contacts.

The 21% ITM focused on severa topics from sperm whal e research to the history of the oil and
gas industry in Southern Louisiana. New information about the movements of sperm whales was
shared with an overflow capacity crowd. Interesting stories about the pioneers of the oil industry
were shared along with many old photos. Presentations were given on the types of organisms
that live on and around the numerous structures in the Gulf of Mexico. Physical oceanographers
presented their most recent findings of the movement of currentsin deepwater using various
models. Two sessions addressed the socioeconomic impacts from the oil and gas industry to Gulf
Coast states. The removal of offshore structures was the topic of afull day of presentations that
brought together government agencies and industry. The continuing expansion into deepwater
with new technologies and issues were discussed. Speakers came from as far away as Mexico
and England.

Following are the summaries of the presentations that were given by all the excellent speakers.
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INTRODUCTION

Mr. Ed Richardson
Minerals Management Service

Click here to see Mr. Richardson’ s slide show.

G. Ed Richardsonisasenior environmental scientist with the Minerals Management Service' s Gulf
of Mexico OCS Region in New Orleans. He specializes in National Environmental Policy Act
(NEPA) assessments of “new and unusual” technology proposed for useinthe oil and gasfield. He
also coordinates Programmatic Grid Environmental Assessmentsfor the deepwater areasof the Gulf
of Mexico. His civilian career spans over 29 years of environmental and regulatory experience in
state and federal government agencies and in the oil and gas industry. He is a colonel in the U.S.
Army Reserve and serves as a senior environmental science officer. He received his undergraduate
and graduate degrees from Clemson University in microbiology, environmental health, and
biochemistry.



DEEPSPILL

Mr. Dan Allen
Chevron USA Production Co.

WHY SHOULD THE DEEPSPILL JOINT INDUSTRY PROPOSAL (JIP) BE CONDUCTED?

Little is known about the behavior of liquid and gaseous hydrocarbon releases under deepwater
conditions. Several questions have focused the JIP s efforts.

* If hydrateswere formed, how would they affect the continued release of the hydrocarbons?

» Would there be any gas phase dissolution? Would gas even come to the surface, of the sea
from arelease?

* Would the released hydrocarbons eventually come to the sea surface and how far from the

release site would this occur?

Would phase separation occur?

To what degree would entrainment of oil occur in the water column?

What about the size distribution of the droplet and bubble from the hydrocarbon rel ease?

Would “weathering” occur on the liquid hydrocarbons in the water column?

The behavior of the released hydrocarbons could affect potential intervention methods. The
formation of hydrates at the release point could limit or stop the release of the hydrocarbons. What
kind of cleanup equipment might be needed, if it were needed at al?

Participants in the JIP wanted to optimize their spill response “toolbox.” What would work for
containment and cleanup of a deepwater spill? Could dispersants be used effectively? Tests were
also needed on surveillance technologies to determine their applicability and effectiveness.

Deepwater computer transport models were being developed at two universities. Data from the
deepwater release could be used to validate the model and its outcomes. Laboratory data were also
generated from elements within the JIP. The release could serve to calibrate these data.

The DeepSpill JIP had some unlikely partners. The MM S contributed funding toward the JIP and
was actively involved throughout the process. The Norwegian Pollution Control Authority (SFT)
and the Norwegian Clean Sea Association (NOFO), a cleanup consortium, were participantsin the
JIP. Additionally, 22 oil companies rounded out the JIP partners.

Norway was selected for the test release because it has always been aleader in “field testing” oil
release study efforts. Since other releases have been successfully conducted off the Norway, fewer
legal complications were expected.

CONDUCTING THE EXPERIMENTAL UNDERWATER HY DROCARBON RELEASE

Table 1A.1 depictsasummary of thefour experimental dischargesto be conducted during the study.
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Table 1A.1. Summary of the four experimental discharges.

Duration GasRate | Water/Oil Rate
Experiment (minutes) (Sm?¥s) (m3hr)
Nitrogen and dyed sea water 40 0.6 60
Marine diesel and LNG 60 (oil) 0.6 60
Crude oil and LNG 50 (oil) 0.7 60
LNG and sea water 120 0.7 60

A variety of instruments were used during the experimental release to monitor the characteristics
and movement of the expelled fluids. Some instruments were selected to determine if they could
accurately detect the released hydrocarbons within the water column. The following is alisting of
some of the instruments used during the tests.

e Echosounders at 18, 38, 120, and 200 kHz

* Radar

« ADCP

» CTD, rosette sampler, PAH fluorimeter
* ROV videos

Figure 1A.1 shows a diagrammatic representation of the deployed equipment for the experimental
hydrocarbon rel ease.

&( Surveillance
aircraft

_ Far Grip with

Johan Hjort equipment for
and sampling SINTEF lab discharge of
boats container oil and gas

Hakon Mosby /M

Figure 1A.1. Diagrammatic of the deployed equipment for the hydrocarbon release experiment.



The experimental hydrocarbon release was to take place in the Norwegian sector of the North Sea
at alocation know as Heland Hansen. The map in Figure 1A.2 shows this area and its relationship
to the Norwegian coast.
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Figure 1A.2. Relationship of experimental hydrocarbon release site to the Norwegian
coastline.
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Figure 1A.3 shows the surface dlick that developed during one of the experimental releases. Note
the survey vessels working in the slick.

Figure 1A.3. Surface dlick that developed after a hydrocarbon test release.

Figure 1A.4 shows an underwater gas release from the subsea manifold during one of the tests.
FINDINGS FROM THE EXPERIMENTAL DEEPWATER HYDROCARBON RELEASE.
The following list summarizes the major findings from the hydrocarbon release:

* While the temperature and pressure at the underwater release site were well within the
ranges for stable hydrates to form, none were observed.

» Thegas/oil plumeswere clearly detected by echosounder equipment.
* No gaswas observed at the sea surface.

* Theoil surfaced near the underwater manifold site as thin films within about one hour after
itsrelease.

» Oil spill model results roughly agree with the observation at the test site.



Figure 1A.4. Underwater gas release from the subsea manifold.

Mr. Allenisacoastal and marine ecologist working for Chevron Production Company’ s Deepwater
Business Unit in New Orleans. Since joining Chevron in 1981, he has coordinated contingency
planning, spill responses and spill research and devel opment programsin all regionsof theU.S. and
in several locations abroad. He is a member of the Louisiana Applied Oil Spill Research and
Development Program Advisory Committee, the API Spill Science and Technology Committee, the
OOC Deep Water Sciences Subcommittee, and chairsthe OOC Deep Water Spills Working Group.
In addition, he serves as an advisor and company representative to a number of other trade
associations and spill response cooperatives.
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GOM DEEPWATER TRANSPORTATION: JAC SHUTTLE TANKERS

Mr. Chuck Steube
CONOCO Marine

Click here to see Mr. Steube’s slide show.

Delivery of crude oil from offshore installations by water borne transportation (oil tankers) to a
delivery point to the onshore U.S. market isnow an alternativefor the Gulf of Mexico (GOM) given
the recent Record of Decision issued by the MMS. Most magjor exploration and producing
companies are expanding their search for oil in the GOM and with technology improvements are
moving further from existing offshore infrastructure and into deeper water (5,000 ft to 10,000 ft).
Alternatives need to be devel oped for the transportation of these deepwater production volumesto
market. Oil transportation via shuttle tanker has been an accepted off-take solution in other major
producing areas of the world and isnow aviable aternative for oil off-take for future developments
in deepwater GOM.

The vesselsrequired for transporting crude oil from the GOM are far from the traditional crude ail
tanker. Because of the Jones Act, these vessel will have to be built, flagged and manned in the U.S.
Meet OPA-90 requirements, meet stringent technical, commercial, public perception requirements
and be cost-effective to compete with pipeline tariffs. Vessel construction will require a non-
traditional approach to conventional shipbuilding. The two key criteriathat will drive construction
are timing and budget.

The needs of the oil producers require that the vessels meet certain specifications to provide a
reliable transportation system. Vessel cargo size should be 500,000 BBLS, which equates to an
arrival draft of 40 ft. Thissizeissuitablefor most Gulf Coast portsand isatypical refinery size. DP-
2 systems should also be considered for the vessel to improve turn-around times and vessel uptime
that in turn can eliminate any field shut in. The vessel also needs to be OPA-90 compliant and
should be double hulled.

The shuttle vessel operator must also decide on the type of vessel to be used for shuttle service:
either atug/barge unit or atanker. Tankers have a proven track record of shuttle service operating
in the North Seawhile critical technical issues must be addressed before the tug/barge units should
be used for shuttle service.

Only seven U.S. shipyards can build 500 M bbl tankers or larger. Within this group, Avondale,
National Steel and Shipbuilding and Kvaerner Philadel phia Shipyard are most interested in securing
new building commercial contracts. Avondal eiscurrently constructing commercial tankersfor Polar
Tankers, and NASSCO has been awarded a contract from BP to construct commercial tankers both
for the Alaska WC service.

A non-traditional solutionisneeded for thisnon-traditional GOM shuttletransportation service. The
solution we have come up with is to bring together different companies with the right technical
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background, business expertise, yard facilities and willingness to make a significant step changein
the traditional U.S. maritime construction market.

This non-traditional approach we believe can meet the customers’ time requirements, can compete
with pipelineson atariff basis, and provide a safe, efficient transportation alternative for the GOM.

Now that we have looked at the Shuttle tanker we al so need to look at the interface systemsthat will
move the oil from the deepwater offshore facility to the tanker. These systems can vary depending
on the type of facility. Off-take systems can be configured to adapt to a variety of field infra-
structures with or without storage. As the industry moves to deeper water, new technologies will
emerge that will allow more efficient transfer of crude oil and gas from the process facilities to the
shuttle tanker.

Chuck Steube has been employed by Conoco for over 28 yearsin both project and field management
positionsranging from onshore, artic, offshore marine operationsto field development. Hewaspart
of the Project Team that installed Conoco’s first FPSO in Nigeria and was the offshore super-
intendent for that installation. In his current position as Manager of Production Operations in the
Floating Systems Division of Conoco Marine, Chuck isinvolved with awide range of projectsin-
cluding shuttle tankers for the Gulf of Mexico and FPSOs and FSO for worldwide deployment. He
holds a BA degree from Texas Tech University and an MBA degree from Tulane University.



13
DUAL GRADIENT DRILLING

Mr. Ken Smith
Conoco Inc.

Click here to see Mr. Smith’s slide show.

Ken Smith isan engineering professional with Conoco. Heisagraduate of TexasA&M and has 23
years of experience in rig supervision, drilling engineering, drilling technology, and drilling
management, both domestically and overseas. For the last six years, he has been working as project
manager for the Subsea Mudlift Drilling Joint Industry Project, which recently finished drilling the
world’ sfirst dual gradient well.
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COMPRESSED NATURAL GAS: A KEY SUCCESS FACTOR FOR
ULTRA-DEEPWATER DEVELOPMENTS FOR THE GULF OF MEXICO

Mr. Charles White
EnerSea Transport, L.L.C.

Click hereto see Mr. White' s slide show.

Why does the U.S. need marine CNG transport solutions?

Long-term conversion to gasis ongoing

- Growth of gas-fired power generation

- Evolution of fuel cells

- Current low price = decreased land exploration

CNG can economically transport GOM, Alaska, Canadian, Caribbean, and South America
gasto U.S. markets

A CNG marine transport option for the GOM will facilitate commerical development of
smaller (especially gas) discoveries and open the ultra-deep for gas exploration

CNG transport conserves natural gas compared to LNG, GTL (much less CO, production)
CNG transport limits dependence on supply from the Middle and Far East

Thereislittleincentivetofind or develop gasreservesinthe ultra-deep GOM. Unlessagas shuttling
is alowed as a means to help operators unlock remote gas, a vast resource will remain beyond
commercia reach for many years.

Critical success factorsfor ultra-deep GOM service:

Clear economic incentive as compared to pipeline export to offset perceived risks

Approva of oil shuttling for GOM

Operators' perception of positive government alignment for gas shuttling initiatives (aclear

picture of which entities are involved and their commitment to a “facilitation role”)

Rational timeline to approval

At least one operator focused on “value creation” instead of “risk reduction”

- Or cooperative operator groups (enhancing opportunitiesfor aggregating marginal fields
through one service provider)

What are gas handling alternatives?

Pipeline export

CNG

LNG

Gastoliquids (GTL)

Gasto wire (electric power generation & transmission)
Gas to commodity (bulks, ores, chemicals, etc.)
Re-injection

Flaring
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Only CNG shuttling, pipelines, and re-injection are receiving any serious consideration as viable
optionsfor handling gas in the ultra-deep. Both pipeline export and gas shuttling appear to provide
commercial optionsfor gasdisposal. However, gas shuttling providesflexibility and re-deployment
opportunities not available with pipelines.

Key system design/cost elements for CNG:
Produced gas characteristics and preparation for storing
* Gasloading systems (hydrate management)
» Gas containment concept (CNG tank design)
-  Materias
- Wall thickness (base and allowances)
- Wwall wetness
- Gasbhehavior in and during loading/unloading operations (*“ heat of compression” |0sses)
o Ship design (for efficient carriage of CNG cargo tanks)
* Gasdelivery systems
» Safety and risk management
- Demonstrate hazards no greater than LNG through hazard risk studies

Total system commercial effectiveness:
* Environmental value/challenges
* “New technology” label vs. industry acceptance
* Regulatory approval hurdles
» Economic incentives

CNG marine transport alternatives:
* VOTRANS™
» Coselles™ (coils of small diameter pipe captured in “cans’ that may be stacked on barges
or in ships)
» Lorica(container-sized carbon/fiber composite pressure vessels)
» TransCanada pipelines (composite reinforced large diameter pipe tanks)
» Knutsen OAS (a CNG ship design with vertical large diameter pipe tanks)

All of the above except VOTRANS™ store gas avery high pressures, depending on blowdown and
scavenging to offload their cargo. High storage pressures and scavenging require costly compression
facilities. Higher pressures al'so demand more costly gas containers. VOTRANS™ isnot just anew
gas container or gas ship idea. It isatotal gas storage and delivery system.

WHAT IS ENERSEA TRANSPORT?

EnerSeaTransport L.L.C. isaTexas start-up that is building an international presence through new
business development and strategic partnerships. EnerSea offers a highly efficient compressed
natural gas marine delivery system caled VOTRANS™ or Volume Optimized Transport and
Storage. VOTRANS™ optimizes the relationships between the compressibility and storage
temperature of gas and the weight of steel containment pipes. Depending on the gas make-up,
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Paragon Engineering Services Inc. (PES) projects that VOTRANS™ will store from 60% to over
100% more gas per pound of steel than competing CNG concepts.

The VOTRANS™ cargo package, or Z-Pack, is comprised of a multitude of tanks or long, large-
diameter pipe structures manifolded together in tiers. The steel, though high strength, is
commercialy available and has been proven in gas transportation service at similar temperatures
and pressures. VOTRANS™ Z-ships are inherently scalable and can be designed to carry from
100,000MCF to 2 BCF per ship. In order to maintain temperature and pressure over time and
distance, the pipe structures are contained within an insulated coldbox.

Theindependent engineering, naval architecture, and economic analysesperformed over thelast two
years by PES, Alan C. McClure Associates, Inc., and Groppe, Long & Littell have confirmed the
technical and economic viability of VOTRANS™. Naval architects have assessed the viability of
newbuild and ship conversion optionsleading to preliminary classand regulatory reviews. Theteam
has created highly efficient cost-estimating tools that model the entire delivery system (from
compression inlet at gas supply point through receipt facilities at market access point). These tools
have been used to confirm economics for a wide range of case studies. Dr. Michael Economides
reviewed EnerSea’s technology and came to some interesting conclusions in an interview with
Energy News Live (Williams Webcast). This interview, along with other general information, is
available on our website, www.Ener SeaTransport.com.

Ongoing communications and sanctioned work effortswith ABSand DnV and government agencies
(e.g., Transport Canada, U.S. Coast Guard, and U.S. Minerals Management Service) confirm that
areasonable pathway to regulatory approval exists.

Pre-project engineering is planned in Phase I11 to begin January 2002, advancing system definition
to ensure that acommercial project can be sanctioned for a specific application. The primary focus
will be to establish ship design and construction plans and to achieve “ class approval in principal”
for aZ-ship, with agoal to have “gas on ships’ by 2005.

EnerSea’s principals have extensive experience with marine systems, naval architecture,
deepwater/frontier pipeline development, natural gas storage, energy trading, and finance. Key team
members have enjoyed over 30 years with major E& P companies. Others have founded and built
profitable energy and logistics businesses with over $800 million in annual sales.

Charles N. White, P.E., has worked for over two decades in the offshore oil industry, focusing on
technol ogiesfor deepwater devel opment. Hewas an internal marine systems engineering consultant
and project manager with Conoco for 18 years prior to joining Statoil aslead for the deepwater field
and technol ogy development (U.S. Gulf of Mexico). Prior to joining Conoco, heworked intechnical
approval of ships and major approval of ships and major offshore equipment for the American
Bureau of Shipping. Mr. White has been aleader in the U.S. and international marine and offshore
community for many years, including rolesasregional chairman for the Society of Naval Architects
and Marine Engineers, as chairman of APl and DeepStar workgroups for development of
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international standards (RPs) for floating production systems and risers, and as originator and
champion of several mgjor joint industry projects. Mr. White has aso authored many technical
papers and been granted a number of patents and engineering awards (U.S. and international).
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THE TECHNICAL CHALLENGES OF DEEPWATER PIPELINES

Mr. David Walker
British Petroleum

Click hereto see Mr. Walker's slide show.
INTRODUCTION

Thispresentation summarizesthetechnol ogical challengesassociated with the design, construction,
and operation of deepwater pipeline systems that are currently being built in the Gulf of Mexico
(GOM). The primary focusis on export lines, both oil and gas, with a brief discussion of flowline
issues. The paper’ sintent isto focus on what is new and challenging for pipelines asthe oil and gas
industry moves production activities out to the 1,829 m (6,000 ft) water depth contour.

Interms of the history of offshore pipelines, we can trace an evolution from the GOM in the 1960s,
through the 1970s, and 1980s in the North Sea and on the Norwegian Shelf culminating in gas
export systemssuch asAsgard, and then back to the GOM in the 1990swith deepwater projectssuch
asMars. Thecurrent pipelineindustry benchmark isprobably the Hoover-Diana20-in export system
in approximately 1,371 m (4,500 ft) of water. However, during thefirst half of this decade, we shall
see the boundaries being extended in the Black Sea (Blue Stream) and here in the Gulf where plans
are underway to construct 28-in linesin over 1,829 m (6,000 ft) of water.

A DEEPWATER PIPELINE SY STEM

Deepwater pipelinesare part of a pipeline system, which often will embrace shallow water sections.
Most importantly, pipelinesto floating production systems will incorporate dynamic riserslinking
the pipeline on the seabed to the surface. Traditional pipeline design methods barely address
movement and dynamic environments. Typically, guidance is given on how to avoid unsupported
spansthat are subject to dynamic loading. We need to recogni ze that in deepwater, spans of over 1.6
km (1 mi) inlength intheform of steel catenary risersare anintegral part of the pipeline system and
have to be considered in great detail in their design, construction, and operation.

The issue of subsea tie-ins, although not unique to deepwater systems, needs to be considered.
Expensive deepwater pipeline infrastructure needs to be fully utilized, and subseaislikely to be an
attractive option for managing tie-ins, given the weight and expense of trying to hang off multiple
risers from floating production facilities. This raises the possibility of multi-diameter pipeline
systems — particularly if we seek to minimize riser diameter—which then brings in the question of
multi-diameter pigging as a possible requirement.
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DESIGN CHALLENGES

For the vast mgjority of the world’s pipelines, their wall thicknessisafunction of internal pressure
concerns. However, thisis not true in deepwater environments where external pressure can govern
—in particular during installation —where, in the sag bend close to the seabed, the pipeline will be
subject to its most severe loading condition combining high external pressure, axial load, and
bending. These loadings interact; i.e., the more a pipe is bent, the less external pressure it can
sustain. For added assurance of design with very heavy wall pipelines, some operators have chosen
to conduct full-scale bending trials where samples of pipe are subject to combined loadings in a
pressure vessel to determine the safety margin against collapse. Collapse may not belocalized and
to limit the extent to which it can propagate along a pipeline, buckle arrestors or extra heavy wall
sections are generally incorporated in the deepest sections of the pipeline.

Pipe manufactureisalso anissue. Soon we will find ourselvestesting the limits of what theworld’'s
steel mills can produce aswe seek to moveinto deeper water. Again | mention the question of multi-
diameter pipelines, because if we seek to construct fully piggable systems, we need to pay great
attention to pig design and to what changes in diameter can be incorporated.

Seabed issues are not confined to deepwater, but we do need to recogni ze that gathering survey data
to assist in route selections will be expensive, especialy if traditional “towed fish” technology is
utilized rather than the newer autonomous underwater vehicles (AUV) for the surveys. In parts of
the Gulf, we encounter seabed escarpments at around the 1,219-1,829 m (4,000- 6,000 ft) depth
range, and great care is needed in route sel ection through these areas. The industry has accumul ated
alot of experiencein the Norwegian shelf in dealing with difficult and uneven seabeds— potentially
amajor cost issue. Soft seabeds associated with marine sediments are generally welcomed, but we
do need to pay particular attention to any differential settlements that might arise relative to fixed
objects such as end manifolds or tie-in sleds.

Steel catenary risers are a challenging part of the pipeline design. Critical areas concern vessel
motion prediction and our ability to predict vortex induced vibration (V1V) (in the same way that
telephone wires can “hum” in thewind) since marinerisers can be“ excited” by transverse currents.
Fortunately for the pipeline designer, the deepwater drilling community has been deploying long,
slender drilling risers from floating systems for many years, and there is a considerable body of
research from which we can draw for knowledge. Catenary risersdiffer in their end conditionsfrom
vertical drilling risers, but the analogue is still a good one. For catenary risers, what is likely to
governdesign criteriaisfatiguelife considerations, and that has profound consequencestheway we
must address integrity issues.

A critical component onthe export riser will bethetop connection to thefloating production facility.
Generaly, to limit stress concentrations at the hang-off point beneath the “floater,” some kind of
stress joint (a tapered section) or flex joint will have to be incorporated into the design. The
mechanical integrity of such adeviceisof critical importance. In the paper’ s accompanying slides,
aplot is shown of “severity of duty” that is a measure of pressure, temperature, and motion versus
the diameter of pipe. Since flex joints incorporate elastomeric materials, temperature rating and
production fluid compatibility are aso important considerations.
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Pipelinefluidsarealwaysakey design driver, irrespective of water depth. Wejust haveto recognize
that in some instances, there may be high levels of uncertainty which have to be accommodated at
the design stage (depending on how well thereservoir fluids have been characterized). Weal so need
to deal with depressed seabed temperatures and high hydrostatic headsin the pipelinefluidsthat can
accelerate the propensity to form wax and/or hydrates.

CONSTRUCTION ACTIVITIES

There are two key driversin pipeline construction activities: wall thickness and weight of the pipe.
Large pipelinesinstalled in deepwater by “ J-lay” vesselsare heavy. For example, a28-inch pipeline
in 1,829 m (6,000 ft) of water requirestop tensions of approximately 350 tons. Should we ever need
to recover a“flooded” pipeline of that size to the surface, lifting capacities of close to 1,000 tons
will be needed. This severely limits the choice of vessels for these operations. We aso need to
recognize the huge amount of elastic energy stored in such a system during installation. This hasto
be a key consideration in our approach to safety management. The drilling community is aready
dealing with a similar challenge. We just need to recognize that as we step out into deeper water
with pipeline installation, the potential hazard associated with any form of failure is significant.
Where new vessels are commissioned to operate in this challenging deepwater environment, it is
common practice to conduct full-scale pipe laying trials to demonstrate their performance and safe
operations.

Thick pipelines require multiple pass welding and careful inspection. The fatigue driven design of
catenary risers makes them particularly sensitive to material defects, thus raising the standards
required during inspection. Extensivewelding trials and fatigue testing of sampleweldsisroutinely
required.

Another challenging aspect of risersistheir installation. Generally, they will be installed as a part
of the pipeline string, but there always remainsthetricky operation of passing over the end from the
lay vessel to the host platform and securing it to the facility.

Many deepwater pipelines will contain mechanical components, in particular flex joints at their
point of origin, and connectors and valves that have to installed on the seabed. Access to these
seabed components is hugely expensive in deepwater and therefore, the highest possible standards
of mechanical integrity are required.

Subsea tie-ins may be required in deepwater. Careful design of minimum weight tie-in sleds
supporting piggable “Y’s’ isimportant to allow their installation as a part of the pipeline string.
Critically, there is the question of making diverless tie-ins — not a new technology, but one where
we are seeking to make advancesin terms of increasing diameter and water depth. The sameistrue
of the ball valvesincorporated into a pipeline.

OPERATIONS AND LONG TERM INTEGRITY

The potentia for operating a multi-diameter pipeline system in deepwater may generate the need
for new types of pigs for operational reasons such as commissioning and wax removal.
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When thinking about long-term integrity, there are choices to be made concerning how we should
operate and inspect both the riser and the pipeline. If intelligence pigging is the selected technol ogy
for corrosion monitoring, then it is likely that development work will be needed to allow the pigs
to handlethe high internal pressuresand the high wall thicknesses, aswell as having multi-diameter
capability. Crack detection technology that could be applied toriser systemsisalso evolving rapidly.
What isimportant is our system’s design to facilitate itsinspection, and that we are well placed to
take advantage of theimprovementsin inspection technol ogy that undoubtedly will happen over the
next 20 years. We also need to recognize the value associated with dynamic monitoring ssimply to
allow better designsin the future.

PIPELINE REPAIR

On the question of pipeline repair, there are perhaps two points to be made. First, deepwater
pipelines are immensely strong structures. As aready pointed out in the design section, their wall
thickness in the deepest sections is driven by installation considerations. This means that during
normal operations on the seabed, stress levels will be lower than in equivalent sized pipelinesin
shallow water. Differential pressures (the difference between internal and external pressures and
the driving force for any leakage) are generally less than in shallow water. Indeed, in some
deepwater natural gas pipelines, we can have situations where external pressure exceeds internal,
creating the novel situation of any leak resulting in seawater entering the pipeline. This could have
very serious operationa impactsif it led to hydrate formation inside the pipe. Potential for third-
party interferencefrom vessel anchoring and other bottom disturbing activitiesisgenerally very low
in the deepwater environment.

However, even in these relatively benign environments, we still need to demonstrate to ourselves
that we have acomprehensive repair capability. We are not looking at radically new types of repair
technology, but it is clear that much of the equipment we need and the vessels from which it will
be deployed will be bigger than we see today to accommodate the heavier wall and greater depths
of the pipelines.

FLOWLINE TECHNOLOGY

With flowline, we are less likely to find external pressure governing its design as is the case with
export pipelinesin the deepwater environment. Indeed, some deepwater GOM reservoirs are both
high temperature and high pressure, and these factors can have amore profound effect on the design
than simply the water depth.

With untreated hydrocarbons, temperature control to avoid wax and/or hydrate formation will be
critical. Frequently, flowline design may require insulation. In some instances, the requirement is
driven by steady-state flowing conditions, but more frequently, insulation needs are driven by
shutdown conditions. During shutdown of a subsea system, we need to displace the “live crude” to
prevent hydrate formation on cool down. The pipelineinsulation givesusthetime necessary to carry
out this operation. Most insulating materials lack the high mechanical strength required to resist
external pressure in deepwater, hence, we find solutions such as pipe-in-pipe technology being
adopted.
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Multiphase flow (often characterizes flowline operations and long vertical risers) will exacerbate
any slugging propensity in the system, leading to greater hydraulic instability as water depth
increases.

Finally, we have the question of transporting potentially corrosive fluids in risers subject to
fatigue—a combination than in some cases will lead usto take special precautions, such asthe use
of corrosion resistant materials.

CONCLUSIONS

Despite the added demands of pipeline systemsin 1,829 m (6,000 ft), thereislittleif any technology
we should categorize as breakthrough. In general, nearly everything can be viewed as extensions
fromwherewe are today and thisisan important consideration in undertaking this step. We do need
added assurance, and we shall see this manifest in three ways:

» arigorous application of prototype testing,
» ascrupulous attention to detail in design and planning, and
» an enhanced monitoring capability.

David Walker has been with British Petroleum since he started in the oil industry over 30 years ago.
He has adegree in mechanical engineering from Cambridge University. His career has been mainly
concerned with pipelines and offshore construction. In 1997 he was transferred to BP' s Houston
office to manage the company’ s deepwater research and development program. His current job is
to act as a senior consultant to BP' s deepwater Gulf of Mexico projects.
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QUESTIONS AND ANSWERS
SESSION 1A, DEEPWATER

Dan Allen, ChevronTexaco
DeepSpill
How much oil made it to the surface during the Deep Spill test release?
The exact result isin the test release final report; ballpark estimate is that about 50% of the
oil released reached the surface. Oil released reached the surface about one hour after its
release at the seabed (844 meters water depth) and the resulting sheen was a thin film about
0.5 km from the site.

Regarding theail at the surface, wasit weathered? Could the oil at the surface be chemically
dispersed?

There was considerable stripping of the high-end components of the oil as it migrated
through thewater column. The study did not investigate chemical dispersion of theresulting
oil sheen.

Chuck Steube, Conoco Marine
GOM Deepwater Transportation: JAC Shuttle Tankers

Have you investigated gas transport?

There is a paper later in this session to address options for the transportation of gas.
Conoco’ s efforts to devel op shuttle tankers for the GOM have not focused on gas transport
by ship.

What is the status of the Hi-Load Deepwater Offloading System?

Thissystemiscurrently in adetailed design phase. Feasibility and conceptual designs have
been completed.

Have you investigated the drivers for the high cost of a Jones Act shuttle tanker?

Jones Act tanker is about twice the cost of a shuttle tanker built in Korea. Labor rates have
some impact on the high cost.

Ken Smith, Conoco Inc.
Dual Gradient Drilling

(No guestions)
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Chuck White, EnerSea Transport, L.L.C.
Compressed Natural Gas: A Key Success Factor for Ultra-Deepwater
Developments for the Gulf of Mexico
Have you investigated the resulting release of CNG in the event of a collision?

This has been addressed in hazard analyses to date but there has not been much modeling
of impact scenarios.

Would the CNG shuttle tankers be required to comply with the Jones Act?

This has not been addressed in detail with the U.S. Customs office. Economic studies
conducted by EnerSea Transport have assumed that the CNG shuttle tankerswould be Jones
Act.

David Walker, British Petroleum
The Technical Challenges of Deepwater Pipelines

How sensitive are deepwater pipeline designs to currents?

Deepwater pipeline designs are not sensitive to extreme events. They are most sensitive to
long term fatigue.

How do you address uncertainty in deepwater pipeline designs?
Uncertainty is addressed through safety factors and monitoring of the pipeline.

Do you see deepwater pipelining technology as a step change or an extension of existing
design and techniques?

BP believes designing, installing and operating deepwater pipelines is an incremental
technology that does not require a massive step change. Deepwater pipelining is not
fundamentally different from what is going on in the GOM now.
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MOLLUSCS AND BENTHIC FORAMINIFERS OF CHEVRON ST23: PRELIMINARY
BIOTIC SURVEY AND EVALUATION OF BIOTECHNOLOGY POTENTIAL

Dr. Laurie C. Anderson
Dr. Barun K. Sen Gupta
Department of Geology & Geophysics
Louisiana State University

Ms. Lorene Smith
Museum of Natura Science
Louisiana State University

INTRODUCTION

Thisreport of preliminary results concerning benthic Foraminiferaand Molluscais part of alarger
study evaluating oil and gas platforms on the Louisiana continental shelf for organisms with
biotechnology potential (Task Order 17809). Dr. Larry Rouse is the project director and other
principa investigators include Drs. Fred Rainey (Bacteria), Russell Chapman (Algae), Michael
Hellberg (Bryozoa), Barun Sen Gupta (benthic Foraminifera), Laurie Anderson (Mollusca), and
David Foltz (genetic analyses of Mollusca and Foraminifera).

The project was developed in response to MMS' s recognition that offshore oil and gas platforms
may serve as a harvestable source of organisms with pharmaceutical or other commercial
applications. The project al so addressesrecommendationsin the National Ocean Conference Report
to (1) increase support for sustainable harvesting and testing of marine compounds by both
government agencies and commercial pharmaceutical companies as possible treatments for AIDS,
inflammatory or infectious diseases, and cancers; and (2) support research on the environmental
effects of extracting marine organisms for biotechnology purposes.

In thisinitial effort, we are addressing three research questions. (1) What organisms make up the
biofouling communities on platforms? (2) Are any of these organisms potential sources of
pharmaceuticals or other natural products? (3) What is the distribution and relative abundance of
these organisms, and how does this distribution vary geographically, with depth, and over time?

FIELD COLLECTIONS

Our sampling goa in year one was to sample six to nine platforms, at least two each from the
shallow, middle, and outer continental shelf. Because of delaysand inclement conditions associated
withtropical storm Allison, only one platform, Chevron South Timbalier-23 (herereferred to as ST-
23) was sampled in the first field season (on 9 June 2001). The platform isin approximately 16 m
of water at 29° 01.40 N, 90° 10.17 W off of Timablier Island, Louisiana.

At the platform we sampled two legs (east vs. west). Wave conditions did not permit sample
collection near the water surface, but sampleswere collected from the platform legsat 10 m and one
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meter above the seafloor (here referred to as the 20-m sample). Three replicate samples (scraped
from 25 cm?) were obtained at the 20-m level on both legs, and at the 10-m level on the west leg.
Because of time constraints, only two replicate sampleswere collected at the 10-m level on the east
leg. Before scraping, |0ose sediment associated with the biofouling community was collected using
large syringes to retrieve any unattached microorganisms. Syringe samples examined thus far are
barren of foraminifers and will not be discussed further.

Two bottom sample localities (with three replicate samples taken at each) were also collected.
Diverscollected replicate bottom samples consisting primarily of barnacle fragmentsadjacent tothe
west platform leg. The other locality, consisting primarily of mud, was sampled from the ship using
agrab sampler, and was located about 12 m away from the east leg.

SAMPLE PREPARATION

Samples scraped from platform legswerefrozen in thefield. Each samplewasthawed inthelab and
preserved in 95% ethanol. Large pieces (approximately >4 mm) were retained in ethanol, and finer
sediment and biota were screened using 63 micron, 0.5 mm, 1 mm, and 2 mm sieves. All fractions
were dried, and molluscs and/or foraminifera were picked from the > 63 micron fractions. Prior to
drying, thetwo finer fractionsof ST23-W-10-B and W-20-A were stained with Rose Bengal. ST23-
E-10-A was not stained and ST23-E-20 samples have not yet been processed.

Bottom samples were preserved in acohol in the field and were later treated with Rose Bengal.
Samples were screened in the lab, dried, and molluscs and/or foraminifers were picked from the
> 0.5 mm and > 63 micron fraction respectively.

PRELIMINARY RESULTS: BENTHIC FORAMINIFERA

Live-collected benthic Foraminifera were present in both seafloor samples—ST 23-E-bottom-A
(soft- bottom) and ST23-W-bottom-C (hard-bottom), and in samples scraped from platform legs,
in spite of putative bottom-water hypoxiaat the time of collection. At the present stage of thework,
the focus is on foraminiferal taxonomy, but some distinctions have emerged between the
assemblages found in seafloor mud and those from the 20-m and 10-m levels on the platform legs.

20-m Platform Sample

Thusfar, one replicate from the 20-m level of the west platform leg has been examined (ST 23-W-
20-A). Several species were found in both this platform sample and the seafloor mud sample (ST
23-E-bottom-A, collected about 12 m from the east |eg). These speciesinclude Nonionella basiloba,
Buliminella morgani, Bolivina spp., and Ammonia parkinsoniana. All are grazers, and thus, the
similarity between a soft-bottom and a hard-bottom assembl age separated by about a meter of water
column isnot surprising. However, one common grazer of the seafloor, Bulimina sp. cf. B. spicata,
which was found living in spite of bottom-water hypoxia (as were the species named above), is
present only as a single occurrence in ST23-W-20-A. In contrast, many miliolid individuals
(porcelaneoustaxa, mainly Miliolinella and Quinquel ouclina), which are motile grazers, weremuch
more abundant in the 20-m sample than in the mud. The presence of Dyocibicides, a sessile form
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with anirregular, dorsal attachment surface, in W-20-A (but not in the bottom mud) constitutes the
most exclusive element of this hard-bottom foraminiferal fauna. Trochammina (agglutinated,
motile), Cibicides (hyaline, sessile), and Rosalina (hyaline, possibly sesssile) are dominant
constituents of this fauna. Also present were the agglutinated species Bigenerina irregularis and
Spiroplectammina sp.

10-m Platform Samples

Onereplicate each from the 10-m level of both east and west platform legswas examined (ST 23-E-
10-A and S23-W-10-B). In contrast to the 20-m sampl e, these shall ower assemblageshavevery few
speciesin common with the seafl oor assembl age, except that Bolivinalowmani arecommonin both.
Bolivina lowmani, however, is a meroplanktonic species and, therefore, its distribution is not
substrate controlled. Grazing taxa found at 10-m include species of Elphidium, Discorbis,
Neoconorbina, Miliolinella, Quinqueloculina, and Trochammina. Planorbulina, Cibicides, and
Rosalina represent the sessile component of the assemblage.

SIGNIFICANCE: BENTHIC FORAMINIFERA

This is the first report of benthic foraminifers living on Gulf of Mexico (GOM) platform legs.
Further, the taxafound on the platformsare not limited to those found on surrounding soft sediment,
but include hard-bottom species not typically reported from this part of the GOM.

For benthic foraminifers, the organisms collected thus far with the greatest biotechnology potential
are those that produce various bioadhesives, including both agglutinated species (Trochammina,
Bigenerina, Spiroplectammina) and attached cal careous species(Dyocibicides, Rosalina, Cibicides).
However, high densities of large specimens (>1 mm) that could be exploited to extract these
bioadhesives have not been recovered to date.

PRELIMINARY RESULTS: MOLLUSCA

Molluscs were identified from the same samples examined for benthic foraminifers, with the
exception of the bottom sample. For molluscs, areplicate from the locality adjacent to the west leg
was examined (ST23-W-bottom-B). Live bivalves are present on platform legs, and typicaly are
found nestled within asubstrate created by barnacles, which dominate the macrofauna. At the 10-m
level, Isognomon sp. and Barbatia domingensis are common, and Chama macerophylla and
Modiolus americanus also occur. In addition, a variety of unidentified post-larval gastropods and
bivalveswere found in the samples. At the 20-m level, Barbatia domingensis remains common, but
Modiolus americanus replaces |sognomon as a common bivalve. Overall the composition of the
bivalve assemblage is similar to those of shallow-water platforms off Texas (e.g., Fotheringham
1981; Gallaway and Lewbel 1982).

Molluscs recovered from a bottom sample (ST23-W-bottom-B), which was collected by divers
adjacent to the platform’ snorthwest |eg, contained no live molluscs. The death assemblageincluded
the remains of both sessile epifauna derived from the platform, and indigenous shallow infaunal
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taxa. Unlike the platform samples, a number of recognizable gastropod species were present
including Stramonita and Nassarius.

SIGNIFICANCE: MOLLUSCA

As with benthic foraminifers, the molluscs collected thus far with the greatest biotechnology
potential are those that produce bioadhesives. These taxa include the byssate bivalves Modiolus,
| sognomon, and Barbatia. The byssusisabundle of protei naceousthreads secreted by abivalvethat
attachesto a substrate by an adhesive plague (Rzepecki and Waite 1991; Burzio et al. 1997). These
adhesives are of biotechnology interest because they provide strong, durable adhesion to wet
surfaces (Rzepecki and Waite 1991, 1995). In addition, some of the proteins in the adhesive can
chelate metal ions (Martell 1982; Deming 1999). The most widely studied byssal proteinis mussel
adhesive protein (MAP) from Mytilus edulis. This compound is used as an attachment factor for
cells and tissues in culture (Waite 1991; Deming 1999); as an immobilization agent for antigens,
antibiotics, and enzymes (Burzio et al. 1997); and as an anticorrosive coat for metals and metal
sequestering reagent (Burzio et al. 1997; Rzepecki and Waite 1995). Additional potential uses are
as medical and dental adhesives and fillers; as microencapsulating agents; as sizing agents for
textiles; and as water-resistant inks (Rzepecki and Waite 1995; Burzio et al. 1997).

Because byssal composition is highly variable among taxa (Waite 1983), an examination of other
byssate bivalves (including those found on Louisiana platforms) may lead to the extraction of anew
variety compounds with similar applications. Shallow-water platforms, however, may not be a
viable commercial source for these compounds because molluscs are neither large nor abundant on
the shallow water platform examined. However, synthetic analogs of MAP are in production
(Deming 1999) and the molecular composition of byssi from a variety of platform bivalves may
serve as new molecular models.

CONCLUSION

Preliminary resultsindicate that many speciesof benthic Foraminiferaand Molluscahave colonized
offshore Louisiana oil and gas platforms. Some of these, especially the sessile species, may have
biotechnology potential.
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PROJECT SUMMARY

Artificial reefs have been embraced as a management tool by a wide range of user groups
(commercial, recreational, and federal and state resource managers). While these groups view
artificia reefspositively, little information exists on associated nekton assemblages, particularly at
deepwater artificial reefs. The northern Gulf of Mexico (GOM) boasts the largest artificial reef
complex in the world; despite platform acceptance and use as artificial reefs, little is known about
the ecological importance of these structures. Previous researchers have documented species
compositionsand abundance of fishesat several platformsand estimated that standing platformscan
seasonally serve as critical habitat for 10,000-30,000 fishes; many species were of recreational and
commercial importance. However, similar estimates of fish abundance at platformsreconfigured as
artificial reefs are not available.

The purpose of thisresearch wasto examinethe effect of artificial reef profile on the associated fish
community. Thisresearch project was designed to effectively sampleand comparethefish resources
associated with a standing platform and two artificial reefs located in a similar geographic region
in the northern GOM off the Texas/Louisiana border (Figure 1B.1 and Table 1B.1). Standing,
toppled, and partially removed platformsare generally referred to as artificial reefs, asthey are man-
made habitat that support living marine organisms.

Dual beam hydroacoustic surveys(Stanley and Wilson 1997) were conducted in June 1999 and 2000
and were accomplished with a stationary array of four transducers at the standing platform (HI
350A) and a mobile survey with a single transducer mounted on a v-fin tow body (towfish) at the
partially removed (HI A355) and toppled sites (WC617A). The original plan was to conduct
stationary acoustic sampling at each of the two artificial reef sites; however, the research vessels
were unable to anchor effectively. The artificial reef surveys were subsequently redesigned as
mobile surveys.

Measurements and comparisons were made of the abundance, species composition, and size
frequency distribution of fishes associated with a toppled platform, a partially removed platform,
and a standing production platform. Digitized hydroacoustic data were processed with a Biosonics
Visual Analyzer 4.02. Ten-meter depth strata were assigned for processing datafrom each site. We
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Figure 1B.1. Map of the sites surveyed in June 1999 and 2000.

Table1B.1. Genera information about the oil and gas structures surveyed in June 1999 and 2000
with stationary or mobile dual beam hydroacoustics.
REMOVAL
SITE |COMPANY |LATITUDE [LONGITUDE |DEPTH |PILES|INSTALLED|REMOVED| METHOD
HIA350 | SHELL | 28.01884N | 93.4585W 89 8 1976
(standing)
HI A355 | OXY USA | 28.04152N | 93.70919W | 88.4 8 1978 1/15/1996 NON-
(partially EXPLOSIVE
removed)
WC617A| MOBIL | 28.06107N | 93.31342W | 975 8 1976 7/16/1992 |EXPLOSIVE
(toppled)
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determine simultaneous estimates of sigma (target strength) and mean volume backscatter (reflected
acoustic energy) for each depth strata. These parameters are used to estimate fish density and fish
size. The standing platform data were analyzed in 5-minute blocks for each side as in previous
studies (Stanley and Wilson 1997). Analyzer outputs for the standing platform included volume
backscatter/m?, fish density/m?, and mean target strength/m®. A Visual Basic program was used to
extract the data of interest from analysis outputs and to compile the results into a site specific
database for statistical analysis (Stanley and Wilson 1997).

Mobile transects were analyzed at one second resolution (@ 2 meters linear distance) to determine
the volume backscatter and target strength within each depth stratum along the transect. Analysis
of each one second block of data provided geographic position and mean volume back scatter.
Individual target strength information was acquired by extracting ping specific data, which could
be selectively output as atext file. A Visual Basic program was used to calculate an average target
strength for each target, by strata, and location.

Statistical analysis of these data included the reported reflected acoustic energy as volume
backscatter (SV), a proxy for fish biomass, as a dependent variable in our analysis. The second
dependent variable in our analysis was density, which was generated from the Visual Analyzer
analysis for HI A350 and calculated for the mobile surveys of two reef sites. A randomized block
analysisof variance was used to examinethe main effectsat HI A350 and TS at all sitesasdescribed
by Stanley and Wilson (1997). Dueto thelarger number of zero valuesin the mobile survey, logistic
regression (Trexler and Travis 2001) was used to analyze the mobile data.

Statistical tests were reported as significant at the alpha< 0.01 level. The use of logistic regression
in ecological sampling was described by Trexler and Travis (2001). It has been shown to be useful
with datathat have alarge proportion of zero valueswhen error isusually not normally distributed.
Analysis consists of converting the dependent variable into a discrete form (e.g. presence/absent,
agree/disagree, etc). The regression model then assumes a binomial distribution of errors (Trexler
and Travis 2001, Garrison et al. 2000). Class variables for HI A350 include time of day (TOD),
depth bin (stratum), platform side, and all two-way interactions. Class variable for WC 617A and
HI A355include TOD, stratum, reef side, horizontal 10 meter distance intervals away from the reef
structure (away), and all two-way interactions. Tukey’s standardized range tests (Ott 1982) were
used to compare the means of significant variables. Statistical tests were reported as significant at
the alpha < 0.01 level. The total fish abundance estimates at each site were caculated by
determining a20m near-field area of influence of each reef site or platform, then multiplying mean
density values by stratum and side (number of fish/m3) by the volume of water on each side of or
over the platform (Stanley and Wilson 1998).

Many factors play an important role in determining fish biomass, density, and species composition
for any fish habitat, and oil and gas platforms are no exception. The standing platform, HI A350,
was characterized by the same type of community of fish that Stanley and Wilson (2000a) observed
at other structuresin similar water depths such as Gl 94. Time of day and depth stratum affected the
fish community as had been reported previously (Stanley and Wilson 2000a); however, the density
patterns exhibited at different times of day do not follow a predictable pattern and are likely site-
specific. We continue to see fish density and size being greater near the surface than the bottom and
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of standing oil and gas platforms. Our results revealed approximately 7,000 fish around HI A350,
which is consistent with the estimates of fish communities reported by Stanley and Wilson (2000b,
1997) for platformsin similar water depths. They reported 10,000 to 20,000 fish inhabited each of
the four oil and gas platforms they had studied. Species composition at HI 350 was also similar to
that reported by Stanley and Wilson (2000a) and included important to recreational and commercial
species such as amberjack, red snapper, creole fish, trigger fish, and almoco jack. Like the results
reported herein, Stanley and Wilson (2000a) also found a significant pelagic community at these
high vertical profile sites.

The two reef sites were surveyed in 1999 and 2000. By using the same collection technique at all
three siteswe are better ableto compare theresults. Previous acoustic studies at platforms, asin our
study of HI350 employed a stationary array of transducers. Hence data collection techniques were
different. However the acoustic data are averaged on a per ping basis so data collected in five-
minute blocks asin HI350 in this study and previous studies by Stanley and Wilson (2000a, 2000b)
and Stanley (1994) are comparable to the mobile acoustic data collected in 1 sec blocks.

There was a general pattern at both sites of a higher probability in finding a fish in 1999 when
compared to the 2000 survey. We offer no explanation for the between-year difference in these
results other than it supports Stanley and Wilson (1997) that fish densities vary month to month.

Density at thetwo artificial reef sitesranged from 0 to 0.7 fish/m3. The partially removed platform
had a slightly higher fish density than the toppled platform with overall mean values (within 20m
of each site) of 0.002 vs. 0.0015 respectively. Both sites had highest fish densities near the bottom,
which is opposite the pattern at the standing platform. However, the partially removed platform, Hi
A355, also had higher estimated densities near the surface resembling fish distribution at astanding
platform. There was little difference in species composition between the two reef configurations.
ROV surveys of HI A355 in June 1999 and in June 2000 indicated that red snapper and amberjack
were the two most abundant species both years, and together they made up over 70% of the fish
community. Similarly, the survey of WC 617A, conducted in June 1999, indicated that amberjack,
almaco jack, and red snapper were the most abundant species. Species composition at the two reef
sites were similar to species composition at the lower portion of HI A350 and to previous studies
by Stanley and Wilson (1997, 2000a). It isof interest that the red snapper and amberjack popul ations
at the two reef sites were similar in number to the populations estimated to be at the standing
platform in similar water depths. These artificial reef sites, like their platform predecessors, have
significant fishing value since majority of the species associated with these reef sites are targeted
by commercial and recreational fisherman. When a standing platformis converted into an artificial
reef site, it appearsthat the pelagic planktivores make up the greatest biomassthat islost; the more
desirable recreational species are retained.

Target strength data revealed information on the size distribution of fishes associated with these
sites. In general, dlightly larger fish are associated with a standing platform, particularly near the
middle water column, compared to apartially removed or toppled platforms, where they are larger
over thereef sitesand near the surface (Stanley 1994). The larger specieswere shown to be pelagic
planktivores and piscivores by Stanley and Wilson (1997).
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We found significant effects of orientation and distance at both artificial reefs. The probability of
finding a fish at WC 617A was highest over the platform and within 30 m of the reef; which is
similar to the survey of ElI 366 done by Stanley and Wilson (Unpublished). Thisis similar to a
reported 16 m area of influence by Stanley (1994) at platforms from 50-100m depths. Platforms
appear to have afinite reef effect that does not extend beyond visual range of the associated species.
The probability of finding afish at HI A355 was highest around the sides of the platform and within
30 m of the structure, although fish biomass, and therefore density, were highest directly over the
reef site. Stanley and Wilson (Unpublished) reported higher numbers of fish directly over another
artificial reef (El 366), and reported the same high fish densities within 30 m of the artificial reef.
Thedifferencein orientation (north, south, east, ands west) at HI A355 could be related to a section
of the jacket being placed roughly 30m away from the partially removed platform on the southeast
side. It is also possible that the small foot print of HI A355 confounded analysis.

According to survey results from HI A355 and WC 617A, we estimate aloss of approximately 50-
80% of thefish population when astanding platformisconverted (toppled or partially removed) into
an artificial reef sitein 100 m of water. Each artificial reef site harbored approximately 2,500 fish
compared to 7,000 fish around the HI A350 and the 10,000- 20,000 reported by Stanley and Wilson
(1998). Thisdecline of fish numberswasa so observed during the survey of El 313 and El 367 done
by Stanley and Wilson (Unpublished). Artificial reef configuration and orientation definitely
influence the size of and species composition of the associated fish community.

This project again demonstrated the utility of dual beam hydroacoustics coupled with visual survey
techniques to study fish assemblages associated with standing platforms, artificial reefs, and most
recently natural reefs. The choice of survey sites, which are in close geographical proximity,
provided usan opportunity to use stationary and mobile acoustic survey methodsto compare species
composition, fish biomass, and fish densities within and among a standing platform and two
artificial reef configurationsof retired oil and gasplatforms. Dual beam hydroacoustics coupled with
video surveys afforded the best combined method for assessing fish resources at these sites.

Our results provided direct evidence that fish densities and biomass around standing oil and gas
platforms are the highest per unit of artificial and natural sites studied to date. In particular, they are
higher than artificial reefs or natural reefsin the northern GOM. Fish were not only more abundant
around platforms, but also they were larger than those found in the open water habitats or over
natural reefs. Our resultsarein support of the findings reported by Stanley and Wilson (2000a), that
when aplatform isconverted into aartificial reef by toppling in place or by partial removal, it loses
asignificant portion of the fish community. Most of this“lost” portion is pelagic planktivores such
as blue runner and Bermuda chub.

Future refinements in the approach to stationary and mobile acoustic studieswill lead to even more
accurate assessments of fish habitat. Furthermore, integration of results into a GIS databases will
enable improved management of these resources.
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INTRODUCTION

Recent advances in deepwater drilling and deepwater platform technologies combined with new
petroleum and natural gas discoveries on the outer continental shelf (OCS) and slope have
accelerated platform deploymentsin previously unexploited waters of the northern Gulf of Mexico
(GOM). In spite of preventative measures established by the petroleum industry and governmental
regulatory agencies to prevent the accidental discharge of petroleum products, oil spills remain a
statistical certainty (e.g. Price and Marshall 1996).

As petroleum exploration expands into and beyond the waters of the OCS, the potential exists, via
accidental spills, to adversely impact pelagic recreational and commercia fisheries. Surface
petroleum spills in pelagic waters of the OCS will primarily impact those species of fishes and
crustaceans that inhabit the epipelagic zone of the open ocean. Members of this group include
severa species that command a high value (e.g. tunas, wahoos, and hillfishes), as well as
ecologically important or indicator species (e.g. flying fishes, ocean sunfishes). Spillsin the surface
watersare also likely to impact floating Sargassum communities, which contain adiverse and often
unique faunal assemblage of fishes and invertebrates and which also serve as important nursery
habitats for many fishes belonging to the families Coryphaenidae, Carangidae, Pomacentridae, and
Lobotidae.

Relatively little is known about the susceptibility of pelagic fishes from the GOM OCS to
petrochemical spills. The magnitude of any impact will depend upon the spatial and temporal scale
of theincident aswell asthe chemical properties of the spilled material. The spatial scale (location,
depth and extent) of the spill combined with the temporal scale (timing and duration) will combine
to determine the species and life history stages that are likely to be present in the impacted area.
Unfortunately, information on the spatial and temporal distributions of pelagic fish stocks in the
OCSisnot readily available and is generally scattered throughout the peer-reviewed and non-peer-
reviewed technical literature and databases. This study was undertaken to synthesize what isknown
about the spatio-temporal distribution patterns of selected pelagic fish species. We have attempted
to provide an estimate of what life history stages of these target species are likely to be present
within the OCS waters on a seasonal basis.
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METHODS

Study Area

At the inception of this study, most of the active leases within the deepwater zone of the OCS lay

withinthe 200-2,000misobaths. Both the Mississippi and De Soto Canyonsare encompassed by this
region; however, we felt that a strict selection of the area overlying the 200-2,000m depth range
would be too restrictive a criterion because some active leases lay outside of that zone in deeper
water, and data from the locations of commercial fishing vessels (Maul et al. 1984), suggested that
fish species such as bluefin tuna range through this zone and further to the south in to the central

Gulf. Accordingly, we delineated a study region of the north central GOM that includes waters
above the 200-2,000m isobaths south to 26°N latitude. The study areawas divided into four zones:

western zone (96.4°W-92.0%, 26.0°N—28.0°N), central zone (92.0°W—-88.0°W, 26°N—-28°N), eastern
zone (88°W—-84.3°W, 26.0°N-28.0°N), and a triangular northern zone with a base from 90.7°W-
84.3°W at 28°N, and an apex at 87°W, 30°N (Figure 1B.2). The western, central and eastern zones
correspond broadly to the MM S western, central and eastern planning areas.

96°W 93°W 90°W 87°W 84°W

Figure1B.2. Locationsof thewestern, central, eastern and northern study zoneswithin which we
attempted to define the distributions of target species.

Target Taxa

Bluefin tuna (Thunnus thynnus) are a large, long-lived species that represents the single most
valuabl e fisheries resource on a value-per-pound basis. Demand for the raw flesh of thisfishin the
Japanese sashimi market has driven the price of individual fishto over $U.S. 350 per pound (Safina
1993). Fishing pressure for bluefin tunais intense, and the western Atlantic breeding population
appeared to drop by over 90% between 1975 and 1990 (Safina 1993). [At the time of writing this
report, the theory that there are two distinct and separate stocks of bluefin tunain the Atlantic was
being questioned.] A long-lining fleet operates in the OCS deepwater region from approximately
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January to April (Maul et al. 1984). The GOM appears to be the only spawning ground for the
western Atlantic stock of bluefin tuna (Clay 1991).

Y ellowfin tuna (T. albacares) are the second most abundant true tunain the GOM and represent a
valuable commercial and recreational fishery resourcethat istargeted for human consumption. This
is the secondary target species for the domestic and foreign bluefin tuna long-liner fleet and isa
popular gamefish for recreational anglers.

Blackfin tuna (T. atlanticus) are the most abundant true tunain the GOM where they are targeted
as a popular recreational and commercial resource for human consumption. Blackfin tunas are
frequently collected near petroleum platforms on the landward edge of the OCS.

Blue marlin (Makaira nigricans) and white marlin (Tetrapturus albidus) are highly sought after
gamefish in the northern GOM.

Wahoo (Acanthocybium solanderi) are a popular gamefish in the OCS.

Dol phin (Coryphaena hippurus) aso known as mahi mahi is a popular gamefish that is frequently
targeted by recreational and commercial anglers. This fish is often found in close association with
Sargassum rafts, weedlines and flotsam. The same processes that result in the accumulation of
flotsam and weedlines may also cause aggregations of oil and tar.

Flyingfishes are potentially important indicator species because of their pelagic distribution, close
association with the ocean surface, and their role as prey for many other larger predatory species.
Two common species in the northern Gulf are Cypselurus melanurus and C. furcatus (J. Caruso,
University of New Orleans, Pers Comm).

Bluerunner (Caranx crysos) are small- to medium-sized schooling carangidsthat are common prey
itemsfor larger predators. These fish are frequently associated with offshore petroleum platforms.
Although humans seldom eat them, they are popular light tackle gamefish and are commonly
captured aslive bait.

Sargassumcommunity fauna: two speciesof pelagic brown algae (Sargassumfluitansand S. natans)
commonly called Gulf weed, form densefloating raftsin the pel agic waters of the GOM. Theserafts
reproduce vegetatively and can occupy large areas of hundredsto thousands of square meters. With-
inthe Sargassumare avariety of fishesand invertebrates adapted to lifein the weed through cryptic
coloration, morphol ogy and behavior. Common residentsincludethe sargassumfish (Histrio histrio),
sargassum pipefish (Syngnathus pelagicus), planehead filefish (Monocanthus hispidus), sargassum
triggerfish (Xanthichthys ringens), and a variety of invertebrates including shrimp, nudibranchs,
hydrozoans, and bryozoans. Rafts of Sargassum provide floating nurseries for juvenile carangids,
sergeant majors (Abudefduf saxatilis) and tripletails (Lobotes surinamensis). Sargassum com-
munities havethe potential to be heavily impacted by spilled oil because patches of Sargassumoften
accumulate in the same areas where physical oceanographic processes are likely to concentrate oil.
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The focus of the study was on pelagic organisms. While we are aware that the substantial network
of planned and existing pipelines and subsea facilities creates a potential for deep-sea petroleum
spills, we chose to focus on taxa that inhabit the upper 50 m of the water column (e.g. depth of the
mixed layer) for the following reasons:

1. Most of our target species are highly fecund and produce large quantities of small eggswith
limited yolk reserves. The small larvae that hatch from such eggs are dependent on the
plankton for food and must forage in the near-surface waters;

2. Few commercially important fisheries resources are currently being exploited in the deepest
zones of the waters of the OCS;

3. Oil spilled in surface waters is buoyant and will likely accumulate in the neustonic zone;

4. While the fate of oil released near the bottom under high pressure and low temperature is
unclear, naturally occurring surface slicks from deep-sea seeps are acommon feature of the
GOM suggesting that oil spilled near the bottom may rise to the surface; and

5. It isunlikely that sufficient information exists on the spatial and temporal abundances of
deep-sea fishes to make even awell-reasoned inference about the impacts of subsea spills.

Sources of Data

Surprisingly little information is available on the spatio-tempora patterns of abundance of
commercialy and ecologically important pelagic fishes in the waters beyond the shelf-slope break
in the northern GOM. Records of the distributions of target taxa are scattered throughout the peer-
reviewed and non-peer-reviewed ‘gray’ literature. In addition to a comprehensive literature search
of the available peer-reviewed and gray literature, this report drew heavily on two datasets: the
National Marine Fisheries Service (NMFS) long-line database and the Southeast Area Monitoring
and Assessment Program (SEAMAP) ichthyoplankton surveys.

The NMFS long-line database contains the reported |ocations of the ends of surface long-line sets
in the GOM. Originally comprised of Japanese vessels targeting adult swordfish, tunas, and other
tuna species (Cramer and Scott 1997), today the fleet is largely made up of domestic vessels. The
numbers of tunas (bluefin, yellowfin, and blackfin), blue marlin, white marlin, wahoo, and dolphin
taken during each set along with the set date are provided for the period 1986-99. Since thisfishery
primarily targets tunas, the spatia pattern of fishing effort varies among months (Figure 1B.3).
Some level of fishing effort occurs during each month in most of the region of interest for the
present study. For this reason, the presence of tunas and other pelagic speciesisapotentially useful
indicator of their distribution within the study area. The monthly changesin CPUE (number of fish
per long-line set) were used to estimate the distributional range of each species in the area of
interest. All landings data for the period 1986-99 were sorted by month. Within each month, the
CPUE was estimated within each cell of a 10" longitude x 10" latitude grid (approximately 100
nmile? or 343km?) superimposed on the study area. The values of all cells containing non-zero
CPUE estimates were then color-coded and superimposed on the grid.

The NMFS long-line database provided an estimate of the distributions of adults. Determining the
distributions of early life-history stages of the target species was more problematic. Dataon larval
and juvenile abundances are sparse and highly restricted in both space and time. While peer-
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Figure 1B.3. Commercia long-line fishing effort (number of sets) within 10' x 10’ grids
(approximately 100 nautical mile?) expressed as mean monthly CPUE (fish per set)
based on data collected from 1986-99.

reviewed and non-peer-reviewed literature provided some limited distributional data, the SEAMAP
ichthyoplankton database was the most useful source of information on the distribution and
abundance of early-life history stages. Data from the SEAMAP spring and fall plankton surveys as
well as additional SEAM AP records spanning other times of the year were examined from 1982 to
1996. Datawere grouped by month across all available years and assigned to the same 10’ x 10 grid
asthe long-line database. Distributional maps were coded by the presence or absence of larvae and
juveniles. Presence or absence was used because it was not always possible to estimate sampling
effort from the dataset.

Distributional data were then summarized for adults and larvae (Figure 1B.4). Juveniles are
problematic because gear designed to sample ichthyoplankton is generally avoided by the more
capably swimming juveniles. Thisformat differsslightly from that proposed at the inception of this
study to predict distributions on amonth-by-month rather than annual basis. The potential presence
of a particular stage in any of the cells within the grid was ranked according to three categories:
confirmed, reasonableinference, and unreported. Confirmed presencewas assigned when aphysical
sampleof therelevant stage of aparticular taxon had been reported in the primary literature asbeing
present within a cell. Given the high mobility of most of the adults of species in this study, we
assumed that an individual that was detected in any cell of the study grid could reasonably have
traveled a distance of two additional cells around the detection cell within a month of collection.
Reasonable inference for adults stages was therefore assigned to any cells within which, there was
no confirmed presence, providing the cellswere located within aradius of two cell distances (up to
approximately 52 km) of acell with aconfirmed presence. It was al so assigned to any cellsthat were
bounded by four or more cells also designated with the reasonable inference category. This is
probably a conservative estimate of the distances that some of these fish can travel. Reasonable
inference was also assigned to any cells that fell within aregion where the distribution had been
reported in a document that synthesized the results from other datasets. For example, the National
Ocean Service (NOS) Strategic Assessment Data Atlas (NOS 1985) containsdistributional mapsfor
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Figure 1B.4. Strategy for classifying distributions of adult fishes (top) and larval/juvenile fishes
(bottom). For adults, all cellswithin two grid squares of each confirmed location ()
were assigned the reasonabl e inference category (l). Next, any empty cells bounded
by four or more reasonable inference cells ([d)were also assigned the reasonable
inference category. For larval/juvenilefishes, all cellswithin onegrid square of each
confirmed location were assigned the reasonable inference category, and then any
empty cells bounded by four or more cells classified as reasonable inference, were
also assigned the reasonabl e inference category.

several of the target species derived from analysis of other studies. Such maps were digitized and
scaled to our study area. Finally, all cells that did not fall into the confirmed or reasonable were
assigned an unreported category.

For larvae, reasonable inference was confined to cells from which no physical sample had been
reported that were contiguouswith confirmed cells. Most larvae are present when the surface waters
of the GOM arewarm. Thus, growth ratesare rapid and thelarval duration probably doesnot exceed
14 d. Assuming that larvae are drifting in slow currents (0.1 knots or less), net advection during a
four period should not exceed 33 nautical miles and would likely be considerably less. Therefore,
we used arather conservative distance and assigned the reasonable inference category to any cells
within which larvae had not been detected, but which were within one cell of a confirmed cell. As
with the adult distributions, all cellsthat did not fall into the confirmed or reasonabl e were assigned
an unreported category.
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Figure1B.5. Predictive coverage by the NMFSI|ongline database of the study areaduring January
and February with the spatial coverage of predicted distributions of adult fishes

obtai ned using thedecision rulesoutlinedin Figure 1B.4. Thedecision rulesassumed

that one fish was detected in each of the grid cell containing alongline record. The

presence of individuals in each grid cell is coded as confirmed (), reasonable

inference (@) or unreported ().

Estimation of spatial distributions based on these decision ruleswould only work for regionswithin
the study areawhere sampling effort was sufficiently dense that there would not be any empty zones
after the application of our classification strategy (Figure 1B.4). We evaluated the spatial coverage
of the NMFS and SEAMAP datasets by assuming that a confirmed sample was collected at each
recorded location during each month and then applied our classification strategy. For adult fishes,
theresultsindicated that there were no gapsin our predicted distributions throughout the study area
during all months (Figure 1B.5).

Larval and juveniledistributionsbased on SEAM AP sampleswere more problematic. These surveys
are primarily designed to quantify distributions over the shelf rather than slope water. After
application of our classification strategy, with the assumption of detection of at least oneindividual
at every samplinglocation, therewere still large areas of the study zone where there wasinsufficient
coveragetoinfer larval and juveniledistributions (Figure 1B.6). During January, most of the eastern
zone and the eastern half of the northern zone were not covered. In February, coverage was sparse
inall zones, but was particularly low in the northern and eastern zones. During March, therewasno
coveragein any of the study area zones (Figure 1B.6). Coverage improved during April, May, and
June athough during these months, each zone contained areas where there was no predictive
capability (Figure 1B.6). In July, predictive coverage was generally confined to the northern and
western periphery of the western and northern zones. This coverage expanded in August and
September to include the eastern peripheries of the northern and eastern zones; however, the
western, central and eastern zones were generally poorly covered during summer (Figure 1B.6).
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FigurelB.6. Predictive coverage by the SEAMAP database of the study area during May, June,
and July with the spatial coverage of predicted distributions of larval and juvenile
fishes using the decision rules outlined in Figure 1B.4. The decision rules assumed
that onefish wasdetected in each of thegrid cell containingaSEAMAP sample. The
presence of individuals in each grid cell is coded as confirmed (), reasonable

inference (@) or unreported ().

During October and November, predictive coverage was extremely limited. December provided
good coverage of the northern zone, and the northern halves of the central and eastern zones (Figure
1B.6). In spite of the gapsthat limit the utility of the SEAMAP dataset to predict the distributions
of larvae and juvenilesin the deepwater zones of this review, most zones were well covered during
April-June when the majority of species are spawning in the GOM.

RESULTS
Bluefin Tuna (Thunnus thynnus)

Adult bluefin tuna were present in the study region throughout the year with maximal spatial
coverage from January through June (Figure 1B.7).

Larval tuna were present in ichthyoplankton samples during April, May, June, and July, which
correspondsto thereported spawning period for thisspecies. Peak larval abundance appearsto occur
in May (Figure 1B.8). In April, larvae are present in all four study zones close to the 2,000 m
isobath. By May their abundance spread throughout most of the study areawith the exception of the
western half of the western zone, and in June their distribution was largely confined to the waters

over the continental slope in the northern zone.

Little can be inferred from juvenile bluefin tuna distributions from the SEAMAP data. The maxi-
mum length of specimens collected during this period was only 8.2 mm. Tuna grow rapidly and
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Figure 1B.7. Predicted distributions of adult bluefin tuna in the study area. The presence of
individuas in each grid cell is coded as confirmed (), reasonable inference (@) or

unreported ().
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Figure1B.8. Predicted distributions of larval/juvenile bluefin tunain the study areaduring April,

May and June. The presence of individualsin each grid cell isindicated as confirmed
(), reasonable inference (@) or unreported ().
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become competent swimmers, which likely contributes to effective avoidance of gear designed to
collect ichthyoplankton. Distributions of early juvenile bluefin tunas probably overlap the larvae.

Y ellowfin Tuna (Thunnus albacares)

Adult yellowfin tunaare likely present throughout the majority of the study area during all months
of the year (Figure 1B.9). During winter (January through March), the majority of confirmed
landings were in the western and western halves of the central and northern zones. By April,
yellowfin expand their distribution in the northern zone towards the northeast and this movement
pattern continues through May and June (Figure 1B.9). During April there is also an apparent
movement into waters deeper than 200 m in the southeastern edge of the northern zone and the
northeastern edge of the eastern zone. In summer, adults are present throughout most of the three
zones, and during fall and early winter (September through December), the epicenter of confirmed
records shifts back to the western and central zones (Figure 1B.9).

31°N
30°N

December

]

96°W 93°W 90°W 87°W 84°W
Figure 1B.9. Predicted distributions of adult yellowfin tuna in the study area. The presence of
individuals in each grid cell is coded as confirmed (), reasonable inference (@) or
unreported ([1).

The SEAMAP dataset contains extremely limited numbers of confirmed yellowfin larvae that were
only present during May and June. Predictions of larval distributions based on this dataset (Figure
1B.10) arerestricted to the latter two months and do not provide much utility for estimating larval
distributions. Additional data from Grimes and Lang (1992) indicated larvae off the Mississippi
River plume during September. When the larval distributions predicted from the SEAMAP and
Grimes and Lang (1992) data are viewed together, they suggest that most spawning occurs near the
Mississippi River plumefrontal region with larval and juvenile yellowfin tuna present seaward and
downstream (southwest) of the plume along the 200 m (Figure 1B.10).
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Predicted distributions of larval/juvenile yellowfin tuna in the study area during
May, June, and September aswell asacomposite distribution from all three months

(lower right). The presenceof individualsin each grid cell areindicated asconfirmed
(), reasonable inference (@) or unreported ().

Dolphinfish (Coryphaena hippurus)

Figure 1B.10.

Dolphinfish adults are predicted to occur throughout the waters of all study zones during January,

February, and March with the exception of the shelf waters along the eastern edge of the eastern

zone during January (Figure 1B.11). A small void present in the southern part of the eastern zone
during February expandsin March to cover alarge section of the oceanic waters. Thisvoid contracts
inApril and disappearsduring May. From May through November, dol phinfish are present through-
out the study area with the intermittent exception of the northwestern corner of the northern zone
(Figure 1B.11). During December they are present throughout the study area except for the shelf
waters south of Mississippi and the extreme northwest corner of the western zone (Figure 1B.11).

%

96°wW 93°W 90°W 87°W
Figure 1B.11. Predicted distributions of adult dolphinfish in the study area. The presence of
individuals in each grid cell is coded as confirmed (), reasonable inference (@) or

unreported ([1).

84°W
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Larvae are predicted to be present in the study zone throughout the year. During January and

February they will be present along the southern edge of the slope water and likely in the oceanic
waters to the south (Figure 1B.12). Their distribution during March cannot be reliably predicted in

specific cells, but itislikely similar to that of April when larvae are present in the oceanic and slope
water regions of the central, eastern, and the southerly part of the northern zone (Figure 1B.12).

During May they will be present over the shelf edge, slope water and oceanic waters of the study
zone. Thisdistribution will likely persist with anorthward expansion onto the shelf during Juneand
July. In August they are present over the slope water; however, there are no sample records to
confirmtheir likely presencein thewestern, central, and eastern zones. In September larvae arevery
common aong the shelf-slope break (Figure 1B.13). Insufficient data are available to predict their
distributions during October and November; however, cooling water in the northern Gulf probably
stimulates southerly migration and shifts spawning activities to warmer water in the southern parts
of the study area. In December, larvae are present over the mid-slope and oceanic waters of the
central and eastern zones and are likely in comparable waters within the western zone as well.

SUMMARY

Theuse of thisapproach for mapping the distributions of adultswas generally good for those species
that are targeted, or captured incidentally by the commercial longline fishery. Far fewer data were
available on the distributions of smaller pelagics such as blue runner (Caranx crysos) and
flyingfishes. Theprediction of larval distributionsislimited to the spatial coverage of the SEAMAP

29°N
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Figure 1B.12. Predicted distributions of larval/juvenile dolphinfish in the study areafrom January
through August. The presence of individuals in each grid cell is indicated as

confirmed (i), reasonable inference (@) or unreported ().
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Figure 1B.13. Predicted distributions of larval/juvenile dolphinfish in the study areafrom
September through December. The presence of individuals in each grid cell is

indicated as confirmed (), reasonable inference () or unreported ().

database and this database has patchy coverage of the deepwater region during many of the months.
Problems with the taxonomy of the larvae of some species (e.g. yellowfin tuna) makesit difficult
to predict larval distributions. Prediction of juvenile distributions was highly problematic because
they are not well sampled by larval gear and are too small to be collected by commercial gear.
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INTRODUCTION
Background

The fact that large pelagic fish are attracted to floating objects in the open ocean has been long
known, probably since people first began to build boats and make ocean voyages. Although
fishermen have long recognized and utilized the propensity for fish aggregate near floating objects
(Greenblatt 1979), it was not until the 1970s that floating objects began to be purposely deployed
as fish aggregating devices (FADs) (Dickson,1999). Shortly thereafter, the use of FADs grew
explosively, first in the eastern Pacific Ocean, then in the western Pacific and Indian Ocean in the
1980s, and finally in the Atlantic in the 1990s (Fonteneau et al. 2000) (FigurelB.14). FADs were
found to be highly effective in attracting and aggregating a large suite of pelagic fish species,
especially tunas. In recent years, more than half of the world commercial tunacatch has been caught
from around FADs (Fonteneau et al. 2000), thus demonstrating the strength and significance of the
phenomenon of fish aggregation to floating objects. As a result, scientific research aimed at
explaining FADS effects and the resultant effects on fisheries has been stimulated and begun.
Recently, scientists have raised a large number of questions about potential important negative
effects of FADs on fish and fisheries, including ecological as well as fishery effects. The most
important negative ecol ogical effectsinvolve changesin movementsand migration arising from the
strong attraction to FADs.

Relevance

Starting in the mid 1990s, the petroleum industry in the northern Gulf of Mexico (GOM) began to
rapidly expand into deep waters (depths greater than 1,000 ft) (Baud et al. 2000). The Minerals
Management Service (MMS) convened the Workshop on Environmental Issues Surrounding
Deepwater Oil and Gas Development (Carney 1997) in 1997. In that meeting, MM Sraised theissue
of the potential for deepwater petroleum structures (DPSs) to impact (GOM) fish and fisheries by
acting asfish aggregating devices (FADs). That workshop also identified the need for examination
of existing scientific information pertinent to thisissue.
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Figure 1B.14. Percent of commercial tuna catch taken from FADs.

Response

TheU.S. Geological Survey, Biological ResourcesDiscipline(USGS-BRD), initsroleof addressing
information needs of MMS, developed a project amed at finding, examining, compiling and
analyzing existing scientificinformation on FADsand rel ated topicspertinent to the potential FADS
effectsof GOM DPSs. The purpose of this project wasto provide atool withwhich MM Sand other
involved parties could determine the degree to which existing science could be used to assess the
potential fishery impacts of deployment of large numbers of petroleum structuresin deep waters of
the northern GOM.

Product
The project will provide compilation, synthesis and analysis of scientific information on FADs and

fish aggregation from the perspective of potential impacts of deepwater GOM DPSs on pelagic,
highly migratory fish species. The nature of the project is mission-oriented, applied (to GOM DPS
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FADs issues) and practical, rather than academic. However, it aso will provide a detailed
compendium of FADs information that should be useful to FADs and resource managers.

METHODS
Bibliographic Data Search and Acquisition

Standard bibliographic methodswere used to search for existing FADsliterature. Online, computer-
searchable databases were searched for references that include FADs-related terms in their title,
abstract, or key words. Primary emphasis was placed on published, peer-reviewed journal articles.
Conference and symposia proceedings, Internet sources, and popular publications (e.g., magazines)
were also thoroughly searched. Where possible, gray literature, including reports and non-journal
articles, was included. Literature identified above was read and examined for FADs-related
references.

Dissemination

The bibliographic sections along with the report text will be made available and disseminated on
CD-ROM in hypertext markup language (.html), Adobe Acrobat (.pdf) and rich text (.rtf) formats
(onthe same CD). The bibliographic database will be made available asaseparate CD. Thefirst CD
will be distributed and made generally available as a USGS Open-File Report.

FADs Technica Session

To ensure that scientific literature, information, and understanding of FADs had been thoroughly
researched, information exchange with prominent FADs scientists was developed. This was
accomplished by convening a technical meeting bringing important FADs scientists together to
discuss GOM DPS FADs issues. The meeting was held as a special session of the American
Fisheries Society (AFS), Southern Division (SD) Midyear Meeting, 22-25 February 2001,
Jacksonville, Florida.

RESULTS
Bibliographic Database Composition

The bibliography includes 466 references. Of these, only 125 (27%) are either books (4), peer-
reviewed, journal articles (95), or published as symposia in peer-reviewed journals (26) (Figure
1B.15). Therest are non-peer-reviewed, unpublished reports or other gray literature or references
to information available from the Internet, or popular articles. Most FADs literature is recent. The
earliest reference (Kojima1956) wasthe only reference earlier than the 1960s, for which period only
fivereferenceswere identified. There were only 19 references from the 1970s, 106 from the 1980s,
250 from the 1990s and 82 from 2000 or later (Figure 1B.16).
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Figure 1B.15. Composition of FADs literature in categories of (1) peer-reviewed journal
articles, (2) books, (3) proceedings of symposia published in peer-reviewed
journals (although the proceedings articles are often not peer reviewed), and
(4) al other documents that have not been peer reviewed.

FADs Information Availability and Character

A large body of information about FADS exists. Most of the FADs references are focused on
specific FADsfisheries or fishery applications, and most of these havelittle pertinenceto scientific
understanding how FADs function or how GOM petroleum structures may function as FADs.

Information on phenomenaand processesrel ated to attraction and aggregation of fish to objectswas
limited, and the bibliography included only 314 such key word entries of al 2,205 technical key
word entries (excluding bibliographic key words). Thisproportion (14%) isameasure of thelimited
degree to which existing FADs literature has value or application with regard to understanding
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Figure 1B.16. Histogram of FADs bibliography references by year of publication. Green
arrows indicate first utilization of FAD in artisanal fisheriesin the Philippines
(Dickson 1999) and their introduction into the Indian Ocean (Fonteneau et al.
2000). The yellow arrow indicates the adoption of “dolphin-safe” tunafishing
in the eastern Pacific fisheries. Red arrows indicate major conferences or
symposiaon FADs or related issues.

potential impacts of GOM DPSs. Although theinformation directly useful for understanding GOM
DPS FADs issuesis limited, a few areas that are of clear utility for understanding and predicting
DPS FADs impacts exist and are summarized below.

Types of FADs

Theliterature separates FADsinto two main categories: 1) drifting FADs and 2) moored (anchored)
FADs. Drifting FADs include natural floating objects such astrees, floating algae, and even whale
carcasses as well as man-made objects such as shipping containers, pallets, and floating structures
specifically designed and constructed to attract and aggregate fish. Moored FADs (Figure 1B.17)
usually are designed and deployed to aggregate fish, although some large moored buoys (e.g.,
weather buoys) aggregate fish and are exploited by fishermen (McPhaden et al. 2000). GOM DPSs
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Figure 1B.17. Examples of moored FADs (from Malig et al. 1991 (Payaw); Anderson and
Gates, 1996 (Modern)).

include avariety of typesof structuresand components (Baud et al. 2000), so it isuncertain whether
they would function more like drifting FADs or moored FADS. It is unknown whether fish
aggregate for the same reasons around drifting FADs and moored FADs (Freon and Misund 1999).

Species

The three species that are most aggregated by FADs and most important to FADs fisheries
throughout the world oceans are the tuna species: yellowfin tuna (Thunnus albacares), skipjack
(Katsuwonus pelamis), and bigeyetuna(Thunnusobesus). Thesethree speciesarelisted askeywords
in 63, 47, and 29 references respectively, and are mentioned prominently in many other publications
in which they are not listed as a keyword. All three are found in the GOM and are commercially
harvested, although not as intensively asin most other oceans or seas. These three species, due to
their great affinity and attraction to almost all objects in the open sea, can be expected show some
attraction and aggregation to GOM DPS. Y ellowfin tuna are already known to concentrate around
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and are caught by recreational fishermen near GOM DPSs (Sloan 2001). Skipjack have been caught
in commercia quantities from around FADs deployed near Cuba (Martin 1999).

Information available to predict whether bluefin tuna (Thunnus thynnus) may aggregate around
GOM DPSsissparse. Bluefintunaare attracted to FADsin the M editerranean (Pipitoneet al. 2000)
and Pacific (Anon. 1983). An important recreationa fishery exists off Cape Hatteras, North
Carolina, where many large bluefin aggregate near wrecks. The GOM isthe only known spawning
grounds for the Western Atlantic stock of bluefin tuna (Nemerson et al. 2000), and it has been
suggested that if they are attracted to and aggregated to DPSs during their spawning season, they
may spawn in sub-optimal environments, causing important negative effects on reproduction and
recruitment (Lamkin et al. 2001) of aspeciesthat isalready considered to have been reduced to near-
extinction population levels (Safina 1993).

Dolphin (AFS common name, also called dolphinfish, dorado, or mahi-mahi in some places)
(Coryphaena hippurus) is another species that aggregates around moored and drifting FADs in
abundances high enough to support commercia fisheries. Given its well-known tendency to
aggregate and be caught around floating objects, and because the speciesis abundant in the GOM,
dolphin can be expected to be attracted to GOM DPSs.

Other important GOM speciesknown to aggregate and be caught around FADsinclude blackfin tuna
(Thunnus atlanticus), amberjack (Seriola dumerili), wahoo (Acanthocybium solandri), rainbow
runner (Elagatis bipinnulata, and marlins. Blue marlin (Makaira nigricans) aretargeted and caught
by recreationa anglersfishing near GOM DPSs (Sloan 2001).

Coastal pelagic species, such asking mackerel (Scomberomorus cavalla) and cobia (Rachycentron
canadum), will also be attracted and aggregated to DPSs, but their presence would be expected to
be less than that reported for shallow rigs (Franks 2000) that are present in their inshore, primary
habitats. Coastal pelagic species are outside the main focus of the report and bibliography.

Benthic fish and invertebrates may utilize DPS structures as artificial substrate and habitat, as has
been well documented for petroleum structuresin shallower waters. Since the focus of this project
is aggregation of pelagic species, this project did not include the extensive literature on benthic
species relationships to artificial structures.

Hypotheses

A number of hypotheses have been put forward to explain FADs. The hypotheses explaining the
association between fish and floating objects (Freon Misund 1999) include

== Concentration of food supply hypothesis* (Kojima 1956).

< Schooling companion hypothesis* (Hunter and Mitchell 1968).
= Substitute environment hypothesis* (Hunter and Mitchell 1968).
< Cleaning station hypothesis* (Gooding and Magnuson 1967).
<= Shelter from predator hypothesis (Gooding and Magnuson 1967).
< Spatial reference hypothesis (Klimaand Wickham 1971).
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= Comfortability stipulation hypothesis* (Batalyants 1992).
=  Generic-log hypothesis (and related hypotheses) (Hall 1992).
<= Meeting point hypothesis (Dagorn 1994).

Review of the hypotheses (Freon and Dagorn 2000) has eliminated concentration of food as
obviously invalid for schooling fish around FADs and has combined or eliminated several others
(*), leaving four major hypotheses (bold).

These remaining hypotheses can be summarized as follows (Freon and Dagorn 2000): the shelter
from predator hypothesis proposes that fish aggregate around objects because they can be used by
prey asarefuge; the spatial reference hypothesi sproposesthat fish aggregate around objectsbecause
objectsprovide spatial reference pointsto which fish can orient in the otherwise unstructured pelagic
environment; the generic or indicator log hypothesisisbased on the fact that natural floating objects
are often indicators of productive areas (e.g., Langmuir cells); and the meeting point hypothesis
suggests that objects can be used to increase encounter rate between isolated individuals or small
schools and other schools.

The fact that such disparate and possibly interacting hypotheses and processes exist and are as yet
untested, indicateshow relatively littleisunderstood about fish attraction and aggregationto objects.
It further shows that in-depth understanding of how GOM DPSs may attract and aggregate fish is
not possible from present scientific understanding of FADs.

Spatial/Temporal Relationships

Spatial relationships between tunas and moored FADsis another areain which scientific consensus
exists. Tuna remain close, within 1.8 km to moored FADs during the day and move away from
FADs during the night (Marsac and Cayre 1998, Holland 1996). The attractive influence of aFAD
for adult yellowfin tuna disappears at around 9 km (Marsac and Cayre 1998), and the radius of
influence of aFAD for juvenileyellowfin tunaand juvenile bigeye tunais about five nautical miles
(Holland 1996). These conclusionswere obtai ned through acoustic tracking studies. They agreewith
modeling studies that find that presence of four or five FADs in a 50 km x 50 km area reduces
movement of skipjack out of the area by 50% (Kleiber and Hampton 1994). These findings are of
direct value in projecting or estimating the effects of GOM DPSs.

Object Characteristics and Size

Littleisknown about how an object’ s characteristics affect the degree to which fish aggregateto it,
and only threereferences (Inoue et al. 1968; Hall et al. 1992; Hall, et al. 1999,) addressed thistopic
directly. No clear relationships were found between aggregation (as measured by catch) and object
characteristicsincluding material, shape, color, surface area, volume, and epibiota (Hall et al. 1992;
Hall et al. 1999). Only two references addressed the topic of the effect of object size (Akishige et
al. 1966; Hall et al. 1992). Size of drifting objects was found to be unimportant as long as the
minimum dimension was greater than about 1 m (Hall et al. 1992). Effects of object characteristics
and size have not been evaluated for moored FADSs.
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Rigs and FADs Technical Session

The daylong session included 13 technical presentations by U.S. and international experts. A panel
discussion followed and included participation of representatives from regiona (Gulf of Mexico
Fishery Management Council) and federal (National Marine Fisheries Service, Highly Migratory
Species Division) fishery management agencies, the GOM oil and gasindustry, recreational fishing
interests, invited speakers and session attendees.

Follow-up responses from FADs expertsindicated that the session had been well received, and that
the preliminary bibliography had no major omissions or deficiencies. A few, mainly peripheral,
citations were offered and added.

Some of the significant follow-up comments included

More information on existing GOM commercial and recreational fisheriesis needed.
Directed studies are needed to determine FADS' effects of DPSs.

> |tiscritical to determinethe potential impact on migrating/spawning adult bluefin tuna.

> |t would seem that information on FADs effects of petroleum structures in other parts
of the world should be available, but the experts do not know of any.

> More emphasis on fishery management issues particular to GOM DPSs impacts is
needed in any subsequent meetings.

> |nformation on GOM tuna movements is needed; if it is not available, tagging studies
should be conducted.

> More information on types and distribution of GOM DPSs (present and future) is
needed.

Most of the contacted participants were enthusiastically in favor of afollow-up meeting and were
interested in one as away to develop research plans that, in their opinions, were needed and could
provide many answers to FADSs issues surrounding GOM DPSs. A number of FADs experts
expressed opinions that techniques and methodology for direct assessment of GOM DPS FADs
effects have been developed and are available from FADSs research conducted previously. These
approaches could be directly and effectively applied applied to answer many of the important
guestions. Thenucleusof interest and support from government agencies, academiaand otherscould
make a follow-up meeting productive and effective. In that light, USGS-BRD is continuing to
explore the possibility of organizing such a meeting.

CONCLUSIONS

Projections from Existing Knowledge

Existing scientific information, from published studies of FADs elsewhere or from fundamental
understanding of fish aggregation and attraction, phenomena and processes, is not sufficient for
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understanding or predicting potential FADs effects of GOM DPSs. However, some valuable
conclusions can be made from the existing body of knowledge.

Theexisting information on FADs indicatesthat several commercially and recreationally important
species will be or are already being attracted to GOM DPSs. The main species are yellowfin tuna
(Thunnus albacares), skipjack (Katsuwonus pelamis), and bigeye tuna (Thunnus obesus).

Based on FADsresearch and experience around theworld, it may be subjectively inferred that GOM
DPS FADs effects are likely to occur and possibly could be substantial. However, the existing
information is inadequate for scientifically predicting the degree to which such aggregation will
occur, let alonefor predicting impacts on populationsor fisheries. Aggregation of other speciessuch
as hillfish, wahoo, dolphin, sharks, and coastal pelagics also may occur.

Similarly, the existing information is insufficient with regard to understanding the phenomena or
processes involved in fish attraction to objects. Thus, it isimpossible to make scientific projections
asto the degree to which different structures or DPS components would attract large pelagic fish.
Existing information is completely inadequate for analyzing factors such as size, color, shape,
lighting, etc.

Thereisastrong consensus of scientific opinion that open-ocean fish are not attracted to objectsfor
trophic reasons (Lehodey 1966; Brock 1985; Holland 1996). That isto say that they are not attracted
dueto the presence of prey species around the object, as has been reported for coastal FADs (Klima
and Wickham 1971; Wickham and Russell 1974). Instead, pelagic fish (particularly tunas) are
attracted to objects for other intrinsic reasons that are yet to be fully understood (Batalyants 1992;
Hall 1992; Edwards et al. 2000; Freon and Dagorn 2000; Edwards et al. 2001). It is possible,
however, that some less-abundant species like blue marlin and wahoo are attracted by small tunas
and other small fish that aggregate around FADs.

Spatial and temporal relationships between yellowfin, bigeye and skipjack tunas and FADs have
been reasonably well studied and probably could be applied to DPSs. Similarly, knowledge of tuna
movement patterns between and among FADs probably could also be applied to GOM DPSs.

However, it appearsthat tunarelateto drifting FADsdifferently than they do to moored FADs. Tuna
aggregate under drifting FADs at night (Hall 1992; Hall and Garcia 1992), whereas they aggregate
near moored FADsduring daylight hours (Holland et al. 1990; Josse 1992; Cilaurren 1994; Holland
1996; Josse et al. 2000), perhaps utilizing moored FADs as extensions of the reef dropoff zone
(Holland et al. 1990). They move away from moored FADsto deep waters during the night, perhaps
to feed on vertically migrating squid and shrimp (Holland et al. 1990).

Neither reef dropoffs nor open-ocean depths exist immediately near GOM DPSs. Therefore, it is
unknown whether diurnal and spatial distributions around DPSs would be more like those for
drifting FADs or those for moored FADs. The situation may be further complicated dueto lightson
DPSs. Lights are often deployed on drifting FADs to attract tuna and other species at night.
However, the responses of fish to various kinds of light and intensity are complicated (Bullis and
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Roithmayr 1972; Beltestad and Misund 1988; Freon and Misund 1999) and largely unknown for
tunasand other FAD species. Thus, the effects of DPSIights cannot be evaluated from theliterature.

Potential Ramifications of DPS FADss Effects

There are anumber of possible ramificationsthat should be considered. These may include primary
ecological effects including: a) changes in distributional patterns (particularly due to aggregation
and concentration in areas with DPSs), b) changesin movement and migration patterns, ¢) changes
in spawning and larval survival/recruitment (due to aand b above).

Under some circumstances, FADs may act as an “ecological trap” that can have serious negative
effects by retaining fish in unfavorable environments (Marsac et al. 2000). Locations of primary
spawning grounds of yellowfin tuna and bluefin tunain the GOM are not well understood. FADS
effects could have important consequences on bluefin tuna spawning and larval survival (Lamkin
et al. 2001). Thus, effects of DPS FADs on distribution and spawning of GOM tunas cannot be
directly estimated from existing information.

A number of possible secondary, indirect effects of DPS FADs should be considered. They include:
a) increased catchability and fishing mortality due to aggregation around DPSs, b) changes in
population age structure due to increased or changed age-specific mortality due to fishing, c)
changes in commercial and recreational fisheries due to aggregation, concentration and location
predictability, €) changesin fisheries bycatch dueto changesin fishing gears and techniques utilized
around DPS FADs, and f) changes in fishery management required by new situations due to DPS
FADs. Indirect effects may be either positive or negative.

Important and val uabl e recreational fisheriesmay spring up in areas of DPS deployment. In Hawaii,
for example, anetwork of FADs has been established around theislands (Figure 1B.18) to enhance
recreational and hook-and-lineartisanal fisheries, primarily targeting yellowfintunaand bluemarlin
(Holland et al. 2000). A similar “network” of DPSs already exists in the northern GOM (Figure
1B.19). Concentrations of and enhanced fishing for yellowfin tuna and blue marlin have aready
been reported around some of these structures, including Exxon “Hoover/Diana’ rig and other
structures over 100 miles offshore (Sloan 2001). Because prey biomass around FADs has been
shown to be inadequate for supporting aggregated tuna biomass (Freon and Dagorn 2000), the
impact of DPSs will be primarily due to attraction, as opposed to the alternative explanation of
increased production.

Information Needs

If FADS effects of GOM DPSs are to be assessed and quantified, it will have to be done through
direct studies, instead of by extrapolation or inference from existing scientific literature. If GOM
DPSs are to be directly studied, it isimportant that such studies be done immediately, before so
many DPSs have been deployed that natural distributions and movements will aready have been
significantly altered (Kingsford 1999).
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Figure 1B.18. FADs network in the Hawaiian islands.

There are a number of effective, proven ways that assessment of GOM DPS FADs effects can be
made. Much of the existing information about FADS' effects on tunas has been obtained through
acoustic telemetry and tracking. Automatic acoustic monitoring stations have been used to detect
return and evaluate site fidelity of tunas to structures. This technique could be very easily applied
at DPSs. Hydroacoustic techniques also have been found to be useful in assessing presence and
distributional patterns of tunas around FADs. Combination of acoustic tracking and hydroacoustic
survey has provided important information (Josse et al. 1997, 1998) and, with the development of
sophisticated new hydroacoustic instruments (Gerlotto 2001), offers great promise for assessing
FADS effects of GOM DPSs.

Other techniques that have been used to assess and understand FADs include tag/recapture studies
and fishery-dependent monitoring. Both of these approaches are contingent on presence of active
largefisheries, which may not yet exist in the deepwater petroleum devel opment areas of the GOM.
Fishery-independent techniques and expl oratory fishing could be used to preliminarily assess DPSs.
Modeling has provided valuable insightsinto tuna-FADs rel ationships and could be expected to do
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Figure 1B.19. Existing network of deepwater petroleum structures in the northern Gulf of
Mexico. Groups of structures within 5 nmi radius of influence are shown in
black circles.

the samefor GOM DPSs. Given the great depthsto which FADs-associated tunas are found (Cayre
and Marsac 1993, Josse et al. 2000, Holland, et al. 1990), aeria-visual or LIDAR (light detection
and ranging) surveys (Oliver and Edwards 1996) are unlikely to befully effective; but they may still
be useful, especially to determine presence of bluefin tuna or large schools of yellowfin tuna.

Due to uncertainties inherent in rapidly developing and evolving deepwater technology, the future
numbers, typesand distributions of deepwater structurescannot be accurately predicted or projected.
Therefore, it is likely that most future consideration, management, or mitigation of DPS FADs
effects on fisheries will have to be tactical rather than strategic. MMS could help efforts to assess
these effects by providing scenarios and estimates of future deepwater development.
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For the reasons of uncertainty about how GOM pelagic fish will be aggregated by DPSs, how DPS
technology will develop, how fisheries will change, etc., it is unlikely that the issue of DPS FADs
effects can be immediately resolved. It probably will have to be studied and monitored over time.
On the other hand, if direct studies and assessments of DPS FADs were initiated, and if direct
aggregation affects on important pelagic fish were to be documented as small or minimal, resource
managers could have reasonable confidence that deepwater development would not have major
negative impacts on GOM pelagic fisheries.
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INTRODUCTION

Dr. Richard J. Anuskiewicz
Minerals Management Service
Gulf of Mexico OCS Region

This session focuses on two facets of archaeology underwater: the discovery and management of
resources underwater. The discovery process can be either accidental or the result of exhaustive
research and planning with hypotheses formulated and tested via rigorous application of the
scientific method during survey and fieldwork. Once archeol ogical resources are found, managing
and protecting these underwater resources can be asignificant challenge. Two papersinthissession
focus on the accidental discovery process. The authors address some of the management challenges
and provideinsight on the resource management strategies of these two deepwater shipwreckssites.
Other papers in this session look at remote-sensing instrumentation as a tool for both refining
archaeological sites and for marine prehistoric and historic maritime model building.

Richard (Rik) J. Anuskiewicz was awarded hisB.A. in 1972 and hisM.A. in 1974 in anthropol ogy,
with specialization is archaeol ogy from California State University at Hayward. Rik was employed
with the U.S. Army Corps of Engineer Districts of San Francisco, Savannah, and New England
Division from 1974 to 1984, as aterrestrial and underwater archaeologist. In 1980 he began work
on hisdoctorate. 1n 1984 he accepted his present position with Department of the Interior, Minerals
Management Service, Gulf of Mexico Region asamarine archaeologist. Rik received hisPh.D. in
1989 in anthropology, with specialization in marine remote-sensing and archaeology from the
University of Tennessee at Knoxville. Rik's current research interest is focused on using remote-
sensing instrumentation as a tool for middie-range theory building through the correlation of
instrumental signatures to specific observable archaeol ogical indices.
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DISCOVERY AND MANAGEMENT OF A DEEPWATER HISTORIC
SHIPWRECK IN THE GULF OF MEXICO

Dr. Richard J. Anuskiewicz
Mr. David A. Ball
Dr. Jack B. Irion
Minerals Management Service
Gulf of Mexico OCS Region

INTRODUCTION

In February 2001, archaeol ogists with the Minerals Management Service, Gulf of Mexico Region,
were notified of the accidental discovery of awooden-hulled, copper-sheathed shipwreck lyingin
approximately 2,650 feet of water. The vessel, believed to be from the late eighteenth or early
nineteenth century, had been discovered during a post-lay survey for a newly installed 8-inch
pipeline by ExxonMobil. This was a groundbreaking discovery in many ways. It was the first
opportunity we have had to study in detail a 200-year old wooden hulled shipwreck in over a half
amile of water in the Gulf. The discovery also afforded a chance to review the effectiveness of our
program with respect to protecting archaeol ogical resources (Anuskiewicz et al. 2001)

Although no archaeological assessment was required for this pipeline, a hazard survey was
conducted. However, areview of the remote sensing data prior to construction did not identify any
potential hazards in this area. One question that is continuously asked is“how could this happen?’
That was exactly MMS' s question as well, and we believe we have a reasonable answer. Both the
pipeline route and deep-tow side-scan used for the survey contributed to the problem. The pipeline
route was predetermined taking into consideration engineering constraints, physical geography and
geology, and the surrounding underwater environment to select a safe pipeline route. At this
particular water depth the requirement for a magnetometer survey, one of the two standard remote
sensing toolsused for identifying shipwrecks, istypically waived. The side-scan sonar, then, became
the primary instrument for possible shipwreck identification. Since the side-scan sonar instrument
scans out at a slight angle when surveying and the survey line just happened to pass directly over
the center of the wreck, the only image that appeared on the data was an anomal ous smudge in the
center of the sonar record, as indicated in the figure below (Figure 1C.1).

An even smaller image appeared at the extreme edge of the sonar record on an adjacent survey line.
Again, this area of the Gulf did not require an archaeological assessment and no shipwrecks were
known to have wrecked in the area. The main problem then, was that the survey lane spacing and
the instrument setting were such that they allowed a blind spot directly below the acoustic sensor.
The smudgethat appeared was simply eval uated as not being ahazard to pipeline construction. Once
the pipelinewasin place, the survey company ran an ROV (Remotely Operated V ehicle) acrossthe
pipeline route to ensure proper installation. It was at this point that the historic shipwreck was
discovered lying some 2,650 feet below the surface.
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Figure 1C.1 Sonar image of shipwreck.

INITIAL INVESTIGATION

After notifying MMS archaeologists, ExxonMobil agreed to send the MMS GOMR Marine
Archaeol ogists out to the site to direct apreliminary ROV investigation of the wreck in an attempt
to determine what thisvessel might have been. A total of about six hours of videotape was collected
and reviewed by the archaeologists (Figure 1C.2).

The remains of the vessel are approximately 60-65 feet from bow to sternpost. It is approximately
20-25 feet wide. Most of the inner works of the ship are gone, but thereis about six feet of relief at
the bow and about nine feet at the stern. Asiit sits on the seafloor, al that remains appears to be a
shell of the hull from the area below the waterline. The inside of the vessel isfilled with sediment
and may yet contain several diagnostic artifacts that can possibly help us determine its name, age,
and perhaps even points of origin and destination. However, very few artifacts were visible in the
video survey.
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Figure 1C.2. Compositeimag

e of starboard bow section of the ipwreck.

During our preliminary investigation, two artifacts were removed from the vessel in an attempt to
identify its age. The first artifact removed (Figure 1C.3) was recovered from the port side bow
section of thevessel, prior to MM Snotification. It was alead tube approximately 45-cmlong, 15-cm
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in diameter, 2-cm thick and weighed about 6.8 kilograms (15 Ibs.). Initially we thought the lead
artifact might have been part of the bilge pump system or perhaps one of the decking scuppers used
to drain water from the decks. After further research, we now believe this artifact is a hawsepipe.
A hawsepipe is an inclined tube which leads from the main deck to the outside of the vessal. An
anchor cable or ropeis passed through the hawsepi pe hol ding the anchor. We believe the hawsepipe
was subjected to the heat of afire because of the folding of what would have been the interior end
of the pipe (Anuskiewicz et al. 2002).

Trying to avoid as much disturbance to the shipwreck as possible, but also wanting to get an
estimate asto the age of the vessel, we decided to recover one other artifact from the site: one of the
loose pieces of sheathing that had fallen away from the vessel along its port side. Sheathing on
historic vessels was an expensive undertaking, implemented as an anti-fouling method to keep
marine growth and wood-boring organisms from weakening the wooden hull. It is known that pure
copper was used from the mid 1700s through the mid 1800s. It is also known that a copper alloy,
known asMuntz metal, replaced pure copper. Therefore, by obtaining asample of the sheathing and
having it assayed, we could narrow down the time period of this vessel. The sample that was
collected turned out to be pure copper, which therefore gives us a date range of mid eighteenth to
early nineteenth century. The sheathing also had afew pieces of wood planking fastened to it with
small copper nails. The wood planking, which was approximately Y2 inch thick, leads to an
interesting hypothesis. Wood planking on vessel s of thistime period would typically have been oak,
several inchesthick. Therefore, we believe that the wood planking was most likely attached to the
vesseal as sacrificial planking (Stem to Stern 2002:5), prior to the copper sheathing. We sent the
wood to two separate labs for sourcing and amost identical results came back to us. The wood was
classified as white pine (Pinus strobus) which is native to the northeastern United States and
Canada. The wood sample also showed evidence of charring, which leads us to believe that there
was afire on the vessel, which most likely led to its sinking.

MANAGEMENT OPTIONS

Sinceit was clear that we were dealing with an historic shipwreck, our next task was to determine
an appropriate management strategy that best protected theresource. Thefour optionswe devel oped
were as follows:

Lift and re-route the pipeline around the wreck
Construct a sandbag bridge over the wreck

Cut and re-route pipeline around the wreck

Leave in-place, conduct alimited data recovery program

pODNPE

After we collected available deepwater engineering data and cost figures for all four options it
became obvious that, due to the extreme depth of this wreck, the most feasible option was a data
recovery program, option 4. Wetherefore devel oped aresearch design incorporating adatarecovery
program that would contract for the use of a suitable ROV or submersible to excavate a
representative portion of the interior of the wreck, recover alimited number of diagnostic artifacts,
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excavate up to 15 test units outside the wreck to determine if a scattering of artifacts exists outside
the wreck, and obtain high quality video and digital images.

Funding for the project was supplied by the pipeline operator under the Moss-Bennett Act, which
permits government agencies to accept private funds for the purpose of conducting archaeological
salvage. The MMS subsequently entered into a cooperative agreement with Texas A&M
University’ s Department of Oceanography and the Institute of Nautical Archaeology to performthis
study, which is expected to be carried out sometime during summer 2002.
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Dr. Jack B. Irion received his doctorate in archaeology from The University of Texasin 1990. He
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archaeological expeditionsin England, Mexico, Belize, Turkey, Italy, Puerto Rico, and throughout
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work has resulted in the discovery and documentation of numerous historic sites and shipwrecks,
including the Confederate Harbor Obstructions in Mobile Bay and the wreck of the steamship
Columbus in Chesapeake Bay. Since joining the MMS, Dr. Irion has directed the Seafloor
Monitoring Team, composed of agroup of diver/scientists with the MM, in the documentation of
severa historic shipwrecks on the Outer Continental Shelf. These have included the Civil War
gunboat U.S.S. Hatteras and the 19" century coastal steamers New York and Josephine, the latter
of which was added to the National Register of Historic Placesin 2000. In hisfreetime, Dr. Irion
also works as a volunteer diver with the Audubon Aquarium of the Americas.
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REFINING AND REVISING THE GULF OF MEXICO OUTER CONTINENTAL SHELF
REGION HIGH PROBABILITY MODEL FOR HISTORIC SHIPWRECKS

Dr. Charles E. Pearson
Coastal Environments, Inc.

Mr. Stephen R. James, Jr.
Panamerican Consultants, Inc.

For over 25 years, the Minerals Management Service has required cultural resources assessments
for federal oil and gasleasesin the northern Gulf of Mexico Region or GOMR (Figure 1C.4). These
assessments reflect the obligations of the MMS relative to the identification, protection and
management of prehistoric and historic properties on federal landsin this area. Over thistime, the
MMS has funded several studies to collect data on the cultural resources of the northern Gulf of
Mexico (GOM) to aid in their effective management. The results of these studies have been used
to develop survey guidelines, equipment requirements, and analytical procedures deemed most
appropriate for identifying submerged and/or buried cultural resources. Two of these studies have
dealt specifically with historic shipwrecks in the GOM; they have resulted in lists of wrecks and
statements about their distributions and preservation potential. In June of 2000, MMS awarded a
contract to Panamerican Consultantsto refine and revisethework of the previous studieson historic
shipwrecks in order to enhance their management. Coastal Environments, Inc., of Baton Rouge, is
participating with Panamerican in this study.

Currently Identified High Probability Zones

N 60 meter line
Il 50 meter survey interval
I 300 meter survey interval

Figure 1C.4. Currently identified high probability zones.
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This study has involved several tasks. (Figure 1C.5) One is the reevaluation and expansion of
previously collected data on shipwrecks. Another is the correlation of these shipwreck data with
other sorts of data on submerged objects from the GOM, such as reported snag and hang data. This
second task involved diving on selected offshore targets to determine their identity. The third task
focuses on using current offshore survey approaches via a magnetometer survey at selected target
locations with differing equipment and survey strategies. The final task is the synthesis and
consolidation of all of the collected information into areport for the MMS. Coastal Environments
has been involved principally in Tasks 1 and 2, the reevaluation of shipwreck data and correlation
with other data sets.

TASKS
1. Archival Data Collection

2. Correlate Collected Data on Shipwreck Locations with Lease
Block Survey Data, Reported Hang L.ocations, Etc.

3. Compare Marine Magnetometer Technologies and Survey Line
Spacing

4. Synthesize Collected Data:
= Develop Predictive Model from Shipwreck Data

=  Assess Results of Magnetometer Survey Tests

Figure 1C.5. Tasks.

At the outset, we decided to gather all of the collected information on wrecks and other offshore
objects into an electronic data base and to incorporate it into a Geographic Information System
(Figure 1C.6) to make the information accessible to MM S personnel involved in cultural resources
management. The database we are using is Access, and an example of a page of the 3-page entry
form is shown here. The GIS system is ArcView.

The data on shipwrecks, objects, and hangs came from a variety of sources. We used MMS data,
including wreck information from the two earlier studies, data from offshore lease block surveys,
and snag datafrom the government’ sfisherman compensation fund. Weal so used datafromthe U.S.
Coast Guard, NOAA, the National Imagery and Mapping Agency, U.S. Fish and Wildlife Service,
and similar agencies from each of the Gulf states. We obtained hang and obstruction data from
TexasA&M University and the Louisiana Department of Natural Resources. One of our advantages
over previous studies is that many of these data sets are now in digital format. In addition, we
examined the records at al of the state archaeologist’s offices of the Gulf states to collect
information on offshore remote-sensing surveys or shipwreck work previously done. Most of these
studies dealt with state waters, but often they provide information on lossesin federal waters. We
also examined pertinent publications dealing with shipwrecks, including historical and
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Figure 1C.6. Microsoft Access data entry form.

archaeological works. Some of the sports divers publications proved to be particularly useful for
obtaining information on wrecksin offshore Florida, Alabamaand Mississippi. Figure 1C.7 shows

all of the reported and identified wrecks in the study area derived from these sources.

Known and Reported Shipwrecks in the Study Area

/\/ 60 Meter Line

*  Possible Vessel Location

Figure 1C.7. Known and reported shipwrecks in the study area.
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Many of the shipwreck datasetsnow availablearein digital form. However, these data sets do have
problems. Thereare numerouserrors, duplications, and inaccuracieswithin these sets; some, but not
all of which, can be resolved. One of the principal difficulties with these data sets relates to the
reliability of thelocation of lossinformation provided. Some of the data sets do include evaluations
of the reliability of the positions provided, but many do not. Additionally, reliability assessments
vary across data sets and reliability assessments change over time. This forced us to go back to
original wreck reports where they were available. Among the most useful of these proved to be the
lists of Merchant Vessels of the United States, published by various agencies since the late
nineteenth century. Inreferring to these listswe found numerous instances where the original wreck
report contained imprecise information on the position of loss that had miraculously become very
precise in recent data bases. Typical exampleswould be where avessel might have originally been
reported lost “about 50 miles east of Main Pass,” or even more vague “75 miles off Mobile,” with
nodirection at all given. Theselocations have been converted into geographic coordinates and, over
time, incorporated into various wreck lists and databases where locations are often given to the
nearest tenth of asecond. It isobviousthat devel oping statements about historic wreck occurrences
and distributions using this type of information is fraught with difficulties. Of course, these
problems are most prevalent with older wrecks, but even on recent losses, the reliability of the
position of sinking can be poor. To address this problem, we have assigned locational reliability
assessments to wrecks in the database, with reliabilities ranging from 1, very precise, to 4, very
vague.

At present our data set of wrecks and objectsincludes 6,223 entries. This number does not include
over 7,000 reported snag, well site locations, and the like, that we are including in the data sets we
are examining. Of these entries, 3,260 are classified as vessels identified from the various sources
used. This number is an increase of about 2,000 over the number of offshore wrecks given in the
MM Slist of wrecksdevelopedin 1987. Thisincreaseisdueto somelosses sincethat date, but more
so to the incorporation of many unidentified vessels from offshore survey work and various
databases not used in the earlier study. Of these 3,260 wrecks, only 276 have been assigned a
location reliability factor of 1 and 985 a factor of 2 (Figure 1C.8). These 1,261 wrecks constitute
about 38% of the total and represent those that we feel are most useful in making statements about
patterns of wreck distribution, except in the very broadest sense.

Thedistribution of known and reported wrecksin an area of offshore Louisianaand Texasis shown
in Figure 1C.9 to give some idea of the type of information provided in ArcView. As can be seen,
and as expected, the density of wrecksis highest ininshore Federal waters, generally corresponding
to the high probability areas now identified by the MM S. Some wrecks in state waters are shown
here, athough our concern isonly with those in federal waters. Moreover, some of the positions of
the wrecks shown here in state waters are so unreliable that we are not sure whether they actually
fall in state or in federa waters. These will be maintained in the final data set. Figure 1C.10 shows
the same areathat includes only those wrecks given |ocation probabilitiesof 1 and 2. Asmentioned,
these are those that we feel can most reliably be used to make statements about vessel distributions
and occurrences.
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Figure 1C.8. Number of wrecks per reliability category.

Offshore Texas and Louisiana Showing
Known and Reported Wrecks
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Figure 1C.9. Offshore Texas and Louisiana showing known and reported
wrecks.
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Offshore Texas and Louisiana Showing Known and Reported
Wrecks in Reliability Categories 1 and 2
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Figure 1C.10. Offshore Texas and Louisana showing known and reported
wrecks in reliability categories 1 and 2.

One of the objectives of this study was to assess reported hang locations with reported wreck
locationsto seeif correlations exist, the assumption being that many of the reported net snaggings
have caught exposed wreckage, based on findings at the small number of historic wrecks now
known inthe GOM. Figure 1C.11 shows asmaller area of offshore Louisianawith reported wrecks

Area of Offshore Louisiana Showing Known
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Figure 1C.11. Areas of offshore Louisiana showing known and reported
wrecks, objects and snags.



89

and reported hangs shown. As can be seen, there are clusters of snags around some reported vessel
losslocations and there are, also, clusters of hangs by themselves. The question is, do these clusters
of hangs constitute undiscovered shipwrecks? One of the objectives of the diving operationswasto
examine this question.

Wearestill assessing the collected wreck dataand have no final conclusions. The collected dataadd
to our understanding of the occurrence, distribution, and preservation of shipwrecksinthe GOM,
but, also reveal a number of shortcomings that need to be considered and addressed. Of particular
importance is the demonstration that GIS systems like ArcView can provide MM S personnel with
apowerful and useful tool for managing these shipwreck resources.

The second phase of Task 2 wasto conduct diving on approximately 20 targetsidentified in the hang
and obstruction datato determineif hangs correl ated with or represented shipwrecks. Twenty targets
or target areas were chosen for selection for survey and subsequent diver investigation, this map
showingtheir lease block locations (Figure 1C.12). All targets situated in lessthan 100 feet of water
chosen for further investigation had the following characteristics:

» Group of hangs which correlated spatially with unidentified objects noted during previous
hazard surveys.

»  Group of hangs which correlated spatially with a reported wreck location.

» Group of hangs which correlated spatially with only themselves, the cluster suggesting the
presence of an object. And/or
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» Precisely located unidentified objects located during previous hazard surveys, regardless of
association with hangs.

Asindicated by each target area’ s lease block map, the majority of target areas enclosed multiple
targets composed of hangs, vessels, obstructions, etc. (Figures 1C.13 and 1C.14) With the exception
of those targets precisely located during previous oil industry-related hazard surveys, we elected to

Lease Block with Multiple Target Types
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Figure 1C.13. Lease block with multiple target types.
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survey a large block around multiple hangs, objects, or unknown vessels in a cluster calling the
survey block a single target, rather than investigating the specific coordinate of each hang or
obstruction and calling that specificlocation aseparatetarget (Figure 1C.14). Thiswasimplemented
on the belief that closely clustered hangs or obstructions could represent the same object with
dightly different coordinates because of the inaccuracy of the Loran system used to position most
of them. Furthermore, we believed that calling each hang in a cluster a separate target would have
offered the study only minimal correlation data. As opposed to 20 separate single targets our survey
areas offered a much larger sample by investigating 51 recorded locations that included 29 hangs,
12 unknown vessels, 9 unknown objects, and 1 obstruction.

The initial examination of each of the 20 target areas involved a remote-sensing survey using a
marine magnetometer, side-scan sonar, fathometer and DGPSfor positioning. Of the 20targets, only
ten target areas contai ned bottom featuresindicative of submerged cultural resources(Figure1C.15).
Target inspection, which was conducted with surface supply diving techniques and completed in
October 2001, indicated that of the ten potential targets, only one represented a shipwreck. Located
in Lease Block VR118, (Figure 1C.16) Target 15 was a modern, steel-hulled shrimp trawler
unassociated with any reported hangs. Of the remaining ninetargets, two represented modern debris
such as pipe or platform debris associated with the oil industry, and 7 represented natural bottom
features or had negative findings. These results raise many questions, the least of which isreported
coordinate accuracy of offshore objects. However, our analysis of these data is incomplete and
positing implications at this time would be premature.
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Task 2: Diving

Figure 1C.16. Task 2: diving.

(Figure 1C.17) The third task of this project was and is a comparison of marine magnetometer
technologies and survey line spacing. The goals of this task are: one, a comparison of different
marine magnetometers to determine whether there is a significant difference in their performance
in detecting shipwrecks; and two, to evaluate the magnetometers at various line spacings to

Task 3: Survey

Figure 1C.17. Task 3: survey.
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determine the minimally acceptable survey line spacing for detecting historic shipwrecks. Both
study aspects are applicable to identifying warranted changes, if any, in the current MMS GOMR
survey methodology.

To accomplish these tasks, surveys were conducted over two known shipwrecks, the Josephine,
shown in Figure 1C.18, a nineteenth-century, iron-hulled sidewheeler located between Ship and
Horn Islands south of Biloxi, Mississippi, and the wreck of the Rhoda, a nineteenth-century,
wooden-hulled bark located in Pensacola Bay. Magnetometers employed and assessed during this
investigation stage included the “industry-standard” Geometerics 866, (Figure 1C.19) its

Josephine Sidewheeler

Figure 1C.18. Josephine sidewheseler.

866 Magnetometer

Figure 1C.19. 866 magnetometer.
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submersible magnetometer base stations were employed to address questions of diurnal variation
replacement the new Geometrics 877, (Figure 1C.20), and current state-of-the art magnetometers
including the Geometrics cesium 881, (Figure 1C.21) and the Marine Magnetics Sea Spy, an
Overhauser-type magnetometer (Figure 1C.22). In addition to the magnetometers, land-based and
and its effect on data interpretation relative to the potential need for base stations (Figure 1C. 23).

877 Magnetometer

Figure 1C.20. 877 magnetometer.

881 Magnetometer

Figure 1C.21. 881 magnetometer.



Sea Spy Magnetometer

Figure 1C.22. Sea Spy magnetometer.

Land Magnetometer

Figure 1C.23. Land magnetometer.
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Sentinel Magnetometer

Figure 1C.24. Sentinel magnetometer.

Because land base stations have not been employed by the industry due to constraints of working
offshore away from land, alocation precluding their use, a Marine Magnetics Sentinel submersible
base station was employed to address questions of its functionality as well as comparative results
to land base stations (Figure 1C.24).

To address aspects of instrument sensitivity and the maximum or minimum line spacing that allows
detection of various wreck types by each instrument, three transect grids were run with each
instrument. The larger 600 meter grid was composed of transects spaced at 25 meters out to 150
meters from each wreck and then at intervals of 200 and 300 meters (Figure 1C.25). Two 30-meter
gridswererun, one at 4 knots and one at 6 knots in an effort to determine if increased speeds affect
instrumentation sensitivity (Figure 1C.26).

Although data are currently being edited and assessed, preliminary indications are that differences
do exist in magnetometer sensitivities. Figure 1C.27 illustrates the center line of the main grid atop
the Rhoda for all magnetometers and indicates the difference in sensitivity asreflected in the larger
gamma deviations for instruments. Interestingly, the 886 and 881 recorded strengths of 1,100
gamma, while the Sea Spy and 877 recorded strengths of 2,100 and 4,000 gammas respectively.
These types of datawill also be employed to determine maximum gamma deviation or sensitivity
at 25-, 50- and 100-meter transect intervals, with 50 meters being the transect interval now required
by the MM S for designated historic shipwreck high probability areasin the GOMR.
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Figure 1C.27. Centerline graph.

Contour maps will also be generated from data for each magnetometer for each survey grid of
varying line space (Figure 1C.28). Maps, such as these initial efforts, will be employed to address
guestions concerning magnetometer sensitivity, survey speed, transect interval, and diurna
variation, as well asissues concerning shipwreck signatures.
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Figure 1C.28. Contour maps.
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Currently we are reviewing, comparing, contrasting, and eval uating survey data and once thiswork
is completed, we will make recommendations on survey instrumentation and minimal acceptable
line spacing intervals to improve the detection and identification of historic shipwrecks in the
Minerals Management Service’'s GOMR.

Dr. Charles Pearson is a Senior Archaeologist with Coastal Environments, Inc., Baton Rouge,
Louisiana. Dr. Pearson hasaPh.D. from the University of Georgiaand has been involved in historic
and prehistoric archaeol ogical research for over 30 years. He hasbeeninvolvedin numerouscultural
resources management projects involving remote-sensing surveys, underwater archaeology, and
maritime history. Many of these projects have dealt with cultural resources of the nearshore Gulf
of Mexico region.

Mr. Stephen JamesisaPrincipal in Panamerican Consultants, Inc., acultural resources management
company that conducts terrestrial and maritime archaeology. He holds a degree in anthropology
from Memphis State University and a master’ s degree in nautical archaeology from the Institute of
Nautical Archaeology, Texas A&M University. SOPA (Society of Professional Archaeologists)
certified since 1985, and with over 20 years of experiencein maritime archaeology, he hasextensive
project experience and has directed and conducted all phases of work on submerged sitesincluding
archival research, remote sensing surveys, anomaly assessment, sitetesting, and full-scal e shipwreck
mitigation.



101

NEW TECHNOLOGY, THE AUV AND THE POTENTIAL IN
OILFIELD MARITIME ARCHAEOLOGY

Mr. Daniel J. Warren
Mr. Robert A. Church
C & C Technologies, Inc.

Recent years have seen rapid devel opment in the technology for underwater exploration in the ail,
gas, and cable industry. The industry requirement for faster, more detailed surveys and the move
toward deepwater explorations has fostered development of various data acquisition systems.
Although designed for natural resources and geophysical surveys, these new technol ogies have also
greatly improved the ability of industry archaeol ogists to detect, document, and protect submerged
cultural resources. These technologies will continue to have a significant influence on marine
archaeology as they moveinto mainstream use in thisfield. Three of the systemsthat will have the
greatest impact are high speed sonar systems, high resol ution multibeam systems, and autonomous
underwater vehicles.

Initially developed for the military, high speed side scan sonar has moved beyond the limitations
of traditional sonar systems. Conventional side scan systems use a single beam per side to generate
an image of the seafloor. This resultsin the decrease in resolution with range and requires speeds
of five knots or less to obtain 10% coverage of the seafloor. These drawbacks were overcome in
high speed sonar by designing systemsthat utilize several focused adjacent, parallel beams per side
to produce animage of the seafloor. Theresult of using several beamsisthat the arrays can betowed
at faster speeds and produce higher resolution data than conventional sonars.

TheKlein Corporation wasthefirst to introduce a commercial high speed sonar system. TheKlein
5500 is a five-beam 455 kHz side scan sonar designed for hydrographic applications. The 5500
system can acquire high resol ution imagery of the seafloor and bottom obstructions while operating
at tow speeds up to 10 knots.

High speed sonars have two main benefitsfor both commercia and archaeol ogical applications. The
first is the ability to survey at higher speeds without loss of bottom coverage. Operation costs are
often dependent on the time needed to conduct fieldwork. Using the new sonar systems,
archaeologists can survey at more than twice the speed of conventional sonar allowing larger or
more detailed surveys to be carried out. Secondly, the high resolution imagery from these systems
can provide archaeol ogists with finely detailed imagery of underwater sites.

In 1999, while conducting a cable route survey along the Eastern Seaboard of the United States, C
& C Technologies Inc. undertook a survey of the Civil War Ironclad, Monitor, utilizing the Klein
5500 system. The Monitor rests in roughly 200 feet of water off Cape Hatteras, North Carolina.
Several passeswere made over the site with the Klein system at speeds between six and eight knots.
This was the first survey of the Monitor shipwreck with this type of high resolution system. The
results were beyond expectations. The images clearly show minute details of the wreck including
an anchor well, portions of the propeller shaft, damageto the hull, and the gun turret. Copiesof these
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imageswere given to the National Oceanographic and Atmospheric Administration, which oversees
the Monitor site, for analysis by their marine archaeol ogists.

High resolution multibeam systems use hundreds of beams of sound to take extremely accurate
bathymetric measurements of the seafl oor. Once collected, thisdata can be processed then combined
with visualization software such as Fledermaus to provide a three-dimensional picture of the
seafloor. Several high resolution systems already in use or under development have the potential to
provide multibeam images nearly as detailed as side scan sonar.

One of the systems currently in use in the oil and gasindustry in the Gulf of Mexico (GOM) isthe
Simrad EM 3000 high resolution multibeam system. The EM 3000 isa 300 kHz multibeam system.
It israted for depths from 0.5 meters to 150 meters below the transducer and has an accuracy of 5
to 10 centimeters throughout the swath width. The EM 3000 has been used to document shipwreck
sitessuch asthe S. S. William Beaumont off the coast of Texas. Additionally, in 2001 the EM 3000
was used during a pipeline survey in conjunction with side scan sonar to map thelocations of several
potential sinkholes off the coast of Florida.

The use of high resolution multibeam systems such as the EM 3000 in conjunction with other
systems can provide archaeol ogists with an unique view of underwater sites. Using these systems
together, it will be possible for archaeol ogists much more easily to study distribution and patterning
on wreck sitesin any depths or conditions of visibility. Also, by having detailed bathymetric maps
of the site, it will be easier and |less time consuming to develop afeasible site excavation plan.

High speed sonar and high resolution multibeam have had a enormous impact on how surveys are
conducted in the ail, gas, and cable industry. But the most significant development has been the
recent introduction of the Autonomous Underwater Vehicleor AUV for deepwater exploration. The
use of these untethered systems is setting a new standard for underwater surveying in the ail, gas,
and cable industry and will in the near future have a significant impact on how deepwater
archaeological surveys are conducted.

Traditionally, deepwater geophysical surveys are conducted using a method known as a two-boat
shoot. This technique involves having one vessel, usually with a hull mounted multibeam bathy-
metry system, tow acombined side scan sonar and subbottom system behind the boat while asecond
boat records the position of the towfish from the signal of and acoustic beacon on the unit. Depend-
ing on water depths, thistechnique can require that several miles of armored cable be let out behind
the tow boat to get the array close enough to the seafloor to collect usable data. Utilizing this type
of survey, thetow vessel islimited in speed to about two knots due to the amount of cable extended
behind the boat and the need to keep the array at depth. Additionally, because of the length of the
tow cable, lineturns can take anywhere from 4 to 8 hours depending on water depth. Another draw-
back to this method of deepwater survey is positioning accuracy. Due to the influence of surface
conditions on the tow vessel and undersea currents on the towed array along with horizontal USBL
inaccuracy, the positioning accuracy of a deep tow system is usually only within thirty meters.

In January 2001 the first commercial AUV rated to a depth of 3,000 meters went into operation in
the GOM. This system, the HUGIN 3000 AUV, was developed and built by C & C Technologies,
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Inc. Lafayette, Louisiana, in conjunction with Kongsberg Simrad of Norway. The HUGIN AUV or
High Precision Untethered Geosurvey and I nspection System AutonomousUnderwater V ehiclewas
designed to collect deepwater, high resolution geophysical data for site and route surveys in water
depths down to 3,000 meters.

The HUGIN AUV contains a multi-instrument survey payload consisting of a Simrad EM 2000, a
200 kHz Swath Bathymetry system, dual frequency Edgetech Side Scan Sonar systems (120 kHz
and 410 kHz), and an Edgetech Chirp Subbottom Profiler. Primary positioning of the AUV is
accomplished using an inertial guidance system. This system uses precision gyros and
accelerometersto maintain the AUV track of the mission plan. The AUV isalso equipped with two
acoustic modems, one providing acommand link by which the systems of the AUV can be adjusted
or the mission changed by commands from the mothership. The other modem isused to provide the
mother ship with real time displays of the data being collected.

The AUV has several advantages over the traditional deep tow system. First, since the vehicleis
untethered, there is no need for long expensive armored cable or a second boat for positioning.
Secondly, because it is not tethered and has an internal positioning system, the AUV is able to
survey at constant depth and stay online even in adverse sea conditions and currents. This alows
amuch higher accuracy for positioning during a survey. The accuracy of the AUV iswithin three
tosix metersat 1,400-meter water depth following post processing as compared to thirty meterswith
adeep tow. Finally, surveying with the AUV ismuch faster than with adeep tow system. The AUV
cantravel at up to four knots and takes only five minutesto make aline turn as compared to the deep
tow that operates at two knots and takes several hours to make aline turn.

Theapplicationsof the AUV for archaeol ogical surveysfall intotwo categories: areareconnai ssance
surveys and site specific surveys. The effectiveness of the AUV in these types of survey was shown
in early 2001 during aroute survey in Mississippi Canyon Area of the GOM for British Petroleum
and Shell International. Aninitial survey had located a shipwreck of the passenger-freighter Robert
E. Lee but did not locate another shipwreck known to be in the vicinity. An additional area survey
was conducted to locate this second wreck site. The AUV surveyed a 1.5 by 2 mile area and was
able to locate and collect imagery of the second wrecksite aswell as additional data on the Robert
E. Lee. Thistasked was accomplished by the AUV in just under nine hours. The same task would
have taken over three days of constant surveying with a deep tow system. An additional survey of
the second wreck was undertaken following concerns that its attributes did not match those of the
vessel that was suppose to be at this location. This survey carried out in approximately 2 hours
consisted of the running of 33 tracklines spaced 10 meters apart. This type of site specific survey
would befor all practical purposesimpossiblewith adeep tow system since asinglelineturn would
take up to four hours, and positioning would not be adequate to maintain 10-meter line spacing.
Based on the data collected during the site-specific survey, the second area of wreckage was
determined not to be that of afreighter Alcoa Puritan as was first thought, but the remains of the
German U-boat, U-166. These findings were later confirmed by an ROV investigation of the site.

The development of new technologies in underwater exploration has led to new systems that have
archaeological as well as commercia applications. The move toward the use of autonomous
underwater vehicleswill allow more deepwater sitesto be explored and documented. Additionaly,
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itislikely that eventually as AUV technology progresses and new systems developed, AUVswill
become the standard in shallow water surveying as well, taking the place of towed systems all
together. As these systems move beyond industry-specific uses and into the mainstream of use,
archaeol ogists will develop new techniques and survey methods to utilize their full potential to
locate and document submerged cultural resources.
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UNRAVELING THE MYSTERY: THE DISCOVERY OF THE U-166

Mr. Robert A. Church
Mr. Daniel J. Warren
C & C Technologies, Inc.

HISTORIC BACKGROUND

In the spring of 1942 the war was going well for Nazi Germany as Hitler launched Operation
Drumbeat. Using the might of Germany’ s Unter seebootes the new operation would take the war to
the coasts of Americaas his predecessors had donein World War I. Unlike World War I, however,
the U-boats would not be limited to the east coast of the United States, but would extend their
destruction to America’s soft underbelly, the Gulf of Mexico (GOM) (Miller 2000).

Hitler left the running of Operation Drumbeat to Karl Donitz, the commander of the Krieggsmarine
as the German Navy was known. In May 1942 with the sinking of the Norlindo by U-507, awave
of destruction began in the GOM that in just under 12 months would see 17 U-boats send 56
merchant vessels to the bottom and severely damage 14 others. Two of the vessels that fell victim
to this onslaught were the cargo freighter Alcoa Puritan and the passenger freighter Robert E. Lee
(Wiggins 1995), Figure 1C.29.

Figure 1C.29. SSRobert E. Lee, 20 January 1942. 5,184-ton, 375 ft. x 55 ft. Photo
courtesy of the Mariners Museum, Newport News, Virginia.
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Korvettenkapitan Harro Schacht, commanding U-507, wasthe first U-boat commander to enter the
GOM. On 6 May 1942, Schacht, sank his fourth ship in the Gulf. At 11:55, he attacked the Alcoa
Puritan as shewasin route from Port-of-Spain, Trinidad to Mobile, Alabamawith aload of bauxite.
Thefirst torpedo missed and the alarm was sounded. The captain of the Alcoa immediately ordered
full speed (about 16 knots) and turned his ship to present as small atarget as possible to the U-boat.
U-507 surfaced and began pursuit at about 18 knots, slowly overtaking the freighter. At a distance
of about amilethe crew of U-507 opened fire with their deck gun. Over the next forty minutes, the
U-boat expended nearly seventy-five rounds, scoring approximately fifteen hits, and disabling the
Alcoa Puritan’s steerage. The captain brought the crippled freighter to a stop and gave orders to
abandon ship. After all the crew madeit off the freighter, U-507 moved in and finished the ship off
with a torpedo. The Alcoa Puritan sank stern first in approximately eight minutes. The U-boat
approached within 100 yards of the survivors and a German officer shouted through a megaphone,
“Sorry we can't help you. Hope you get ashore.” He then waved as U-507 sailed away. About 3 1/5
hours later the survivors were rescued by the U.S. Coast Guard cutter Boutwell (Browning 1996).

A few months later, in July, the passenger freighter Robert E. Lee left Trinidad with limited cargo
and approximately 270 passengers, many of whom were American construction workers or
survivors of other U-boat attacks in the Caribbean. She carried approximately 131 crewmembers
and 6 armed guards, who manned a deck gun mounted on the stern of the vessel. She came up
through the Caribbean with aconvoy then continued into the GOM with anaval escort vessel, Patrol
Craft 566. Lieutenant Commander H. C. Claudius was in command of PC-566. She was a newly
commissioned vessel and her first mission was to escort the Robert E. Lee through the GOM (USS
PS-566 1942; and Henderson 1942).

Late in the evening on July 29 they neared Tampa, Florida for a scheduled stop. The passengers
asked Captain William C. Heath of the Robert E. Leeto alow them to disembark at Tampato escape
the miserable conditionson board the overcrowded freighter. Captain Heath agreed, but when apilot
was unavailable to guide the boat into the Tampa harbor he decided to continue on to their fina
destination of New Orleans, Louisiana. With the decision to continue to New Orleans the naval
escort broke radio silence to notify the Gulf Sea Frontier command (The military command that
oversaw wartime shipping activities in the GOM) that the Robert E. Lee was proceeding to New
Orleans. The escort was ordered to continue with the Robert E. Lee. (Talbot-Booth 1942; Wiggins
1995; and Browning 1996).

In July 1942 there were at least ten U-boats operating in the GOM. One of these was the U-166
commanded by Hans-Gunther Kihlmann. The U-166 had been laying mines off the mouth of the
Mississippi for several days. On 27 July 1942 K tihlmann radioed the German Subcommand that he
had finished his mine-laying operation. Although no further messages were received from
Kuhlmann after July 27 it is presumed that the U-166 took up position to attack shipping coming
into or out of the Mississippi River. On 30 July the U-166 was prowling along the shipping lanes
as the Robert E. Lee and PC-566 steamed toward New Orleans (War Diary 1942 and Garrison
1989).

The skies were clear and the sea calm on the evening of 30 July as the Robert E. Lee neared the
Mississippi River. Around 4:30 p.m. and only 45 miles from Southwest Pass the passengers must
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have been anticipating their arrival in New Orleans when afew of them saw something in the water
streaking towards their vessel. They questioned each other about whether it could be a shark or
perhaps a dolphin, but it was a torpedo. The German “eel” lammed into the starboard side of the
vessel, exploding just aft of the engine room. The ship began sinking quickly and many of the
passenger and crew frantically donned life jackets then jumped overboard into the Gulf waters.
Amidst the chaos, members of the crew managed to lower six lifeboats and sixteen life rafts that
were quickly overloaded with survivors (Henderson 1942).

The crew of the escort vessel, traveling approximately a half-mile ahead of the Robert E. Lee, had
been radioing New Orleans for a pilot when the attack occurred. Immediately PC-566 went into
action. The Patrol Craft raced to the area where they had last spotted a periscope and the crew
dropped a spread of five depth charges. After coming about they gained sonar contact on the U-boat
and maneuvered to drop another spread of depth charges. Upon coming around for the second attack,
Lieutenant Commander Claudiusnoted the Robert E. Lee had al ready disappeared beneath thewater
leaving only lifeboats and scattered debristo mark thelocation. It isestimated that the freighter sank
within five to fifteen minutes of being hit. Following the escort’ s attack on the U-boat an oil slick
was reported and no further signs of the U-boat were observed. Feeling that the U-boat was no
longer athreat, the crew of PC-566 turned to the task of rescuing the survivors of the Robert E. Lee.
(Henderson 1942; and Wiggins 1995).

Soon search planes appeared overhead to help watch for the U-boat and direct other rescue vessels
to the site. Just after 8:30 p.m., two addition vessels, SC-519 and the tugboat Underwriter, joined
therescue operation. The Underwriter had just arrivesat the pilot station to reopen South Passwhen
the request came to help. Bar pilot Captain Albro Michell recalled the events:

South Pass was closed during the war and we had gone down to open it back up. We had just
arrived at the pilot station when we were asked to go out and help in the rescue of aboat that
had been torpedoed... . We took about 50 to 60 passengers off the naval ship onto the
Underwriter. The seas were dead calm, otherwise we would not have been able to transfer
the victims. Someone was watching out for them... .

When we were asked to go out we only knew a ship had been torpedoed. We still had the
provisions onboard for the pilot station; we didn’t have time to unload them. The survivors
were hungry and ate all the provisions on the way into Venice (Michell 2001).

Thesurvivorsweretransported to Venice, Louisianathen by busand ambulanceto the New Orleans
hospital. Asaresult of the U-boat attack, 15 passengers and 10 crew werelost, including Winifred
Grey of New Orleans, one of the few women merchant marine to be lost in wartime action in the
GOM (www.usmm.org).

On 1 August two days after the Robert E. Lee was sunk, Coast Guard aviators, Henry White and
George Boggs were on patrol in their Grumman J4F seaplane out of Houma, Louisiana. At about
1:30 PM they spotted aGerman U-boat on the surface. Immediately they radioed their position south
of I1sles Dernieres, Louisiana and began an attack run on the enemy vessel. The U-boat initiated a
crash dive and was quickly slipping beneath the surface. When the plane neared 250 feet, White
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yelled “NOW!” and Boggs released the charge. He reported seeing the charge detonate near the
vessal and alight to medium oil slick appeared on the surface of the water. After returning to base
White and Boggs were instructed that the incident was classified and not to speak of it further. At
the end of the war they were told that it was the U-166 they had sunk that day (Wiggins 1995;
“Baseball” 1943).

But wasit? The entire premise that the U-166 was sunk that day in August is based entirely on the
fact that the U-166 never returned from its war patrol and was never heard from again. No other
evidence supportsthe claim. Thelast radio message from the U-166 was on 27 July 1942 three days
before sinking the Robert E. Lee.

The area in which the U-166 is thought to have been sunk, is probably one of the most surveyed
regionsin the world. Oil and gas development in the area have led to numerous intensive surveys
using various means or remote sensing instruments. For decades individuals, companies, and
governments have extensively searched the areafor the U-166. In 1997 ateam from Germany came
to search for the U-boat, but no trace of the U-166 was identified (www.uboat.net; and McNamara
2000).

OIL AND GAS SURVEYS

In 1986, Shell Offshore, Inc. was conducting oil and gas explorationinthe Mississippi Canyon Area
of the GOM. They contracted John Chance and A ssociates to conduct the survey using a deep-tow
side scan sonar. While performing the survey they detected two shipwrecks, which they identified
asthe Robert E. Leeand the Alcoa Puritan. The two sunken vesselswould remain identified as such
for the next sixteen years.

In January 2001, C & C Technologies, Inc. (C & C) conducted a deep-water pipeline survey for
British Petroleum (BP) Amoco and Shell International in thevicinity of the reported location of the
Robert E. Lee and Alcoa Puritan. This survey was conducted using C & C's new HUGIN 3,000
AUV (High Precision Untethered Geosurvey and Inspection System, Autonomous Underwater
Vehicle). The HUGIN 3000 is the world' s first commercially operated AUV capable of surveying
to 3000 meters water depth. It is untethered; therefore, it can operate even in rough seas at faster
speeds with greater mobility and accuracy than conventional towed arrays. Operating in 5,000 feet
of water C & C's AUV is accurate to within 9 feet after post processing. Conventional towed
systems are typically only accurate to 100 or more feet at the same water depth. The AUV utilizes
astate-of-the-art multibeam bathymetry and imagery system, adual frequency chirp side scan sonar,
chirp sub-bottom profiler, a inertial navigation system coupled with the precision HiPAP (High
Precision Acoustic Positioning) acoustic tracking system.

During the January survey, alarge shipwreck was detected at the edge of the AUV’ ssurvey corridor
in 5000 feet of water. C & C Marine Archaeologists Robert A. Church and Daniel J. Warren
contacted the United States Department of Interior, Minerals Management Service (MMYS) to verify
the identity of the vessel as the Robert E. Lee. C & C asked their clients if they could run a few
investigation lines around the Robert E. Lee and the reported location of the Alcoa Puritan. BP and
Shell not only responded favorably to the additional investigation they decided to have C & C
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conduct a2 mile by 1.5 mile investigation survey in the areato precisely position any wreckage or
out lying debris of both shipwrecks. This survey was conducted in March 2001 and addressed the
archaeological and engineering concerns of the companies. The investigation survey consisted of
17 survey lines at 492-foot (150 meter) line spacing for atotal of 31.7 nautical line mile. Using the
AUV the entire investigation survey took less than 9 hours to complete, a fraction of the 72 hours
aconventional deep-towed system would have required.

Upon completion of the offshore work the datafrom the archaeol ogical survey wasreviewed by the
C & C’'s marine archaeologists. As they began analyzing the data the archaeol ogists realized that
the debris scatter formerly identified as the Alcoa Puritan did not match the characteristics of a
6,759-ton freighter. The target consisted of two large sonar contacts with debris of various size
scattered between them. The largest section of debris measured approximately 200 feet long and 20
feet wide. The other large section measured approximately 55 feet long and 20 feet wide. Thismade
acombined length of approximately 255 feet, just over half the length of the Alcoa Puritan, which
was 397 feet long by 60 feet at beam. Based on this data Church and Warren were doubtful the
target was the Alcoa Puritan, but realizes it did match closely to the dimensions of a Type IX-C
German U-boat (Figure 1C.30), as was the type of U-166.

Figure 1C.30. Type IXC German U-boat. Length = 252 feet (76.76 meters), Beam = 22 feet (6.76
meters)

A NEW INTERPRETATION

The data from the AUV provided circumstantial evidence to support the U-166 hypothesis. But, it
did not seem reasonabl e to locate the U-166 140 miles away from where it was reportedly bombed
and within lessthan amile of the U-boats|ast victim. One possibility to explain the discrepancy was
put forward by the archaeologists. What if the crew of the PC-566 were far luckier on 30 July than
anyone had given them credit and had actually sunk the U-166 instead of just chasing it off aswas
presumed? If thiswas the case then what U-boat was bombed by White and Boggs on 1 August and
what happened to that vessel?

Further research reveal ed there were three U-boats operating in the GOM on 1 August 1942 (U-166,
U-509, and U-171). The U-166 sank in the GOM with no survivors. Only infrequent radio
transmissions provide cluesto the U-166's activitiesin the GOM, but if it was sunk by PC-566, then
the Coast Guard could not have attacked it two days later. U-509 did not venture very far into the
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Gulf and did not sink any shipping during that patrol. It arrived safely back in Lorient, France on
12 September 1942 with no incident mentioned of a seaplane attacking them on 1 August. The only
other boat known to remain in the Gulf at thistime was the U-171 commanded by Glnther Pfeffer
(War Diary 1942; and www.uboat.net).

TheU-171 arrived at its assigned area of operation between Galveston and New Orleanson 23 July
1942. Pfeffer’s objective was to sink shipping coming into and out of the Port of Galveston.
However, he found that the waters off Galveston were too shallow and radioed that he was moving
toward the New Orleans area. Pfeffer found success off the Louisiana coast, sinking the R. M.
Parker, Jr. on 13 August 1942. Curiously the attack on the R. M. Parker, Jr. took place within three
miles of the location that White and Boggs made their attack on a U-boat (Wiggins 1995). On 9
October 1942, while returning from their patrol in the GOM, the U-171 struck a mine and sank in
the Bay of Biscay. Pfeffer along with twenty-nine crewmen survived, but twenty-two crewmen and
the Captain’ slogs went down with the vessal. In reconstructed logs Pfeffer mentioned that between
July 27 and 13 August 1942 a“flying boat” had dropped one depth charge on them and they escaped
with no damage (NARA, U-171). From this research the archaeologist surmised that White and
Boggs bombed the U-171 on 1 August 1942. It al'so seemed probable that the debris to the east of
the Robert E. Lee was the remains of the U-166, which PC-566 sank following the attack on the
Robert E. Lee. According to the Action Report of PC-566, Lieutenant Commander Claudiusand his
Executive Officer, D. Howard felt they had sunk or severely crippled the U-boat. Furthermore,
Claudius stated that they “believed that the submarine was watching the sinking of the SS Robert
E. Lee and had not been aware of our [PC-566] presence.” It was not until the U-boat heard the ping
of the sonar that they began to dive. If U-166 was not expecting the naval escort, then it is doubtful
the U-boat had overheard the radio transition sent by PC-566 the previous day.

FURTHER INVESTIGATIONS

With the new hypothesis, C & C informed their clients, BP and Shell, that they might have found
the long sought after U-boat. C & C, BP, and Shell then held a meeting with the MMS to fully
disclosed the information. In light of the possibility of the new discovery, BP and Shell sponsored
further siteinvestigations of the Robert E. Lee and the suspected U-166 site using the AUV (Figure
1C.31). The additional investigation provided sonar and bathymetry images and provided further
evidence supporting the U-166 hypothesis. The conning tower and deck guns of a U-boat could
clearly be recognized from the 410 kHz sonar images. The bathymetry data showed that the U-boat
was lying in what appeared to be a six-foot deep impact creator. Because the possibility that the site
represented asignificant historical wreck, ground truthing waswarranted with aRemotely Operated
Vehicle (ROV) for final verification of the remains.

On 31 May and 1 June 2001 a research team from C & C, BP, Shell, and the MM S conducted an
ROV survey of the SS Robert E. Lee and the suspected site of the U-166. The archaeologist from
C & C were joined by marine archaeologist Jack Irion and Richard Anuskiewicz of the MMS for
the expedition. The research team left onboard the Gary Chouest, an anchor-handling vessel on
contract to Shell, which was equipped with Oceaneering’ s Millennium VI ROV. After reaching the
site, it took a hour to lower the ROV to the seafloor. The researchers setup about 200 feet south of
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Figure 1C.31. AUV 410kHz side scan sonar image, ROV survey.

the U-boat and slowly moved the ROV across the seafloor toward the wreck site. The first image
of the U-boat was the side of the conning tower looming out of the darkness.

The conning tower and stern appear to be in tacked and in good order. This section is deeply
imbedded in the seafloor, only with the top of the deck, conning tower and deck gunsvisible. The
conning tower isin excellent condition with the splashguard and railing of thewintergarden showing
little or no damage. The 105mm deck gun, 37mm and 20mm antiaircraft guns are in place and
clearly visible. Theteak decking that once covered the deck frameisno longer present, having likely
been eaten away by biological organisms.

After completing athorough investigation of the stern section and conning tower, the research team
relocated the ROV to the separated bow section, which lies 490 feet to the west-northwest. The bow
section provided a reveling glimpse of what caused the U-boat to plummet to the seafloor. Just
forward of where the forward torpedo-loading hatch would have been, alarge indentation isvisible
in the deck. This damage appears to be the result of a depth charge explosion. The jagged metal
where the bow tore away from the rest of the vessel is flared outward as if caused by an internal
explosion. The evidence at the bow suggests a depth charge exploded almost right on top of the
deck, rupturing the pressure hull. That event in turn caused an internal explosion, possibly from an
armed torpedo or from salt water rushing into the battery room, both of which were present in that
location of the U-boat. Thereisalarge amount of scatted debris between the two sections of the U-
boat, including what appear to possibly be two torpedoes partially protruding from the seafloor.



112

The ROV wasthen moved over to the site of the Robert E. Lee. Asthe stern of the vessel cameinto
view, there was no doubt we werelooking at the passenger freighter. The ROV maneuvered around
the entanglements of the structure, collecting detailed video images of thefinal resting place of the
Robert E. Lee. The deck gun on the stern was seen, which the eight man gun crew manned. Two
lifeboats were videoed lying off to the port side of the ship. A large scatter of debris surrounds the
freighter. During exploration of the debrisfield an unexpected discovery was madein thelate hours
of the survey. About 1:00 in the morning we moved the ROV toward a piece of debris lying over
200 feet off the port side of the Robert E. Lee. Thefirst thing that came into view aswe approached
the unknown debris was a bit of metal framing lying on the seafloor. Then as the camera panned
around, there stood the telegraph off the bridge of the Robert E. Lee (Figure 1C.32). It was an
unbelievable find, just standing all alone on the seafloor just asif it were still on the bridge. Made
of brass, it wasin pristine condition and the words on the face of the telegraph could still be read.
The indicator arrow from the engine room was locked in the “STOP” position, indicating that the
“All Stop” command was sent and executed before the ship went down. The handle, however, was
pulled back into the“FINISHED WITH ENGINES’ position, acommand that was never executed.
This|left the researchers to speculate that as the ship was sinking the bridge officer possibly pulled
the handle back to that position out habit before leaving the bridge.

The new technology of the AUV, the historical research, and the combined efforts of the expedition
team, positively identified the final resting-place of the Robert E. Lee and the U-166, solving one

Figure 1C.32. Bridge telegraph of the SSRobert E. Lee as found on the seafloor, 1 June 2001.
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of the great historical mysteries of World War Il in the GOM. On 30 July 1942, 25 lives were |ost
from the Robert E Lee and 52 German sailors from the U-boat. Asthe news of the discovery spread
to the surviving family members it helped bring some closure to questions gone unanswered and
some vindication for the crew of PC-566 over credit never given. One of the unique elementsof this
archaeological siteisthat it tellsthe whole story of the U-boat war inthe GOM. The hunter, U-166;
itslast victim, the Robert E. Lee; and the lifeboats representing the survivors are al found within
amilefrom each other on the seafloor. Now the history has been rewritten and story set straight with
the discovery of the U-166.
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GEOPHYSICAL REMOTE SENSING AND UNDERWATER CULTURAL RESOURCE
MANAGEMENT OF SUBMERGED PREHISTORIC SITES IN APALACHEE BAY: A
DEEPWATER EXAMPLE, SITE PREDICTIVE MODELS, AND SITE DISCOVERIES

Dr. Michael K. Faught
Florida State University

ABSTRACT

This paper briefly describes progress made in finding and investigating prehistoric sites in open
ocean settings over the continental shelf of Northwestern Florida. It presents an example of “ deep”
water survey near the proposed “ Clovis Shoreline” (40 meter isobath) conducted in 2000 and 2001,
as well as submerged prehistoric site archaeology practiced in shallower water in Apalachee Bay
since 1986. A significant number of sites and artifacts have been located on Florida' s western
continental shelf as part of this programmatic research. These sites represent Paleoindian and
Archaic occupations of the shelf when it was exposed by lowered sea levels during the last glacial
maximum.

INTRODUCTION

This paper briefly describes progress made in finding and investigating prehistoric sites in open
ocean settings over the continental shelf of Northwestern Florida. It describes beginning
archaeological research in “deep” water near the proposed “Clovis Shoreling” (at the 40 meter
isobath), as well as abundant work conducted in shallower water since 1986. In other areas of the
Gulf of Mexico (GOM), the sites reported here would be in federal waters, but in this areathey are
in submerged lands that belong to the state of Florida to a distance of 9 nautical miles. It is my
opinion that thiswork can be a useful analog for resource managers in Alabama, Mississippi, and
Louisiana, even though the sediment |oads there are more substantial.

Professional cultural resource managers are more and more in need of examples of procedures,
protocols, and practical experience with marine submerged prehistoric sites because of increased
offshore mining of sand to replenish beaches, and other infrastructure and resource procurement
projects. Thereare prehistoric sitesthreatened by thisdredging. It isafact that state and federal laws
protect these resources like any other cultural resources. There is arobust interest in and practice
of finding and managing historic shipwrecksin the cultural resource management community. The
failureto consider submerged prehistoric sitesisduein part to the historic lack of aformal academic
discipline of this kind of study and the lack of experienced researchers and consultants.

Because of modern remote sensing and excavation equipment, increased research funding, and
continued forays offshore, faculty and students at Florida State University are having good success
at finding and managing marine submerged prehistoric sites and understanding the physiographic
and stratigraphic character of the submerged landscape within which they occur. A set of procedures
for finding and managing marine submerged prehistoric sites has been developed from research
conducted since 1986.
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Thispaper providesbackground on principlesof finding submerged prehistoric sites, detailsof local
sea level rise that are relevant to knowing where to find sites of different ages, and a very short
description of the ages of culturesavailablein thelocal prehistory. Deepwater research seeking the
Clovis Shoreline in federal waters is described next. The paper concludes with a summary of our
findings in more near-shore state waters.

Experience has shown that offshore sites are predicted by local models of terrestrial geology and
archaeol ogy, combined with aknowledge of local sealevel rise and local bottom morphology. This
information can be collected for areas with early occupation expressed terrestrially, and in some
cases it may be possible to follow specific occupation patches offshore in specific drainages (such
as the PaleoAucilla example presented here). Another part of the procedure is to conduct remote
sensing, coring, and induction dredge operations to find, characterize, and study the paleo-
topography and sedimentary sequences locally.

This methodological sequence has been a fruitful approach in our work with the PaleoAucilla
drainage systeminthe Apalachee Bay (Figure 1C.33). By modeling the kinds of environments, sites,
time periods of exposure, and culture groups that might be represented and finding sites on the
continental shelf, wecontributeinformationtoincorporateintolocal sitefileinventoriesand cultural
historical and processual reconstructions.

Figure 1C.33 shows the distribution of late Pleistocene and early Holocene archaeological sitesin
Florida, and the extent of the Floridian continental shelf and the bathymetric contoursthat represent
pal eo-shorelines at various stages of the transgression process. Whilethere may be some subsidence
due to accumulated sediment and water weight since submergence (Stright 1995), and some
movement due to karstic solution uplift (Opdyke et al. 1984), the Florida continental shelf platform
is considered “stable.”

Figure 1C.34 shows radiocarbon controlled sea level curves for the GOM, and Caribbean. Three
curves come from the western GOM (Curray 1965; Frazier 1974; Nelson and Bray 1970) and one
from Barbados (Fairbanks 1989). There is a short 8,000 to 6,000-rcybp sequence suggested by this
research program for the northwestern continental shelf (Faught and Donoghue 1997). Some time
between 5,000 and 4,000 rcybp sealevels were at today’ s levelsin the Big Bend.

The continental shelf of the Big Bend of FHoridaisadrowned karst landscape submerged by arelatively
low energy open ocean (CEI (Coastal Environments) 1977; Rupert and Spencer 1988). The seafloor
bottom issomewhat like abasin and range landscape. Limestone outcropsof variousrdief and scaleare
interspersed by plains of coarse shelly sand and beds of sea grass growing in fine-grained organic
sediments. The genera trend of the bottom isflat but thereisrelief over long distances, particularly in
the vicinity of paleochannels. Rock out crops can be from afew centimeters to 80 cm in height, sandy
plains can cover karst voids of various relief.

Work by Bdlard and Uchupi (Ballard and Uchupi 1970) indicates severa paleocoastal features (shore-
face erosion ledges and drowned barrier idands) at certain depths on the western Floridian continental
shelf (that isat 160, 60, 40, 32, and 20 meters; Figure 1C.33 and Figure 1C.34). Full glacia lowering of
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Figure 1C.33. Peninsular Florida, showing the distribution of find spots and excavated sites of

Paleoindian and Early Archaic archaeol ogical sites on land. Bathymetric contours at
20 meter intervals. The 40-meter contour is possibly the Clovis Shoreline (Dunbar
etal. 1992; Faught and Donoghue 1997). Two research areas are shown: the southern
areaisthat of Figure 1C.35, the northern of Figure 1C.36.
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Figure 1C.34. Citations associated with curves are found in the referenceslist. 1 = (Frazier 1974)
2 = (Ballard and Uchupi 1970) 3 — 9 = this research project.

this shelf was probably between 60 and 100-meter depths. The 160-meter isobath isanomal ous, and may
be a much earlier than the late Pleistocene. The Y ounger Dryas or Clovis Shoreline, may be at 40 m
based on an overlap of western GOM data (Frazier 1974) and the paleocoastd features reported by
Bdlard and Uchupi at 40 meters (Faught and Donoghue 1997).

A smplified chronology of occupations in northwestern Florida is presented in Table 1C.1. The late
Pleistocene-early Holocene cultural sequence in Florida is based on isolated artifacts and stratigraphic
occurrences of diagnogtic fluted Clovis points (or knives), lanceolate Suwannee points (or knives), and
notched Bolen and Kirk projectile points (or knives) inthat order. Sitesarelocated on the karst landscape
near sinkholes and river channels where there is much chert available. These represent adaptations
showing socid relationship with Clovis Paleoindians. Middle Archaic occupations are a so represented
in this portion of Florida, and they are marked by Archaic Stemmed Points. There may be a hiatus of
occupation between the two cultura patches. The meaning of thisisthat sitesfound nearer to the modern
shoreline have potentia for occupation by both groups (Paleo / E. Archaic and Middle Archaic). Work
farther offshore should restrict the discoveriesto only the earlier group (Paleoindian and Early Archaic).



Table1C.1.  Sequence of culture history and sealevd rise in northwestern Forida.
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Projectile Point Type Name and Possible Depth Limit
L anceolate Beginning Younger Dryas
Clovis
11,000 rcybp 40 Meter Contour ??
L anceolate Younger Dryas
Suwannee
Greenbriar
10,500 rcybp 40 Meter Contour
edtimate
Side Notched End of Younger Dryas
Bolen
Big Sandy
Taylor
10,000 rcybp 40 Meter Contour
Corner Notched Beginning Second Mdt-water Pulse
Pdmer
Bolen
Kirk
9,500 rcybp 20 meters ?7?
Archaic Stemmed L ast Phases of Submergence
Severd varieties
7,500 rcybp 10to 5 meters

DEEPWATER RESEARCH: SUSTAINABLE SEAS EXPEDITIONS
2000 AND 2001 TO THE FLORIDA MIDDLE GROUNDS

| was invited by Dr. Sylvia Earle of the Nationa Geographic Society to accompany her on the
Sustainable Seas Expedition (SSE) of 2000 to conduct work in and around Stu’ s Ridge at the 80-meter
isobath, and the Horida Middle Grounds, between the 40-and 50-meter isobaths seeking paleohuman
occupation sites. Stu's Ridge, a well-known grouper habitat, occurs around the 80-meter isobath and
exhibitsawave cut notch, formed in acoquina. Wave cut notches are unequivocal evidencefor sealevel
still stand, but we do not know the duration, or the age of the notch. It does have potentia to mark the

LGM (late glacia maximum) sealevel stand.
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The Florida Middle Grounds, on the other hand, is composed of high relief, flat topped, carbonate
pinnacles with abundant algal growth, mollusks, and coral. The habitat of the Middle Grounds supports
abundant marine life. This area is fished commercialy and recreationaly on aregular basis causing a
depletion in marine fauna

TheMiddle Grounds hasbeen interpreted asapossible pal eoreef feature, probably resulting from vertica
reef growth with rising sea levels. An dternative interpretation, that it may be a pinnacle karst feature,
isalso possible. Thetops of the Middle Grounds pinnacles are flat and occur at depths of approximately
30 meters. The eastern margins of the Middle Grounds are a the 40-meter contour, meaning that
submerged prehistoric sites are more likely in shalower water, and east of this feature.

In the 2000 SSE cruise most of the research time was spent in the study of marine organisms by
biologica colleagues, and | spent time getting to know the DeepWorker submarines, studying the
navigationa maps, and making fathometer observations. Onelong transect (Figure 1C.35) wasmadewith
the fathometer aboard the NOAA Ship Gordon Gunter, while underway from TampaBay to the Middle
Grounds (bearing 291 degrees) at about 10 knots on 12 August, 5:45 am. to 9:00 am. | observed and
recorded positions of channels and rocky outcrops. Fathometers act as weak subbottom profilers, but

thereis no other record (digital or hard copy) other than bottom depth, latitude and longitude, and the

perceptions of the observer.

f Jmne 2001 Subbattem Profiler Transect

i

/ Passible PaleoSuwannee Channel Crossing]
Jume 2000 DeepWarker Yideo Trackline 5

/ wigisst D000 Fathometer Survey

Florida Middle Grounds

€
P by

Figure 1C.35. Close-up of Middle Grounds research area and varioustracklines outlined in Figure
1C.33. The heavy contour line is the 40-meter isobath. The 2000 fathometer survey
and the 2001 subbottom tracklines are shown, aswell asthe 2001 DeepWorker video
transect and the position of the subbottom profiler channel crossing.
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Twelve anomalieswere recorded as rocky rises, and e even were channe or sediment filled depressions.
Some of these | atter features represent either side of alarger channel features. One location was targeted
for further investigation. It isarocky rise with nearby karst depression features ana ogousto featureswe
are familiar with in our research nearer to the shoreline (summarized below). A topographic map was
made from recorded fathometer data collected during nighttime tracklines shown in Figure 1C.36.

Latitude

2847

28 465

28 46

28455

-B4.05 -E4.045 -84.04 -B4.035 -84.03 -84.025
Longitude

Figure 1C.36. Topographic map of the 2001 target area and submarine tracklines conducted there.
Light areas are highs, darker colors lows. Range of topography is between -123 and
-111. DeepWorker exploration of this location revealed bedrock exposures of

limestoneindicativeof relict terrestrial conditions, but with significant seafloor life,
and fish there now.

We developed an understanding of the needs of an archaeologist while at seaand agreed to try again in
2001. | proposed that we conduct subbottom profiler remote sensing research to identify the mouths of
any channels that debouched at 40 meters and to search for artifacts around a potential rock outcrop
featuresidentified in 2000 by the study of fathometer returns. In June of 2001, and with the help of the
able-bodied crew and scientists aboard the NOAA Ship Gordon Gunter, | organized two operations that

were focused on the discovery of relict channd features and Paleoindian occupation sites (Figures 1C.33
and 1C.35).

One operation consisted of two nighttime sessions of subbottom profiler remote sensing to discover the
position of what was thought to be multiple relict river channel mouths east of the Florida Middle
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Grounds. A transect of 41 nautical miles (about 76 kilometers) was completed. Florida State’ s Program
inUnderwater Archaeology hasadual frequency BENTHOS Chirp subbottom profiler (2-7 kHz and 10-
20 kHz) that was towed at speeds of between three and four knots in two sessions. The Chirp system
digitizes the analog sound data to acomputer hard drive for later processing. BENTHOS has developed
a Windows based software for rea time data processing, image display, and manipulation. Signal
classfication algorithms are included. The track line datais embedded with NMEA-183 formatted data
as supplied by a GPS receiver with an accuracy of between 4 and 6 meters.

The subbottom profiler transects were designed to encounter the mouths of riversthat might have come
out into what might have been a bay-like feature inside of the Florida Middle Grounds. At the time, |
thought there might be severa of these crossingsin the subbottom profiler pathway. However, only one
channel feature was crossed in amost 40 nautical miles of remote sensing (Figure 1C.35). Thisfeature
was at the approximate |atitude of the Suwannee River dongtoday’ s coast. Surely, more remote sensing
will be needed to confirm this finding or to show it to be the result of sampling bias.

A second research operation was conducted around the topographically reconstructed target from 2000
(described above) with a video transect by a DeepWorker submarine piloted by George P. Schmal of
NOAA'’s Fower Gardens. There are two or three hours of video recording the trackline observations
conducted over rocky areas and sandy sea floor bottom. There was no manipulator arm availablefor this
transect, so no samples could be taken of the potentia objects. One note of interest is that the biologist
piloting the submarine wasinvolved in aiming the cameraat larger scale scenes, and scenesthat focused
on fish and fish behavior. In severd frames of the video there are objects that very easily could be
artifacts, aswe are used to seeing in more shallow water, but until we can get some divers down to the
target to look and collect, we will not know for sure. The DeepWorker proved its potentials, moreover,
with certain upgrades and a pilot with archaeological experienceit could be agreat remote sensing tool
(thisisin no way acritic of the pilot of the sub, rather an interesting note about research attention and
focus).

RESEARCH IN SHALLOWER WATER: DEVELOPING THE METHODS
NEEDED FOR DEEPER WATER DATA RECOVERY

Since 1986, nine multi-week foraysto open ocean locdities on the F oridian continental shelf have been
organized. Four were organized for doctoral dissertation field research in 1988, 1989, 1991, and 1992
(Dunbear et al. 1992; Faught 1988, 1992, 1996; Faught and Donoghue 1997). Another four field sessions
have been organized since 1998 as aprogrammiatic approach to submerged prehistoric sitesarchaeol ogy.
These latter four projects have been included in FSU’s Field School in Underwater Archaeology. The
current incarnation of the research is known as the PalecAucilla Prehistory Project
(Www.adp.fsu.edu/paleoaucilld).

The intellectual intent of the PaleoAucilla Prehistory Project has been to work out from the modern
coastline AucillaRiver (known), to the offshore-unknown environment in search of relict portionsof that
river and sites within its channels and aong its margins. The intellectua logic has been to investigate
progressively deeper and farther out locations as boats, gear, funding, and staff permit. Most research
time has been spent within about 17 km (9 nautical miles) of the modern coastline at depthsvarying from
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12 to 20 feet. We are searching in areas containing channel features, rock outcrops, sea grass beds, and
sandy, desert-like plains.

Underwater research has resulted in the retrieval of more than 4,000 chipped stone artifacts from 33
localities (sites) offshore since 1986, samples shown in Figure 1C.37. Of the chipped stone specimens,
1,158 have been found on survey, 1,632 have been retrieved from J&J Hunt, the remainder were
collected from two other sites exhibiting hundreds of artifacts each (i.e. Econfina Channel and the Fitch
Sitein Figure 1C.38). Thetypes and amounts of artifacts that are encountered range from afew isolated
chunks of worked chert-quarry debris, to significant numbers of stone tools, biface thinning flakes, and
other tool-making and edge-maintenance debris. These latter Sites exhibit diagnostic projectile points as
well. Based on the presence of diagnostic projectile pointsand certain unifacia tool types, threelocations
are late Pleistocene Pdeoindian and early Holocene Archaic occupations. Four sites have produced
evidence of the middle Holocene Archaic of Florida. Two of the locations indicate both groups: one of
these isthe J& J Hunt site reported in more detail here, the other isa site found in 2001 called “ Ontolo”
(Figure 1C.38).

Figure 1C.37. A selection of projectile points found by offshore research. Paleoindian (A,J), Early
Archaic(B-E), Middle Archaic(F-1) examples are shown (Drawings by Brian
Worthington).
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Figure 1C.38. Research areaof the Paleo Aucilla Prehistory Project showing the locations of sites
mentioned in the text, and sites located by survey operations.
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Conducting open ocean operationsisalogistical complexity controlled by the size and capabilities of the
vessd, or platform to be used at sea. The difficulties with regard to boats (or other working platforms)
revolve around adequacy of size, affordability, and availability. Boat sizesof 18to 23 ft were used during
the Ph.D dissertation research to work as far out as 3 nautica miles, but their capabilities in this
environment weremarginal. Crew sizeswererestricted to threeto fivein each boat—including their dive
gear and dredge equipment. There are only emergency overnight capabilities on vessdls of these sizes,
and no working in seas over about 2 fedt.

Larger, more appropriately sized vessels, with galeys, heads, and comfortable deeping quarters have
been leased since 1998 because funds have permitted. We have chartered 50 ft (crew of five), 65 ft (crew
of ten), and 72 ft (crew of ten) vessels from Florida State University, Panama City Marine Institute, and
HoridaInstitute of Oceanography. We load the vessels at FSU’s Marine Laboratory at Turkey Point, St.
Teresa, Forida, and then run four to five hours to the survey areas reported here. The benefits of larger
craft cannot be over-gtated. Justifications for their procurement include the ability to stay at seafor as
many as five days with adequate crew and equipment to run two or three operations smultaneoudy
(remote sensing, diver survey, mapping, coring, or excavations). Crews are rested and better able to
sustain safe and effective research activities on these larger vessels.

Just as a stratified random approach is desirable for terrestrial resource management inventory projects,
increasing “dite encountering success’ rates are important factors in locating Sites offshore. An initial
study area was defined in 1986 that encompasses aimost 1,500 square kilometers (585 square statute
miles, shown in Figures 1C.33 and 1C.38).

One method of understanding the sea floor bottom with limited resources has been bathymetric
enhancement conducted by digitizing the locations of known depth from the NOAA navigation map,
recordation in spreadsheet format, gridding in Surfer, and study of depression trends, the likely paths of
paleo channel features (Faught 1996). Figure 1C.39 is one such reconstruction of the topography of the
seascape around J& J Hunt based on the depths recorded on the NOAA Navigational Map (Apaachee
Bay), combined with subbottom profile fathometric datafrom 1991. Thetopography of theresearch area
bottom hasto be enhanced by afactor of 500 in Figure 1C.39 in order to bring out subtle differentiation.

Subbottom profiler remote sensing is another, better, but more expensivetool for accurately locating the
paleo- drainage system offshore and understanding the character of the stratigraphic beds. All told, we
have run 216 linear kilometers of subbottom profiler tracklines (111 in 1991 and 105 in 2001). This
record crosses channels and other karstic depressionsin severa places. The equipment used in the 1991
field sessonincluded a GEOPUL SE 3.5 kHz “Boomer” sounding device with an 2.4 meter hydrophone
array, processed by a GEOPUL SE 5210A receiver, and recorded on thermal paper. As described above,
FSU’s Program in Underwater Archaeology now has a dua frequency BENTHOS Chirp subbottom
profiler.

Side scan sonar has proven to be another effective instrument for survey of large areas of the seafloor
bottom for identifying featureswhich might justify diving or other testing. At thetime of thiswriting side
scan sonar operations have accrued 250 kilometers of imagery (with swaths varying from 150 to 200
meters). The use of the side scan sonar for investigating the character of the seafloor bottom cannot be
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Figure 1C.39. Bathymetric reconstruction of a segment of the PaleoAucilla, showing the location
of the J&J Hunt Site and other artifact |ocations discovered offshore.

undergtated. Especially when used in conjunction with the use of athird party mosaicking program. The
side-scan sonar unit being used by FSU is a Marine Sonic Technology Sea Scan PC * Splash-proof”
digital image sonar survey system with a 600 kHz tow fish, a two-gigabyte hard drive, and a Pentium
splash-proof CPU. Thetrack line GPS datais embedded in the digital record and is supplied by any GPS
system with data output (NMEA-183 type) with an accuracy of between 4 and 6 meters. The swath of
the side scan coverage can be set from 100 to 200 meters with the speed of the vessel running between
three and four knots.

Before 1998 site locations and remote sensing tracklines were recorded with Loran-C navigational
signas, manualy plotted onthe NOAA Apa achee Bay navigation map, and then digitized ontothe CAD
map using a State Plane (Florida North Zone) coordinate base (Figure 1C.38). Since 1998 our locations
have been recorded in latitude and longitude using DGPS technology, plotted in both GIS and CAD
formatsby trandating theglobal coordinatesinto either state planeand UTM coordinates. Thedifferentia
signals that reach the Big Bend are weak, and therefore most of our GPS data has been without
differentia control since selective availability was turned off in May of 2000.

Since 1986 thisresearch project hasdived at 52 |ocations and encountered artifacts at 35, adiscovery rate
of about 67% overal (Faught 1996; Pendleton and Tobon 2002) (Figure 1C.38). In 2001 our rate was
sSix encounters for seven targets dived for a success rate of 85%. Of these artifact encounters, 15 are
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registered with the Florida State Master Site File because those were encounters of ten or more artifacts
(a protocol of the research program). The numbers of artifacts recovered has aready been described
above.

Initidly, al sites are sampled randomly. Controlled hand fanned sampling is employed if artifacts are
produced and if time and conditions alow. More intensive excavations, coring, and mapping have been
conducted at J& JHunt, and two other locations (Econfina Channdl (Faught 1988), The Dorothy C. Fitch
Site (Faught 1996)).

CONCLUSIONS

This paper has briefly described progress made in finding and investigating prehistoric sites in open
ocean conditionsover the continental shelf of Northwestern Florida. It describedinitial researchindeep”
water near the proposed “ Clovis Shordlineg” (40 meter), and gave ashort overview of abundant research
conducted in shallower conditions. | believe that thiswork can be a useful analog for resource managers
in Alabama, Mississippi, and Louisiana, even though the sediment loads there are more substantial. In
other areas of the Gulf, many of these sites would be in federal waters, but in this example they arein
date of Florida waters to a distance of nine nauticd miles. More submerged cultural resource
management projects need to consider these kinds of resources, more prehistoric archaeol ogists need to
be able to manage them because of the specialized nature of Site prediction, recognition, and anays's, and
obvioudy more sites need to be discovered.

Sustained research in the Florida Big Bend has resulted in practice with several conceptua and
methodological techniques found useful in the investigation of marine submerged prehistoric sites. In
genera, offshore site prediction is best conducted by developing local predictive models; model's based
on the locd terrestrid record of prehistoric Sites, local sealeve rise history, and loca bottom type and
past drainage systems. One site prediction model in Foridapostul atesthat artifactsand Pleistocenefauna
can be found in river sinkhole features as at the Page Ladson Site, in the Aucilla River. Another site
prediction model suggests that sites can be found by taking perpendicular (lateral) transects from the
channel margins.

The amount of work that can be accomplished offshore is dependent on sufficient funding, procurement
of appropriate boat (or boats), adequate levelsof technical support, and the vagaries of inclement weather
and crew availability. We have found that use of remote sensing (subbottom profiler and side scan sonar
devices) and coring operationsare hel pful to find pal eotopographi ¢ features, sediment packagesand Sites.
Induction dredge testing operations have aso been effective to investigate sites. One of the more
successful approaches is smply having divers in the water seeking artifacts to define sites by hand
fanning.

REFERENCES

Bdlard, R.D. and E. Uchupi. 1970. Morphology and quaternary history of the continental shelf of the
Gulf Coast of the United States. Bulletin of Marine Science. 20(3):547-559.



128

Coasta Environments, Inc. (CEI). 1977. Cultural Resorces Evaluation of the Northern Gulf of Mexico
Continenta Shelf. Office of Archeology and Historic Preservation, National Park Service.

Curray, JR. 1965. Late quaternary history, continental shelves of the United States. Pp. 725-735. In
Wright H.E., D.G. Frey, eds. The Quaternary of the United States. Princeton University Press.

Dunbar, J.S., SD. Webb and M.K. Faught. 1992. Archaeologica sites in the drowned tertiary karst
region of the Eastern Gulf of Mexico. Pp. 117-146. In Johnson, L. and M. Stright, eds. Paleo-
Shorelines and Prehistory: An Investigation in Method. CRC Press, Boca Raton.

Fairbanks, R.G. 1989A. 17,000-year glacio-eudtatic sealevel record: influence of glacial melting rates
on the younger dryas event and the deep ocean circulation. Nature. 342:637-642.

Faught, M.K. 1988. Inundated sites in the Apaachee Bay Area of the Eastern Gulf of Mexico. Forida
Anthropologist. 41(1):185-190.

Faught, M .K. 1992. New evidence for Paleoindians on the continental shelf of Northwestern Forida
Current Research in the Pleistocene. 9:11-12.

Faught, M.K. 1996. Clovis Origins and Underwater Prehistoric Archaeology in Northwestern Forida
Ph.D. dissertation, University of Arizona.

Faught, M.K. and J.F. Donoghue. 1997. Marineinundated archaeol ogica sitesand paleofluvia systems:
examples from a karst-controlled continental shelf setting in Apalachee Bay. Geoarchaeology.
12(5):417-458.

Frazier, D.E. 1974. Depositionad — Episodes. Their Relationship to the Quaternary Stratigraphic
Framework in the Northwestern Portion of the Gulf Basin. University of Texas. Copies available
from Geologica Circular 74-1.

Neson, H.F. and E.E. Bray. 1970. Stratigraphy and history of the holocene sedimentsin the Sabine High
Idand Area, Gulf of Mexico. P. 48-77. In Morgan, J. P., ed. Deltaic Sedimentation. Society of
Economic Paeontologists.

Opdyke, N.D., D.P. Spangler, D.L. Smith, D.S. Jonesand R.C. Lindquist. 1984. Origin of theepeirogenic
uplift of Pliocene? Pleistocene beach ridges in Florida and development of the FHorida Karst.
Geology. 12:226-228.

Pendleton, R. and C. Tobon. 2002. PaleoAucilla Prehistory Project, Report of Investigations #XX.
Florida State University.

Rupert, F. and S. Spencer. 1988. Geology of Wakulla County, Florida. Florida Geologica Survey
Bulletin No. 60.



129

Stright, M.J. 1995. Archaic period sites on the continental shelf of North America: the effects of relative
sea-level changes on archaeological site locations and preservation. Pp. 131-147. In Bettis, E. A. 1.,
ed. Archaeol ogical Geology of the Archaic Period in North America,. Geologica Society of America

Specia Paper 297.

Michadl K. Faught isan ass stant professor at the Department of Anthropology, Florida State University.
Dr. Faught (Ph.D .University of Arizona1996) isan underwater archaeol ogist who conductsresearchinto
submerged prehistoric sites. Hisresearchisfocused on the origins of Paleoindiansinthe New World, and
heteachesawiderange of classesat FSU. He hasbeeninvolved with the AucillaRiver Prehistory Project
(afreshwater inundated Paleoindian Sitein northern FHorida), and he hasdirected severa terrestrial CRM
archaeologica projects and two shipwreck surveys (Bay County Shipwreck Survey and Dog Idand
Shipwreck Survey). Dr. Faught is currently directing the PaleoAucilla Prehistory Project, a multi-year
research and teaching project investigating submerged prehistoric resourcesin Florida s Apalachee Bay.
His publicationsinclude both professiona and popular articles, chaptersin books, and severa CRM and
Program in Underwater Archaeology reports.



SESSION 2A
STUDIES ON FATE & EFFECTS OF SYNTHETIC BASED
DRILLING MUDS ON THE SEAFLOOR

Chair: Dr. Mary Boatman, Minerals Management Service
Co-Chair: Ms. Sarah Tsoflias, Minerals Management Service

Date: January 8, 2002

131

Seafloor Monitoring Program: Status Report, 8 January 2002 . .......................

Dr. James P. Ray, Shell Global Solutions (US) Inc.
Dr. Mary Boatman, Minerals Management Service

Effects of Oil and Gas Exploration and Development at Selected Continental Slope Sites

iNthe Gulf of MEXICO . . .. ...

Dr. Alan D. Hart, Continental Shelf Associates, Inc., Jupiter, Florida

Joint Industry Project, Gulf of Mexico Comprehensive Synthetic Based Muds Monitoring

Program: AN OVEIVIBW . ...

Dr. Alan D. Hart, Continental Shelf Associates, Inc., Jupiter, Florida

Site Selection; From Databaseto GIS . ... . .

Dr. Tim J. Nedwed, ExxonMobil Upstream Research Company
Mr. Stephen P. Rabke, M-I Drilling Fluids
Ms. Tara Montgomery, Minerals Management Service

Synthetic-Based Muds: What'stheBigDeal? . ......... ... ... . ...

Dr. James P. Ray, Shell Global Solutions (US) Inc.
Dr. Mary Boatman, Minerals Management Service

Evaluating the Sediment Toxicity of Synthetic Based Drilling Muds in the Laboratory and

INthe Fiald . ...

Dr. Andrew H. Glickman, Environmental Unit, Energy Research and Technology Co.,
Chevron Texaco, Richmond, California

Degradation of Synthetic Drilling Mud Base Fluids by Gulf of Mexico Sediments .. ... ...

Dr. D. J. Roberts and Dr. D. Herman, Department of Civil and
Environmental Engineering, University of Houston

. 151



133

SEAFLOOR MONITORING PROGRAM: STATUS REPORT, 8 JANUARY 2002

Dr. James P. Ray
Shell Global Solutions (US) Inc.

Dr. Mary Boatman
Minerals Management Service

The Gulf of Mexico Comprehensive SBM Monitoring Program represents ajoint effort between the
federal government and industry to evaluate the effects of the discharge of cuttings containing
synthetic based drilling fluid on the seabed. Over the past few years, the industry’ s synthetic based
mud (SBM) activities have been a combined effort of the National Ocean Industries Association
(NOIA), American Petroleum Institute (API), Petroleum Equipment Suppliers Association (PESA),
and Offshore Operators Committee (OOC). In 1998, numerous technical issues requiring research
efforts were identified; to raise the funds, a separate, external subscription was planned.To support
the subscription program, APl was retained to provide contracting and administrative services.

The Minerals Mangement Service (MMS) and the Department of Energy (DOE) joined with 30
operators, 3 mud companies, and 3 chemical companies, to share in the cost of the Seafloor
Monitoring Program. Thisgroup of “ subscribers’ isknown asthe SBM Research Group (SBMRP).
The group has an Oversight committee of eight people (the same as an executive committee) which
represents the subscribers. Within the SBMRP are six work groups. the Seafloor Monitoring
Program; Toxicity Workgroup; Biodegradation; Modeling; Technology Assessment; and Analytical.
Also, there is a separate, but parallel organization known as the SBM Committee comprised of
NOIA/API/PESA/OOC. Thisgroup representsall of theinterested parties, regardless of whether or
not they are subscribers to the research program. This group is responsible for handling the policy-
related issues, such as effluent guidelines, permits, etc. The program has raised $3.7 million for
overall SBM research.

This paper describes the results thus far from the SBM Seafloor Monitoring Program being
conducted in the Gulf of Mexico (GOM).

BACKGROUND

Drilling fluids play an essential role in providing for the safety and effectiveness of the drilling
process. They providethe meansfor maintaining pressure on theformationsbeing drilled, removing
cuttingsfrom the borehole, protecting and supporting the boreholewall, protecting permeable zones
from formation damage, and cooling and lubricating the drill bit and drill string.

Drillers currently use two basic types of drilling fluids: water-based fluids and non-aqueous based
fluids. Water-based drilling fluids or muds (WBM) have water or a water-miscible fluid as the
continuous phase. Non-aqueous based drilling fluids have an organic, water-immisciblefluid asthe
continuous phase. Non-aqueous based fluids are subdivided into oil-based fluids, enhanced mineral
oil-based fluids, and synthetic-based fluids or muds (SBM) according to the nature of the organic
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fluid phase (EPA 1999). Non-agueous based fluids are used when drilling conditions require more
stabilization of the borehole, lubricity, and resistance to thermal degradation than can be provided
by WBM. The conditions encountered during drilling of the initial portions of a well usually are
appropriate for the use of WBM. As conditions requiring a non-aqueous fluid are encountered
during drilling of later portions of wells, the WBM istypically discharged and a non-aqueous fluid
is used to complete the drilling process.

Non-aqueous based fluids are frequently used in development drilling operations because the well
paths are deviated, rather than vertical, in order to reach distant parts of the reservoir from afixed
drilling location. Deviated wells typically have more stringent requirements for drilling fluid
lubricity and well bore stability than do vertical wells. Synthetic based drilling fluids, based on
organic fluids such as esters, olefins, acetals, and ethers were developed to provide drilling
performance equivalent to that of oil-based muds and improvementsin environmental performance
compared to that of oil-based muds. Olefins and esters predominate in the U.S. offshore drilling.

The U.S. offshoreoil and gasdrilling industry has devel oped and madeincreasing use of SBM over
the past decade. The bulk discharge of thesefluidsis prohibited. However, the discharge of cuttings
drilled with SBM has been allowed in the western GOM subject to the same restrictions as the
discharge of cuttings drilled with water-based mud. EPA recognized that use of SBM in place of
water-based muds may reduce the amount of solids and other drilling fluid components discharged
to the marine environment. EPA also recognized that the properly controlled discharge of SBM
cuttings could provide non-water quality benefits compared with the use of oil-based mudsfollowed
by disposal of the cuttings in shore-based landfills or by injection under the seabed.

EPA (1996) indicated that additional methods development and additional environmental
performance information would be needed to develop effluent limitations for SBM cuttings
discharges. EPA expressed concern about both the short-term and the long-term seafloor effects of
SBM cuttings discharges. The overall objective of this research program is to obtain information
about these effects.

OBJECTIVES

The objective of this program is to assess the fate and effects of discharged cuttings drilled with
SBM at continental shelf (40-300 m) and deepwater (>300 m) GOM sites. The purposes of this
assessment areto: 1) providethe Environmental Protection Agency (EPA) with scientific dataupon
which to base effluent limitations for the discharge of SBM cuttings; 2) provide industry with
scientifically valid datafor the environmental assessment of the discharge of SBM cuttings; and 3)
provide MMS and DOE with environmental data useful in leasing assessments and offshore
management.

Specific sub-objectives include:

» Determination of the thickness and areal extent of SBM cuttings accumulations on the
seafloor and the magnitude and temporal behavior of SBM base fluid concentrations in
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sediments near discharge sties representative of GOM conditions at both continental shelf
(40-300 m depth) and deepwater (> 300 m depth) discharge sites.

» Determination of thetemporal behavior of SBM base fluid concentrationsin sediments near
discharge sitesrepresentative of GOM conditionsat both continental shelf (40-300 m depth)
and deepwater (>300 m depth) discharge sites.

* Documentation of physical-chemical conditions in sediments in areas where SBM base
fluidsare present and comparison of these conditionswith conditionsin reference sediments
distant from SBM discharges. Sediment conditionsinclude SBM base fluid concentrations,
effectson sediment oxygen levelsdueto SBM accumulation, shiftsin the depth of the redox
potential discontinuity (RPD) layer, and changesin sediment mineralogy dueto the addition
of drill cuttings solids.

» Determination of whether azone of biological effect has devel oped related to the discharge
of SBM cuttings. Chemical toxicity, hypoxia, and physical habitat disruption may all
contribute to biological effects. Biological changes due to physical effects should be
distinguished from those due to the presence of SBM base fluids on cuttings through
evaluation of both physical and chemical characteristics of sediments.

STATUSOF CRUISES 1, 2, AND 3
Cruise 1: Scouting Survey of Cuttings Accumulations

Aninitial scouting survey was conducted 3-8 June 2000 which surveyed ten shelf platforms. The
siteswere examined for physical and visual determinations of cuttingspiles. No large, thick cuttings
piles were observed; however, there was limited accumulation, mostly adjacent to structures. The
cruise provided data for selection of fina five platforms for the screening cruise.

Cruise 2: Screening Cruise

The screening cruise was conducted 26 July — 7 August 2000 and sampled five shelf platforms and
3 locationsin the > 300 m depth range. The results of the screening cruise will be used as base data
for fine-tuning the sampling design and for selecting the final three shelf platforms for biological
and sediment toxicity sampling. Analysisincluded a physical survey of the site using sonar, video,
and swath bathymetry. Sediments were sampled and analyzed using x-ray diffraction, visual
inspection, and grain size determination. A sediment profile imaging system was used to take
pictures of the upper layers of sediment in situ. Oxygen profiles were measured on cores brought
to the surface. Hydrographic profiles of the water column were taken for salinity and temperature.
Sediments were also analyzed for trace metals (arsenic, cadmium, chromium, copper, mercury,
nickel, lead, vanadium, and zinc). Macrofaunal samples were aso collected.

The preliminary results showed no large cuttings piles but some visual evidence of cuttings and
SBM contamination near some platforms. Bacterial mats were observed in some locations. All
analyses are compl eted.
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Cruise 3: Sampling Cruise 1

Sampling cruise 1 was conducted in early May 2001 and visited eight sites: five shelf locationsin
the 40— 300 m depth ranges and three | ocationsin the > 300 m depth range. During Sampling Cruise
1, samples were collected for physical and chemical measurements of sediment conditions at all
shelf and deepwater sites, for definitivebiol ogical and sediment-toxicity analysesat three shelf sites,
and for physical survey and video observations of sediment conditions at deepwater sites. Analysis
of sediments included redox profiles, grain size, visual inspection, and trace metals (barium, iron,
aluminum and manganese). Sediment profile imaging was used to examine the upper portion of the
sediments in situ. Samples were also collected for analysis of synthetic base fluid, total organic
carbon, and total petroleum hydrocarbons. Paleontology samples were collected to assist in the
identification of cuttings. At three of the shelf locations, sampleswereal so collected for infaunaand
sediment toxicity.

A data review meeting is planned for March 2002 and may include modification of the final
sampling plan and discussion of the data from this cruise.

REVIEW OF REMAINING PROGRAM SCHEDULE

The second definitive cruise is scheduled for April/May 2002 and will repeat the sampling and
analysis plan of the first cruise. A final report is expected the first quarter of 2003.

Dr. James Ray is the manager of the Environmental Ecology and Response section at Shell
Global Solutions (US) Inc. (formerly Equilon Technology). He serves as Research Coordinator
for the Industry Synthetic Based Drilling Muds Research Program and Chairman of the Offshore
Operators Committee, Environmental Sciences Subcommittee. Dr. Ray received his Ph.D. in
Biological Oceanography from Texas A&M University and has worked on Gulf of Mexico
environmental issues for aimost 30 years.
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EFFECTS OF OIL AND GAS EXPLORATION AND DEVELOPMENT AT SELECTED
CONTINENTAL SLOPE SITES IN THE GULF OF MEXICO

Dr. Alan D. Hart
Continental Shelf Associates, Inc.
Jupiter, Florida

Continental Shelf Associates, Inc. and its subcontractors/consultants are conducting a multiyear
study to assess the impacts of oil and gas exploration and development at four selected sites on
the continental slope in the Gulf of Mexico (GOM). Two exploration sites are being sampled
before and after drilling, and three post-devel opment sites are being studied once, after drilling is
completed. (Figure 2A.1). The two exploration sites, Garden Banks Area Block 516 and Viosca
Knoll Area Block 916, are located in water depths of about 1,000 m, and the two post-
development sites, Mississippi Canyon Block Area 292 and Garden Banks Area Block 602, are
located in water depths of about 1,100 m. Both water-based and synthetic-based muds were used
in the drilling of the exploration and post-development wells.
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The program consists of two components. physical characterization and chemical/biological
characterization. The objective of the physical characterization is to determine the physical
impacts of the operationsincluding
1) area extent and accumulation of muds and cuttings,
2) physica modification/disturbance of the seabed due to anchors and their mooring
systems; and
3) accumulation of debris due to operations.

During the first cruise in Fall 2000, one exploration site, Viosca Knoll Area Block 916, was
surveyed prior to drilling. At this site, data were collected with a deep-towed side-scan sonar and
subbottom profiling system to prepare acoustic reflectivity maps. During the second cruise in
Summer 2001, similar data were collected at the two post-development sites and at the Garden
Banks Block 516 exploration site (post-drilling) with an autonomous underwater vehicle. Post-
drilling data were not collected at Viosca Knoll Area Block 916 because the planned well was
removed from the drilling schedule between the first and second cruise.

The objectives of the chemical/biological characterization are
1) to determine the extent of physical/chemical modification of sediments in the immediate
area of the wellsites, compared to sediment conditions at reference sites (and before
drilling in the case of exploration sites) and
2) to conduct limited biological collections to determine biological effects related to
chemical and physical impacts. During the first cruise, pre-drilling sampling was
conducted at the two exploration sites.

During the second cruise, post-drilling sampling was conducted at the Garden Banks Block 516
exploration site and at the two post-development sites. Box core samples will be collected at 12
locations within 500 m of each exploration/devel opment site, and two box cores will be collected
at each of six reference sites located at least 10 km from each exploration/development site
(Figures 2A.2 and 2A.3). Sediment grain size, mineralogy, texture, radionuclides, metals, total
organic carbon, and hydrocarbons will be analyzed. Samples for pore water, redox chemistry,
and sediment toxicity (10-day acute test) aso will be collected. Sediment profiling imagery
transects will be performed near each site and at two of the corresponding reference sites. The
biological community was sampled using a box core, still photographs, and bottom traps
(Figures 2A.2 and 2A.3). Several biological parameters are being measured: 1) microbiotal
activity, biomass, and community structure; 2) meiofauna taxonomy including harpacticoid
taxonomy/genetic diversity/reproductive status and nematode feeding groups; and 3) megafaunal
taxonomy and metal/hydrocarbon concentrations in tissues of selected animals.

Post-drilling data were not collected at Viosca Knoll Area Block 916 because the planned well
was removed from the drilling schedule between the first and second cruise. This well was sub-
sequently spudded in November 2001, and because drilling has now occurred at this exploration
site, athird cruise in Summer 2002 is being considered to gather post-drilling data at this site.

Interpretation and synthesis of the data will include the testing of hypotheses concerning differences
in chemica and biological parameters between areas in the vicinity of exploration, development,
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and spill sites and reference areas. The tests of hypotheses will provide insight into the effects

on the continental slope biota. Relationships between physical/chemical variables and biological
variables will aso be examined. The data will be used to provide first-order estimates of the
extent of impact. A screening level ecological risk assessment for the activities will also be
performed.

Dr. Alan Hart is the Science Director of Continental Shelf Associates, Inc. located in Jupiter,
Florida. He has 20 years of experience in marine environmental science, including major
research programs for federal, state, and industria clients. He has been involved in
characterization and monitoring studies covering a wide range of human activities in the marine
environment, including oil and gas operations, dredged material disposal, beach restoration, and
sewage outfalls. Dr. Hart received his B.S. in zoology from Texas Tech University in 1973 and
hisPh.D. in biological oceanography from Texas A&M University in 1981.
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JOINT INDUSTRY PROJECT, GULF OF MEXICO COMPREHENSIVE SYNTHETIC
BASED MUDS MONITORING PROGRAM: AN OVERVIEW

Dr. Alan D. Hart
Continental Shelf Associates, Inc.
Jupiter, Florida

Continental Shelf Associates, Inc. and its subcontractors and consultants are conducting the Gulf
of Mexico Comprehensive Synthetic Based Muds Monitoring Program. This program is being
funded by a consortium known as the SBM Research Group, which is composed of offshore
operators, mud companies, chemical companies, the Minerals Management Service (MMS), and
the Department of Energy.

The overall objective of the program is to assess the fate and effects (physical, chemical, and
biological) of discharged cuttings drilled with synthetic based mud (SBM) (*SBM cuttings’) at
continental shelf (40 to 300 m) and deepwater (>300 m) Gulf of Mexico (GOM) sites. This
assessment will be used to provide

* the U.S. Environmental Protection Agency (USEPA) with scientific data upon which to
base effluent limitations for the discharge of SBM cuttings; and

» theoil and gasindustry with scientifically valid data for the environmental assessment of
the discharge of SBM culttings.

There are four specific sub-objectives for the study:

» determine the thickness and areal extent of SBM cuttings accumulations on the seafloor
and the magnitude and temporal behavior of SBM base fluid concentrations in sediments
near discharge sites representative of GOM conditions at both continental shelf (40- to
300-m depth) and deepwater (>300-m depth) discharge sites;

* determine the tempora behavior of SBM base fluid concentrations in sediments near
discharge sites representative of GOM conditions at both continental shelf (40- to 300-m
depth) and deepwater (>300-m depth) discharge sites;

» document the physical-chemical conditions in sediments in areas where SBM base fluids
are present and compare these conditions with conditions in reference sediments distant
from SBM discharges; and

» determine whether a zone of biological effect has developed related to the discharge of
SBM cuttings, and if detectable, determine its dimensions.

There are four cruises for the program: Scouting Cruise, Screening Cruise, Sampling Cruise 1
and Sampling Cruise 2. During the Scouting and Screening cruises, preliminary sampling was
conducted at study sites to gather data that were used to guide sampling, to designate sampling
strata, and to test field and laboratory methodologies. After this preliminary sampling was
conducted and the data had been reviewed, the sampling design a each study site was
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determined, and two sampling cruises were designed to gather data to test statistical hypotheses
addressing the objectives of the program.

The Scouting Cruise was conducted in June 2000 as a preliminary survey of a wide range of sites
on the continental shelf to 1) assess the extent of cuttings accumulations; 2) assess the suitability
of each study site for further sampling during the program; and 3) guide further sampling
operations. Based on information gathered about each platform, a remotely operated vehicle
(ROV) survey was conducted at 10 selected study sites around the area where cuttings were
discharged (Figure 2A.4). The purpose of this ROV survey is to determine if cuttings piles were
present and to attempt to assess the distribution of cuttings. Other factors that could affect future
sampling at the platform, such as pipeline placement, also were noted. To identify and survey the
potential cuttings piles, the ROV was equipped to collect sector-scanning sonar, video, and
altimeter data. The sector-scanning sonar was be used to detect and determine the areal extent of
the cuttings pile based on acoustical signature. The ROV altimeter was used to determine the
cuttings pile vertical relief. The video data was used to document visually detectable differences
in substrate texture and vertical relief. The results of this cruise were used to select five of ten
continental shelf study sites where the subsequent Screening Cruise was to be conducted.
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During the Screening Cruise (July/August 2000), three deepwater sites and five continental shelf
sites were surveyed (Figure 2A.5). The purpose of this cruise was to 1) provide a detailed
mapping of the cuttings pile at each platform; 2) assess sediment SBM concentrations and
sediment physical-chemical conditions at al eight sites; 3) test and refine the proposed field and
|aboratory methods; and 4) make preliminary biological and sediment-toxicity assessments at the
five continental shelf sites. To provide a detailed mapping of the cuttings pile(s) at each platform
during the Screening Cruise, an ROV was equipped with instrumentation to provide high
resolution swath bathymetry and simultaneously collected side-scan sonar data. The ROV also
was equipped with a videocamera for visual observations. At three sediment sampling stations at
each platform, a sediment profile imaging (SPI) system also was deployed. The SPI system
provides information concerning redox potential discontinuity (RPD) depth, sediment texture,
cuttings, and macroinfauna. A hydrographic profile (temperature and salinity) was conducted at
each study site. At each of the eight sites, six samples were collected for physical and chemical
measurements of sediment conditions. Three of these samples were collected at random
locations near the platform or template, and three were collected at random reference locations.
Samples were collected for redox profiling measurements; grain size and mineralogy; SBMs and
total petroleum hydrocarbons (TPHSs); metals (aluminum, arsenic, barium, cadmium, chromium,
copper, mercury, iron, nickel, lead, vanadium, and zinc); total organic carbon (TOC); and
carbonate. Six infaunal samples and six sediment toxicity samples were collected at the five
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continental shelf sites for preliminary biological and sediment-toxicity analyses. In addition, two
cores that were collected at each of the eight sites were vertically sectioned in 1- to 2-cm (or
other appropriate) increments, and these sections were analyzed separately for grain size, metals,
and SBM to investigate vertical layering and thickness of the cuttings pile. An additional
sediment sample was collected at a discretionary location at each study site. The sample was
located in suspected cuttings accumulations identified during the mapping effort described
previously to confirm the presence of cuttings as identified by acoustical and visua
(videocamera) observations. At one deepwater site, the Pompano |l subsea drilling template in
MC 28, additional discretionary samples were collected at |ocations previously sampled.

Based on the data acquired during the Screening Cruise, a number of decisions concerning
sampling during the two sampling cruises were made. The boundaries of three strata were
designated: near-field (<100 m), transition (100-250 m), and reference zones (>3,000 m).
Platform sites were designated as primary or secondary, which affected what sampling occurred
at each study site. The three deepwater study sites and three of the five continental shelf study
sites were primary sites, and the remaining two continental shelf sites were secondary sites. Just
prior to the beginning of Sampling Cruse 1, it was determined that operations would be occur-
ring at two of the previously selected sites and that these activities made it infeasible to continue
to use these two sites for the remainder of the study. Two aternative sites were selected, and
Sampling Cruise 1 was conducted in May 2001 at the eight study sites (Figure 2A.6).
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During Sampling Cruise 1, a hydrographic profile (temperature and salinity) was performed at
each platform site. At the primary platform sites during each Sampling Cruise, sediment
samples were collected at 18 locations—six locations in each of the three sampling strata. These
samples were anayzed for hydrocarbons (SBM and TPHSs), metals, grain size, paleontology,
TOC, and the presence of cuttings (visual analysis by trained mud loggers). Samples of pore
water also were collected and analyzed for metals at two sediment sampling locations at each
primary platform site. At the primary continental shelf sites, samples for analysis of
macroinfauna and sediment toxicity were collected. An additional core was collected at each
primary site during Sampling Cruise 1 to be analyzed for selected radionuclides to determine
sediment accumulation rates; sediment mixing rates from biological and physical processes; and
identification of the presence and thickness of layers of SBM cuttings. SPl images were
collected at 12 locations at each primary platform. Sampling at the two secondary continental
shelf platform sites was similar to that at the primary sites, but the suite of analyses was not as
extensive. Sediment samples were collected at 18 locations—six locations in each sampling
stratum, and these samples were analyzed for hydrocarbons (SBM and TPHSs), grain size,
mineralogy, TOC, and the presence of cuttings. SPI images were collected at 12 |ocations at each
secondary platform.

It is anticpated that Sampling Cruise 2 will be conducted in May 2002. Sampling during this
cruise will be the same as Sampling Cruise 1 except sediment samples will not be collected for
analysis of radionuclides.

Data collected during the two sampling cruises will be analyzed to address the objectives of the
program. Statistical hypotheses will be tested using linear models. Community structure of the
infauna will be examined. The sediment quality triad approach will be applied, and a screening
level ecological risk assessment will be conducted to gain an understanding of the environmental
effects of discharged SBM cuttings.

Dr. Alan Hart is the Science Director of Continental Shelf Associates, Inc. located in Jupiter,
Florida. He has 20 years of experience in marine environmental science, including major
research programs for federal, state, and industrial clients. He has been involved in
characterization and monitoring studies covering a wide range of human activities in the marine
environment, including oil and gas operations, dredged material disposal, beach restoration, and
sewage outfalls. Dr. Hart received his B.S. in zoology from Texas Tech University in 1973 and
hisPh.D. in biological oceanography from Texas A&M University in 1981.
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SITE SELECTION: FROM DATABASE TO GIS

Dr. Tim J. Nedwed
ExxonMobil Upstream Research Company

Mr. Stephen P. Rabke
M-I Drilling Fluids

Ms. Tara Montgomery
Minerals Management Service

INTRODUCTION

The APl SBM Seabed Survey project required the selection of several sites within the Gulf of
Mexico where SBM-coated cuttings have been discharged. This discussion will describe the
process used to select survey sites for the project.

SITE SELECTION OBJECTIVES

The objective of site selection was to choose study sites for the four project cruises. The project
design specified survey of five shallow-water sites—defined as water depths <300 m—and three
deep-water sites—defined as water depths >300 m. To handle unforeseen problems, five
alternate shallow and three alternate deep sites were also selected.

For the first cruise, all ten primary and alternate shallow sites were visited and investigated. No
deep-water sites were visited on the first cruise. For the last three cruises, the top five shallow
sites and top three deep sites wereinitialy selected.

The goa was to revisit the same shallow and deep sites during all cruises. Sample collection
problems at one site and the addition of new wells at three sites, however, required substituting
alternates for one deep site and three shallow sites.

DATA COLLECTION

Mud company records were used to build the initial database of GOM wells where SBM drilling
and cuttings discharges had occurred. The data collected included the operator, the block,
spud/completion dates, water depth, type of drilling fluid, and estimates of discharge quantities.
The operator of each well in the data set was contacted to obtain permission to sample their site
if it was selected. The original database included ~360 wells and side tracks in 165 different
blocks.



148

DATABASE GENERATION

The initial database was reduced to 71 wells after considering several restrictions. To minimize
boat travel time, western sites were excluded. Sites within a 25-mile radius of the mouth of the
Mississippi were excluded. Because of box core tether limits, sites in greater than 700 m of
water were excluded. Sites older than approximately three years were excluded. Also, sites
without adequate descriptive data were excluded.

GISMAPPING

The 71 wells were mapped using GIS software. The maps allowed visualization of well locations
and important selection criteria. Spud dates and drilling fluid type were identified using different
symbols marking the well location. Discharge volumes were identified using different colors for
the symbols. These maps were used to aid site selection during project team meetings.

DATA VALIDATION

The 71 wells were further reduced to 25 sites primarily based on the type of drilling fluid used
and the amount of SBM cuttings discharged. For these short-list sites, the operators were
contacted to verify the existing data on each well, to describe future drilling plans, and to supply
additional logistical and safety data.

SITE SELECTION MEETINGS

Final site selection was based on consensus during several meetings held during 2000. Using a
set of selection criteria, the ten sites visited during the first project cruise were selected by the
site selection subgroup.

Site selection for the other three cruises was made by the entire project team during a meeting
following cruise 1. In this meeting, the final ten shallow and six deep primary and alternate sites
were chosen.

Both the full program workgroup and the site selection subgroup included MM S personnel.
SITE SELECTION CRITERIA

A meeting of the site selection subgroup was held to rank the 25 short-listed sites after feedback
was received from the operators. Several selection criteria were considered to make the ranking
including type of SBM, discharge volume, and age of the well or wells.

Internal olefin-based (10) SBM was the most common type in use in the GOM at the time of site
selection. Because of this, the project decided that the majority of the chosen sites should have
used IO SBM. Also, because of the specific limits for ester-based SBMs in the recently
promulgated EPA SBM Effluent Guidelines, the group attempted to include sites where only
ester-based SBM was used; however, none of the 71 sites used only ester-based fluids. Some of
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the selected sites included the discharge of ester-base SBM cuttings in addition to other SBM
types.

Sites with higher volumes of SBM cuttings discharges were preferred. The project team
preferred recently drilled sites to study the speed of seabed recovery. Sites with platforms were
preferred because they ssmplified sample collection by providing a reference position.

Sites where drilling was planned during the study were excluded because of the project goa of
studying seabed recovery. Fresh SBM cuttings on the seabed would eliminate the ability to study
the amount of recovery that occurred between cruises.

Sites distant from other drilling operations were preferred to reduce the influence of other
discharges.

Attempts were made to identify and exclude sites where accidental releases occurred.

The project team preferred sites outside the <40 m anoxic zone that occurs in late summer in
certain parts of the GOM. There was concern that anoxia would influence the benthic fauna and
possibly affect recovery rates. One aternate site that was later substituted as a primary was on
the edge of the anoxic zone. Research determined that this site did not become anoxic every
year. Also, sampling cruises would occur in May when anoxia was not occurring.

Most of the selected sites did not meet al these criteria. There simply weren’'t enough sitesin the
GOM that perfectly matched the criteria.

CONTINGENCY PLAN FOR UNFORESEEN PROBLEMS

Prior to the first cruise, a contingency plan was developed to handle unforeseen problems with
survey sites. The plan called for ranking and selecting alternate sites to be used as substitutes if
necessary. When problems arise, conference calls are held to discuss options and make
decisions. The entire project team isinvited to attend conference calls.

If urgent decisions are needed, the Program Manager has authority to make substitutions.

It was discovered between the second and third cruises that three of the primary study sites were
scheduled to have additional drilling. Since one of the project goals is to study seabed recovery
over time, alternates were substitutes for these sites—one was in deep water and two in shallow.

Also, box-core sampling of one of the shallow sites during the second cruise was unsuccessful
because the corer could not penetrate the hard bottom near the wellhead. For this reason, an
alternate site was substituted for this cruise. The ship was equipped with a special corer designed
for harder bottom on future cruises.
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IMPORTANT CONSIDERATIONS/FINDINGS OF SITE SELECTION PROCESS

It is important when performing these types of selection activities to start work enough in
advance to alow preliminary investigative activities to be thorough.

When working with a group that includes operators, mud companies, and regulators, group
consensus on decisions should be obtained whenever possible.

Be prepared for the unexpected, and set up contingency plans to handle problems.

Although the original database included 363 wells that were drilled with SBM, the acceptance
criteria believed necessary to insure a quality study resulted in this list being narrowed to only a
few leading candidates. The chosen sites were those that most closely met the selection criteria,
however, certain criteria were relaxed for many of these sites. There just weren’t enough sitesin
the database to provide 16 idea survey locations.

Dr. Tim Nedwed currently works for ExxonMobil Upstream Research Company studying the
fate and effects of offshore discharges. He received a B.S. in chemical engineering from the
University of Kansas and an M.S. and Ph.D. in environmental engineering from the University
of Houston.

Stephen Rabke, Senior Environmental Scientist, has a B.S. degree and fourteen years of
experience in the field of aguatic toxicology. Mr. Rabke is responsible for managing M-I L.L.C.”S
environmental testing laboratory. His functions include providing toxicological and research
support for product development, development of new test method, and participating in industry
workgroups.

Tara Montgomery is a geographer in the Leasing and Environment section of the Mineras
Management Service within the Gulf of Mexico OCS Region. After receiving her M.S. in
geography in 1994, she began her career in the federal service in the Bureau of Land
Management in Burley, Idaho, as a GIS Coordinator and later transferred to the Winnemucca,
Nevada, district where she also served as GIS Coordinator for two years prior to moving to New
Orleans.
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SYNTHETIC-BASED MUDS: WHAT'S THE BIG DEAL?

Dr. James P. Ray
Shell Global Solutions (US) Inc.

Dr. Mary Boatman
Minerals Management Service

The past decade has seen the introduction of new drilling fluids that use synthetic material asthe
base fluid. The main impetus for their development is to replace the mineral oil and and less
environmentally friendly diesel-based fluids that had been used for severa decades. The need for
an organic base rather than a water base arises during difficult drilling situations due to
formation composition or technical problems such as stuck pipe.

The use of a new base fluid raises questions about the effects on the environment and
appropriate discharge criteria.

WHAT ARE SYNTHETIC-BASED MUDS (SBMs)?

Synthetic-based muds consist of a base fluid (continuous phase) that is a water insoluble
gynthetic organic material. The Environmental Protection Agency defines the fluid
as'...produced by reaction of purified chemical stock (not fractionation, distillation, cracking, or
hydroprocessing)... .” The base fluid is required to have less than 0.001 weight percent
polynuclear aromatic hydrocarbons. The base fluid can be one of severa synthetic materials,
primarily paraffins, olefins, and esters. The polymerization of olefins is most common and is
used to make poly apha olefins (PAO), linear apha olefins, or internal olefins. The Fischer-
Tropsch synthesisis used to make linear paraffins (n-paraffin).

WHAT ISTHE HISTORY OF THEIR USE?

Synthetic-based fluids were first used in the Norwegian sector in 1990. In 1995, 49 wells were
drilled off the coast using synthetics. The first use was in the United Kingdom sector in 1991 and
by end of year, more than 169 wells were drilled in North Sea. Synthetics were first used in the
Gulf of Mexicoin 1992.

WHAT ARE THE ENVIRONMENTAL ISSUES?

The use of synthetic-based drilling fluids raises several environmental concerns. The cuttings do
not disperse like those from wells drilled with water-based fluids, and there is concern that a
large pile of cuttings will form near the drill site. The pile would result in the burial of organisms
that live in the surrounding environment. Since the drilling fluids are organic, the degradation of
the fluids on the seafloor could result in localized anoxia of the surface sediments. Another issue
is how long the fluids will stay in the environment or whether they are easily biodegradable.
Also, there is concern that the fluids or their degradation products are toxic to marine organisms.
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Once these fluids are discharged on the seafloor, there are questions about the recovery time
necessary for the seafloor to return to an undisturbed state.

The North Sea experience is different from that of the Gulf of Mexico. Large, multiple-well
discharges and shunting in deeper water are characteristic of the drilling practices. Synthetic
base fluids used in the early 1990s also exhibited high retention levels on the discharged
cuttings. As a result of the drilling practices, thick cuttings piles often formed, resulting in
localized anoxia and slow to no recovery on the pile. Sheens were often produced from the
discharge. A zone of benthic impacts was clearly observed around structures. The environmental
effects were similar to those with earlier fluids.

WHO CARES?

The use of synthetic base fluids is important to oil companies because they reduce drilling time
and therefore the costs of renting a drilling rig. The vendors, including mud companies and
chemical companies, are interested because of the new products for the market. Regulators and
the environmental community are concerned about the short- and long- term environmental
effects of discharges or disposal on land.

WHY DO THEY CARE?

The use of synthetic-based drilling fluids has advantages if the cuttings can be discharged, since
this reduces costs as well as environmenta effects from disposal on land. Oil-based drill fluid
derived cuttings cannot be discharged and must be disposed of in landfills onshore, resulting in
many environmental problems. The drill times using synthetic fluids are reduced up to 60%
when compared to water-based fluids under the same conditions. Drilling with synthetic fluids
also results in the generation of less cuttings and therefore reduced mud discharges. In
deepwater, the use of synthetic fluids helps inhibit gas hydrate formation and is a good cuttings
carrier. Faster drilling and disposal at sea also resultsin reduced air emissions and fuel use.

WHERE ARE WE GOING?

The industry is working to develop better performing fluids with lower toxicity and better
degradability. Better solids control equipment is now required, which means that less fluid is
discharged with the cuttings. The result of all these effortsis less environmental impact.

Dr. James Ray is the manager of the Environmental Ecology and Response section at Shell
Global Solutions (US) Inc. (formerly Equilon Technology). He serves as Research Coordinator
for the Industry Synthetic Based Drilling Muds Research Program and Chairman of the Offshore
Operators Committee, Environmental Sciences Subcommittee. Dr. Ray received his Ph.D. in
Biological Oceanography from Texas A&M University and has worked on Gulf of Mexico
environmental issues for ailmost 30 years.
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EVALUATING THE SEDIMENT TOXICITY OF SYNTHETIC BASED DRILLING MUDS
IN THE LABORATORY AND IN THE FIELD

Dr. Andrew H. Glickman
Environmental Unit
Energy Research and Technology Co.
Chevron Texaco
Richmond, California

Bioassays have been used to evaluate the toxicity of sediments to benthic organisms since the
1970s. They were originally used to evaluate the toxicity of dredge spoils to assess suitability for
discharge. Since then, sediment bioassays have been an important tool to evaluate the toxicity of
sedimentsin rivers, streams, and coastal environments.

While bioassays have been used to assess the toxicity of water based drillings muds and
produced water in the offshore environment, sediment bioassays are relatively new to offshore
oil and gas industry. Concerns about sea floor impacts from drill cutting containing synthetic
based drilling muds sparked interest in using a bioassay to assess the potential toxicity of SBMs
in sediments.

The offshore oil and gas industry, through the American Petroleum Institute and the National
Ocean Industries Association, in cooperation with the EPA, evaluated several sediment
bioassays to assess the toxicity of SBMS. These bioassays included 10-day tests with the
sediment dwelling amphipods, Rhepoxinius abronius and Leptocheirus plumulosus, and
variations of the mysid shrimp drilling mud bioassays and Microtox test where sediment was the
exposure medium. The most promising bioassays was the 10-day bioassays with Leptocheirus
plumulosus. The organism proved sensitive to SBMs, and could be cultured in the laboratory.
Moreover, test methods using the organism already existed.

Leptocherius bioassays are being used to evaluate different aspects of SBM toxicity. First, they
are being used to evaluate the toxicity of the base fluids used to make the drilling muds. Second,
the bioassays are used to evaluate and control the toxicity of drilling muds used in the offshore.
Finally, they are being used in sea floor assessments to assess toxicity and, perhaps indirectly,
benthic impacts of drill cuttings associated with SBMs. The remainder of this paper deals with
the toxicity testing of base fluids, field muds and offshore sediments.

BASE FLUIDS

Table 2A.1 presents data on the toxicity of diesel oil and different synthetic base fluids to
Leptocheirus. The base fluids rank in toxicity from the most toxic to the least toxic: diesel>linear
alpha olefin (LAO) >internal olefin (10)>ester. While the absolute toxicity values appear to vary
among different laboratories and may be affected by sediment composition, the toxicity ranking
of the different base fluids has remained consistent.
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Table2A.1.  Toxicity of base fluids in sediments to the amphipod, Leptocheirus plumul osus.

Base Fluid 4 Day L C50, mg/kg 10 day L C50, mg/kg
Diesd Qil >1,600 1,249
Internal Olefin 31,269 14,895
Linear Alpha Olefin 6,171 1,855
Ester 30,941 20,000

TOXICITY OF WHOLE SYNTHETIC DRILLING MUDS

New SBM discharge permit regulations require synthetic muds used in the field to undergo the
four-day sediments bioassay with Leptocheirus plumulosus. Drilling muds are largely composed
of based fluid, but also contain emulsifiers, weighting agents and other additives to enhance
drilling performance. Table 2A.2 presents the results of four bioassays for each of four different
drilling muds. The data show that while there is significant variability in the absolute toxicity
values, the relative ranking of the different drilling muds remain consistent.

Table 2A.2.  Results of four bioassays for each of four different drilling muds.

DrillingMud | 4day LC ,(ml/kg) [ L 95% CI | U95% CI | Avg. | CV%
Diesdl 1.38 1.17 1.63
Diesdl 1.04 0.52 2.02
Diesdl 0.92 0.74 114
Diesdl 0.88 0.55 1.19 1.055 | 215
LAO 2.89 2.27 3.72
LAO 247 1.83 3.33
LAO 2.55 1.24 5.04
LAO 35 2.3 59 29 16.4
C161810 79 2.3 185
C161810 40.4 27.8 58.8
C161810 51
C161810 139 5.4 35.9 283 | 731
Ester 771 62.6 97.9
Ester 31.3 21.7 254
Ester 85.7 73.8 100.3
Ester 44 35 55 59.5 | 43.7
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SEDIMENT TOXICITY IN SEA FLOOR ASSESSMENT

Sediment bioassays are most valuable in sea floor assessment when they are collected along with
sediment chemistry and biological data (i.e., abundance and diversity of benthic fauna). Thisis
because sediment bioassay results by themselves are often too variable to establish a casua
relationship between suspect contaminated sediments and toxicity. This variability can
sometimes be related to non-contaminant related factors such as sediment type, sediment organic
content and anoxia. In both the API/NOIA survey and the MMS deepwater environmental
program, toxicological, chemical and biological data are being collected. This will allow a
“sediment triad analysis’ to be performed. A sediment quality triad weighs all three lines of data
to more definitively determine whether sediment impacts are indeed due to chemical
contaminants, such as SBMs.

In both the API/NOIA and MMS environmenta studies, ten-day sediment bioassays are being
performed with the amphipod, Leptocheirus plumulosus. The toxicity data from neither project
are complete, so it not possible to derive conclusions at this time. However, preliminary data
suggest that toxicity is predominantly in the samples closest to the site of discharge. It is
premature to conclude that this toxicity is related to the presence of drilling muds.

CONCLUSIONS

Sediment toxicity bioassays have been used to evaluate the toxicity of synthetic base fluids,
drilling muds, and sediments in the vicinity of drilling discharges. The sediment bioassay using
Letocheirus plumulous has been adopted by the EPA to regulate the discharge of SBMs. Field
studies are underway that will use the sediment bioassays to delineate environmental impacts.
Bioassay data on sediments collected in the field, along with chemical and biological data, will
provide important information on whether SMBs are causing significant environmental impacts
to the seafloor.

REFERENCES

Chapman, P.M 1990. The sediment quality triad approach to determine pollution-induced
degradation. Sci Tox Enviorn. 97-8: 815-825.
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environmental toxicology from the Medical College of Wisconsin and, prior to working for
ChevronTexaco, was a research toxicologist at the University of California— Berkeley.
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DEGRADATION OF SYNTHETIC DRILLING MUD BASE FLUIDS BY GULF OF
MEXICO SEDIMENTS

Dr. D. J. Roberts
Dr. D. Herman
Department of Civil and Environmental Engineering
University of Houston

INTRODUCTION

The Gulf of Mexico (GOM) is a mgor center for offshore oil resources in the U.S. Recovering
oil from deep-sea, offshore platforms is prohibitively expensive. Of the several costs that must
be considered, one is the cost of exploration and drilling the wells. The disposa of cuttings
coated with drilling mud is a magjor problem in this operation. Synthetic base fluids (SBF) have
been developed for use in deep sea drilling, where the use of agueous phase muds is problematic.
SBF as part of drilling mud act to cool and lubricate the drill bit and to help bring rock cuttings
to the surface. We have been working with the American Petroleum Institute (API) and the US
EPA to develop a standardized test to screen the biodegradability of SBF to allow them to be
licensed for use offshore. If the cuttings coated with synthetic-based drilling muds cannot be
disposed of offshore, the cost to bring them back for land disposal would prohibit any major
plans to capitalize on the GOM resources.

The APl and EPA funding has been directed at the development of a standardized test to
determine the biodegradability of synthetic base fluids. It has not been used to develop accurate
predictions on the long-term ecological impact of the disposal of these fluids on the deep GOM
sediments. The APl and EPA sponsored work has used sediment retrieved from near-shore
locations, such as Sportsman’s Road in Galveston TX, in the development of a standard test,
known as the Closed Bottle Biodegradation Test, which is used to evaluate SBF
biodegradability. These sediments were spiked with the test fluids or standards and incubated at
atmospheric pressure at 29°C. The tests have shown that most of the synthetic drilling mud base
fluids are biodegraded both aerobicaly and anaerobically by the organisms in near shore
sediment.

Microbes from deep-sea sediments are also expected to degrade synthetic base fluids, but the
low temperatures and high hydrostatic pressures characteristic of deep-sea environments will
have an effect on microbial activity. Therefore, an essential question iswhat is the time required
for biodegradation of the different types of SBF. Tests with many more sediments, specifically
with sediments obtained from the deep GOM, will help to improve the understanding of how that
population will react (and has reacted) to the addition of drilling mud base fluids. A model to
predict how fast the sediment will recover under realistic conditions would be invaluable to both
legislators and industry alike.
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CONCEPTUAL MODEL DEVELOPMENT

Figure 2A.7 depicts the major chemical and biological processes that are expected to play arole
in the recovery of the deep gulf environment from the deposition of synthetic base fluids. Many
aspects need to be understood in order to develop the model beyond the theoretical stage. Some
of these aspects can be obtained through literature sources and from data that has aready been
collected by our lab and by other researchers. Some aspects must be determined through new
research.

BULK SEA WATER

I TR CFR _ﬂf_fff"f SI’l
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OUTE: Oxygen Utilization Rate, S3TTE.: Sulfate utilization rate,
CTTE: COs utilization Rate: 2, Substrate degradation rate,
CFE: COg formation rate.

Figure2A.7. Depiction of the major chemical and biological processesinvolved inthe microbial-
mediated remova of synthetic-based drilling mud base fluids in deep GOM
sediments.

The model is intended to predict the impact of the disposa of cuttings coated with synthetic
based fluids on the deep GOM sediments and the time required for recovery of the sediment
from these impacts. The model components include: physical, chemical, and biological elements.
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The prediction of the fate of the SBF in the sediment over time and through sediment depth is
the goal of the model. The fate of SBF in the deep-sea sediment will depend on many factors,
including:

1. Theoriginal deposition concentration and rate. This is governed by drilling practices and
will be determined through conversations with industry representatives.

2. The partitioning of SBF between SBF-laden rock cuttings and sediment pore water. This
is governed by dissolution equilibrium and rate kinetics, which are in turn effected by the
sorption kinetics of SBF to sediment particles, as well as the kinetics of SBF
biodegradation in the sediment.

a) thekinetics and equilibrium of sorption of SBF to the sediment can be predicted from
the chemical and physical properties of the SBF and the sediments.
b) the biodegradation kinetics can be determined through experimental studies but are
known to depend on
i) the concentration of the SBF,
i) the presence of a capable microbial population, and
iii) the concentration of electron acceptors (O,, SO,% CO,) present in the
environment. The availability of a particular electron acceptor is dependent on
chemical and biological parameters, as described below:
-O, -theinitia concentration in the sediment pore waters
- the oxygen uptake rate (biodegradation kinetics)
- the rate of oxygen dissolution into the pore waters
.S0,? -theinitia sulfate concentration
- the oxygen concentration
- the sulfate utilization rate (biodegradation kinetics)
- the dissolution of sulfate into the pore waters
-CO, -theinitial CO, concentration
- the CO, generation rate (biodegradation kinetics)
- the CO, utilization rate (biodegradation kinetics)
- CO, mineral equilibrium

In this project, we will obtain samples of deep GOM sediment. We will measure sorption and
desorption of SBF on and off the sediment. We will quantify and characterize the microbial
populations of the sediments, before and after exposure to SBF, and measure SBF
biodegradation kinetics under aerobic and anaerobic conditions. The information gathered
experimentally and the information from the literature will be used to develop a model as a set of
linked equations.

The samples of sediment will be incubated at the pressure and temperature (4°C) of their natural
seabed. We are in the process of constructing a high-pressure incubation system. This will be
placed in a water-cooled bath in a cold room. During the incubations of sediment with SBF we
will measure SBF depletion (gas chromatography), electron acceptor consumption (respirometry
(O,), ion chromatography (SO,?), or gas chromatography (CH,)), microbial growth (molecular
and cell culture techniques), and the presence of intermediates that may be formed during SBF
biodegradation.(gas chromatography).
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All of the techniques will be worked out with near-shore sediment to be ready for the deep Gulf
samples when they are collected in April or May. This research is unique in that it examines the
response of a natural population of cold deep organisms to a contaminant in their environment
and will provide a unique opportunity to delineate the populations of deep-sea psychrophilic
microbial communities. The majority of deep-sea microbiology is concerned with the
populations around hydrotherma vents, which is very different from the deep cold
environments. The study also will provide an opportunity to compare the results of degradation
studies using natural communities to those from studies using near shore sediments such as the
EPA/API closed bottle biodegradation test.

Dr. Deborah Roberts has a B.S. and Ph.D. in microbiology from the University of Alberta, where
she worked out the pathway for anaerobic m-cresol degradation. She did post-doctoral work on
munitions degradation for three years in Idaho. Dr. Roberts moved to the University of Houston
in 1992 where she is now an associate professor.
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FOOD WEBS AND ENERGY TRANSFER WITHIN PLATFORM ARTIFICIAL REEFS

Dr. Carl R. Beaver
Dr. Kim Withers
Center for Coastal Studies
Texas A&M University-Corpus Christi

INTRODUCTION

Nearly 5,000 oil and gas structures in offshore waters of the northwestern Gulf of Mexico (GOM)
compose the largest complex of artificial reef structures in the world. Platforms have long been
known to increase the biological productivity of sessile attached invertebrates. A portion of this
productivity has been assumed to move up the food chain to reef fishes, however, no detailed
investigation into the productivity and energy transfer within these systems has been conducted. The
biological/ecological contributions of platform reefs to the overall production of fishery-targeted
species in the GOM cannot be determined without quantitative study of these system’s tropho-
dynamics and ecological energetics.

The purpose of this research wasto

1. describequalitatively & quantitatively the energy flow between the fouling community and
selected resident reef-fishes;

2. formulate a model of energy flow between fouling-community elements and selected reef
fishes; and,

3. develop a food web describing feeding interactions among platform inhabitants and
associ ates.

STUDY SITE

Two platforms in the northwestern GOM were studied to characterize species composition and
biomass productivity of their fouling communities and to estimate energy flow between fouling-
community elements and selected reef fishes. The structures examined in this study were British
Petroleum Exploration’s EB165A platform located at 27°09'13"N, 94° 18'45"W, within the East
Breaks (EB) minerals lease block, and Mobil Exploration and Production’s HI389A platform,
located in the High Island (HI) mineralslease block at 27°54'30" N, 93°35'06" W. The East Breaks
165A platform stands in 243 m of water. The HI389A platform stands in 122 m of water,
approximately 2 km southeast of the East Bank of the Flower Gardens National Marine Sanctuary,
anatural coral reef environment. Both platforms have been in place for more than ten years. The
EB165A platform provides a total of 11,500 m? substrate between the surface and 53 m depth,
whereasthe HI389A platform has approximately 8,350 m? surface area between the sea surface and
adepth of 53 m.
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METHODS
Stomach Content Analysis

Because of the great diversity of fishes associated with both platforms, some criteria had to be
established to select representative speciesfor this study. Fish species selected for stomach-content
analysis met four criteria.

1. Each had to be ayear-round resident of the platform structure.

2. Selected species had to obtain at least a portion of their diet from organisms found within
the platform fouling community.

3. Each species also had to be a prey item for a member of the next higher trophic level
occurring near the platform.

4. Finally, aselected species had to be present in large enough numbers throughout the year so
that removal of individuals during sampling had a minimal likely effect on the population
size.

Popul ation level s of sel ected fisheswere assessed using visual survey techniques. Thesediver-based
visual surveys techniques involved point-count surveys for fishes in the water column and
swimming transects for those species closely associated with the surface of the structure.

The species selected for stomach-content analysis were Paranthias furcifer, the creolefish;
Epinephelus adscensionis, the rock hind; and Balistes capriscus, the gray triggerfish. Paranthias
furcifer and Epinephelus adscensionis are members of the family Serranidae. P. furcifer is a
common zooplanktivore of offshore reefs in the GOM whereas E. adscensionis is known as a
common benthic predator of reef systems across the Gulf. The balistid, Balistes capriscus, is a
common grazer of benthic communities across the Gulf.

Diets for these three species of resident reef fishes were reconstructed using data obtained from
analysis of stomach contents. Mean stomach contents for each species were determined quarterly
for each of the two platforms. Specimens were collected quarterly by spear and by hook and line.
Theentiregastrointestinal tract wasremoved and the contents preserved in a10% formalin/seawater
mixturefor laboratory analysis. Prey itemswereidentified to thelowest possible taxon and counted.
Prey itemswere then dried at 60 °C until a stable weight was obtained. Prey items were assigned to
the fouling community, soft-bottom community, plankton community, or classified as unknown,
according to the scheme of Ruppert and Fox (1988). The sample number of fishes of a particular
species was considered adequate when a plot of the number of diet elements (B) versus the number
of samples (N) approached an asymptote, suggesting that additional sampling would provide no
substantial additions to the diet.

Length and weight measurements were taken for all fish collected to determine length-weight
relationships. Length-wei ght rel ationships and popul ation estimates from visual surveys were used
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to develop biomass estimates for the fish community. Biomass density was calculated from the
eguation

Biomass density=Y' (P,-w,)/ m?

where
P, =  thenumber of individuals of speciesi,
w, = the mean weight of individuals belonging to species i, and m? is the surface areain

square meters, of the structure from the water surface to a depth of 53 m.

The transfer of energy from the fouling community to the three selected reef fishes was assessed.
Food consumption rate for P. furcifer, was determined by solving the equation

c= :Se90kt
T 1- et

where

S, and S are the amounts of food in the gut at the beginning and end of a sampling interval t
hours long, and k is the instantaneous rate of gastric evacuation (Adams and Breck 1990).

Thismodel ismost appropriate for fisheswith “fine-grained” diets; it assumes that feeding ismore
or less continuous and that digestion behaves asan exponential decay process. Thismethod requires
estimates of mean stomach contents at the beginning and end of sampling (S, and S) and the
instantaneous rate of gastric evacuation (k). Sampling is most effective if it extends from periods
of feeding activity into periods of inactivity, i.e. from daylight hoursinto darkness for species that
feed during daylight hours only.

M ean stomach contentswere determined seasonally from quarterly samples, and prior to evacuation
rate experiments. Evacuation rate experiments were performed on P. furcifer that were trapped and
isolated from their food source. A number of fish were sacrificed at regular intervals to determine
mean stomach contents at timet. From such data the instantaneous rate of gastric evacuation k was
determined from the equation

k= (Ut)log, (S/S)
where
S, and § are as above, and fish are prevented from feeding during t by caging them.

For E. adscensionis and B. capriscus, food consumption was calculated with the feeding model
suggested by Adams et al. (1982) for predatory reef fishes:
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N
where
= daily ration (% body weight);
.= estimated total weight at capture of prey when ingested by predator i over a defined 24
hour period;
Bw, = weight of predator i that consumed those prey; and,
N = total number of predators in the sample, including those with empty stomachs.

This model assumes that feeding is synchronous, and it does not require calculation of feeding
frequency provided that time to 90 or 95% of digestion islessthan 24 h, asis generally the casein
warm-water fishes (Adams and Breck 1990).

Analysisof variance and Tukey’ sMultiple Range Test were used to eval uate differencesin numbers
and biomass of sel ected reef fishes between platforms and among seasons. Analysis of variancewas
used to test for significant changes in dry weight and caloric value of diet elements from each
habitat. The identified sources of variation for this analysis were species, season, platform, depth,
light level and water temperature.

ENERGY TRANSFER

For each focal species of fish, we interpreted consumption analysis from the perspective of
conventional bioenergetics (Winberg 1956; Brett and Groves 1979; Jobling and Davies 1980;
Jobling 1994) to estimate the proportion of consumed biomass and energy resulting in fish growth
attributable to each prey compartment.

Due to the difficulties associated with measuring metabolism in a natural setting, certain
conventions have been applied to estimate partitions of consumed energy. The convention for
standard metabolism (M) as computed by Brett and Groves (1979) is 0.5 kcal- kg™ h™. Winberg
(1956) suggests a convention for routine metabolism (Mg) of 2*Mg and the cost of metabolic
processing or specific dynamic action (SDA) is 15% of total energy ingested (I). Furthermore, Brett
and Groves have estimated waste (E) to be 20% of 1.

Using these conventions, we developed energy budgets for each species by apportioning the mean
daily energy ingested (1) into compartments representing the components metabolism (M), growth
(G) and egesta (E) according to the following equation;

| = (2*M¢ +(0.15%1)) + G+ E

where

= the amount of energy ingested,
Mg = standard or basal metabolism,
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G=  growth, and
E =the amount of ingested energy lost as excretory and fecal wastes.

Numerical data pertaining to feeding rates and prey selection and prey caloric content were used to
develop food webs and energy flow diagrams for components of the platform reef community
similar to those devel oped by Polunin and Klumpp (1992) for sections of the Great Barrier Reef off
Austraia

RESULTS

Whereas E. adscensionis and B. capriscus fed almost exclusively upon the fouling community and
associated organisms, P. furcifer fed primarily upon planktonic organisms throughout the year.
However, P. furcifer diets did show a significant increase in the number of fouling community
organisms consumed during winter and spring sampling periods.

Energy budgetsindicated arange of growth efficiencies differing among speciesand withinasingle
species among seasons. Energy budgets for B. capriscus, E. adscensionis and both summer and
winter stocks of P. furcifer are presented in Table 2B.1.

Table2B.1. Estimates of growth, metabolism and waste for three species of reef fishes at
EB165A and HI389A. Mg = 0.5 kcal-kg™h™; Mg =2 x Mg; SDA = 15% of I; E =
20%of I; M =Mg+ SDA,and G =1- M - E. Dimensions of bioenergetic terms are

keal fish™-day™.
Species | Temperature [ Mean weight | Ingestion | Mg | My [SDA | Metabolism | Waste | Growth
(°C) of fish I M E G
©

Paranthius
furcifer 27.6 470 42.3 59 (11.3] 6.3 17.6 8.5 16.2
(summer)
Paranthius
furcifer 20.7 460 24.8 55 (11.0| 3.7 14.8 4.9 51
(winter)
Balistes 24.78 646 78.6 7.7 [155]11.8 27.3 157 | 356
capriscus
Epinephalus
adscensionis 24.78 496 58.5 59 [11.9] 8.8 20.7 11.7 | 26.1

Paranthias furcifer was the most common planktivore at either structure. Populations and biomass
varied seasonally and between platforms, ranging from alow of 318 (mean weight 0.48 kg) during
the winter at HI389A to a summer high of 636 (mean weight 0.43 kg) at EB165A (Table 2B.1).
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Consumption rate for P. furcifer was calculated at 1.71 g/h or 50.2 g kg™ day™* during summer and
fall sampling periods. This is equivalent to 5.02% of body weight. During winter and spring
sampling periods, mean stomach contentswere reduced by 36% and consumption during this period

was estimated to be 1.09 g/h or 20 g-kg™-day™

Of thetotal daily energy consumed by the average P. furcifer in summer, 13.58 kcal were obtained
from cryptic fouling community elements and 28.77 kcal were obtained from the plankton
community (Figure 2B.1). During summer, P. furcifer utilized approximately 42% of ingested

energy for metabolism and 38% for growth.
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Figure 2B.1. Compartment model of energy (kcal-individual™day™) flow (Pianka, 1994)
for summer stocks of Paranthiasfurcifer at HI389A from July to September
1995 and EB165A from July to September 1996. A = rate of energy transfer
between levels, subscripts represent trophic level as follows: 0 = world
external to system, 1 = autotrophs, 2 = herbivores, 3 = detritivores, 4 = first
order carnivores, 5 = top carnivores, 6 = decomposers. Numbers represent
kilocalories obtained from each trophic level and/or apportioned to each

During winter, P. furcifer obtained an estimated 9.0 kcal/day from motile fouling community
invertebrates with an additional 15.9 kcal/day from plankton community invertebrates, giving 24.9
kcal/day of total consumption (Figure 2B.2). During these cooler months, P. furcifer committed
59.33% of consumed energy to metabolism, leaving 21.29% for growth.
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Figure2B.2. Compartment model of energy (kcal-individua™day™®) flow (Pianka, 1994) for
winter stocksof Paranthiasfurcifer at HI389A and EB165A from February to March
1996. A = rate of energy transfer between levels, subscripts represent trophic level
as follows: 0 = world externa to system, 1 = autotrophs, 2 = herbivores, 3 =
detritivores, 4 =first order carnivores, 5 =top carnivores, 6 = decomposers. Numbers
represent kilocalories obtained from each trophic level and/or apportioned to each
function.

Mean population levels for B. capriscus were 86 and 167 at EB165A and HI389A respectively
(Table 1B.2). We calculated consumption rates for B. capriscus during summer, fall and winter
guarters to be 56.5 g/kg fish weight, or approximately 5.6% of body weight per day. Balistes
capriscus consumed an average 78.7 kcal/day, with 100% of this total being obtained from sessile
and motile invertebrates of the fouling community (Figure 2B.3). Balistes capriscus diets provided
an estimated 35.6 kcal/day for growth.

Although population levels of Epinephalus. adscensionis varied between platforms, there was no
significant variation between seasons (P> 0.05). Population levels were 301 and 214, at EB165A
and HI389A respectively. Estimated daily consumption for combined summer, fall and winter
quarterswas 51 g/kg or 5.1% of body weight. Spring consumption rates decreased by 7%, to 47g/kg
fish weight. The average E. adscensionis consumed 58.5 kcal/day, 99% of which came from
epifauna and infaunal fouling community organisms. The remainder 1% were elements of the
plankton community (Figure 2B.4). E. adscensionis used 35% (20.7 kcal) of consumed energy for
metabolism and 45% (26.1 kcal) for growth.
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Table2B.2. Table of production estimates for Paranthias furcifer, Balistes capriscus, and
Epinephalus adscensionis at EB165A and HI389A (FC= fouling community, PC=
plankton community).

Species Standing Stock | Mean weight |Consumpt.| Portion of | Growth Fish prod. Fish prod.
(number indiv.) (9) goingto | cons. going |from FC| ratefrom FC ratefrom
growth togrowth [g/(indiv. kg/(stock FC/m?
g/(indiv. *day) *day) g/(stock
*day) *m? day)
EB165A |HI389A |EB165A |HI389A FC PC EB165A |HI389A |EB165A |HI389A
P. furcifer 636 486 430 510 16.25 0.32 | 0.68 5.2 331 2.53 0.29 0.30
(summer)
P. furcifer 542 318 440 480 5.15 036 1064 185 01.00 | 0.59 0.12 0.07
(winter)
B. capriscus 86 167 690 601 35.65 1.00 | 0.00 | 35.65 3.07 5.95 0.26 0.71
E. adscensionis| 301 214 480 510 26.15 0.99 |1 0.01 | 25.89 7.79 554 0.67 0.66
—>
Metabolism \—
2731 |/\ o4
TA%
Motllefou_lmg /\_ Balistes capriscus | Growth \—
community 43 35.65 / 45
/\_ 32 invertebrates 78'7_A_ -
— "y _/\_ 78.7 4
3
—>
Waste
w574 |/ 64

Figure 2B.3. Compartment model of energy (kcal-individua™day™®) flow (Pianka, 1994) for
Balistes capriscusat HI389A from February 1995 to March 1996 and EB165A from
September 1996 to July 1997 and HI389A. A = rate of energy transfer between
levels. Subscripts represent trophic level as follows: 0 = world external to system,
1 = autotrophs, 2 = herbivores, 3 = detritivores, 4 = first order carnivores, 5 = top
carnivores, 6 = decomposers. Numbers represent kilocalories obtained from each
trophic level and/or apportioned to each function.
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Figure 2B.4. Compartment model of energy (kcal-individua™day™®) flow (Pianka, 1994) for
Epinephelus adscensionis at HI389A from February 1995 to March 1996 and
EB165A from September 1996 to July 1997. A = rate of energy transfer between
levels, subscripts represent trophic level asfollows: 0 = world external to system, 1
= autotrophs, 2 = herbivores, 3 = detritivores, 4 = first order carnivores, 5 = top
carnivores, 6 = decomposers. Numbers represent kilocalories obtained from each
trophic level and/or apportioned to each function.

Fish production rate from fouling community diet el ements ranged from <0.1 g/(stock-m?day) for
P. furcifer during thewinter to 0.7 g/(stock-m?day) for B. capriscus. Production ratesfor P. furcifer,
B. capriscus and E. adscensionis are given in Table 1B.2.

Data from examination of fouling and fish communities were used to construct food webs and
energy flow diagramsfor the artificial reef ecosystem. Resultsindicate that platform artificial reefs
areallochthanous, obtaining the majority of their energy from the plankton community. Food chains
were generally short, containing 4 to 5 nodes and 3 to 4 links, with the shortest chains being those
containing planktivorous fishes.

DISCUSSION
It is clear from this study that elements of the fouling community contributed substantially to the
diet of certain reef fishes. The amount of the contribution varied with species and was dependent

on the effect of daily and seasonal environmental conditions on both prey and predator.

Seasonal decreases in percent composition of planktonic diet elements by P. furcifer were likely
related to decreased availability of preferred diet elementsand/or awider dispersion of plankton due
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to increased wave action during the winter. Diet often shiftsin response to seasonal changesin the
availability of preferred food resources (Winemiller and Polis1995). Increased foraging on caprellid
amphipods may have served to offset the loss of preferred planktonic diet elements, possibly
maintaining population levels of fishes through the winter. In addition to a reduction in prey
availability, the decrease in the estimated daily consumption by P. furcifer during winter is a
consequence of at least two other factors, including number of hours spent foraging, and water
temperature. Since P. furcifer is a sight-feeding planktivore, foraging is generaly restricted to
daylight hours. A reduction in the number of day-light hours during the winter and spring translated
into areduction of the time available for foraging.

Water temperature al so affects consumption by P. furcifer. Reduced water temperature significantly
slowsstomach evacuationin fishes (Adamsand Breck 1990). Since no experimentswere conducted
to determine the effects of reduced water temperature on the stomach evacuation rate of P. furcifer,
the known maximum rate of evacuation was used to cal cul ate winter/spring consumption rates. This
likely produced an over-estimation of winter consumption.

Observed diel feeding habits of P. furcifer seemed to be related to light levels and predation
pressure. Paranthias furcifer is a sight feeder that commonly forages widely for plankton high in
the water column just outside the boundaries of the platform structure when light levels are low, as
at dawn and dusk. Behavioral response to predation pressure appears to heavily influence feeding
location, especially during periods of greatest light intensity. Feeding schools of P. furcifer were
always most dense on the shaded side of the structure, regardless of current direction. As the sun
traversed its arc in the sky, the shadow of the structure would grow increasing longer and shorter
on opposite sides of the platform. Feeding congregations of P. furcifer would remain near the
surface only in the shadow of the structure.

During mid-day when light levels were greatest and shaded areas were the smallest, P. furcifer
retreated to the horizontal sections within the platform structure, apparently to avoid predation.
Feeding would continuewithin the platform structure. Sincethisspeciesisreluctant to stray far from
the structure until light levels decrease, reduced quantities of food in the gut during periods of
greatest light intensity were most likely a consequence of intraspecific competition for limited
quantities of prey. The reduction of plankton in the diet during mid-day may aso have been a
consequence of the depth at which the populations schooled within the platform structure and an
increased availability of non-planktonic prey itemswithin the platform structure. Limited plankton
samples, collected with static nets, indicated that the greatest concentrations of plankton wereinthe
upper 10 m of the water column.

Fishes schooling during mid-day were commonly associated with areas of complex horizontal
structure. Structural complexity in artificial reefs is assumed to moderate the effects of predation
on reef fish populations by reducing the foraging efficiency of the predators (Rosenweig and
MacArthur 1963; Ware 1972; Menge and Southerland 1976; Hixon and Beets 1989). Complex
structure provides visual barriers and reduces backlighting, both of which may give protection from
predation. On both platforms, horizontal structure was found below 20 m depth. This was well
below the areas of greatest concentration of zooplankton. In addition, it is conceivable that the
platform structure may act to disrupt water flow, further dispersing plankton.



173

Theobserved increasein fouling-community elementsin the stomachsof P. furcifer during mid-day
was a consequence of continued foraging of the species within the platform structure where
abundances of these prey items are greatest.

Although P. furcifer has been observed grazing on elements of the fouling community during mid-
day, it appearsthat most fouling-community diet elements are captured in the water column asthey
are swept away from the structure by water currents. Thiswould likely explain the presence of the
stalked hydroid Bouganvillia inequalis in the stomachs of P. furcifer.

Quantitative description of selective feeding in animals requires knowledge of the relative
abundance of potential foods both in the diet and in the available habitat (Ivlev 1961). This is
difficult in an open system; it is even more difficult where food resources are as patchy in
distribution as plankton. Estimates of numbers of planktonic prey were based on limited static
plankton net samples and extrapolated to produce an estimate of numbers of prey/m® in water
flowing past the platform during feeding hours. This methodology assumes a constant flow and
uniform distribution of prey throughout the water column. Plankton prey availability may be over-
or under-estimated, dueto variable flow rate and concentrations of prey items. Therefore, estimates
of electivity of planktonic prey must be viewed criticaly.

Mysid shrimp were strongly selected by P. furcifer. In part, thismay havereflected avail ability since
mysidswere the second most abundant prey item; however, selection likely was al so aconsequence
of prey sizein comparison to other planktonic prey species. Since P. furcifer isasight-feeder, prey
such asmysids, at the upper end of the predator’ s acceptable size range, would be more easily seen.
In addition, there appears to be little caloric difference between mysids and copepods on a cal/mg
basis. Consequently, selecting larger prey items may provide a greater energetic advantage.

Thesame can besaid for Caprellaequilibris. Thisspeciesisthelargest of the epibenthic amphipods
found at the platforms. Caprella equilibris is more common during cooler months, a time when
mysid shrimp and copepods are less common. Increased consumption during cooler months and a
decrease in availability of similar planktonic prey, i.e. mysids, probably accounts for the greater
selectivity for caprellids during this time.

Plankton concentrations around the platforms were significantly reduced during winter and early
spring. Plankton concentrations typically show seasonal fluctuations in density (Tait and Dipper
1998). This decrease in density, coupled with intense mixing action of increased wave energy and
decreased water temperature, forced thefeeding to shift from plankton toward reef amphipods. From
these, it can be assumed that reductions of winter-time plankton populations occurred at nearby
natural reefs as well. Consequently, populations of planktivores at natural reefs must compensate
for the lack of normal prey items by selectively feeding on more available prey items, by utilizing
stored energy leading to a reduction in biomass, or by reducing population levels, thus reducing
competition for limited food resources.

Strong selection for fouling-community elements by B. capriscus and E. adscensionis suggests that
these species feed almost exclusively on organisms associated with the fouling community. Thisis
not surprising, as both of these species are known to be benthic grazers and/or ambush feeders.
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Food webs and energy budgets are useful tools for furthering our understanding of the trophic
interactions occuring on artificial reefs. Understanding regulation of populations and regional
biodiversity usually requires knowledge of community structure and population interactions
(Winemiller and Polis 1995). Understanding the response of predators to prey populations should
be abasic consideration in any fisheries management scheme, yet little quantitative information is
available on theinteractions of pelagic predatory fishes and reef communities. The devel opment of
energy budgets for fish in the wild is extremely difficult and must rely on several assumptions.
When the development of energy budgets is designed to estimate production, as in this case, the
parameters of ingestion, metabolism and waste must be known or estimated so that growth may be
determined by difference. Although the amount of ingested energy is relatively easy to measure,
metabolic rates in wild fish are quite difficult to estimate.

Many studies of the metabolic rates of fishes have been conducted under controlled laboratory
conditions (Winberg 1956; Fry 1971; Brett and Groves 1979); however, these studies cannot
replicate the natural conditions under which wild fishes must live. Estimation of natural metabolic
rates is so difficult that Soofiani and Hawkins (1982) suggest that this component is perhaps the
weakest link in any energy budget developed for wild stocks. Since metabolism under field
conditions can only be approximated, growth estimates determined from field-derived energy
budgets likely tend to over-estimate or under-estimate growth by substantial amounts.

Growth efficiencies for summer stocks of P. furcifer were higher than most estimates reported in
the literature. Thisislikely due to an over-estimation of ingested energy related to high quantities
of indigestible chitin in the species. Chitin, the main component of the exoskeleton of most
crustaceans, is a polysaccharide that has a mean caloric density of 4.0 kcal/gram, but is largely
indigestible. Considering that chitin can account for between 35 and 47% by weight for some prey
items of P. furcifer at EB165A and HI389A, it is likely that assimilated energy was lower than
reported herein. Consequently, growth efficiencies are likely over-estimated.

A reduction in energy available for growth in winter P. furcifer stocks indicate that these fish are
utilizing stored energy during colder months, and consequently might be expected to exhibit a
decrease in body weight and/or a decrease in caloric density of tissues. However, estimates of
metabolism for P. furcifer were comparable to published literature, with values for summer stocks
accounting for 41% of ingested energy whereas metabolism of winter stocks accounted for 59% of
ingested energy. Since growth was determined by difference between ingested energy and the sum
of estimated metabolism and evacuation, any over-estimation in the latter parameters would result
in an under-estimation of growth.

Growth efficiencies for both B. capriscus and E. adscensionis were similar to those reported in
published studies. Growth efficiency estimates of 34% for B. capriscusand 35% for E. adscensionis
aredlightly higher than the 20-25% val ues accepted astypical for carnivorousfishes(Winberg 1956;
Brett and Groves 1979). Again, thisdiscrepancy, if dueto error, suggests either an under-estimation
of metabolism and/or waste or an over-estimation of assimilated energy.

Planktivores inhabiting artificial reefs may have a feeding advantage over planktivores inhabiting
deeper natural reefs in the GOM. There is an energetic advantage in seeking habitat in the upper
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water column near the greatest concentrations of food asless energy need beinvested in metabolism
associated with swimming between the food source and shelter. Assuming an adequate ration, any
significant reduction in metabolic cost represents a potential increase in growth, both somatic and
reproductive, hence an increase in fitness.

Less of an advantage is expected for benthic carnivores feeding on motile invertebrates. Predator
avoidanceisrelated to habitat complexity inthat complex surfacefeatures offer many hiding places,
making prey acquisition more difficult and energetically costly for the predator. Compared to most
natural reefs in the GOM, artificial reefs offer less complexity of surface features (i.e. rugosity).
Fouling community complexity or rugosity is often enough to shelter small benthic invertebrates
without providing shelter for larger invertebrate-feeding fishes. As these fishes are generally both
predator and prey, the lack of complexity may trandate into increased metabolic costs associated
with prey acquisition and predator avoi dance, hence reducing fitnesscompared to like speciesliving
on natural reefs.

Balistes capriscus benefits greatly from feeding on platforms. Biomass/m? of this species is far
greater at most platform artificial reefsthan at natural reefsin the northwestern GOM (Q. Dokken,
TexasA&M University-Corpus Christi). Likewise sessile prey itemsidentified in thisstudy arealso
significantly more numerous at platform artificial reefs than at nearby natural reefs (Dokken et al.
1998). For example, at HI389A, the filter-feeding bivalve Isognomon bicolor, and the barnacle
Banalus reticulata, both common diet elements of B. capriscus, comprise less than 0.005% of
benthic organisms at the East Flower Garden Bank less than 2 km to the northeast.

With the exception of B. capriscus, rates of fish production from the fouling community were
comparable to rates for other species of reef fishes. Estimated growth rates for 5 species of fish
found onaCaliforniaartificial reef ranged from 0.09 to 0.49 g/stock-m*day (DeMartini et al. 1994).
A production rate of 0.27 g/stock-m?day was reported for the serranid Paralabrax clathratus. This
is very similar to the summer production rates of 0.34 and 0.36 g/stock-m?day for the serranid P.
furcifer in the present study.

Nearly al forage consumed by B. capriscus came from the fouling community. At HI389A,
production rates for B. capriscus were more than twice that at EB165A. B. capriscus had a
productionrate of 0.71 g/stock-m*day, whereastherate at EB165A was0.26 g/stock-m?. In addition,
the population at HI389A wasnearly twicethe EB165A population. A possibleexplanationfor these
differences may be the proximity of HI389A to the Flower Gardens Bank National Marine
Sanctuary. Numbers of B. capriscus observed at HI389 may be part of a larger population that
moves between the HI389A structure and the nearby Flower Garden Banks. WhereasP. furcifer and
E. adscensionis are obligate structure-associated fishes, adult B. capriscus is often seen in open
water far from any structure. If the B. capriscus seen at HI389A aso utilize habitat at the nearby
natural bank, it is possible that the carrying capacity of this system is much greater for this species
than if the species were restricted to the platform reef alone.

Among thethreeremaining cases--summer P. furcifer, winter P. furcifer, and E. adscensionis-- rates
of fish production per m*day were remarkably similar between platforms. Despite the fact that
EB165A had 39% more surface area above 53 m, the two structures displayed nearly identical fish
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production rates. With the exception of B. capriscus, stocks at EB165A were greater than at
HI389A. Production rates combined with the stability of fish populations suggest that this
community is at or near its carrying capacity.

Miller and Falace (2000) state that marine food webs can be classified in the following manner:
(1) thosein which the principle energy sourceis benthic plant material generated by photosynthesis,
(2) those in which primary production is generated in the water column and supports a community
of filter-feeding invertebrates and planktivorous fish and (3) those in which the basic food source
is detrital material. Platform artificial reef systems are alochthanous in nature with only a small
fraction of primary productivity actually occurring at the reef substrate. Primary productivity on
platforms is minimal and restricted to the upper regions of the structure. In addition, herbivores
usually comprise<1% of the biomass of platform fishes. Consequently thetextbook casefor transfer
of energy from sunlight to plant to herbivoreto carnivore to top predator is poorly established on
platform reefs. Instead, platform reef food chains are dependent on a steady flow of energy from a
much larger area of the sea, in the form of plankton. Phytoplankton are the dominant primary
producersand, along with grazing zooplankton, are responsible for the vast maority of energy input
to the system, supporting secondary production of a diverse community of sessile filter-feeding
invertebrates and planktivorous fishes. Because plankton productivity is generally greatest within
the top 30 m of the water column (Tait and Dipper 1998), organisms growing attached to or
sheltering in the upper parts of the platform structure have access to an ailmost endless supply of
energy. For this community, the limiting factor may be structure for attachment, rather than food
availability.

This plankton-based food web is predictabl e based on geographic location and hydrography. Miller
and Falace (2000) describe how high planktonic production in warm temperate regions attenuates
light penetration and provides a food source for filter-feeding invertebrates leading to the
development of plankton-based food webs. These food webs can increase fish production in
plankton-rich waters by trapping plankton productivity in benthic filter-feeders and planktivorous
fishes, making this productivity available to benthic invertebrate-feeding and piscivorous fishes
(Fang 1992). In addition, food chainsinvolving planktivorous fishes tend to be short, adding to the
efficiency of energy transfer (Hobson 1991). For example, this study identified two platform food
chains containing only four nodes and three links between primary production and top predators
(Figure 2B.5).

The incidence of planktivores at artificial reefs may benefit other species as well. Bray and Miller
(1985) suggest that productivity of artificial reefs may be increased by maximizing the number of
sheltering planktivores since these fish can add significant amounts of nutrientsto the artificial reef
food chain.
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Figure2B.5. Foodweb and energy flow diagramfor platformartificial reefsEB165A and HI389A
in the northwestern Gulf of Mexico. Solid arrows represent energy flow. Dotted
arrows represent feeding links. March 1995- July 1997.

The fouling community and planktivorous fishes capture energy produced at the ocean surface,
redirecting it into the reef ecosystem. Without this redirective action most energy would be lost to
the detritus food chain at the bottom of the ocean. This action isimportant to fisheries since detrital
food chains are generaly inefficient in supporting fisheries (Russell-Hunter 1970).

CONCLUSIONS & MANAGEMENT IMPLICATIONS
» Platform reefs are allochthanous, obtaining the majority of their energy from the plankton.

» Thediet of Paranthias furcifer (creolefish, family Serranidae) at platforms contained both
plankton and epifaunal fouling community invertebrates and varied with light level and
season.

» Paranthias furcifer diet displayed a decrease in plankton community organisms during
winter and spring.
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» Balistes capriscus (gray triggerfish, family Balistidae)and Epinephelus adscensionis
(rockhind, family Serranidae) obtained virtually all of their energy requirementsfrom sessile
and motile fouling community invertebrates and small fishes.

» Both structures appear to be at or near carrying capacity for the species P. furcifer and E.
adscensionis.

* At HI389A B. capriscus may be part of a population that moves between the platform
structure and the nearby Flower Garden Banks reef.

* Food chains on platforms EB165A and HI389A were generally short, containing 4 to 5
nodes and 3 to 4 links.

» Theshortest food chainswerethose containing planktivorousfishesas secondary consumers.

A platform’s main contribution to fisheries productivity lies in its ability to redirect the flow of
externally produced energy into food chains more efficiently utilized by fishes. Themoreaplatform
structure functions to promote secondary and tertiary productivity, aiding the transport of this
productivity to higher trophic levels, the more it functions as an energy trap. It is clear that the
secondary productivity of the fouling community isof significant importanceto the diets of certain
reef fishes. Through the contribution to productivity of reef fishes, many of which are prey for
pelagic species, platform reefs also affect commercially and recreationally important fish stocks.

The ability of reef fishesto exploit platform productivity isinfluenced by several factors, including
but not limited to, life history strategies, predator interactions, complexity of the reef structure and
proximity of the reef to productive feeding areas. Some of these issues could be addressed during
the design and construction phasesof artificial reef development; however, because current artificial
reef management practices are designed to be as cost-effective as possible, issues pertaining to
productivity are often secondary in the design process.

Life history strategies of target species as well as prey items must be investigated and understood
to develop and manage productive artificial reefs. Knowledge of the food and habitat requirements
of commercially and recreationally important speciesthat artificial reefs are intended to produceis
often lacking or ignored to meet economic constraints or to appease groups such asthe shipping and
shrimping industries. Furthermore, placement of reefsisoften based on ease of accessto user groups
while issues of productivity go unconsidered. When considering placement and design of reefs,
issues related to productivity must have equal consideration to maximize the productive potential
of these structures.

Themost cost-effective method of platform removal istheuse of explosive chargesto sever the steel
pilings below the mud line. The concussive force of the explosives, however, tends to strip the
fouling community from virtually all of the steel supporting structure. Abrasive cutting techniques
are available and cause far less damage to the fouling community than other methods. This should
be the preferred technique for platform removal to retain platform productivity immediately
following decommissioning of the structure if it is to be used as an artificia reef. Aside from
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cleaning structures to meet current governmental pollution guidelines, little additional preparation
is put forth to increase the productive potential of these structures. Effort directed at increasing the
complexity of these structures would likely return dividends in increased productivity.

The greatest expense in managing an artificial reef is placement and maintenance of aids to
navigation. These aids are required of any structure less than 23 m below the surface. Since
structuresthat do not reach within the upper 23 m of thewater column do not require permanent aids
to navigation, many artificial reefs are placed in deep water below this depth. Since placement of
reefs at such depths negates a major portion of their productive potential (by removing structure
from the most productive water where plankton concentrations are greatest), deep unmarked
structuresbecome primarily fish aggregation devices. Even communitiesdominated by filter-feeding
invertebrates experience greater development in the area of higher primary productivity near the
ocean’s surface. Therefore, it is recommended that since reef structures in the upper 23 m of the
water column are the most productive, artificial reef placement should take advantage of the
increased productivity of these shallow Gulf waters. If this type of placement leads to increased
expense associ ated with placement and maintenance aids to navigation, then this expense should be
incurred.

Themost common objective of artificial reefsisenhancement of fishery harvests. Fisheriesharvests
do increase around artificial reefs. Whether this enhancement is a result of attraction of existing
stocks or of increased productivity, it isessential for the protection of fish stocks that the harvest of
fishes from these structures be managed. Until the attraction versus production issue can be
completely understood, and thisknowledge utilized in eff ective management strategies, uncontrolled
or unmitigated exploitation of critical fishstocksisasignificant risk with the potential consequences
being the loss or destruction of the entire fisheries.
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ABSTRACT

Because of the Gulf of Mexico's (GOM) rich deposits of oil and gas, there are presently >4,000
drilling platforms deployed offshore. The lifespan of each platform is limited by either the size of
the deposit or the platform’s condition after exposure to the elements over along period of time.
Some platforms have been colonized by hermatypic corals, organisms protected from harvest or
removal by the U.S. federal government, and from trade or transport by international treaty. This
colonization issignificant, since the only major coral reefsin the northern GOM are the deep-water
NOAA Flower Garden Banks National Marine Sanctuary (FGB). Each platform must, by law, be
removed at the end of itslifespan. Other optionsfor decommissioning include cutting-and-toppling
and leaving-in-place after partial removal. The purpose of this study is to examine the coral
communities on these platforms and their relationship to distance from the FGB, platform age, and
direction from the FGB. Their depth-distribution on the platforms was also assessed. Other
objectives of thisstudy and their associated techniques are also discussed. The study is designed to
assist the MM Sin the devel opment of aprotocol for assessing the environmental value of aplatform
with respect to its associated coral communities. Preliminary results indicate that neither coral
abundance nor number of coral speciesisrelated to distance between the platform and the FGB, or
direction with respect to the FGB. Both coral abundance and diversity were clearly and positively
correlated, however, with platform age. Corals were found to vary significantly from a uniform
distribution with respect to depth down to 28 m. This was not the case with number of species.
Tubastrea coccinea, a species which is absent on the FGB, occurs commonly on the platforms. It
exhibited no relationship, however, to distance from the FGB, platform age, or bearing from the
FGB. The cora communities documented on many of the platforms sampled were considerable.
Continuing studies on both adult coral populations and coral recruitment to the platforms will
provide additional important information regarding the environmental value of the platforms.

INTRODUCTION
It has been known for some time that offshore oil and gas platforms can act as important habitats

for fish populations (Sonnier et al. 1976; Boland et al. 1983; Pattengill et al. 1997; Rooker et al.
1997; Childs 1998; but see Schroeder et al. 2000). The platforms act as artificial reefs and provide
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fish habitat that otherwise would not be present in an area dominated by soft-bottom. The platforms
appear to attract fish larvae that eventually recruit there (Love et al. 1991). This adds economic
value to the platforms by providing a resource which can be used by the recreational fishing
community (Love et al. 2000), including the charter fishing industry. Thisinteraction is strong and
has helped to form the basis of the “Rigs to Reefs” Program adopted by a number of coastal states
along the GOM, with assistance from the Minerals Management Service (Dauterive 2000).

Natural coral reefsin the northern GOM arerare. In fact, the only two major reefs which occur in
thisregion are the East and West Flower Garden Banks, ~110 nm S-SW of Galveston, TX (Rezak
et al. 1985). These reefs developed on the top of salt diapers which occur at the edge of the
continental shelf (Gross and Gross 1995). They are relatively deep reefs ( >18 m) possessing
healthy, well-devel oped coral communities([Gittings 1992), which are characterized and dominated
by climax species of scleractinian corals (e.g. Montastrea cavernosa, M. annularis, Diploria
strigosa, etc.). The reefs have been well-studied (Bright et al. 1991; Holland et al. 1992; G.S.B.,
pers. obs; unpub. data; K. Deslarzes, pers. comm.). There are also a number of other deep-water
banks in the northern GOM (e.g. Rankin-1, Rankin-2, MacNeil, Bright, Geyer, Elvers, Stetson,
Claypile, etc; Rezak et al. 1985; Boland, pers. obs.; Lugo-Fernandez 2001), but these do not possess
well developed coral communities.

Most of the continental shelf inthe northern GOM is characterized by soft bottom comprised of fine
sediments (Rezak et al. 1985). Such an environment is not conducive to the development of coral
reefs. Therefore, the coral reefs of the Flower Garden Banks have remained relatively isolated for
many thousands of yearsand are considered to be among the most isolated coral reefsinthewestern
Atlantic (Rezak et al. 1985; Snell et al. 1998). Over the past 60 years or so, thousands of drilling
platforms have been installed in the northern GOM and more than 4,000 remain in place today
(Francois 1993). Some of these structures provide a hard-bottom habitat to sessile epibenthic
organismssuch ascorals (Bright et al. 1991) in areas of the outer continental shelf which would not
otherwise be availableto them. Thriving benthic communities, including corals, have devel oped on
them (G. Boland 2002; K. Deslarzes, pers. comm.; pers. obs., all authors). The mere presence of
these structures may make it possible for coral populations in the northern GOM to expand their
range considerably if platformsarein place long enough to provide that larvae suitable substratum
for colonizization, survival, and reproduction. If thiswerethe case, it would contribute to expansion
of the distribution of corals in this region and the stabilization of these populations (see Lugo-
Fernandez, in press, Dedlarzes 1998; Futuyma 1998) in the event of a mgor environmental
perturbation resulting in massive local coral mortality.

It isnow well accepted that the health of coral reefsisdeclining on aglobal scale (Sammarco 1996;
Birkeland 1997; U.S. Coral Reef Task Force Report 2001, http://coralreef.gov/; Souter and Linden
2000). It is estimated that as many as 75% of the world’s reefs have now been affected negatively
by a number of both natural and anthropogenic disturbances (Loya 1976; Grigg and Dollar 1990;
Pain 1996; Mumby et al. 2001), including increased sea-surface temperatures and bleaching
(Browne 1990; Glynn 1991; Hayes and Goreau 1991; Goreau and Hayes 1994; Wilkinson 1999;
Pockley 2000) potentially causing local extinction (Glynn 1983; Glynn and de Weerdt 1991,
Aronson et al. 2000; Knowlton 2001), tropical storms (Proffitt 1999; Ostrander et al. 2000), cord
diseases (Richardson 1998; Richardson et al. 1998), over-fishing and fishing techniques which
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destroy habitat (Woodley 1977; Munro 1983; Galzin 1985; Sammarco 1987 1996; Ohman et al.
1993), cord collection/extractionfor trade (Batibasaga1997; Rajasuriya1997; Smith 1997; Franklin
et al. 1998), run-off (Cortes and Risk 1985; Soekarno 1989; San Diego-McGlone et al. 1995),
pollution (Johannes 1975; Gibson et al. 1998; Cavanagh et al. 1999), etc. Combinations of these
factors can result in negative synergistic effects, enhancing their respective impacts (Hughes and
Connell 1999; Porter et al. 1999). This decline of coral communities has resulted in a number of
initiatives to protect coral reefsboth inthe U.S,, to the point where corals have been protected from
harvest or removal (Magnuson-Stevens Fisheries Conservation Management Act, 1975, amended
11 October 1996; Public Law 94-265).

In general, it has been considered that the value of an offshore drilling platform is intrinsic with
respect to its function—i.e., its ability to extract a natural resource such as oil or gas. The cost-
effectiveness of deploying along-term production platform isbased on the size and projected return
and longevity of the resource reservoirs discovered by exploratory drilling. If the reserves are not
sufficiently large or not predicted to produce a requisite volume based on the costs of deployment
and drilling production wells, the deployment will not occur. If development occurs, aplatform’s
projected lifespan isgenerally predicted both by the extent of thereserve (projected date of depletion
to the point where it is no longer cost-effective to continue extraction) and the lifespan of the
platformitself (projected dateat which theplatformisno longer considered aviablework-structure).
When a facility reaches the end of its production lifespan, the platform must be scheduled for
decommissioning. Under the original U.S. federal regulations governing decommissioning and the
auspices of the U.S. Department Interior Minerals Management Service (see www.mms.gov), this
means cutting the platform at its base (beneath the seabed) and its removal by vessel to land where
it will be either refurbished or scrapped. More recently, other options have been made available to
platform operators. These include cutting-and-toppling, which entails the cutting of the platform
bel ow the seabed and tipping the structure on its side; leaving the bottom support structurein place,
cutting the upper structure at a depth of 26 m (85 ft.), and laying the upper portion near the base of
the structure or at some other location. Thiswould create alarge artificial reef structure at depth. A
third option is leaving the platform in place, asis.

Each of these four (4) decommissioning options carries with it a different cost. The first option,
complete removal, isthe most costly, certainly in the short term, because of the type of underwater
work required and transport costs. The second option would probably be most cost-effective, asit
only requiresrelatively shallow-water cutting and manipulation of the upper portion of the platform
at sea, with no transfer costs. Thethird option of non-removal isvery cost-effectivein theshort term
but very expensive in the long term, due to the costs of maintenance of the platform as a potential
shipping hazard (painting, lights, horns, power, etc.).

The purpose of this study is to determine whether scleractinian coral communities have devel oped
ontheoffshoredrilling platformsin the north central GOM and the extent of that development. This
information may eventually become important in assessing the environmental value of such
platforms as artificial reefs, assisting managers to decide how some platforms which have reached
the end of the useful lifetime might be handled. In this paper, we provide information regarding the
means by which we assess coral communities and new coral settlement on the platforms. This
includes how we assess coral abundance, coral species number, and coral recruitment. We also
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provide preliminary data on the relationship between these variables and a) distance to the nearest
natural coral reef perimeter; b) platform age; ¢) depth; and d) bearing or direction to the Flower
Garden Banks (an indicator of the role of dominant currents).

MATERIALS AND METHODS
Study Site

The study was conducted in the north-central region of the GOM. A number of platforms were
selected as target sites for the study, and 11 were visited during 2001 (see Table 2B.3 for list). The
results of earlier physical oceanographic drifter studies by Lugo-Fernandez et al. (2001, pers.
comm.) suggested that, at many times, the predominant ocean currentsflow easterly from the Flower
Garden Banks. For thisreason, more platformswere sel ected east of the FGB than west. In addition,
because benthic communities develop and mature through time, older platforms were given
preferencefor sampling over time. Neverthel ess, someyounger platformswere sampled, along with
some to the west. The sampling area extended from 38 km W-NW of the center of the FGB to 68
km E-NE of the center. Thusfar, nine platforms have been sampled to the east and two to the west.

Table2B.3. Details regarding 11 drilling platforms sampled in the northern Gulf of Mexico.
Given are (1) platform number, also indicating its lease site; (2) platform age (yrs);
(3) distance of the platform to the nearest reef perimeter within the Flower Garden
Banks (kms); (4) bearing of platform the center of the FGB complex (degrees True
North); (5) coral abundance on the platform (no. cora colonies); and (6) coral
diversity (no. coral spp.). Nosignificant relationship found between coral abundance
and distance (p > 0.05, Pearson’ s product-moment correlation) or bearing (p > 0.05,
one-way ANOVA). The samelack of relationship wasfound between coral diversity
and these factors (p > 0.05, Pearson’s product-moment correlation; and p > 0.05,
one-way ANOVA, respectively).

Coral Abundance and Number of Species
Platform | Age (yrs) [ Distance (km) | Bearing (Degrees True N) |Coral Abundance|No. Coral Spp.
HI-A-382 15 4 94 16 2
HI-A-385C 7 2 119 1 1
HI-A-330A 26 8.75 226 12 4
HI-A-376A 20 1.25 227 39 6
HI-A-349B 24 8 231 66 4
EC-317B 12 325 245 0 0
HI-A-368B 2 3.25 246 0 0
HI-A-370A 25 6.75 248 15 4
WC-618 15 18.75 252 7 2
WC-630A 24 15 254 28 4
WC-643A 26 30.25 262 35 4
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Broad-Scale Underwater Surveys

Underwater surveys were performed by SCUBA divers to effect visual reconnaissance of coral
communitieson each of 11 drilling platformsexamined thusfar. Diversweredivided into two teams
of 3-4 persons each, one surveying primarily the shallow portion of the platform “jacket” (0-18 m),
and the other the deeper water section (18-~35m). Diverssurveyed all legs of the platform, vertical,
diagonal, and horizontal in orientation for the presence of cora colonies, recording the following
criteria: species, number of colonies, colony size, depth, and location on the platform. Surveyswere
performed with the assistance of underwater still and video cameras.

Data from Broad-Scale Underwater Surveys will be presented here. Results of statistical analyses
will be presented in figure and table legends.

Underwater Video Transects

Underwater video transects were also performed on the horizontal supports of the jacket to obtain
a guantitative assessment of the sessile epibenthic community. Two to three transects were
performed on each platform on the most shallow set of horizontal support structures, generally at
10-15mdepth. A 12 mtransect linewas secured around the horizontal strut. A diver-operated, high-
resolution, digital color video camerain an underwater housing with lights was oriented vertically
over the support beam at a fixed distance, using a weighted line. The camera used was a Sony®
DCR-TRV 900 digital video recording with three (3) separate color chips. The tape format was
mini-DV. Theunderwater housing for thevideo camerawasa“ Top Dawg,” manufactured by Lights
and Motion®. A monitor-back was also attached to the camera inside the housing to facilitate
viewing the subject. A 30 cm wide belt-transect was photographed, moving horizontally along the
beam. The tapes were returned to the laboratory for analysis.

Assessment of Coral Settlement

Coral settlement is being assessed via coral settlement racks on those drilling platforms with an
appropriate physical structure (i.e., with horizontal supports at appropriate depths). The purpose of
thiswasto determine comparative levels of coral recruitment with respect to their nearest potential
source —the Flower Garden Banks. The base of each rack wasa 0.9 m long piece of medium-gauge,
gavanized, drilled, steel angle-iron. To this were attached four (4) 22 cm long stainless stedl all-
thread rods in an alternating pattern at 90° to each other at regular intervals. Terracotta tiles were
drilled at their center and attached to the distal end of each steel pin with a series of stainless steel
washers, lock-washers, and nuts. Additional teflon washers were used to insulate the tile from the
metal washers. Versatile® (Canton, OH) terracottatiles (unglazed, vitreous- partially glass, ceramic
quarry tiles) were used, with each plate measuring 15.2 x 15.2 x 1.2 cm, providing atotal surface
areaof 277 cm2.

Two settlement racks were attached to neighboring horizontal platform supports, oriented at
approximately right-anglesto each other. They were attached at depths of 10-15 m and secured by
large stainless steel hose-clamps. The beamswere cleared of most epifaunabeneath the clampsprior
to attachment to insure a securefit.
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The plates are scheduled to be collected after one year (in May/June 2002) and replaced with new
ones, before the coral spawning season (Bright et al. 1992; Gittingset al. 1992). The new plateswill
be exposed for an additional year for purposes of comparing annual settlement patterns. The
retrieved plates will be placed in individual Ziploc bags containing a high-salt buffer solution for
preservation and returned to the laboratory for processing. Each plate will be analyzed with a
dissecting microscope, and the juvenile corals (spat) will be identified as best as possible to genus
and often species, using reference samples collected by Sammarco (1977, 1980, 1982). The tissue
from each spat will be removed and placed in individua micro-centrifuge tubes. Using PCR
(polymerase chain reaction), minute amounts of the coral tissue will be processed to amplify the
DNA, and then use DNA finger-printing techniques (AFLPs) in an attempt to determineits probable
origin with respect to surrounding populations. Thistechniqueisapowerful tool for distinguishing
between closely related individuals within the species. From data collected previously from adult
coral communities of the Flower Garden Banks, the data gathered here will be compared with those
from the adults to determine origin of the recruits.

RESULTS

Adult corals were observed to occur on most drilling platforms. The number of corals ranged from
0 to hundreds of corals per platform (total; Figure 2B.6 and Table 2B.6). Cora abundance showed
no relationship, positive or negative, with distance from the perimeter of the nearest Flower Garden
Bank (Table 2B.3).

Coral Ahundance vs.
Platform Age
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Figure2B.6  Coral abundance as a function of age of 11 drilling platforms sampled in the
northern Gulf of Mexico. Highly significant increase in coral abundance with
platform age (p < 0.001, Pearson’ s product moment correlation; p < 0.01, linear
regression). Abundance data transformed by log (Y +1) for purposes of
normalization.
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The number of hermatypic coral species (S) occurring on the platforms ranged between 0 and 7
(Figure 2B.7). Number of coral species aso exhibited no relationship with distance from the
perimeter of the nearest Flower Garden Bank (Table 2B.3). The coral species observed on the
platforms are listed in Table 2B.4.

Number of Coral Specles vs.
Platform Age
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Figure 2B.7. Number of cora species as afunction of age of 11 drilling platforms sampled
in the northern Gulf of Mexico. Highly significant increase in number of coral
species with platform age (p < 0.01, Pearson’ s product moment correlation; p <
0.01 linear regression).

Table2B.4. List of coral speciesfound inhabiting 11 drilling platforms in the northern Gulf of
Mexico, in the vicinity of the Flower Garden Banks.

Coral Spp Authority
Colpophyllia natans Houttuyn, 1772
Diploria strigosa Dana, 1846
Madracis decactis Lyman, 1859
Madracis formosa Weélls, 1973
Millepora alcicornis Linnaeus, 1758
Montastraea cavernosa Linnaeus, 1767
Phyllangia americana Edwards & Haime, 1849
Porites astreoides Lamarck, 1816
Stephanocoenia intercepta Lamarck, 1816
Sephanocoenia mechelinii Edwards & Haime, 1848
Tubastraea coccinea L esson, 1829

It was believed that direction from the FGB may have affected the coral communities devel oping
ontheplatformsdueto predominant currents. Thisfactor was assessed preliminarily by determining
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the bearing of any given platform to the center of the Flower Garden Banks group, and then
considering our measured variablesagainst that factor. Dataarelimited at thispoint, but preliminary
analyses indicate that neither coral abundance nor number of coral species is correlated with
direction from the Flower Garden Banks (Table 2B.3).

The ages of the platforms ranged from 7 to 26 years—a span of 19 years. A significant positive cor-
relation was found between coral abundance and platform age (Figure 2B.6). The variance around
thistrend wasrelatively small, indicating that it was astrong and predictabl e relationship. Likewise,
the number of specieswasfound to exhibit ahighly significant correlation with platform age (Figure
2B.7). Thisrelationship exhibited even less variance than that of coral abundance with age.

Corals were found to occur between depths of 3m and 27m, which was the maximum depth of the
surveysonthesecruises. Their abundance varied significantly with depth (Figure 2B.8), when tested
against an expected uniform distribution. Coral abundance exhibited peaks at depths of 12 m and
21 m. The datashown are limited in scope, as surveyswere not taken below 27 m. Number of coral
speciesexhibited adepth-distribution that was not significantly different from uniform (Table 2B.5).

Coral Abundance wvs. Depth {m)
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Figure2B.8. Coral abundance as a function of depth on 11 drilling platforms sampled in the
northern Gulf of Mexico. Depth distribution of corals varied significantly from
that expected under a uniform distribution (p < 0.001, G-test of independence).
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Table2B.5. Number of cora species found at a variety of depths on 11 drilling platforms
sampled in the northern Gulf of Mexico. Corals placed into depth categoriesin 3 m
intervals. Depth distribution of corals did not vary significantly from that expected
under a uniform distribution (p > 0.05, G-test of independence).

Depth Distribution of Coral Species
Corresponding Depth Range (m) No. Coral Spp.
0-3.0 0
3.1-6.0
6.1-9.0
9.1-12.0
12.1-15.0
15.1-18.0
18.1-21.0
21.1-24.0
24.1-27.0
27.1-30.0

— N 01 01 01 O N W B

One ahermatypic scleractinian cora, Tubastraea coccinea, appeared on many of the platforms
surveyed. It sometimes covered all available substratum with hundreds of colonies on some of the
platforms. Unlike the hermatypic corals observed here, the abundance of this species was not
significantly correlated with platform age (Table 2B.6). This cora exhibited no pattern of
distribution with respect to distance to the perimeter of the nearest Flower Garden Bank, nor did its
abundance exhibit any clear relationship with bearing (Table 2B.6).

DISCUSSION

The data presented here are a preliminary report of initial results. We were originally scheduled to
assess more platforms than these during this first year of the study. Due to weather conditions and
suitability of some platforms for study (determined upon arriving on-site), the data are limited.
Nonethel ess, some results were clear, even at this early stage.

A number of interesting findings emerged from the study. Thefirst wasthat no coloniesof Agaricia
spp. or Porities spp. were observed on any of the platforms assessed thusfar. Thisisimportant for
several reasons. Firstly, both of these genera may be considered pioneer species in terms of
community succession (Miller and Ricklefs 1999) and are usually among the first to colonize new
substratum when it is made available on coral reefsin the Caribbean (Sammarco 1987). Secondly,
both of these genera are noted to colonize and dominate settling plates in experiments on the FGB
in the past (Bright and Baggett 1983; Baggett and Bright 1985; Sammarco and Brazeau 2001,
Brazeau, Sammarco, and Gleason, in prep.). Thirdly, both of these genera are known to reproduce
viabroodinginthe Caribbean (VanMoorsel 1983; Sammarco 1985; Sammarco 1987; Hughes 1988;
Soong 1991; McGuire 1995; see Harrison and Wallace 1990 for areview).
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Table2B.6. Details regarding Tubastrea coccinea on 11 sampled drilling platforms in the
northern Gulf of Mexico. Given is (1) the platform identification number, also
indicating the lease site; (2) platform age (yrs); (3) distance of the platform to the
nearest reef perimeter within the FGB (kms); (4) bearing of platform to the center
of the FGB complex (degrees True North); and (5) abundance of T. cuccinea
colonies (no. colonies). No significant relationship between abundance of this
speciesand platform age (r = 0.151, p > 0.05, Pearson’ s product-moment correl ation
analysis), distance from the nearest reef perimeter (r = 0.113, p > 0.05, Pearson’s
product-moment correlation analysis), or bearing from the center of the FGB
complex (p > 0.05, one-way ANOVA; p > 0.05, multiple regression anaysis).

Abundance of Tubastrea Coccinea on Drilling Platforms, Northern Gulf of Mexico
Platform Age (yrs) | Distance (km) Bearing (Degreestrue N) No. Tubastraea
HI-A-382 15 4 94 3
HI-A-385C 7 2 119 0
HI-A-330A 26 8.75 226 57
HI-A-376A 20 1.25 227 62
HI-A-349B 24 8 231 27
EC-317B 12 325 245 7
HI-A-368B 2 3.25 246 114
HI-A-370A 25 6.75 248 8
\WC-618 15 18.75 252 75
\WC-630A 24 15 254 5
\WC-643A 26 30.25 262 52

All species observed on the platforms, except for Tubastrea coccinea, occur on the Flower Garden
Banks (see Bright et al. 1991; Gittings 1992; Holland et al. 1992; Snell et al. 1998; Boland 2002,
pers. obs, unpub. data; Bassimet al. inpress; K. Deslarzes, pers. comm.). They are, however, known
to recruit only rarely to natural substrates (Sammarco 1980, 1982). These species are characteristic
of medium- or late-seres in coral community succession. Thus, the corals seen on the platforms
appear to represent an older, more mature coral community than one might expect to have devel oped
inthe short period of timethey have been operating. The pioneer species (Agariciaand Poritesspp.)
are certainly present on the FGB (Sammarco and Brazeau 2001; Brazeau et al. in prep.; Sammarco
et al. work in progress). It is possible that these genera, both brooders, have either more limited
dispersal capabilities, or are disadvantaged from the release of a lower number of reproductive
propagul es than broadcasting species, or both. We should gain more insight into this phenomenon
when recruitment data from the settling plates become available. At thistime, the reasons for their
apparent absence are not known.

The coral Tubastraea cuccinea, an ahermatypic brooder (Ayre and Resing 1986), appears to be a
highly successful opportunist which can colonize these platforms and survive under a variety of
conditions. In addition, its dominance appears to be sporadic and seemingly random. This could
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indicate patchy, random recruitment patterns. Analyses of the quantitative video transects should
lend additional insight into the abilities of thisspeciesto competefor spaceinthisenvironment. This
represents perhaps one of the moreinteresting findings of the study, since this speciesdoes not occur
on the FGB (F. and J. Burek, www.sanctuaries.nos.noaa.gov/ pgallery/pgflower/living/
living_5.html). Perhaps the platforms provide a more suitable environment for its settlement and
growth than the FGB for avariety of reasons, including differencesin levels of predation, grazing,
competition for space, etc. Clearly, additional research isrequired to help explain thisdifferencein
occurrence.

It was surprising that coral abundance did not decline with distance from the FGB, irrespective of
direction. Thetotal linear distance considered herewas 106 km, and one would have expected to see
some trend over this distance. A negative relationship was observed between species diversity as
measured by number of species and distance from the center of the FGB. This variable appears to
be more sensitive to the effects of distance and other potentia factors of influence. Differencesin
species numbers with respect to direction from the FGB may be due to currents, as has been
suggested by Lugo-Fernandez et al. (1998, 2001). The predominant currentsinthisregion have been
demonstrated to flow from the W-SW, particularly during the coral spawning season — during
August and September (Bright et al. 1992; Gittings et al. 1992; Lugo-Fernandez et al. 1998, 2001),
but driftershave also demonstrated that currentscan loop back to the FGB, potentially carrying coral
larvae with them (for discussion of meso-scal e eddy effects, al so see Sammarco and Andrews 1988
1989; Andrews et al. 1989; Gay and Andrews 1994; Pattiaratchi 1994; Sammarco 1994). Coral
speciesnumberswere higher east of the FGB than in thewest. Additional datawill be needed before
this can be attributed to dominant currents.

The highly significant positive relationship between coral abundance with platform ageislogical,
as is the similar relationship between coral species numbers and platform age. The older the
platform, the moretime hasbeen permitted for colonization by corals, and by coralsof more species.
In fact, this most likely explains the reason for lack of correlation between distance and coral
abundance. The platform age was randomly distributed around the FGB. Thus, the strong effect of
platform age over-rode any weaker effect of distance and direction with respect to the FGB which
may have been present. If all platforms had been deployed at the same time, perhaps one would see
the effects of distance and direction; but, even within the platform age-range chosen for this study,
age was till revealed to be the over-riding factor, at least as far as these preliminary dataindicate.

Thedepth-distribution of coral abundance and speciesnumber indicate that settlement, survival, and
successful growth may occur over awide range of depths (see Sammarco 1994). Also, these coral
species may occur on both the shallow portion of the jacket (5-30 m) and the deeper portion (>30
m). After platform surveys and coral recruitment studies have been completed in coming years, we
will hopefully have achieved a more comprehensive level of understanding of how numerous and
how well developed coral communities can become on oil and gas drilling platformsin the GOM.
At that point, these results can be utilized to address questions of what considerations should be
given to decommissioning platformsbearing extensiveor significant coral community devel opment
(see Dauterive 2000 for a discussion of decommissioning options and the U.S. Department of
Interior Minerals Management Service “Rigs to Reefs Program”).
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CONCLUSION

Clearly, the different options available for decommissioning drilling platforms (Dauterive 2000)
may affect these organismsin different ways. To enhance the distribution and survival of coralsin
the northern GOM, perhaps cutting and toppling would be beneficial to the environment for
platformswith awell-developed coral community at > 26 m depth. For those platforms which have
coral communities which are well-developed homogeneously with respect to depth, cutting and
toppling, or leaving-in-place, may represent the best options. If awell-devel oped coral community
isdeveloped only at > 26 m depth, leaving-in-place may bethe only viable option. It should be noted
that awell-developed coral community exists on the FGB down to a depth of 36 m and somewhat
less developed cora communities exist down to 52 m. For those platforms which have a poorly
developed coral community or none at all, remova may be the best option.
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The management of the red snapper Lutjanus campechanusin the Gulf of Mexico (GOM) remains
among the more problematic issues facing fishery managers of the region. Commercia landings
increased from 1950 to 1965 and subsequently exhibited a constant decline until regulations were
imposed in the 1990s (Figure 2B.9). Both the commercial and recreational red snapper fisheriesare
now limited by size limits, creel or trip limits, seasonal closures, and quotas as formulated by the
Gulf of Mexico Fisheries Management Council in response to reports of overfishing (Schirripaand
Legault 1999). Shrimp trawlers have also been required to install bycatch reduction devicesin their
nets to curtail mortality among juvenile red snapper.
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Figure2B.9. Commercial landings of red snapper from 1950 to 2000 (NMFS) and cumulative
number of platformsin the northern Gulf of Mexico (MMYS).
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A significant portion of the current commercial and recreational harvests come from the central
GOM and at or near oil and gas platforms; however, this has not always been the case. The devel op-
ment of the offshore oil and gas industry was concomitant with the growth and subsequent decline
of GOM commercial red snapper landings (Figure 2B.9). However, commercial landings by state
(Figure 2B.10) suggest a pattern indicating that the fishery has shifted from the east to the central
GOM since 1970. Florida, Alabama, and Mississippi haveexhibited declinesinlandingssince 1965,
yet Louisiana and Texas have realized increases since the 1970s; this shift is coincident with the
rapid expansion of offshore oil and gas development. Although the placement of extensive steel
structurein thewater column and shift of the snapper fishery to Louisianaand Texas may be coinci-
dental, we need to better understand the role of oil and gas platformsin red snapper life history.
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Figure 2B.10. Commercia landings of red snapper (by state) from 1950 to 2000 (NMFS) and
cumulative number of platformsin the northern Gulf of Mexico (MMS).

Both qualitative and quantitative assessments of fish popul ations have shown that platformssituated
in the northern GOM can hold large and diverse populations of fish species. Among these the red
snapper repeatedly has been identified as a major user group targeted component of the platform-
associated fauna. In visual surveys conducted by SCUBA divers at platforms off central Louisiana,
the species was characterized as common by Sonnier et al. (1976) and as numerous by Bull and
Kendall (1994); Putt (1982), using video cameras, found red snapper to constitute 2-4% of the total
fishes inhabiting platforms off Texas. The recent fusion of hydroacoustic and visua (either with
diversor with camera-equi pped remotely operated vehi cles) survey methods has produced estimates
not only of total numbers of fishes around platforms, but also of species composition and their
numerical or proportional representation within the total population. With these combined method-
ologies Stanley (1994) and Stanley and Wilson (1996, 1997) showed red snapper numbers to vary
from 521 to 8,202 individual s at a platform off western Louisiana. Similarly, among estimated total
fish populationsof ~26,000 and ~13,000individualsat two platformsoff Central Louisiana(Stanley
and Wilson 1998), 4.4% and 19.2%, respectively, were red snapper (Stanley and Wilson 2000).
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A fishery independent sampling of fishes at Ship Shoal 209 (SS 209) based on collection of
moribund fish resulting from the explosive removal of an obsolete gasrig revealed a proportionally
large population of red snapper. Fully 37% (n=373) of the fish mortalities recovered subsequent to
the explosive detonation were red snapper. Analysis of the fishery independent data gathered from
the SS 209 detonation must be tempered with the recognition that it is indeed a chronological
“snapshot” of the red snapper population (Nieland and Wilson, in press). In a hydroacoustic study
of thefish population around amuch larger (45 m X 20 m; 19,800 m®volume), but nearby, platform,
Stanley (1994) reported the red snapper population varying from 1,200 to 8,200 individuals.

Previousestimatesof fish populations, including red snapper, associated with platformshave shown

conclusively that numbers can vary significantly among seasons (Putt 1982; Stanley 1994; Stanley
and Wilson 1997, 2000) and among platforms at different depths (Stanley and Wilson 1998, 2000).
Red snapper are also known to stratify by size at different depths around platforms; further, larger
individuals are less obligate in their association to platforms than are smaller individuals (Render
1995).

Juvenile red snapper are known to inhabit hard- and soft-bottom areas of low relief where they are

vulnerable to capture in trawls. This behavior isillustrated in fishery independent trawl data from
the GOM, specifically the Fall Groundfish Survey and the Summer SEAMAP Survey, inwhich the
great majority of red snapper captured are age 0 and 1 (Schirripa and Legault 1999). It has been
hypothesized that the disappearance of age 1 red snapper from the trawl data represents migration
to high relief structures such as natural reefs, wrecks, and platforms which presumably provide
refugefrom large predators (Render 1995). It might al so be postul ated that platforms, in the absence
of other preferred habitats, are essential habitat for young red snapper.

Quantitative estimates of the inhabitation of platforms by red snapper can be derived from both the
efforts of the National Marine Fisheries Service which has conducted periodic assessment of the
effects of explosive platform removal on the associated fish populations at select sites in the GOM
and the acoustic surveys done by personnel from Louisiana State University. Gitschlag et al. (2001)
collected moribund fishesfollowing expl osive detonations at nine sitesoff Louisianaand Texas (14-
36 m water depth) and found an average of 19% (n=500) were red snapper (Figure 2B.11). Stanley
and Wilson (various) have reported on the fish communities of ten sites (22-110 m depth) to which
atotal of 38 tripswere made and found an average of 21% (n= 2100) were red snapper (Figure 3).

MM S reports that there are approximately 2,500 platformsin the northern Gulf of Mexico water at
depths ranging from 20 m to 100 m . Based on the estimated numbers of red snapper given above,
from 1.2 to 7.2 million red snapper live around platforms placed in this depth range. Many of these
may be relatively young individuals given that Nieland and Wilson (in press) reported that the red
snapper around the SS209 platform were predominantly 2-4 years old. These estimates are based
on alimited number of surveys, but they suggest arange of red snapper abundances that reflect the
ubiquitous presence of red snapper at oil and gas platforms. We should continue this line of
investigation to determine if platforms have become “essential’ to the persistence of a large
population of red snapper in the northern GOM.
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Figure 2B.11. Estimated percent of red snapper among the fish mortalities recovered following

an explosives removal or based on video surveys (video) at platformsin various
depths of the northern Gulf of Mexico.
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University of South Alabama

INTRODUCTION

The recent reauthorization of the Fisheries Management and Conservation Act contains language
calling for understanding and conservation of Essential Fish Habitat (EFH) for federally managed
marinefinfish and shellfish. One of the most pressing federal fisheries management concernsin the
Gulf of Mexico (hereafter GOM) region is the overfished status of red snapper Lutjanus
campechanus, which may be driven by an EFH issue (Schmitten 1999). National Marine Fisheries
Service (NMFS) data collection and population modeling provide evidence that the primary cause
of overfishing on red snapper is bycatch of age-0 and age-1 (juvenile) red snapper by shrimp trawls
(Goodyear 1995; Schirripa and Legault 1999), with high bycatch rates concentrated in specific
locations off Alabama, Mississippi, Louisiana, and Texas (Gallaway et al. 1999). Although there
isconcern over the accuracy of NMFS estimates of shrimping effort in these areas, the fact remains
that juvenilered snapper are very abundant in specific locationsthat are presumed to bejuvenilered
snapper EFH (Gallaway et al. 1999; Szedimayer and Conti 1999; Workman and Foster 1994).

Among these habitats are naturally-occurring open-sand bottom and low-relief, shell rubble reefs,
aswell as oil and gas platforms and other artificial reefs. However, the way in which different life
stages of red snapper utilize these various habitats asthey grow, e.g. for feeding, protection or both,
once they settle from the plankton as small juveniles is unknown. Moreover, some researchers
guestion whether or not artificial reefs (of any type) are a positive influence on reef fish stock
dynamics because of doubts about whether they produce or attract fish (see papers published in
Fisheries, April 1997 for review). Artificial reefs may be useful tools for fishery managers if they
increase production; however, if they are ssmply attracting fish, they may be promoting overfishing.
Consequently, resolution of thisquestion isessential to the management of reef fish stocks because
current knowledge of artificial reefs as EFH is not adequate for managers to consider them as a
viable management tool in all situations (Seaman 1997).

Whileit has been demonstrated that juvenile red snapper have astrong preference for habitats with
somevertical relief (Gallaway et al. 1999; Szedlmayer and Howe 1997; Szedlmayer and Conti 1999;
Workman and Foster 1994), it has been hypothesized that oil and gas platforms and their adjacent
footprints or ‘shadows' provide exceptionally high-quality habitat, such that fishes located there
have a survival advantage over conspecifics located in other artificial and natural environments.
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Increased habitat quality on, or immediately around, oil and gas platformsis believed to be derived
from increased in situ food production associated with encrustation by fouling organisms, and by
increased physical habitat via structures that extend from the bottom to the surface of the water
column. However, this hypothesis remains to be tested at spatial and temporal scales relevant to
juvenile red snapper production, even though estimates suggest that high numbers of reef fishesare
located in ‘refuge’ around platform legs (Stanley and Wilson 1997; 1998).

For the Minerals Management Service we, in partnership with research scientists from the
University of Hawaii (CoPls DeCarlo and Spencer) and the VictoriaUniversity in Wellington, New
Zealand (CoPI Gauldie), will perform anovel test of the hypothesisthat oil and gas platformsin the
northern GOM provide high-quality habitat for juvenile reef-associated or reef-dependent species
such asred snapper and gray triggerfish Balistes capriscus, respectively. First, we will test whether
association with oil and gas platforms during early life imparts a detectable ‘ trace element isotope
ratio fingerprint’ in the otoliths of juvenilereef fishes (Phase| of the project). Secondly, wewill test
whether adult fishes containing the ‘platform fingerprint’ in their otoliths contribute
disproportionately to adult stocks on nearby natural and artificial reefs (Phase Il of the project).

Results of this project will enhance our understanding of reef fish life history and provide much
needed EFH information to state and federal fishery managers. Additionally, this project will
establish methods and protocols for future research concerning the role platforms may play as
essential fish habitat. Wewill employ thelatest analytical techniquesto develop ‘ elemental isotope
ratiofingerprints' of juvenilereef fish otoliths, and then compare the elemental fingerprints between
fishes collected in association with, and distant from, oil and gas platforms in the northern GOM.
We have used otolith microchemical techniques similarly to distinguish (for the first time) between
juvenile red snapper collected in different nursery regions of the shallow GOM (Patterson et al.
1998). The results are briefly summarized below as a‘proof of concept’. We reason that if oil and
gasplatformsprovide high quality habitat and refuge from shrimp trawls, then high numbersof adult
recruits should be derived from the pool of individuals who utilize said habitat, particularly off
Louisiana and other areas where natural habitat is scarce. By focusing on recruitment to adult
populations in Phase |1, our quantitative approach will provide a more direct assessment of the
relative contribution of different juvenile reef fish habitats than is possible via traditional habitat
suitability approaches. If this method proves successful, we will be able sub-sample from otoltihs
of adult fish to determine age-specific habitat affinity, and to determine if the new recruits now
expanding into the eastern GOM asthe red snapper population rebuilds were associated with oil and
gas platforms during some portion of their early life.

Introduction to Otolith Microchemistry

Otoliths have been used traditionally as a hard-part with which to age fish, but for many reasons
otolith trace element chemistry has al so been considered asanatural bio-geochemica marker of fish
populations (Odum 1957; Gauldie and Nathan 1977; Campanaand Gagne 1995). Otoliths are prin-
cipally calcium carbonate (aragonite) and mixed protein and carbohydrate matrices which are laid
down as a fish grows (Casselman 1987; Tagaki et al. 2000). Once formed, otoliths are not re-
metabolized like bone, and are metabolically inert except under extreme physiological stress
(Mugiyaand Uchimura1989). Many of the elementstypically found in otoliths are unstable and can
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leak in, and leak out, of the otolith, which is arather porous structure (Proctor and Thresher 1998;
Gauldie and Cremer 2000). Therefor special care has to be exercised when selecting the elements
to be analyzed and when handling, storing and processing the otoliths. In addition, the endolymph
of the fish inner ear goes through cycles of pH changes (Romanek and Gauldie 1996; Payan et al.
1997; 1998) that are likely to result in short-term instabilities of some elements paralleling the
effects of washing and handling on unstabl e elements described by Proctor and Thresher (1998) and
Thresher (1999). Therefore, the elemental composition of otolithsreflectsthe elemental composition
of the water body in which the fish lives, the elemental composition of the food of the fish and the
short and long term behavior of the pH of the fish inner ear resulting in changesin otolith chemsitry
in response to food, otolith growth rate, temperature, salinity and even stress induced by chasing
(Mugiya and Satoh 1995; Kakuta 1996: 1999; Kakuta et al. 1999; Babaluk et al. 1997; Arai et al.
1996). The results of many of the simple analyses of otolith chemistry undertaken to differentiate
fish from separate populations or stocks, even those within relatively close geographic proximity
to one another (Kalish 1990; Edmunds et al. 1992; reviewed in Gunn et al. 1992; Sie and Thresher
1992; Thresher et al. 1994; Campana et al. 1994; Campana and Gagne 1995) have been
compromised by the biological properties of otoliths (see the review by Thresher 1999).

Fortunately, agroup of elementsincluding lead, strontium, barium and some of the rare earths such
as lanthanum, and the thorium-uranium series, form carbonates whose crystal structure isisostruc-
tural with that of aragonite, which is the basic mineral of the teleost otolith. By having carbonates
that are isostructural with aragonite, these elements are embedded in the crystal matrix of the
aragoniteitself, and therefore cannot be mobilized by minor pH changes or by the effects of washing
and handling (Proctor and Thresher 1999). Consequently, the elements useful for site-specific,
chemical location markersin otolithsare: Pb, Sr, Ba, Laand the elements of the Th-U series. Lead
isaparticularly attractive element to consider as a site- specific marker where industrial activity is,
or hasbeen, involved. All kinds of combustion engine operations, €l ectrical motors and some kinds
of metal priming paintsresult inlead residues, albeitin small amounts. Similarly, drilling operations
usually involve the use of drilling muds based on bentonite (mostly the mineral montmorillionite)
that hastraces of rare earthsand barium. A further advantage for site-specific marker studiesarethat
industrial lead compounds, and montmorillionite, are both derived from a single lead mine in
Wisconsin, and asinglemontmorillionite minein Wyoming, respectively. Thus, bothindustrial lead
compounds and montmorillionite-containing bentonite will have mine-specific isotope ratios that
reflect the unique geochemical histories of the mines involved. The mine-specific effect was
exploited by Spencer et al. (2000) who used the characteristic isotope ratio signature of petrol lead
additives that is quite different from the isotope ratio signature of lead from the volcanic rock
substrate of Oahu. Thus, both existing oil and gas platform operations, and their prior history of
drilling operations, are likely to produce trace amounts of residues of Pb, Baand Lawhose isotope
ratio signatures will be quite different from those typical of the GOM seafloor. We can use this
effect asaharmless “tag” in the otoliths of fish that have spent their juvenile phase (or, indeed, all
of their lives) in close association with oil and gas platforms.

PROOF OF CONCEPT

Because the new project has only recently been funded, we have no results specific to this effort.
As proof of concept, however, we offer the following brief summary of results obtained from other
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previous and ongoing work on juvenile red snapper otolith microchemistry. In these studies, age-0
red snapper were collected from five areas (Figure 2B.12) in the northern GOM during the months
of October and November from 1996 through 2000, otolith elemental finderprints were derived by
using an inductively-coupled plasmamass spectrometer, then univariate and multivariate statistical
techniques were employed to determine if otolith microchemical fingerprints were unigque to each
nursery area. As such, we have been primarily interested in analyzing elements that substitute
directly for Cain otolith aragonite. Among these, Sr, P, Mg, Mn, Na, Ba, B, Cd, Mn, Ca, Zn, Pb,
K, and Ni were detected in otolith samples, but only Sr, Mg, B, Ba, Mn, P, Na, and K concentrations
were consistently above detection limits.
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Figure2B.12. Fiveareasin the northern Gulf sampled for age-0 red snapper during
1996 through 2000: Area 1 = Brownsville (BRN) , Area2 = Aransas
(ARN), area 3 = Galveston (GAL), area4 = Louisiana(LA), area5
= Alabama/Mississipppi (ALMS).

Table 2B.7 gives the mean concentrations of each of the nine elements at each of the five locations
for each year. Based upon these concentrations, results of the MANOVA indicatethat Y ear (Pillai’s
trace; d.f. 36; 2,908, p<0.001), Area (Pillai’s trace; d.f. 36; 2,715; p<0.001), and Year*Area
(Pillai’ strace; d.f. 36; 6,588, p<0.001) were significant effects on elemental signature. Results fur-
ther indicate that elemental signatures are different among nursery areas but also years; thus,
statistical analysis proceeds by analyzing each year separately (Tables 2B.8 through 2B.12). Ascan
be seen, classificationishighin most cases, but there areisol ated instanceswherethereissignificant
classification error to adjacent areas. This result can be explained by the fact that the nursery areas
were chosen based upon the predominant oceanography and freshwater input, and this can change
among years. We are encouraged, however, by the fact that the error is mostly to adjacent areas and
can be corrected in future analyses by collapsing some of the adjacent nursery areas into regions.
Similarly, we are confident that we will be able to detect a platform ‘fingerprint’ unique in the
otoliths of rig-associated reef fishes, thus allowing these fish to be identified later in life.
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Otolith elemental concentrations (+SE) of age-0 red snapper sampled during 1996

YEAR=1996 LOCATION=ALMS

YEAR=1996 LOCATION=ATCH

Variable Mean Std Error Variable Mean Std Error

B 818.8525000 | 44.0819967 B 902.1062083 | 63.8047648
BA 6.9152333 0.3166701 BA 6.1834583 0.3877409
CA 0.3670767 0.0066301 CA 0.3884167 0.0151865

K 596.7086667 9.6380109 K 615.5104167 | 15.8084023
MG 43.2151333 0.9169287 MG 42.1814167 | 1.0359636
MN 4.2324333 0.2810438 MN 3.3687917 0.1352468
NA 3.1082333 0.0296662 NA 3.0295000 0.0453703

P 47.2623000 0.7954331 P 49.5292083 | 1.0789999
SR 1.7271000 0.0194721 SR 1.8588333 0.0285573

YEAR=1996 LOCATION=BROWN

YEAR=1997 LOCATION=ALMS

Variable Mean Std Error | Variable Mean Std Error

B 931.2181429 | 42.0549053 B 652.9178421 | 18.8639525
BA 7.4367857 0.3525585 BA 5.0155088 0.1391620
CA 0.3788714 0.0090942 CA 0.3725719 0.0039084

K 604.4242857 9.5009501 K 515.2749123 | 5.8358151
MG 49.0065000 1.3144022 MG 39.7490702 | 0.6247512
MN 4.1638929 0.2220627 MN 4.5892807 0.1956810
NA 3.1881786 0.0378564 NA 2.8112105 0.0308966

P 48.6519643 1.1400808 P 46.8233684 | 0.8185532
SR 1.8800357 0.0288409 SR 1.4494561 0.0180448
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Table 2B.7 (continued)

YEAR=1997 LOCATION=ARAN

YEAR=1997 LOCATION=ATCH

Variable Mean Std Error Variable Mean Std Error

B 669.3571818 | 31.1581966 B 674.3507857 | 24.9601937
BA 8.1875909 0.3937245 BA 6.8621786 0.3521707
CA 0.4440364 0.0740133 CA 0.3812679 0.0044779

K 490.2363636 7.4923236 K 458.0714286 | 9.6873111
MG 47.0566364 1.0535871 MG 36.4733214 | 0.5840438
MN 4.8846818 0.2446471 MN 3.7276786 0.2252318
NA 2.8184545 0.0636978 NA 2.6202500 0.0292402

P 52.3309545 1.7900888 P 46.1820000 | 0.9988536
SR 1.6164545 0.0331755 SR 1.5783571 0.0214536

YEAR=1997 LOCATION=BROWN

YEAR=1997 LOCATION=GALV

Variable Mean Std Error | Variable Mean Std Error

B 708.6689286 | 22.8235663 B 778.0714138 | 48.7557645
BA 11.0977857 0.4758510 BA 6.3766552 0.2101610
CA 0.3647393 0.0038767 CA 0.3806966 0.0047153

K 495.4621429 6.1073251 K 486.6631034 | 8.6630204
MG 43.6931071 0.5315296 MG 41.7172759 | 0.8522562
MN 4.3050714 0.2161826 MN 4.3417586 0.2204108
NA 2.7313214 0.0329597 NA 2.7650690 0.0463206

P 49.3841071 0.7600310 P 47.2604828 | 0.9689256
SR 1.5959286 0.0163436 SR 1.6412069 0.0282989
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YEAR=1998 LOCATION=ALMS

YEAR=1998 LOCATION=ARAN

Variable Mean Std Error Variable Mean Std Error

B 471.9525405 | 20.1020466 B 458.3497273 | 16.5976862
BA 6.4544595 0.2666933 BA 7.0423333 0.3555177
CA 0.3815270 0.000970570 CA 0.3846152 0.0012165

K 515.8148649 | 15.4900049 K 414.1354545 | 12.9676567
MG 38.1954865 0.8010467 MG 37.7383636 | 0.8207021
MN 3.3721351 0.1177677 MN 2.7299091 0.1877251
NA 2.8348108 0.0464829 NA 2.5505152 0.0423255

P 42.1259730 0.9373089 P 46.3761515 | 0.7657546
SR 1.5239189 0.0242532 SR 1.6249394 0.0191991

YEAR=1998 LOCATION=ATCH

YEAR=1998 LOCATION=BROWN

Variable Mean Std Error | Variable Mean Std Error

B 485.1350303 | 12.0857139 B 480.9830667 | 32.7386669
BA 5.9638485 0.2286925 BA 6.2705333 0.1843711
CA 0.3798939 0.000790629 CA 0.3818900 0.0014302

K 418.7018182 9.8536303 K 459.5190000 | 15.1842876
MG 35.3390606 0.5543595 MG 40.0193000 | 0.9002217
MN 2.7774848 0.1028890 MN 4.0518667 0.1835265
NA 2.5200606 0.0235875 NA 2.7112000 0.0394550

P 45.8033939 0.6374652 P 48.1592333 | 0.8937139
SR 1.5879697 0.0158523 SR 1.6225333 0.0197886
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Table 2B.7 (continued)

YEAR=1998 LOCATION=GALV

YEAR=1999 LOCATION=ALMS

Variable Mean Std Error Variable Mean Std Error

B 602.9803529 | 21.2664394 B 465.2538158 | 13.7716767
BA 6.5983235 0.2760359 BA 8.9645789 0.3631342
CA 0.3853912 0.000994597 CA 0.3892132 0.0046383

K 456.3667647 | 13.8432226 K 509.6436842 | 11.4669898
MG 36.6990588 0.5093042 MG 35.4560000 | 0.5133011
MN 2.8015882 0.1716876 MN 4.0057632 0.1592636
NA 2.7325588 0.0262854 NA 2.8433158 0.0303847

P 53.1797941 0.8754921 P 36.8007632 | 0.6388329
SR 1.8170588 0.0154546 SR 1.5395000 0.0180494

YEAR=1999 L OCATION=ARAN

YEAR=1999 LOCATION=ATCH

Variable Mean Std Error | Variable Mean Std Error

B 475.8550909 | 13.1968643 B 492.7149394 | 20.57