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XVii
INTRODUCTION

Ms. DebralL. Vigil
Environmental Sciences Section
Minerals Management Service

The primary purposes of the ITM are (1) to provide a forum for interchange on topics of current
interest relative to environmental assessmentsin support of offshoreoil and gasactivitiesinthe Gulf
of Mexico OCS Region; (2) to present the accomplishments of the MM S Environmental Studies
Program for the Gulf of Mexico and of other research programs or study projects; and (3) to foster
an exchange of information of regional interest among scientists, staff members, and decision-
makersfrom MMS, other Federal or State governmental agencies, regionally important industries,
and academia and to encourage opportunities for these attendees to meet and nurture professional
acquaintances and peer contacts.

ThelTM agendais planned and coordinated by the MM S staff of the Gulf of Mexico OCS Regional
Office around the three themes mentioned above—issues of current interest to the Region or MM S
oil and gas program; accomplishments of the agency; and regiona information exchange.
Presentationsare by invitation through personal contactsbetween session chairpersonsand speakers
who have demonstrated knowledge or expertise on the subject.

The ITM is considered a meeting of regional importance and is one of the Region’s primary
outreach efforts. Attendancein recent yearshas been 250-300 peopl e, including scientists, managers,
and laypersonsfrom government, academia, industry, environmental groups, and thegeneral public.

Support funding is provided through the MM S Environmental Studies Program. Logistical support
for thel TM isprovided by acontractor and subcontractors sel ected through the Federal procurement
process. A proceedings volume is prepared for each ITM based on summaries of brief technical
papers submitted by each speaker and on each session chair’ s added comments.
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A REMOTE STATION TO MONITOR GAS HYDRATE OUTCROPS
IN THE GULF OF MEXICO

Dr. Thomas M. McGee
Dr. J. Robert Woolsey
Center for Marine Resources and Environmental Technology
University of Mississippi

INTRODUCTION

The possibility of installing a multisensor station to monitor a gas hydrate mound on the sea floor
of the northern Gulf of Mexico has been discussed for some years. During 22-26 March 1999, a
workshop entitled “ New Conceptsin Ocean, Atmosphere and Seafloor Sensor Technologiesfor Gas
Hydrate Investigations and Research” was held in Biloxi, Mississippi. It was sponsored by the
Center for Marine Resources and Environmental Technology (CMRET) of the University of
Mississippi, Oxford, and the Institute for Marine Sciences (IMS) of the University of Southern
Mississippi, Ocean Springs. Participation was international and included a delegation from the
Russian Academy of Sciences.

One day of the workshop was devoted to discussion sessions that addressed practical aspects of
assembling and depl oying aremote station to monitor the formation/dissociation of gashydratesand
slope stability in the vicinity of a known hydrate mound.

From those and subsequent discussions, a concept of a project to realize such a station was
developed and a board of scientific supervisors was assembled (Appendix A). A meeting of that
board with other interested parties was held on the Oxford campus of the University of Mississippi
during 21-22 October 1999. Design aspects of monitoring station component systems were
discussed and plans were made for field activities during the year 2000 to test component systems
and begin the process of selecting asite.

BACKGROUND INFORMATION

In the Gulf of Mexico, gas hydrate mounds form along the intersections of faults with the seafloor.
They are edifices constructed largely of water from the sea and hydrocarbon gases that have
migrated up the faults from buried reservoirs. In addition to gas hydrates, they also contain various
minerals deposited by bacteria feeding on the hydrocarbons. The mounds are ephemeral, capable
of changing greatly within a matter of days. Many geoscientists familiar with recent geologic
processesin the Gulf of Mexico think that eventswhich produce changesin the hydrate mounds also
trigger episodes of sea-floor instability.

Hydrates in direct contact with a relatively large volume of sea water are stable only marginally.
Variations in the pressure, the distribution of temperature in the water column, the chemical
composition of the gas and the rate of gas flow combine to determine whether hydrates within the
mounds accumul ate or dissociate. Mg or influences are the warm eddies of water that separate from
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the Loop Current and raise bottom temperatures in the northern Gulf of Mexico by as much as 2-
3°C. The result is a quasi-cyclicity of sea floor hydrate formation that is driven largely by these
current-induced temperature variations of bottom waters. Changesin pressure, gas composition and
flow rate that can also contribute are not well understood but probably are due partially to tectonic
activity associated with salt movement.

Hydrates contained in sediments are stable when the sediments are within the hydrate stability zone
(HSZ) as defined by pressure, temperature and chemical composition. If hydrocarbon gases
migrating up faults encounter sediments of sufficient permeability lying within the HSZ, hydrates
can form withinthe pore spacesand act to cement the sediment grains. Thisincreasesthe sediment’s
shear modulus and thereby its bearing capacity. The location of the lower boundary of the HSZ is
determined by the geothermal gradient. As continuing sedimentation increasestheir depth of burial,
hydrated sedimentswithin the HSZ are subjected to successively higher temperatures and pressures
until they eventually lie below the HSZ. Then the hydrates cementing them dissociate, their bearing
capacity decreases and a potential for sea floor instability is created. The same result can be
produced by distortions of the geothermal gradient such as those caused by proximity to salt bodies
or drilling activities. Common indicators of such instability are the speeds at which compressional
(P) and shear (S) waves propagate below the sea floor and the efficiency of P-to-S conversion (PS)
at reflecting horizons.

MONITORING STATION COMPONENT SYSTEMS
Vertical Line Arrays

The primary sensory system of the station will be anet of vertical linearrays (VLAS) moored to the
sea floor. Each VLA will consist of a number of hydrophones spaced at selected intervals. The
signal from each hydrophone will be digitized and recorded individually. The set of signalswill be
processed by correlation and matched field processing (M FP) techniques that make use of time and
amplitude information to provide estimates of:

» thedistribution of temperature in the water column (by travel-time tomography),
» speedsof P-wave propagation in seafloor sediment/hydrate (by MFP), and
» 3-D images of geological structure beneath the seafloor (by MFP).

These estimates will be used to detect changes in the sea floor due to a triggering event and to
provide an image of the subbottom geological structure after an event is detected.

Acoustic transducers will be placed at fixed locations on the sea floor so that the positions of
individual hydrophones can be determined by triangulation. Thiswill allow correctionsto be made
during data analysis for variations in the geometry of the VLA net.

After the station has been deployed, the sitewill be calibrated via an acoustic model of the station’s
environment that uses shipboard sources fired at known locations and times. The noise of passing
ships, i.e. sources of opportunity, will then be tracked and employed to monitor changes to that
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model on amore-or-lesscontinuousbasis. Thesitewill berecalibrated asnecessary using controlled
Sources.

Horizontal Seismic Array

A horizontal seismic array (HSA) of four-component (4-C) sensorswill beinstalled on the seafloor.
Each 4-C sensor will consist of ahydrophone and athree-component seismometer or accel erometer.
The hydrophone components of the HSA will augment the VLAS by improving the azimuthal
resolution of the VLA tracking capability. The other three componentswill allow the identification
of S waves and measurement of their amplitudes, thereby providing subbottom information not
available from P waves alone. During site calibration, S-wave speeds immediately below the sea
floor will be measured by recording signals from an S-wave generator towed on the sea floor, and
PS waves converted at deeper reflecting horizons will be generated by sources deployed on the sea
surface. Between calibrations, the three-component instruments will monitor seismic activity and
the noise of passing ships.

The complete set of HSA datawill be useful for studying the evolution in time of the gas hydrate
stability zone, the underlying free gas zone associ ated with the hydrate mound, and the configuration
of pathways through which gases and liquids migrate.

Current M easurements

An acoustic doppler current profiler will be installed to monitor water flow. Datafrom it will also
be processed to estimate suspended particulate mass. In addition, a number of three-axis acoustic
current meters will be installed near the VLA net to assist in determining the VLA receiver
geometry.

Gas Bubble Observations

The sound of gas bubbles seeping from the sea floor will be recorded and analyzed. Since each
bubble resonates at a characteristic frequency depending on its size and shape, it may be possible
to infer the rate of seepage from their sounds. The soundswill be recorded by a broadband ambient
noise measuring system placed near an area of known gas emissions. The size and distribution of
gas bubbles will also be monitored using transmission and reflection of sound waves from an
acoustic source.

Geoelectric Systems

The electrical resistivity of sediments in the vicinity of a gas hydrate mound is expected to be
elevated due to the effects of free gas, hydrates and particularly fresh pore waters and authigenic
carbonates. During site calibration, a bottom-towed electromagnetic profiler will be used to
determine the electrical resistivity in the upper 10-20m of sediment. After calibration, the station
will incorporate anumber of remote probesto monitor the resistivity profile within the upper meter
of sediment. These data will indicate changes in the sea floor resistivity with time and, when



6

combined with acoustic and geochemical data, be particularly useful for characterizing sediments
near the seafloor.

Thermal Studies

Transects of heat flow measurements in the vicinity of the monitoring station will provide
information about the background level of heat flow and its local variability. The interaction of
temperature transients and hydrate formation/dissociation will be addressed by deploying an array
of thermistors that spans a near-bottom interval from the water column into the subbottom
sediments. Based on thermal conductivity/diffusivity determined by the heat probe measurements,
therate of propagation of oceanographicwarmingtransientswill provideval uableinformation about
the dynamics of hydrate destabilization.

The subbottom thermal measurements will be accompanied by pore-fluid pressure measurements
to provide information about the effects of hydrate dissociation on the physical/mechanical
properties of the sediments. The effects will be described in terms of both absolute pressure (and
how it changes dueto asmall amount of gasrelease) and |oad partitioning between sediment matrix
and pore fluid during tidal cycles and meteorological events.

Optica Spectroscopy

This spectrometer uses atechnique similar to that employed by the Mars Rover. An optical spectro-
meter will be used to identify and quantify hydrocarbon gases present in the seawater. Sampleswill
beilluminated by laser light shining through an optic fiber and the back-scattered light collected by
other optic fibers. Spectral analysis of the back-scattered light will provide information concerning
the chemical composition of the gasin each sample.

Pore Water Chemistry

Pore water and sea water sampling will elucidate parameters affecting gas hydrate stability. Pore
water analyses will address gases, broad based chemistry of major ions, and selective isotopic
studiesof porewater and solid phase substrates, including delta-13 carbon, radium and radon. These
will provide ground truth for acoustic data collection and the optical spectrometer observations.
They will also validate and calibrate observations pertaining to sea floor stability and ecosystem
health.

Underwater Vehicles

A variety of underwater vehicleswill be used at various stages of the project: deep-tow and bottom-
tow devices, tethered remotely operated vehicles (ROVs) and autonomous underwater vehicles
(AUVs). They will carry sensors that are more effective when moved about, thus will improve
spacial resolution. The locations of underwater vehicle activities will be determined in relation to
the long baseline navigation system.
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Towed vehiclesand ROV swill be deployed from surface ships during site selection and calibration.
Towed vehicles will reconnoiter areas with survey profilers. ROVs will be used to investigate
specific sites and to deploy and service instruments at fixed locations. Together, they will provide
close-up images of the seafloor and measurementsto identify hydrate outcrops, hydrocarbon seeps
and chemosynthetic communities.

The AUV will be used primarily during periods when the station is not attended by surface ships.
It will be guided by genetic algorithms and other software to search designated sectors for new
targets. Given appropriate development, it will operate from a docking facility near the monitoring
station where data can be downloaded, instructionsreceived, and batteries recharged. The dock will
be connected by optic fiber to asite, probably an oil platform, where the images and spectral data
can be transmitted ashore and instructions received. Electric power for recharging batteries will be
obtained from that site.

Real-Time Interactive Video

Several video systems with pan and tilt capability will be installed for scientific, educational and
public outreach purposes. Not only will the live images be useful to scientistsfor visual evaluation
of seafloor conditionsasthey changein responseto either experimental or natural stimuli, they will
be made available to K-12 educators for use in classrooms. Students at any facility with accessto
the Internet will be able, on a predetermined schedule, to pan, tilt and zoom the cameras, engage
different lights, and compare the images with other data and with images from other, similar
systems.

Data Recovery

The station will produce many channels of data on a more-or-less continuous basis. The total data
volume will be large, and its recovery is not a trivial problem. Present plans are to digitize each
channel on site and transmit the digital signals via optic-fiber cable to a structure, such as an oil
platform, where they can be telemetered to an onshore processing facility.

It is possible that electrical power on the sea floor and satellite data transmission facilities will be
available from the Conoco Marquette platform in Green Canyon Block 52 starting in the summer
of 2001. This possibility is made especially attractive by the fact that large hydrocarbon seeps and
prominent hydrate outcrops exist afew miles west of the platform.

CONCLUSIONS

A project to installing a station to monitor an area of the sea floor near hydrate mounds on the
continental slope of the northern Gulf of Mexico has been initiated. Design aspects have been
discussedin detail by someof theworld’ sforemost expertsin appropriatefields. Thereisunanimous
agreement that not only isthe project feasible but that most necessary components exist and already
have been used in deep ocean applications. A few components still require some development,
however. Tests of component systems and site selection will commence in the spring of 2000.
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The monitoring station is expected to become operational by the end of 2004 and will provide, on
amore-or-less continuous basis, physical and chemical information concerning sea-floor stability
and the accumulation/dissociation of gas hydrates. If that information reveals factors which elicit
responses from chemosynthetic communities residing nearby, the station’s capabilities will be
expanded to include biologic monitoring. That would allow exploration of the interactions between
lifeformsand physical/chemical stimuli and of theways biol ogic agents produce or modify geologic
materials and processes.

An effort will be made to make activities and results of the monitoring station available for usein
classrooms. The access will be in near-to-real time and, as much as possible, interactive.

Dr. Thomas M cGee has been active in geophysics, both applied and theoretical, for forty years. He
has worked at the University of Mississippi Oxford Campus for two years and serves as Associate
Research Professor of Geophysics in the Center for Marine Resources and Environmental
Technology. His current areas of research interest are high-resolution seismic profiling and its
applicationsfor estimating engineering properties of water-covered sediments. Dr. McGeerecelved
his B.Sc. degree in geophysical engineering from St. Louis University and his Ph.D. in geophysics
from the University of Utrecht, The Netherlands. Heis aregistered professional engineer in British
Columbia, Canada
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Paul Higley (data recovery and technical advice)
Specialty Devices Inc., Plano, Texas

Ross Chapman (vertical line arrays)
School of Earth and Ocean Sciences, University of Victoria, B. C.

Ingo Pecher (horizontal seismic array)
Institute for Geophysics, University of Texas, Austin

Rob Evans (geoel ectric systems)
Woods Hole Oceanographic Institute, Woods Hole
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IMS, University of Southern Mississippi, Ocean Springs

Jeff Chanton (pore water chemistry)
Department of Oceanography, Florida State University, Tallahassee

John Noakes (optical spectroscopy)
Center for Applied Isotope Studies, University of Georgia, Athens

Tom McGee (geophysical site surveys)
CMRET, University of Mississippi, Oxford
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DEEPWATER PROGRAM: LITERATURE REVIEW, ENVIRONMENTAL RISKS
OF CHEMICAL USED IN DEEPWATER OIL & GAS OPERATIONS

Mr. David Turton
Arthur D. Little, Inc.

Dr. Dan Candle
Sound Environmental Solutions

INTRODUCTION

This project includes the following tasks concerning chemical usage during petroleum exploration
and production (E& P) activities within the United States waters of the Gulf of Mexico (GOM):

* A baseline chemical usage (excluding premixed drilling fluids) inventory for the Gulf of
Mexico petroleum exploration and production activities

Projection chemical usage models for the chemical classes and generic chemicals
Chemical characteristics for the top twenty potentially significant-impact chemicals

16 chemical spill scenario model runs

A hazardous substance inventory for the Gulf of Mexico petroleum exploration and
production activities

INVENTORY

A literature search was conducted to identify chemical usagefor offshoreexploration and production
in the Gulf of Mexico. The surveys prepared by Charles M. Hudgins of Petrotech Consultants, Inc.
provided core information, which was updated and augmented with Gulf of Mexico specific data
added from chemical inventories obtained from the MMS, literature, chemica suppliers and
inventories provided by Shell, Chevron and BP-Amoco.

The inventory of chemicalsis divided into 10 tables based on chemical usage:

Non-Water Based Drilling Fluid Components (Synthetic, Mineral, Diesel)
Water-based Drilling Fluid Components

Weéll Cementing Materials

Production Treatment Chemicals

Waterflood Chemicals

Gas Treating Chemicals

Acid Stimulation Chemicals

Gravel Packing Chemicals

Sand Washing Chemicals

Well Completion Chemicals
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Data on chemical usage has been added to the tablesfor the following categories (as appropriate and
available).

Chemical Function

Generic Chemical

Trigger, Handling, and Storage

Usage Rate (Volume)

Hazardous Substance - designated as hazardous substances by Table 116.4A found in the
Code of Federal Regulations 40 - Protection of Environment, part 116 - Designation of
Hazardous Substances

Aquatic Toxicity (LC50, ppm)

Animal Toxicity (Oral LC50, ppm)

Chemical and Physical Properties

Subjective Environmental, Health, & Safety (EHS) Impact (1 low—5 high)

Further Investigate (Yes/ No)

The chemicals selected for further characterization were chosen using the assembled inventory and
three basic criteria

1) Volume of chemical (objective)
2) Environmental, Health and Safety Impact (subjective)
3) Experience (subjective)

Based on this criteria, we have identified 23 chemicals for further characterization and possible
modeling studies (see Table 1A.1).

PROJECTION MODELS

The use of chemicals offshore is mandated by the need to solve or prevent specific problems. The
amount of chemicals used is bound by the level required to do the job on the lower end and the
limitations of economics on the upper end. The technology on which chemical useisbased iswell
developed and the amount of chemicals used in any given period can be estimated from
technological limits and the production data on which chemical use is based.

A baseline chemical usage inventory was run for the year 1998 using the developed projection
models and data requested from Mineral Management Service (MMS). Projections based on
technology proved to be the most viable based on cost and the information and insight it provided
on chemical use. Chemicals used offshore fall naturally into categories based on the type of
applications for which they are used. Most applications are in one of two basic categories: treating
production streamsandtreating wells. Ultimately four model swere used: onefor productiontreating
chemicals and three for well treatments.

Production treating is a well characterized business operating on a well-known set of general
principles. Production rates for oil, gas and water set upper limits on chemical usage. The type of
production and site specific factorsfurther modify theamount of productiontreating chemicalsused.
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Table 1A.1. Proposed selected chemicals for further investigation.

Shallow-
Selected Chemicals Deepwater water
Acids 1. Hydrochloric acid Yes Yes
2. Hydrofluoric acid
3. Phosphoric/Phosphorus acids
Antifoam/Defoaming 4. Silicones Yes Yes
Agents
Biocides 5. Glutaraldehyde Yes Yes
6. Quaternary compounds
7. Tetrakishhydroxymethyl
phosphonium sulfate (THPS)
Cement 8. Portland cement Yes Yes
Chemical Stabilizer 9. Sodium hydroxide Yes Yes
10. Potassium chloride
Corrosion Inhibitor 11. Amides/Imidazolines No Yes
12. Amines & amine salts
Fluid L oss Agents 13. Lignite Yes Yes
14. Hydroxyethyl cellulose
(HEC)
Gas Hydrate Prevention 15. Methanol Yes Yes
16. Ethylene glycol
17. Triethylene glycol
Oxygen Scavenger 18. Ammonium bisulfite Yes Yes
Spotting Fluids 19. Sulphonated asphalt Yes Yes
Thinners & Dispersants 20. Lignosulphonates Yes Yes
21. Modified tannin (DESCO)
Solvents/Carriers 22. Heavy aromatic hydrocarbon Yes Yes
23. Mixed xylenes

Finally, the jobs that the chemicals are employed to do affect the amount used. After consultation
with industry members and suppliersit was decided to divide production treating chemicals up into
seven subcategories based on type of production (oil or gas), water depth (<1,200' or > 1,200,
platform or subsea wells. Total production was taken from MMS data. Allocation to specific
subcategories was made using industry data and MMS data. Amounts of chemical used per unit
production were determined from operator dataand checked against supplier experience. Amounts
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were calculated from this information for each specific type of chemical used to treat production
streams (emulsion breakers, corrosion inhibitors, etc.)

Chemicals used on wells can be divided based on the specialized uses, each of which is provided
by aset of specialized suppliers. Theseincludedrilling chemical's, cementing chemicals, stimulation,
workover and completion chemicals. Projections of chemical use are naturally based on the number
of wells involved, the design of the well, the activity being carried on them, and the impact of
problems encountered. For example, for drilling chemicals, the number of new wellsdrilled in the
target year, the well depths, and the problems encountered that might have caused sidetracking or
stuck pipe, etc would determine the amount of chemical used. Amounts of cementing chemicals
used are also determined by the number of new wells. The other subcategory is based on a mix of
new wells, old wells, and site-specific problems. A further factor in projecting amounts of drilling
fluid chemical used isthat non-water based drilling fluid chemicals are specifically excluded from
this study because they are being studied under programs.

There are representative designs for wells that reach various depths. Therefore, subcategories for
projecting drilling chemicals used were based on well depth. Dataon wellsdrilled and water depths
were obtained from MMS records. Data on chemical use were obtained from operator data and
confirmed in interviewswith suppliers. Operators and suppliers amounts were cal cul ated, based on
MMS data, for each type on chemical used in the well chemical categories.

SPILL SCENARIO SELECTION AND MODELING
Chemicals accidentally discharged to the environment can be characterized in at |east two ways:

*  Wherethey end in the environment (fate)
* What aretheir potential effects (effects)

Possible fates include:

FateA:  Falingtothe bottom and resting on or in the sediment layer. Thisincludes materials
that are solid, water insoluble, heavier than seawater, and non-reactive with seawater.

FateB: Floating up to the water surface. This includes materials that are lighter than
seawater, insoluble in seawater, non-reactive with seawater, and usually liquid.

FateC: Dissolvingor dispersinginto thewater column. Thisincludes materialsthat are non-
reactive with seawater, either liquid or fine solids, or those having high surface activity.

FateD: Chemicaly reacting with seawater. This includes materials that rapidly react with
seawater or some component of it.

Fate is further influenced by how the accidental discharge occurs. For example:

* When acontainer of liquid is dropped overboard does it stay intact, at least for awhile?
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* Doesapallet of plastic-wrapped bags drop straight to the bottom asaunit and then leak over
aperiod of time?

* When a container splits, are the pure contents discharged immediately into the sea or is
secondary containment a factor?

Potential effectsinclude:

Modifications to the physical environment: This includes changing the physical composition
(grain size, hardness, density, chemical composition, etc,) of sediments or the composition of
the water column (turbidity, light scattering).

Oxygendemand: Thisincludes materialsthat are biodegradable and use up oxygen as bacteria
and other organisms degrade them in either the sediment or the water column.

Toxic effects:  Thisincludes materials that interfere with the life process of living organisms.
Separation and reaction in the environment further complicate effects.
SPILL MODELING

The physical-chemical properties for the chemical or product determine the fate of the spilled
material. Thus, the chemicals were categorized according to their properties to delineate modeling
scenarios representative of the class of chemicals. Properties considered were physical state,
solubility or miscibility, reactivity, and potential impact. Products with similar properties will
behave similarly when spilled. All acidswill dissociate, and the lowered pH will react with seawater
after adequate dilution. Meanwhile thelow pH may cause sometoxicity. Thus, modeling resultsfor
one acid may be used to evaluate other acids. More complex mixtures can be separated according
to miscibility with water and further on the potential effects of both the solvent and the active
components of the mixture. If two organic compounds have similar physical-chemical properties,
thelir fates and resulting concentrations (given the same size spill) will be similar. Their respective
toxicities will determine the significance of the resulting concentrations.

Table 1A.2 summarizes the chemical spill scenarios proposed for modeling. A model scenarioisa
particular chemical product and location (i.e., at the water surface or subsurface) combination. For
surface spills of soluble chemicals or those lighter than water, whether the spill siteis on the shelf
or over theslopeisnot likely to significantly affect the dispersive pattern around the spill site. Thus,
these spill scenarios will be modeled at the shelf location. For releases at bottom locations the
potential for use of the chemica at specific locations is accounted for. For example, the high
umbilical release of alcohol and/or glycol (i.e., methanol) will be modeled as a deep-water release
near the sea bottom.

Given the large number of chemical products to be addressed, as well as the large number of
potential spill sites, the objective is to maximize the information that may be gleaned from the
results. The number of chemicals and potential release depths that could be modeled is extensive,
even with considerable categorization (TablelA.2). The discussion here focuses on the selected



Table 1A.2.

Proposed chemical spill scenarios. The priority ranking was used to select the 16 scenarios to be run
(H = Habitat, O = Oxygen Demand, T = Toxicity).

Priority M odél M odeling Representative Other Chemicalsin
Scenario Chemical Product | Rank Scenario # Par ameter Chemical Product Category Modée Class
Acids 4 1 H* 13.5% HCl + 1.5% HF Hydrochloric acid 101
Bases 4 2 OH NaOH KOH 102
Non-reactive salts 2 3 K* KCl NaCl, NaBr 103
Reactive salts — solid product 1 4 Zn* ZnCl, CaCl,, CaBr, 106
Reactive salts — gas product 1 5 NH,* NH -~ 106
Insoluble solids 2 6 Solid Barite cement, silica, bentonite, 190
Soluble solids - toxic 2 7 Solid DESCO Lignosulfonate, Soltex 230, 241, 242
Soluble solids— non toxic 2 8 Solid Lignite 230, 241, 242
Soluble pure organic liquids 3 9 Liquid M ethanol ethylene glycal, 201
triethylene glycol
Soluble pure organic liquids 3 10 Liquid M ethanol ethylene glycol, 201
Triethylene glycol
Miscible organic mixtures 4 11 Active ingredient Biocides XC-102 Water clarifiers 201, 202, 252,
(glutaraldehyde) 206
Miscible organic mixtures 4 12 Active ingredient Biocides XC-102 Water clarifiers 202, 252, 206
(glutaraldehyde)
Miscible organic mixtures - 4 13 Active ingredient Tetrakish- 201, 202, 252
reactive (THPS) hydroxymethy!-
phosphonium sulfate
(THPS)
Immiscible organic liquids 35 14 Naphtha Solvent Corrosion inhibitors emulsion breakers, (may include
Mix #1, Active (amines, amides, etc.) defoamers 202,206,207,220,
ingredient 230,231)
Immiscible organic liquids 35 15 Naphtha Solvent Corrosion inhibitors emulsion breakers, (may include
Mix #2, Active (amines, amides, etc.) defoamers 202,206,207,220,
ingredient 230,231)
Immiscible organic liquids 35 16 Naphtha Solvent Corrosion inhibitors emulsion breakers, (may include
Mix #3, Active (amines, amides, etc.) defoamers 202,206,207,220,
ingredient 230,231)

Notes. 1.

ingredient will be that with the highest volume usage, combined with toxicity.
2. Bottom discharges for solids are assumed to be in sacks on pallets. Bottom discharges of liquids are assumed to be in plastic or metal
containers. Bottom discharge assumes that the containers reach the bottom and then break up immediately and release the material.

The naphtha solvent of scenarios 14-16 may contain alcohols and/or ketones. Representative solvent mixtures will be used. The active

1}



Table 1A.2 (continued).

Proposed chemical spill scenarios. The priority ranking was used to select the 16 scenarios to be
Run (H = Habitat, O = Oxygen Demand, T = Toxicity).

Relevant Particle [Potential
Solubility specific Volatile Chemically Size Impact | Release Depth
Scenario Chemical Product Behavior gravity | Component | Biodegradable Reactive (diameter) | (H/O/T) (m)
Acids soluble - no no yes - T surface
Bases soluble - no no yes - T surface
Non-reactive salts soluble - no no no - T or none surface
Reactive salts — solid soluble - no no yes (ZnCO, ppt) - T surface
product
Reactive salts — gas product soluble - yes yes (uptake) | yes (to NH,OH) - T surface
Insoluble solids insoluble 4.3 no no no ~6um H surface
Soluble solids - toxic dissolves 15-1.7 no yes no <10um T,0 surface
slowly (min.-
hours)
Soluble solids — non toxic dissolves 1517 no yes no <10um @] bottom
slowly (min.-
hours)
Soluble pure organic liquids soluble - yes yes no - O, (T) surface
Soluble pure organic liquids soluble - yes yes no - O, (T) | high umbilical
Miscible organic mixtures soluble - no yes no - T surface
Miscible organic mixtures soluble - no yes no - T bottom
Miscible organic mixtures - soluble - no yes yes, deactivates - T surface
reactive with oxygen
(use decay rate)
Immiscible organic liquids insoluble < water yes yes no - T surface
Immiscible organic liquids insoluble < water yes yes no - T surface
Immiscible organic liquids insoluble < water yes yes no - T bottom

Notes: 1. The naphtha solvent of scenarios 14-16 may contain alcohols and/or ketones. Representative solvent mixtures will be used. The active

ingredient will be that with the highest volume usage, combined with toxicity.

2. Bottom discharges for solids are assumed to be in sacks on pallets. Bottom discharges of liquids are assumed to be in plastic or metal
containers. Bottom discharge assumes that the containers reach the bottom and then break up immediately and rel ease the material.
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locations for the spill modeling and the environmental data used to characterize the potential spill
Sites.

Themodel can simulateaspill anywhereinthe Gulf of Mexico, given the appropriate environmental
datafor the area. Oil and gas operations are along most of the shelf and slope, with the focus of the
present program being the deepwater sites. However, chemical products involved with deepwater
sites are transported to and from shore support facilities. Thus, the entire Gulf region could
potentially be affected.

NEXT STEPS

The results of spill modeling will be used to assess impacts. We will identify potentially impacted
speciesand assess the nature and extent of such impacts. Thiswork isjust getting underway and will
need theresults of spill modeling beforeit can be completed. In addition to the spill modeling, work
that is currently in progress includes:

» Conducting the needed research to identify, compile and write chemical profiles, including
eco-toxicological thresholds and chemical properties

* ldentifying Gulf of Mexico biologica communities that may be potentialy at risk from
chemical products used in drilling operations include, soft-bottom benthic, pelagic, marine
mammals, chemosynthetic, biogenically-structured, hard-bottom biologically-structured,
National Marine Sanctuaries, National Estuarine Research Reserves.

» Identifying for each the biological resources and chemical pairing that will be evaluated in
the Risk Assessment, the appropriate eco-toxicological threshold values

Mr. David TurtonisaSenior Manager in the Environmental Health and Safety Consulting business
at Arthur D. Little, Inc. His career has focused on decision analysis, geographic information
systems, data management, ecological risk assessment, and environmental impact assessment. Mr.
Turtonreceived an M. S. in civil engineering/hazardous materialsmanagement from TuftsUniversity
in 1991 and aB.S. in environmental science from Bowling Green State University in 1989.

Dr. Dan Caudle is a consultant with Sound Environmental Solutions. Dr. Caudle has 31 years of
experience in the oil and gas exploration and production industry. Before starting his private
consulting career he spent 27 yearswith Conoco Inc., working in research production operation and
engineering services in the areas of oilfield chemistry, corrosion and environmental control.
Dr. Caudle has served on severa industry committeesthat devel op regul atory responsesfor both the
U.S. Environmental Protection Agency and international regulations and he was chairman of the
Environmental Quality Committee for the E& P Forum for seven years. Dr. Caudle received his
Ph.D. in physical chemistry in 1966 from University of Oklahoma and his B.S. in chemistry from
Centenary College of Louisianain 1961.
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A LITERATURE REVIEW OF ENVIRONMENTAL IMPACTS OF SYNTHETIC
BASED DRILLING FLUIDS: A PROGRESS REPORT

Dr. J. M. Neff
Battelle Ocean Sciences

Mr. S. McKelvie
Rudall Blanchard Associates

Dr.R. C. Ayers, Jr.
Robert Ayers & Associates

INTRODUCTION

Synthetic Based Drilling Fluids (SBFs) are a relatively new class of drilling fluids that are
particularly useful for deepwater drilling. While the technical and economic benefits of using these
fluids in the deepwater Gulf of Mexico are clear, the environmental impacts of drilling wastes
associated with these fluids are less well understood.

The US Minerals Management Service has the responsibility of seeing that the deepwater reserves
are devel oped with aminimum of environmental impact and therefore hasaspecial interest in these
fluids. Asaresult, MM S has commissioned thisreview of existing dataon the environmental effects
associated with discharges of SBF cuttings to the ocean. This review will include information
published in the scientific literature as well as reports done for individual companies, industry
associations, and government agencies. The available information will be incorporated into arisk
assessment framework for use by the MMS. An annotated bibliography will aso be provided.

BACKGROUND

Drilling fluids or drilling “muds’ are an essential part of the drilling operation. Drilling muds
provide a means for removing cuttings from the wellbore, maintain a positive pressure in the
wellbore to prevent formation fluids from entering the annulus, and cool and lubricate the drill bit.

Therearetwo basictypesof drilling fluids, water based fluids (WBFs) and non-aqueous based fluids
(NABFs). WBFs, used in most drilling situations, consist of water, barite, clay, caustic soda, lignite,
lignosulfonates and/or water-soluble polymers. A detailed discussion of the drilling process and
WBF composition is given in National Research Council, 1983.

NABFs are water internal emulsions. They are more expensive than WBFs and are used only in
difficult drilling situations. High formation temperatures, highly unstable hydratable shale
formations, and extended reach, high angle wells may require the use of NABFs. NABFs contain
anon-aqueous base fluid that formsthe continuous external phase of the emulsion and barite, clays,
emulsifiers, water, calcium chloride, lignite and lime.
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NABFsfal into three categories as defined by the base fluid that isused in theemulsion (U. S. EPA
1996). These are oil based fluids (OBFs), enhanced minera oil based fluids (EMOBFs) and
synthetic based fluids (SBFs).

OBFshavediesel or conventional mineral oil asthe continuous phase. They are the least expensive
NAF and were the only NAF in use until the last few years.

EMOBFs use an enhanced minera oil as the continuous phase. Enhanced minera oils are
distinguished from conventiona mineral oilsby their low polycyclic aromatic hydrocarbon content.

SBFsuse asynthetic material asthe continuous phase. A “ synthetic material” or “ synthetic,” means
amateria produced by the reaction of specific purified chemical feedstock, as opposed to materials
derived from crude oil solely through physical separation processes such asdiesel and mineral ails.
Synthetics are typically free of polycyclic aromatic hydrocarbons.

U.S. regulations permit WBFs and the associated cuttings to be discharged in federal offshore
waters, provided certain limitations are met. On the other hand, discharge of OBFs and the
associated cuttings are prohibited in U.S. offshore waters. The used OBFs are taken ashore for
treatment and eventual reuse whilethe cuttings aretaken ashoreto adisposal site. In somesituations
when drilling occursfrom afixed platform, the cuttings may be disposed of on sitethrough injection
down the annulus of an existing well or into a disposal well. While this procedure may be less
expensive than onshore disposal, injection is much more expensive than discharge to the ocean.
Furthermore, on-site disposal of cuttings by injection is not practical from a floating rig in deep
water.

Constraints on the discharge of OBF cuttings directly to the sea greatly increases well costs. The
need to drill increasingly difficult wells coupled with the desire to discharge cuttings spawned the
development of SBFs. Synthetics are designed to (1) be less toxic and degrade faster than
conventional mineral oils and diesels, and (2) yield mud systems similar to OBFs in drilling
performance (Friedheim and Conn 1996).

SBFscan greatly enhancedrilling performance over WBFsin difficult wells. Burkeand Veil (1995)
present case studies showing costs of wells drilled with SBFs to comparable wells drilled with
WBFs. Drilling times were reduced by 50 — 60%, and well costs were generally cut in half. In
addition, thetotal quantity of waste discharged was considerably | ess, primarily because when SBFs
are used only cuttings are discharged. In the case of WBFs, both fluid and cuttings are discharged.

Relative to WBFs, SBFs reduce the total quantity of waste discharged to the sea. However, this
environmental advantage is counterbalanced by the greater impact synthetics cause at the seafloor.
Thetechnical literature clearly documents that WBM s and the associated cuttings cause little or no
adverse biological impact in the water column or at the seafloor (National Research Council 1983).
Other studies, primarily conducted in the North Sea, show that in many cases, cuttingsfrom OBMs
can cause measurable adverse biological effects at the seafloor that may persist for years (Davies
1989). North Seastudy resultsto dateindicate that SBFs may cause seafl oor impactssimilar to those
caused by OBFs. However, for some of the SBFs, impactsmay belesssevere and of shorter duration
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than thosefrom OBFs. Also, differences between the North Seaand Gulf of Mexico (e.g. SBF usage
rates per well are lessin the Gulf, different bottom sediment typesin the Gulf) may cause seafloor
impacts to be less severe in the Gulf than in the North Sea.

NATURE OF SYNTHETICS
Synthetics may be classified into four general categories:

Synthetic hydrocarbons
Esters

Acetas

Ethers

SYNTHETIC HYDROCARBONS

The most common synthetic hydrocarbons used in SBMs are olefins. These consist of Linear Alpha
Olefins (LAQOs), Poly AlphaOlefins (PAOs), and Internal Olefins (10s). LAOs are produced by the
polymerization of ethylene. LAOsrange from C;H,, to C,,H,, and have a double bond in the alpha
position. PAOs are formed by the polymerization of appropriate LAOsto yield a mixture of larger
branched olefins with a double bond between two internal carbon atoms. 10Os are formed by
isomerization of LAOsto shift the double bond from the alpha position to a position between two
internal carbon atoms. In today’ s market, LAOs and |0s are generally preferred over PAOs. LAOs
and 10s are normally used in blends, designed to achieve a balance between physical properties
important to the drilling operation (e.g. viscosity, pour point, flash point, etc.).

ESTERS

Estersare formed by the reaction of an organic acid with an a cohol. An example of such asynthetic
material used in SBMs might be amixture of C,-C,, fatty acid esters of 2-ethylhexanol. In addition,
esters may be used in combination with asynthetic hydrocarboninan SBM to attain some particul ar
drilling performance characteristic. Esters are relatively stable under neutral conditions but may
undergo hydrolysis and revert back to the acid and alcohol under basic or acidic conditions.

Acetals
Acetals are formed by the acid catalyzed reaction of an aldehyde with an acohol (one mole of
aldehyde and two moles of alcohol). Acetalsarerelatively stable under neutral and basic conditions
but may revert back to the aldehyde and alcohol under acidic conditions.
Ethers
Ethers are formed by the condensation reaction of an alcohol to yield asaturated hydrocarbon with

an oxygen atom in the center. Ethers are more stable both chemically and biologically than esters
or acetals
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COMPARISON OF SYNTHETIC TYPES

Olefins and esters have been used the most in recent years. The olefins are more stable at high
downhole temperatures, are less viscous at low temperature, and are more adaptable to deep water
drilling environments. Olefins usually are preferred if only drilling properties are considered.
However, esters tend to biodegrade more rapidly than olefins in marine sediments. Esters are still
being used in SBFs, either alone or as olefin-ester blends

FATES OF SBFSIN THE OCEAN

Several field studies, most of them in the North Sea, have been performed concerning the
environmental fate of SBFsassociated with SBF cuttings dischargesto the ocean. SBF cuttingstend
to form clumps when discharged and sink rapidly to the sea floor. Large cuttings piles have been
observed near dischargesto the North Seabut not in the Gulf of Mexico. SBFshave unique GC-FID
signaturesthat can be used to quantify their concentrationsin sediments. Usually, thereisagradient
of decreasing SBF with distance from adischarge. Highest concentrations, usually observed within
about 75 m of the discharge, may reach 175,000 mg/kg (ppm) initially. Background concentrations
usually are reached in 300 to 1,000 m of the discharge.

In most monitoring surveys, SBF concentrations in sediments decline with time after cessation of
discharge. The rate of decline of estersis most rapid. Olefin concentrations decline more slowly,
with LAOsand |Os degrading faster than PAOs. Usually, asubstantial declineinthe concentrations
of SBFsin sediments near the discharge can be documented within one to two years of cessation of
cuttings discharges. In some cases in the North Sea and Gulf of Mexico, SBF concentrations in
sediments near the discharge actually seemed to increase with time after cessation of discharge. This
probably reflects the extremely heterogeneous distribution of SBF deposits on the seafloor and the
difficulty of exactly reoccupying the same sampling locations on different surveys.

BIODEGRADATION OF SBFS

Declines with time in the concentrations of SBFs in sediments are caused by a combination of
resuspensi on/dispersion/dilution and biodegradation. SBFs may be dispersed and diluted by storm-
or current-induced sediment resuspension and bed transport. They al so are subj ect to biodegradation
by indigenous sediment microbiota. Biodegradation probably isthe main mechanism of SBF decline
in deep-water sediments. In sediments 25 m from an ester-SBF cuttings discharge to the North Sea,
ester concentrationsin sediments declined from 1,000-8,400 mg/kg to 0-1,900 mg/kg one year |later
(Daan et al. 1996).

Severa tests have been developed to measure the rate of SBF degradation under aerobic and
anaerobic conditions. Resultsof different testsvary widely. However, ingeneral, estersaredegraded
most rapidly, followed by LAOs and then 10s. Ethers and PAOs are degraded more slowly, at arate
roughly similar to the degradation rate of low toxicity mineral oilsused in some OBFs. Degradation
rate decreases with increasing SBF concentration. Degradation rate of all SBFs is slower under
anaerobic than under aerobic conditions.
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TOXICITY OF SBFS

SBFsare practically non-toxic to standard water-column toxicity test organisms, such asmysidsand
copepods. Median lethal concentrations nearly always are greater than 150,000 mg/L. Sediment-
dwelling marine animals may be more sensitive, possibly reflecting a sensitivity to sediment
hypoxia caused by SBF degradation. The relative toxicity of olefin SBFs to bivalve mollusk
embryos and amphipodsis, from most toleast toxic, LAOs, 10s, and PAOs. Estersgenerally areless
toxic than olefins. However, laboratory and field studiesindicate that most (if not all) of the adverse
effects of SBF in sediments are caused by sediment anoxia resulting from SBF biodegradation.

BIOLOGICAL EFFECTS OF SBFS

There have been several field studies of the effects of SBF discharges to the ocean on benthic
communities. The benthic environment around a discharge of 441 bbl of cuttings and 354 bbl of
PAOQ drilling fluid to the western Gulf of Mexico was monitored for three years after completion
of the discharge (Candler et al. 1995). Elevated concentrations of PAO and barite were detected in
sediments near the platform on al three surveys. Two years after cessation of the discharge
(survey 3), benthic communitieswithin 50 m of the discharge point were still adversely affected by
the accumulation of SBF in sediments. The effects were greater than those usually observed after
discharge of a similar volume of WBF. However, the benthic biological effects were much less
severe than those usually observed in the North Sea after discharge of OBF cuttings.

The benthos was sampled before and at 1, 4, and 11 months after discharge of ester SBF cuttings
to shallow waters of the Dutch sector of the North Sea (Daan et al. 1996). On each survey, ester
concentrations and macrofaunal densitieswere estimated in sedimentsat 75 m to 3,000 m from the
discharge. At one and four months after discharge, ester concentrationsin surficial sedimentswere
ashigh as 4,700 mg/kg; after 11 months, concentrations as high as 250 mg/kg were detected within
200 m of the discharge. Adverse effects on the benthic marcofaunal community were observed out
to 1,000 m from the discharge at 1 and 4 months after compl etion of the discharge. After 11 months,
effects could still be detected at 75 m and 200 m but not further from the discharge. Substantial
recovery of the benthic community was observed within ayear of completion of the discharge.

Following discharge of SBF cuttings (mostly mixed olefins) in 565 m of water off the Mississippi
Delta, surface sediments near the template had a thin veneer of cuttings (Gallaway et al. 1997).
Deepest cuttings accumulations were 20-25 cm deep. ROV observations indicated evidence of
biological activity, possibly including SBF biodegradation, near the template. Sediments collected
within 50-75 m of the discharge contained up to 165,000 mg/kg SBF shortly after the discharge.
However, the distribution of SBF in sediments was very patchy. There were high densities of
benthic macrofaunain sediments near the platform site, possibly related to organic enrichment from
the SBF. There was no strong evidence of adverse effects on the benthic macrofauna due to SBF
accumulation on the bottom.

Ester SBFswereusedtodrill wellsinthe Bass Strait of f southeastern Australia(Terrenset al. 1998).
Ester concentration increased rapidly in sediments during drilling, and then declined rapidly after
completion of drilling. Eleven months after completion of drilling, ester could not be detected in
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sediments. Effects on benthic communities were restricted to within 100 m of the discharge and
recovery was evident within four months after completion of drilling. The minimal effects of SBF
cuttings on the benthos of the Bass Strait was attributed to rapid biodegradation of esters and the
high-energy, dispersive environment of the Bass Strait.

These and other similar studies show that impacts of SBF cuttings discharges to the ocean are
restricted to the benthos. The effects are intermediate between those of WBF and OBF. Impacts of
SBFs on benthic communities probably are due primarily or exclusively to the development of
anoxiain surficial sedimentsdueto microbial degradation of the syntheticfluid. Ecosystemrecovery
appears to be rapid and seems to begin before the synthetic is degraded or dispersed completely.
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GULF OF MEXICO COMPREHENSIVE SYNTHETIC
BASED MUDS MONITORING PROGRAM

Dr. James P. Ray
Equilon Technology
Westhollow Technology Center

The Environmental Protection Agency (EPA) is moving ahead with proposed effluent guidelines
that will allow the discharge of cuttings containing Synthetic-Based (SBM) and other Non-Aqueous
Drilling Fluidswith the publication of the proposed rulein the Federal Register on 3 February 1999.
EPA intends to have the final guidelines published by December, 2000, using the presumptive
rulemaking process to expedite the promulgation. EPA Region 6 published in the Federal Register
on 19 April 1999 proposed changes to the National Pollutant Discharge Elimination System
(NPDES) general permit for oil and gas activities on the western portion of the OCS. The proposed
modification will allow the discharge of cuttings containing SBF.

Information about the effects of SBM s on the seafloor communitiesislimited. Aspart of the NEPA
process, MMS will need to include in Environmental Assessments, and perhaps Environmental
Impact Statements, an evaluation of the degree and extent of effects from the discharge of the
cuttings. In particular, theMM S GOMR region has mitigationsrequiring that drilling does not occur
close to sensitive communities such as chemosynthetic communities. The zone of impact specified
for discharge of cuttings containing SBMs will depend on evaluations of the extent of impact.

Over the past few years, the industries synthetic based mud (SBM) activities have been acombined
effort of the National Ocean Industries Association (NOIA), American Petroleum Institute (API),
Petroleum Equipment Suppliers Association (PESA), and Offshore Operators Committee (OOC).
This past year, when it was identified that there were numerous technical issues that required
research efforts, it was decided to do a separate, external subscription to raise the funds. To support
the subscription program, APl was retained to provide contracting and administrative services.

The Minerals Mangement Service and the Department of Energy (DOE) are joining with 36
companies, including oil companies, mud companies, and SBM chemical manufacturers, to share
in the cost of the Seafloor Monitoring Program. This group of “subscribers’ is known as the SBM
Research Group (SBMRP). It has an Oversight committee of eight people (same as an executive
committee) which represents the subscribers. Within the SBMRP are six work groups: the Seafloor
Monitoring Program; Toxicity Workgroup; Bioremediation; Modeling; Technology Assessment;
and Analytical. Also, there is a separate, but parallel organization known as the SBM Committee
comprised of NOIA/API/PESA/OOC. They represent al of the interested parties, regardless of
whether or not the parties are subscribers to the research program. This group is responsible for
handling the policy related issues, such as effluent guidelines, permits, etc.

This paper describesthe SBM Monitoring Program that will be conducted over the next three years
in the Gulf of Mexico.
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BACKGROUND

Drilling fluids play an essentia 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
fluid phase (EPA 1999). Non-agqueous 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 awell 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, to reach distant parts of the reservoir from a fixed 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 asesters, olefins, acetals, and etherswere devel oped to providedrilling performance equival ent
to that of oil-based muds and improvementsin environmental performance compared to that of oil-
based muds.

The U.S. offshoreoil and gasdrilling industry has devel oped and made increasing use of SBM over
the past six years. The bulk discharge of these fluids is prohibited. However, the discharge of
cuttings drilled with SBM has been allowed in the western Gulf of Mexico subject to the same
restrictions as the discharge of cuttings drilled with water-based mud.

EPA is pursuing a presumptive rulemaking process for revision of the offshore effluent guidelines
for the use of SBM. This process involves the EPA, industry, MMS, and other stakeholders in
collecting information needed for the rulemaking process. 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 muds
followed by disposal of the cuttings in shore-based landfills or by injection under the seabed (EPA,
1999).

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 seafl oor effects of
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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) Gulf of Mexico sites. The purposes
of this assessment are to (1) provide the Environmental Protection Agency (EPA) with scientific
dataupon which to base effluent limitationsfor the discharge of SBM cuttings; (2) provideindustry
with scientifically valid data for the environmental assessment of the discharge of SBM cuittings,
and (3) provide MM S and DOE with environmental datauseful in leasing assessments and offshore
management.

Specific sub-objectivesinclude:

» 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
sediments near discharge sties representative of Gulf of Mexico 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 Gulf of Mexico 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
fluids are present and to compare these conditions with conditions in reference sediments
distant from SBM discharges. Sediment conditionsinclude SBM base fluid concentrations,
effects on sediment oxygen levelsdueto SBM accumulation, shiftsin the depth of the redox
potential discontinuity (RPD) layer, and changesin sediment mineral ogy dueto the addition
of drill cuttings solids.

» Determination of whether azone of biological effect has developed 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.

SCOPE OF WORK
The scope of work isdivided into nine tasks as follows:
Task 1.Sampling Site Selection

The Seabed Survey Work Group (SSWG) will approach theissue of site selection through aprocess
of collection and analysis of dataon the water depth, location, and discharge history of sites where
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SBM cuttings have been discharged in the Gulf of Mexico. Siteswill be selected for sampling based
on the likelihood that information about sediment conditions at those sites would best facilitate
achieving the overall technical objectives of this program.

The SSWG will coordinate with operators to obtain historical discharge data and permission to
conduct sampling operationsnear their dischargesite. The SSWG will obtain seafl oor pipeline maps
for each discharge site in the study. Detailed data on the materials discharged from a subset of the
discharge sites visited during the Screening Cruise will be collected by the SSWG and used to select
platforms for the final sampling program. This data will be used to identify sites whose sampling
will best support the overall objectives of this program.

Task 2. Plans and Procedures for Field Operations and Laboratory Analyses

For the purpose of thisprogram, the Contractor will prepare Sampling and Analysis Plans, aQuality
Assurance Project Plan, Standard Operating Procedures for field and laboratory procedures, and a
Statistical Analysis Plan.

Task 3. Scouting Survey of Cuttings Accumulations

Aninitia scouting survey will include the collection of physical survey datato assess the extent of
SBM cuttings accumulations at 13 continental shelf platforms during the Spring of 2000. The
platformswill be evenly divided between the 40-100 m depth range (8 platforms) and the 100 — 300
depth range. The information derived from these surveys will be used to (1) refine the choice of
platformsfor Task 4 and (2) test the cost effectivenessof using asmall, dedicated vessel for physical
surveys to guide sediment sampling on later cruises.

Task 4. Screening Cruise

The Screening Cruise will visit 8 discharge sites: 5 shelf locations (from the 13 visited in the
Scouting Survey) and 3 locations in the > 300 m depth range. The deepwater |ocations will include
the Mississippi Canyon 28 template sampled as described by Fechhelm et al. (1999). The results of
the Screening Cruise will be used to (1) test and refine field procedures and analytical techniques
for use on later cruisesand (2) devel op biological and sediment-toxicity sampling programsfor later
comprehensive studies at shelf sites.

Analysesto be conducted during the Screening Cruiseinclude water column profiles of salinity and
temperature, SBM base fluid concentration, sediment grain size analysis, mineralogical
characterization of sediments, total organic carbon, total petroleum hydrocarbons, sediment barium
concentration, and sediment redox measurements. Initial sampleswill also be collected to support
the design of the biological and sediment toxicity sampling program (five stations).

Task 5. Sampling Cruise 1

Sampling Cruise 1 will visit 8 discharge sites: 5 shelf locations (from among the 12 visited in the
Scouting Survey) in the 40 — 300 m depth ranges and 3 locationsin the > 300 m depth range. During
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Sampling Cruise 1, samples will be collected for physical and chemical measurements of sediment
conditions at al shelf and deepwater sites, for definitive biological and sediment-toxicity analyses
at 3 shelf sites, and for physical survey and video observations of sediment conditions at deepwater
sites. Theresults of the Sampling Cruise 1 will be used to (1) contribute to definitive assessment of
accumulation of SBM based fluids in sediments at shelf and deepwater sites and (2) initia
assessment of the zone of biological and sediment-toxicity effects at selected shelf sites.

Task 6. Sampling Cruise 2

Sampling Cruise 2 will be arepeat of Sampling Cruise 1 approximately one year later to examine
temporal variations.

Task 7. Final Report — Interpretation and Synthesis of Results

Thefinal report will consist of an interpretation and synthesis of the results of the program in three
volumes, an executive summary, atechnical report, and an appendix volume containing the data.

Task 8. Presentations

Presentations of the results will be made to various groups (industry, sponsors, and regulatory
agencies) during and at the conclusion of this project.

Task 9. Administrative Reporting

Monthly progress reports and a program schedule document will be prepared as a part of this
program.

SUMMARY

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.

REFERENCES

Environmental Protection Agency (EPA). 1999. “Effluent Limitations Guidelines and New Source
Performance Standards for Synthetic-Based and Other Non-Aqueous Drilling Fluids in the Qil
and Gas Extraction Point Source Category” 40 CFR Part 435 [FRL-6215-1] 64 FR 22 pp. 5488-
5554, 3 February.

Frechhelm, R.G., B.J. Gallaway, and JM. Farmer. 1999. “Deepwater Sampling at a Synthetic
Drilling Mud Discharge Site on the Outer Continental Shelf, Northern Gulf of Mexico.” SPE
Paper 52744, Presented at the SPE/EPA Exploration and Production Environmental Conference.
1-3 March 1999, Austin, TX.



30

FIELD RESULTS OF A NEW HIGH-RESOLUTION SEISMIC SYSTEM TESTED IN
SHALLOW AND DEEP WATERS OF THE GULF OF MEXICO

Dr. Thomas M. McGee
Center for Marine Resources and Environmental Technology
University of Mississippi

INTRODUCTION

During the past severa years, the Center for Marine Resources and Environmental Technology
(CMRET), formerly the Marine Minerals Technology Center (MM TC), Continental Shelf Division,
of the University of Mississippi has been active in developing and testing geophysical systems to
remotely determine physical properties of underwater sediments. Toward thisend, adigital seismic
capability was acquired and field programs were carried out to test the use of broadband marine
seismic sources with the multi-channel profiling technique known as “common mid-point (CMP)
stacking.” The results were less than satisfactory.

In 1997, in an effort to determine why satisfactory results were not being achieved, the CMRET
engaged in discussions on an international level with other practitioners of water-borne reflection
profiling. It was discovered that there is a widespread and growing realization that certain time-
honored assumptions of deep exploration seismology are not necessarily valid in high-resolution
contexts. The assumptions upon which the seismic profiling portion of the CMRET Geophysical
Systems Development Program relied were examined thoroughly. Thisexamination led to achange
of focus for the seismic portion of the program. The use of CMP stacking was suspended and the
principal effort was redirected toward improving resolution. First results after the change are
reported herein.

THE ASSUMPTION OF LIMITED BANDWIDTH

The most basic assumption influencing seismic resolution is that seismic signals are band limited,
i.e. that they contain no power above some maximum “cutoff frequency.” The existence of a cutoff
frequency would have far-reaching consequences because the minimum rate at which the analogue
signal should be sampled istwicethe cutoff frequency (Shannon 1949). Thefrequency equal to one-
half of the sampling rate actually employed for a particular data set is called the “Nyquist”
frequency of that set and isthe highest frequency that can be described uniquely by discrete Fourier
transformation.

From atheoretical point of view, only signals of limited bandwidth may be digitized without loss
of information (Shannon 1949, Slepian 1976). A consequence of the Uncertainty Principle is that
signals of limited bandwidth, i.e. sinusoids, have infinite duration and signals of limited duration,
i.e. pulses, have infinite bandwidth. The duration of seismic wavelets is limited because they are
“causal,” i.e. they don't exist prior to their onset time. By the Uncertainty Principle, therefore, they
cannot bebandlimited (McGee 1998). Of course, this presentsaconundrum when digitizing seismic
signals. Theimplication isthat seismic signalsrequirean infinite sampling rateto avoid information
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loss. A corollary is that some information, or resolution, is always lost when seismic signals are
digitized (because the rate isfinite).

In 1991, an experiment to determine how often signal sgenerated by common sei smic sources should
be sampled was carried out on Lake Windermerein Cumbria, U.K. (McGeeet al. 1992). Under quiet
conditions, the signatures of several commercial seismic sourcesweredigitized at 204,000 samples
per second. It was learned that the spectra of two commonly used sources, the watergun and the
boomer, generate signatures with exceptionally broad power spectra. Thisisillustrated in Figure
1A.1 whereaboomer pulseand its power spectrum are shown. Although the spectrum (Figure 1A.2)
extends as high as 102kHz, the Nyquist frequency, no cutoff frequency is observed. In fact, the
power decays so slowly that it does not drop below -40db (1% of maximum amplitude) until well
above 30kHz.

It is often argued that fast sampling rates are unnecessary because high frequencies are absorbed
during propagation. This argument ignores the way geologic information is encoded into a
seismogram and the fact that a sampling rate is adequate only insofar that it allows geologic
information to be retrieved. For reasons of computational efficiency, the retrieval is usualy
accomplishedinthefrequency domain. Thus, itisimportant to understand how geol ogicinformation
is represented in the frequency domain.

That representation isillustrated in Figures 1A.3 and 1A.4 by asimple seismogram” and its power
spectrum. In the time domain (Figure 1A.3), the “seismogram” consists of two identical boomer
wavel ets separated by an interval of time. The“geologic” information isthe amplitude and polarity
of the wavelets and the length of time between them. In the frequency domain (Figure 1A.4), the
“geologic” information is coded into a pattern of destructive interference (solid line) that is
modulated by the power spectrum of the individual wavelets (dashed line). The pattern appears as
aset of spectral notches whose spacing is associated with the interval between wavelets. Since the
wavelets are of the same polarity, the notches occur at odd-integer multiples of a"base" frequency
whose period is twice the separation interval. (If the wavelets were of opposite polarity, notches
would occur at al integer multiples of abase frequency with period equaling theinterval.) Relative
wavel et amplitudeis coded into the depths of the notches. The deepening of every fifth notch isdue
to a serendipitous coincidence of notches and odd harmonics of the dominant wavelet period.

The spectrum of areal seismogram would display a number of such interference patterns, one for
every pair of wavelets. Processing algorithmsretrievethe geologicinformationin areal seismogram
by identifying each base frequency, determining whether its pattern consists of only odd or all
harmonics, and considering the depth of the notches. The accuracy with which this can be done
increases as more harmonics of the base frequency are described. That requires a sampling rate
greater than one merely capable of describing the source signature.

OVERSAMPLING

Decades ago, when data storage was relatively limited and analogue-to-digital (A-D) converters
were much slower than they are now, the volume of digital data was limited by assuming a rather
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low cutoff frequency and attenuating power at higher frequencies by filtering the analogue signal,
even though information (or resolution) was lost by doing so.

Digital technology has now advanced to a point where the size of available storage and the speed
of A-D converters can accommodate Nyquist frequencies so high that little signal power can
possibly exist at higher frequencies. In fact, such exploitation of the vastness of modern digital
capacity is the rationale behind the concept of “oversampling” (Alesis Corporation 1996).
Oversampling is well suited to seismic application because, since the spectra of seismic wavelets
decay naturally as frequency increases, it is not difficult to avoid analogue filtering entirely by
selecting aNyquist frequency that is several octaves above the highest frequency of interest. When
applied to seismic profiling, oversampling allows exceptionally high resolution to be attained.

BROADENING THE CMRET GEOPHY SICAL SYSTEMS DEVELOPMENT PROGRAM

Having recognized that thereisno intrinsically “ correct” sampling rate associated with a particular
seismic source and that someinformation/resol ution is always lost when seismic data are digitized,
the CMRET addressed two questions in its broadened program:

1) What is areasonable sampling rate for seismic data?
2) How much seismic resolution can be realized?

The answer to the first is simple; seismic data should be sampled as rapidly as is allowed by the
equipment available. If the available equipment is not fast enough, better equipment should be
obtained.

The answer to the second relies on carrying out experiments in both shallow and deep water
situations because the appropriateness of acquisition and processing techniques depends to alarge
extent on field environment. For purposes herein, the measure of seismic resolution is taken to be
the width of the dominant peak, or trough, of a seismic reflection. That would be about one-half of
the dominant signal period and correspond closely to the minimum layer thickness (in two-way
time) that can be discerned on a seismic profile. Also for purposes herein, conversion of time to
distanceisaccomplished using aspeed of 1500m/s, whichiswithin afew percent of the propagation
speed in sea water and most unconsolidated sediments.

RESULTSIN SHALLOW WATER — SOURCE SIGNATURES NOT RECORDED

Several tests of shallow water profiling were done between December 1997 and March 1999 near
Cat Iland in Mississippi Sound using aboomer source. Water depths were about 4m (12ft). In each
test, a 105-Joule boomer and a short hydrophone array were towed separately, but close to each
other. They were towed on the stern quarter rather than directly astern in order to avoid entrained
air bubblesthat deteriorate broadband signals. Digital recordingwasin 16-bit SEGY integer format
at 200,000 samples per second. Signal gain was constant. No filters were applied to the anal ogue
signal prior to digitization (except the anti-alias filter intrinsic to the A-D converter).
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Figure 1A.5 shows an example of field dataacquired under good sea conditions. The most obvious
featureisthat each traceisoffset fromitsnull position by aslowly varying trend. These offsetswere
corrected during processing by use of a procedure known as “detrending” (Brussaard and McGee
1992). The detrended data are shown in Figure 1A.6 after having been corrected for spherical
divergence of the wavefront. It should be noted that water-bottom multiples are not obvious on the
processed profile except in its right-hand portion.

It may be observed in Figure 1A.6 that the reflections consist of two wavelets. The first is the
primary reflection and the second, opposite in polarity, is a “ghost” reflection from the water
surface. Figure 1A.7 shows enlargements of three such reflections; (a) from the seafloor, (b) from
3msbelow the seafloor and (c) from 17msbelow the seafloor. Each showsthe ghost following the
primary by about 0.5ms. Since the boomer backing prevents the generation of a ghost above the
source, the delay indicates that the hydrophone array was being towed about 38cm (15in) below the
water surface.

The wavelets of Figure 1A.7(a) and Figure 1A.7(c) are of the same polarity while that of Figure
1A.7(b)is of opposite polarity. Thus, if (a) represents an increase of acoustic impedance, perhaps
due to the sea floor being more dense than sea water, (c) also represents an increase but (b)
represents a decrease.

Thewavelet in Figure 1A.7(b) is part of the apparently negative reflection in the central portion of
Figure 1A.6. It appears to be faulted with a throw of about 40cm (16in). The wavelet in Figure
1A.7(c) is taken from the deep horizon in the left-hand portion of Figure 1A.6 that appears to be
eroded.

The dominant period in Figure 1A.7(a) and Figure 1A.7(b) is 0.20ms while that in Figure 1A.7(c)
is 0.28ms. These values indicate that a resolution of 0.10ms (about 7.5cm or 3in) can be attained
within the upper 3ms (about 2.3m or 7ft) of sediment. Resolution isreduced to 0.14ms (about 11cm
or 4in) at adepth of 17ms (about 14m or 45ft) below the sea floor, apparently due to the effect of
absorption.

The almost total absence of multiples indicates a weakly reflective, very soft sea floor. Cores
showed the soft bottom to be dark grey, soupy silt. The more strongly reflective sea floor in the
right-hand portion of the profile is due to the presence of oyster reefs. The reflection of apparently
negative polarity 3msbelow the seafloor was found to correspond to agrey sandy silt-clay. An odor
of H,S was emitted when the cores were split, so perhaps the presence of free gas accounts for the
reflection being apparently negative. A comparison of cores was consistent with the apparent
faulting. The cores were too short, however, to penetrate the deep horizon thought to be the top of
the Pleistocene, exposed and eroded during alow stand of sealevel.

RESULTS IN DEEP WATER — SOURCE SIGNATURES RECORDED
Deep-water tests were conducted over the continental slope of the northern Gulf of Mexico during

June 1998 and September 1999. The 1998 cruise went into parts of the Mississippi Canyon area
where gas hydrates outcrop at the seafloor. The 1999 cruise was in portions of the Garden Banks
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area and duplicated conventional seismic profiles through wells where shallow flowing sands had
been encountered.

During the 1998 cruise, abroadband seismic source was depl oyed on the surface and a hydrophone
array towed at depth. The intention was to record the outgoing source pulse isolated in time from
the returning reflections so that it could be used as a source signature during subsequent data
processing. Resultswere promising, and that geometry was used exclusively during the 1999 cruise.

In 1999, a 15 in® watergun source was towed on the surface and a short single-channel hydrophone
array wastowed about 250m (800ft) bel ow the surface, both about 300m (1,000ft) behind the vessel.
There was a 300ms interval between the sea-floor reflection and the surface ghost so that about
450m (1,460ft) of bottom sediment could be imaged before interference by ghost reflections.
Twenty profiles were acquired in 16-bit SEGY integer format, two profiles in opposite directions
on each of ten tracks. On the first profile, the source was fired at 5-second intervals and recording
was done for 3 seconds, 2 seconds being allowed for data storage and resetting. Thefiring interval
was too short, however, because water-layer multiple energy from the preceding shot did not have
time to dissipate. This was corrected on the other profiles by increasing the firing interval to 6
seconds, which allowed the record length to be increased to 4 seconds. The digitization rate was
80,000 samples per second on all profiles. Tracesin the first profile contain 240,000 samples and
the others contain 320,000 samples.

A format restriction is encountered when recording so many samples per trace because the number
of samples per trace is written into the SEGY header as a two-byte integer, which cannot exceed
about 32,000 samples. The restriction was circumvented by dividing each trace into segments and
writing it as a multi-channel record. Thus the 240,000-sample traces were written as 8-channel
records of 30,000 samples each channel (Figure 1A.8(a)) and the 320,000-sample traces as 16-
channel records of 20,000 samples each channel (Figure 1A.8(b)). The segmentswere reassembled
into asingle trace for processing and the output separated into channels again.

A linear gain was applied prior to digitizing as a means of compensating for signal decay due to
wavefront divergence. The first profile was recorded with no electronic filtering prior to the
anaogue-to-digital (A-D) convertor. Strumming of the deep-tow cable produced the strong 40Hz
signal visiblein Figure 1A.8(a). To avoid clipping the strum signal, it was necessary to reduce the
gain with the result that the seismic signal occupied only the low portion of the 16-bit dynamic
range. In order that the gain to the seismic signal could beincreased, the strum signal was attenuated
on the other profiles by applying a 160Hz (12 db per octave) low-cut filter. Typical filtered field
traces are illustrated in Figure 1A.8(b).

After detrending, the source signature was used both to deconvolve and to matched filter the data
before correction for spherical divergence. Figure 1A.9 shows (@) atypical watergun signature, (b)
the signature deconvolved to itself and (c) the signature matched filtered by itself. Thewaveletsare
normalized to unit energy across the interval shown and plotted in relative, not true, time. The
outgoing source signature begins with a small precursor at 40ms and develops into a complicated,
high-amplitude pul se near 60ms before decaying to insignificance beyond 80ms. The deconvolved
and matched filtered signatures are symmetrical about atime near the onset of the precursor. The
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symmetry is more obviousin Figure 1A.10 where the plots of the processed wavelets are enlarged;
(a) deconvolved and (b) matched filtered. In can be seen that secondary peaks are located about
0.5ms on each side of the dominant peak.

Most of the energy in the source signature is distributed over about 20ms. For the processed
signatures, the same energy is compressed into their central peaks. The width of the peak of the
deconvolved wavelet is 0.060ms, a compression ratio of more than 300. The width of the matched
filtered peak is 0.156ms, a compression ratio of about 130. It is oversampling that allows the
compression to be so great. If the sampling rate were smaller, the amount of compression would be
less.

The widths of the central peaks are an indication of the best resolution that can be accomplished
without increasing the sampling rate. At the speed of sound in sea water (1,500m/s), the
deconvolved peak isabout 4.5cm (1.8in) wide, and the matched filtered peak isabout 11.7cm (4.6in)
wide. Thus signature deconvolution provided resolution about 2.5 times better than the matched
filter process. Deconvolution is notoriously susceptible to noise, however, so matched filtering is
often preferred in practice even though it provides somewhat lower resolution.

Figure 1A.11 shows segments of two profiles after matched filtering. Figure 1A.11 is a portion of
a profile with no analogue filtering prior to A-D conversion and Figure 1A.12 is a portion of a
similar, nearby profile that was analogue filtered to reduce strum noise. Both show the same
reflecting units, but the reflections are not compressed as much in (b) asin (a). The decrease in
compression probably is due to the low-cut filter restricting the spectral shape.

Figure 1A.13 shows details within the two boxes outlined in Figures 1A.11 and 1A.12. The
dominant peaksand troughs are about 0.12mswide which impliesaresol ution of about 9cm (3.5in).

In Figure 1A.13(a), the uppermost event is the reflection from the sea floor. Rather than smply a
single reflection, it appears to be aweak peak followed closely by a stronger peak. The reflection
complex near 6ms below the sea floor (BSF) marks the upper boundary of a layer whose lower
boundary is near 11ms (8m or 27ft) BSF. The upper boundary appears to be a weak negative
followed by doublet consisting of a strong positive and a strong negative whose separation is near
the limit of resolution. The lower portion of the layer exhibits aregion of numerous reflections that
may indicated a series of layerstoo thin to be resolved.

Figure 1A.13(b) shows a 1m-thick layer at 31ms (23m or 76ft) BSF. Its upper boundary is marked
by apositive reflection and itslower boundary by a negative reflection. It could well be asand unit
overlain and underlain by soft silt or clay.

SUMMARY

Previousresultsled the CMRET to forego the use of CM P stacking and to begin investigating ways
to maximize seismicresolution. It wasrealized that sel smic wavel etsare causal and therefore cannot
be band limited. In theory, an infinite digitizing rate would be required to avoid loss of resolution.
In practice, thisimplies that sampling should be as rapid as possible.
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It was also realized that, if the seismic method is to be useful, the sampling rate should be fast
enough to recover the geologic information that is coded into seismograms. This usually requires
a much faster rate than that necessary to describe the source wavelet. The practice of very rapid
sampling to improve resolution is called “oversampling.”

Theseideashave been substantiated by acquiring and processing single-channel datain both shallow
and deep water. Oversampling was practiced, i.e. digitizing at 200,000 samples per second in
shallow (4m or 12ft) water and at 80,000 samples per second in deep (1,300m or 4,430ft) water. In
both casesresolution ison the order of 10cm (4in). In deep water, recording the source signature for
use during processing was crucial to achieving that resolution.
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INTRODUCTION

In this decade, the MM S Gulf of Mexico region has dedicated resources to acomprehensive socid
science research program that seeksto examine the effects of OCS development. Thisisthe second
MMS project for our University of Arizonateam and is an attempt to understand the effects of that
development on individuals and families. We have benefited from prior socia science studies and
the tremendous support we have received from the communities of New Iberia and Morgan City,
Louisiana

Because of extensive recent industry changes, we designed our study to investigate the many facets
of OCSdevel opment aswe explored itsindividual impacts. Wequickly learned that any information
about either the industry or impacts depended on who you asked and when you asked them. Thisis
asimple way of saying what you all already know: the oil and gas industry in the Gulf of Mexico
isextraordinarily complex and dynamic. To study impactsto individualsand families, wedevel oped
aparticipatory research methodol ogy that allowed usto capitalize onloca knowledge and expertise
and track change asit occurred. An advantage of our ethnographic approach is that questions about
the nature of the industry did not have to be answered in full before the study but could become a
product of theresearch. So, weidentified two communitieswithin which wefound peopleinterested
in the study and in becoming local research partners.

Table 1B.1 displays the methodol ogy of this study. Asyou can see, we arein the second of the three
years of the study, and community ethnography forms its backbone of the study. Table 1B.2 shows
the composition of the ethnographic research team. The residential ethnographers are research
specialists who lived in the communities for nine months from September 1998 to June 1999. The
teacher-researchersarelocal teacherswho participated in the project during that entire period; many
of them have continued the project into this second year. The university researchers who conduct



54

the concentrated site visits stay for two to four week periods at several intervals throughout the
project. The roving ethnographers visit communities outside Morgan City and New Iberiato gather
additional information about families and workplaces.

Table1B.1  Study methodology.

July 1998-June1999 | July 1999- June2000 | June 2000- July 2001

Literature Review and Electronic Bibliography
Community Ethnography

Analysis and Presentation of Results

Thethirteen teacher-researchers who joined the study participated in aday-long workshop at which
they were introduced to the “funds of knowledge” methodology and philosophy that are central to
their involvement. Theterm “funds of knowledge” as applied to educational anthropology wasfirst
coined by Carlos Vélez-Ibafiez and James Greenberg (1992) from the Bureau of Applied Research
in Anthropology at the University of Arizona. In a funds of knowledge study, teachers enter the
homes of their students as learners seeking to better understand the contexts within which those
children live (see Gonzalez 1995). In addition to the workshop, the university and teacher
researchers met monthly throughout thefirst year for training, sharing results, and adapting the study
to fit changing circumstances. This presentation highlights the participation and findings of the
teacher-researchers in the community ethnography and the local applications of what we have
learned.

Table 1B.2.  The ethnographic research team.

July 1998- June 1999 July 1999- March 2000
Residential Ethnographers Site | Site
Visit | Visit

Teacher-Researchers

Site Site Site Site Site Site Site
Visit Visit Visit Visit Visit Visit Visit
Rovers Rovers Rovers

THE OIL/GAS INDUSTRY: COMPLEX AND PERVASIVE

As noted, the oil and gas industry is both complex and pervasive in the study communities. OCS
activitiesdraw workersto platforms, rigs, boats, helicopters, trucks, fabrication yards, and machine
shops. Work happensintheair, on land, and over and beneath the waters of the Gulf. Schedulesvary
from regular shifts of seven days out and seven days home to on-call routines in which workers do
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not know from day to day when and how long they will be gone. Some work requires extensive
formal education and training while other tasks are learned on the job.

One certainty of the oil and gas industry is change, so the most perplexing question in identifying
impactsis“when?” With the ups and downs in the industry, the new technologies that are brought
on line, and corporate restructuring, the industry is continually evolving. Jobs that once required
nothing more than a strong back and willingnessto work hard now require specialized training and
even academic degrees. Employment that once brought steady salariesis now offered on acontract-
by-contract basis. Where work schedules once required workers to be away from home for seven
or even 14 days at a stretch they now demand that they be gone for 28 days at atime. All of these
factorsmust be recognized and considered in the effort to understand how industry activitiesimpact
individuals and families.

The overall outlook of the industry is equally dynamic. Our university-based researchers first
entered the communities in August 1998. Locals were guardedly optimistic that the industry was
stable. By the new year, many of the workersfirst contacted were out of work. Then, oil roseto over
$20 a barrel and has stayed there; yet rigs are still stacked and companies, with an eye to their
stockholders, are waiting to reach their “comfort level” with the price trend. One industry analyst
with whom we talked looked back fondly on the “10-year cycles’ in the industry. Lately, he
commented, “things have been real choppy.” Severa of the research approaches we are
using—ethnographers resident in the communities, the repeat visits by our teacher-researchers to
family homes, return visits by university-based investigatorsto the communities—are effortsto map
this“choppiness.”

OCSACTIVITY WITHIN MORGAN CITY AND NEW IBERIA

We selected Morgan City and New Iberia as study communities primarily for their density of
involvement, both historically and now, in offshore oil and gas activity. Moreover, both
communities are involved in arange of functions related to the OCS: drilling, fabrication, service,
support, and production. Thus, they differ from locales such as staging areas that serve a single
function; at the same time, they are not dominated by downstream segments of the industry, such
as is the case in refining regions. We thus anticipated that, in both communities, we would find
“individuals and families’ with historic involvement in the offshore industry.

But we anticipated, and are in the process of comprehending, differences between the two
communities. New Iberia has a large sugar industry; Morgan City has a seafood industry. Morgan
City’s port has a competitive advantage over New Iberia in water access to the Gulf; the Port of
Iberia has the advantage in land. Morgan City, with asmaller population, is characterized by many
as more vulnerable to ups and downs in the oil and gas industry; New Iberia, with its plantation
homes and other tourist attractions, is viewed as moreresilient to industry fluctuations. In an effort
to understand these similarities and differences, we have been collecting archival material,
newspaper accounts and observations by community officials and the business sector.

Shrimping declined asthe oil and gasindustry wastaking off, and many of Morgan City’ sresidents
shifted from the one occupation to the other. Because of their maritime skills and experience in the
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watersof the Gulf of Mexico, after thefirst platform was established offshorein 1947, many moved
from shrimp boats to crew and supply boats servicing the offshore rigs. As its 1954 decision to
renamethe annual Shrimp Festival the Shrimp and Petroleum Festival indicates, the transformation
of the community was quick and extensive. Morgan City is an island with alimited land base, but
it was not long before asignificant portion of itslandscape was converted to industrial usein service
of the offshore oil and gas activity.

In contrast, New Iberia came to oil from an agricultural economy based largely on sugar and
continues to this day to associate itself more strongly with sugar than with oil, despite the greater
impact of oil and gas on the community’ seconomy. Asthe annual Sugarcane Festival attests, sugar
is still the primary marker of local identity. Contrary to Morgan City’s rapid acquiescence to the
overwhelming influence of the oil industry, New Iberia’s sugar elites strove to maintain their
economic and political advantage and resisted change. Their control of the land surrounding the city
and refusal to sell it for industrial development limited the scope of change. Only recently has new
acreage passed from agricultural to industrial use at the Port of Iberia.

LOCAL TEACHERS AS EXPERTS AND ETHNOGRAPHERS

In communities with rich and complex histories from which present day involvement in oil and gas
emerged, the knowledge and interpretations of local residents familiar with the past and active in
the present are crucia to teasing apart the various factors that affect individuals and families
involved in OCS-related work. Consequently, university researchers paired up with local teacher-
researchersto develop and conduct this study. The university researchers bring research experience
and information about a wide range of communities. The teachers, as insiders with multiple roles
within the communities, bring in-depth knowledge of those places. Local views of the communities
and the project findings are distinct from those of the “ outside” researchers. These differences have
significant implications for the quality of knowledge that will be gained from the research. The
teachers, as co-researchers, live and teach in the community and therefore contribute to the research
process and final productsin unique ways.

The resident ethnographers and the teachers were responsible for talking with workers and their
families. The teachers used several approaches to contact families for the study. One teacher sent
home a letter explaining the research project and asked for any interested families to contact her.
Some teachers interviewed former students families and others chose to interview people they
knew. Once they had joined the project, many people, in the custom of South Louisiana, offered
their brothers, sisters, cousins, and various other relatives and said that, of course, they would love
to be interviewed. The names of these contacts were passed along to the resident ethnographers
when the teachers had identified all the families with whom they would work.

After each teacher established contact with at |east three separate families, she gathered information
through family trees, occupational timelines, and guided discussions. The origina study design
called for two meetings with each family, but, because of the declinein OCS activity that occurred
between the summers of 1998 and of 1999, the team decided to conduct follow up discussions at
least three months after theinitial contactsto get information about how the downturn was affecting
workers in various sectors of the oil and gas industry. The first discussions centered around the



57

family background, jobs, work schedules, hobbies, and plans for the future. Then, the discussions
focused on how the OCS worker’s job affects his or her family.

BENEFITS OF COLLABORATIVE AND PARTICIPATORY RESEARCH

The information gathered by the teacher-researchers was enhanced by the regular interactions that
take place between teachers and their students, friends, and family throughout the year. That
information was shared at monthly study group meetings during which all researchersdiscussed the
progress of the study, shared names of families who might join the study, and related the findings
to work from previous studies.

Theproject, theresearchers, and the community have benefited from the active invol vement of local
researchers. The teachers gained access to individuals and families that may have been reluctant to
share information with strangers. Being familiar with the area, the industry, and the culture, locals
are able to understand both the dialects and the special oilfield jargon that may be strange to
outsiders. Those whose families that are and have been involved in OCS-related work established
specia bondswith the study participants. In the process, the teachers cameto view the communities
differently, We learned more about ourselves, our students, and the problems and resilience of
members of our communities. Eventhosewho had lived inthe communitiesall our livesgained new
insights of the impacts of the oil and gas industry.

The teachers who have the experience of being the wife or daughter of an offshore worker offered
first-hand insightsinto the family accommodations and negotiations they experienced in relation to
their father’s or husband’ s frequent absences. These insights were invaluable as we evaluated the
guestions we would ask and discussed the responses of offshore workers and their families.
Teachers first-hand experience and intricate connections with anetwork of other oil familiesinthe
community provided the project with many contacts and fruitful leads.

Theinsights of the teacherswho were rel ative newcomers to the community also contributed to the
team’ s discussions and interpretations and complemented the insights of those whose families had
been in the areafor generations. These teachers often compared their own family history rooted in
a different culture and place to those of offshore oil workers they were interviewing. They also
offered insights concerning their experiences of moving into and working as teachers in the
communities of study and the many ways in which they were made to feel both welcome and “on
the outside.” Thusthe array of interpretive lenses and experience histories of the local researchers
helped us as we continually reflected on and re-valued the research process.

SIGNIFICANT PRELIMINARY FINDINGS AND COMMUNITY OUTREACH

Community researchers are a tremendous asset for the dissemination of results and identification
of strategies to mitigate negative impacts of OCS-related activity. Rather than waiting three years
for the conclusion of the study, the teacher-researchers have begun to get information back into the
communities and find ways to use what we have learned to improve our teaching and increase our
community involvement.
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The data from the field are till being analyzed, so here we only offer afew of the issues that have
emerged from the study. Industry cycles up and down faster than in the past. The most recent
downturn has had and continues to have significant and notabl e effects on companies and workers.
Many people have been laid off due to downsizing and restructuring. Where jobs still exist, many
of the companies now look different than they did only recently. Hourly workers are being kept at
forty hours per week, which for many who are paid just above minimum wage is not enough money
to support a family. Still, in the midst of the downsizing, many salaried employees are finding
themselvesworking longer hoursfor the same pay. Thereisless opportunity for growth at thelevels
of both the individual and small company, and survival is till uncertain for many companies.
Families have had to adjust to layoffs, longer work hours, and schedule changes.

Scheduling impacts are among the most significant for families. In many cases, lifestylesand child
rearing are determined by how long the oilfield worker will be gone. When aworker isona7 and
7 shift, then household responsibilities may move from one parent to the other at each shift change.
If the worker is gone 14 days at a time, the parent at home is frequently the major disciplinarian.
With a 28 day rotation, spousesreport that young children lose contact with their absent parentsand
many arefearful of the returning parent. For on-call workers, the unpredictability surrounding when
and how long jobs take place generally means that families organize their livesto go on without the
worker, and financial uncertainty prevails.

Despite the widespread involvement in the oil and gas industry, many in our communities do not
readily recognize the impact of the oil industry in the lives of their families. Recording the work
history of individuals similar to husbands and fathers has helped even the teacher-researchers
understand thegreat impact OCS-rel ated work has had on our families. Too often, wefound families
of workers do not share their common hardships with one another or understand the reasons they
are struggling with the tasks of daily living.

As the bust of the eighties gradually became the boom of the nineties, lifestyles changed. In the
downturn, older workers remembered the lean years and told us how they would survive if another
major bust came about. New workerswho had not experienced previous downturns did not heed the
warnings of others. Many were left without jobs but with houses with large notes. Many |eft town.
Budgets for schools were slashed when sales tax revenues went down drastically. With the study
communities heavy dependence on OCS-related work and revenues, we expect that oil will
continue to drive our local economies. Therefore, for community researchers, a key question
became, “How do we prepare the next generation for work in the oil industry?”’

AsThomas Jefferson once said, “No child’ seducation is complete unless he has aknowledge of the
industry that supports the economy of the areain which helives.” The classrooms became the first
place to tell the story of the oilfield workers. The students needed to know about the industry that
supports the economy of south Louisiana. First, we wanted to give students arealistic view of the
industry and its cyclical pattern of prosperity and decline. We believe that students will be better
prepared to make occupational choices and to become oilfield workersif they understand what the
jobsentailed. Several teachersand their students participated in asummer workshop that drew upon
the expertise of a computer specialist and researchers from the University of Arizona and of the
students from St. Mary and Iberia Parishes to design a web site about the oil industry. Thissiteis
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designed to help teachers and potential oilfield workers share the stories and locate information
about working in the industry.

Other classroom activitiesinclude career awareness projects and a social studiesfair project that is
attempting to determine the number of students whose parents work in the oilfield. Through the
study, teachers have made contact with workerswe can inviteto our classroomsto share knowledge
and experience.

The teachers have reported back to the school boards about the impact of the oilfield in local
classrooms. The school boards are supportive of the study and are eager to hear the final outcome.
It has been pointed out that money is often the only voiced concern when the oilfield slows down.
The next major milestone in the study will occur in March 2000 when the study team sponsors a
series of meetings and workshops to share preliminary findings with various groups throughout
Morgan City and New Iberia and gain feedback to incorporate in the project report.
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EVIDENCE FOR STABILITY AND CHANGE IN GULF OF MEXICO
CHEMOSYNTHETIC COMMUNITIES FROM GIS, REMOTE
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Dr. lan R. MacDonald
Dr. Gary Wolff
Dr. Norman L. Guinasso, Jr.
Geochemica and Environmental Research Group
Texas A&M University

Dr. Paul Montagna
Marine Science Institute
University of Texas

INTRODUCTION

The CHEMO Il Program (Stability and Change in Gulf of Mexico Chemosynthetic Communities)
combines at least twelve independent investigations that address the geology, geochemistry,
ecology, microbiology, and molecular biology of hydrocarbon seeps. The investigations are spread
over awide areaof the continental slope and are examining processes that have long time constants.
With this range of disciplines, producing a meaningful synthesis of results presents a significant
challenge. At thewithin-siteand between-sitelevel, CHEMO |1 hasbeen planned and executed with
a statistically robust sampling design, which integrates analytical results from individual habitats
within representative community sites. Data QA/QC dependsin large part on acommon system of
sample identification to facilitate comparison of results obtained at common locations by different
disciplines. Analysis for final data synthesis makes use of principal component analysis and other
multivariate techniques.

A limited time-series of physical oceanographic parameters was completed during the program. In
addition to data collected during the 1997 and 1998 field seasons, CHEMO Il has integrated
availabletime-series, geophysical, and remote sensing data from industry sources. Other aspects of
data synthesis in CHEMO 11 are linkage between regional data and establishment of community
status benchmarks that will make it possible for future investigators to detect changes in the
ecological health of these communities. To satisfy this need, CHEMO Il developed a Geographic
Information System (GIS) database that encompasses all program sample collections. All of these
materialsarecompiled inthe GIS. ThisGISwill bedelivered to MM S at the completion of CHEMO
Il and will be released to the public in CD-ROM and web-access modes. In addition to the CHEMO
Il program, MM S has supported other ongoing investigations of hydrocarbon seeps. It ishoped that
these data will also be integrated into present GIS at the appropriate time.

This presentation briefly describes the organization of the GIS database. Selected results from the
combined information contained in the GIS will demonstrate spatial and temporal processes
characteristic of seeps. These include physical limits on the stability of gas hydrate at mid-slope
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seeps, characteristic dimensions of seep communitiesdetermined by faultsthat i ntersect the seafl oor,
and variability in fluid expulsion at dormant and active mud vol canoes.

RESULTS

A GIS combines multiple data sets within a common set of geographic coordinates. Each data set
generates a layer which can be plotted individually or in combination with other layers, with the
result that numerous unique maps can be produced to explore the relationship between different
analytical results (Figure 1C.1). There are two fundamental types of GIS datasets: vector and raster.
Vector data consist of points or lines such that each point or line is associated with sets of
observations. In the CHEMO |1 data, for example, sampling stations are points within one of the
program study sites. All collections can be accessed through theindividual sampling stations, either
by selecting points within the graphic display or by addressing station descriptors through Boolean
gueries. Additionally, graphs or photographs can be associated with the station locations and
accessed through the GIS interface. Raster data consist of images or gridded data such as

GC 185 Gl Sdata layers

*Bathymetry

L aser mosaic and interpretation

+Site location with links to
photo mosaics

Figure 1C.1. Examplesof GIS layersfrom the GC185 sampling site. Clockwise from lower |€ft,
the layers depicted are a high-resolution bathymetric model, bathymetry overlaid
with community attributes, a photo-mosaic that documents a sampling station, and
alaser line scan mosaic with station locations.
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bathymetric depth models. In raster data, information is contained in the color or intensity of
individual grid cells. Inthe CHEMO Il GIS, raster datainclude bathymetry, laser line scan mosaics
(optical images covering 100s of square meters), and side-scan sonar mosaics. Gas hydrateisanice-
like solid that forms under extreme pressure when hydrocarbon gases and water combine at low but
above-zero temperatures. There are two principal forms of gas hydrate: structure I, composed of
methane gas, and structure 11, composed chiefly of propane. The two structures have different
stability horizons of temperature and pressure. Understanding of the role that shallow gas hydrate
plays in mid-slope seep communities has increased significantly during the course of CHEMO 1.
Gas hydrates are common in the upper 1m of the sediment column at all study sites except GB425.
As results presented by Sassen et al. (1998) demonstrate, the molecular and isotopic composition
of gas hydrate in CHEMO Il sampling sitesis variable and may indicate dynamic interaction with
the microbial community. The discovery of the so-called “ice worm” by Fisher et al. (In Press),
proves that metazoan organisms are both dependent on gas hydrate and can affect its stability in
shallow sediments. The combined physical time-series data compiles at the constrains the type of
gas hydrate that can persist in the shallow sediment of mid-slope seeps. The temperature and depth
(pressure) range found at the study sites encompasses 6° to 12° C and 540 to 640m. Thisis only
marginally favorable for formation of structure | gas hydrate (Sloan 1990). From this result, it is
shown that structure I, if it occurs, will be a transient deposit, persisting only until temperatures
exceed the stability envelope. Ambient conditions at mid-slope seep communities which do not
appear to exceed the stability horizon for structure Il gas hydrate. Structure Il gas hydrate, as was
proposed by Carney (1994), isastabledeposit that stores quantities of gas(and oil) in shallow strata,
releasing them slowly and re-channeling or trapping fresh material that seepsin from below.

Influence of shallow-angle or antithetic fault zones in determining migration of hydrocarbons to
shallow sediments of the Gulf of Mexico was proposed on the basis of sesimic data collected at the
GC234 site (Behrens 1988), and the GC185 site (Cook and D’Onfro 1991). Subsequently,
information on the distribution of tube worms and other chemosynthetic fauna was combined with
seismic profilesand it wasproposed that “ fault-dominated” communitiesweremost likely to support
“complex communities” comprising tubeworms and associated species (Reilly et al. 1996). Results
from the CHEMO Il program confirm aspects of this theory. Exhaustive mapping of tube worm
clusters at GC185, based on a laser line scan mosaic, describes a single band adhering to the
upthrown side of anorth-south fault (Figure 1C.1). Prolonged activity aong thisfault is confirmed
by accumulation of authigenic carbonate westward of the tube worm zone. At GC234, a similar
process has a more complex realization due to the intersection of at least three, roughly parallel
faults. No laser line scan dataare available for this site, but transect estimates of tube worm density
can be fitted to a robust trend surface by use of spatial kriging (Cressi). This surface, when
compared to geologic interpretations, confirms the alignment of bands of tube worm clusters with
the faults. These results refine the previous work and suggest tube worm colonization is mostly
restricted to a ~50m wide zone along fault axes. This means that, in sites similar to GC234 and
GC185, the width of communities can be estimated from geophysical survey data.

Fluid expulsion features on the Gulf of Mexico continental slope, sometimes called mud volcanoes,
have been shown to be an important component of seep geology (Neurauter and Roberts 1994;
Roberts and Carney 1997) and to support dense communities of the seep mussel, Bathymodiolus
childressi (MacDonald et al. 1990). By design, the study sitesincluded two fluid expulsion features



66

which were believed to be at different stages of activity. GC233 is comparatively inactive and has
been dormant for the at least the past ten years. Over longer time frames, however, subbottom
profiles indicate that the feature formed as a series of indurate layers, each marking a separate
eruption. GB425 is more active and is believed to have erupted during the course of the program.
Thermistor records from amud-filled crater and satellite synthetic aperture radar (SAR) images of
the region over the site (supplied by UNOCAL and RADARSAT) document a series of events
during the period from July 1997 to July 1998. Shortly after the thermistor was deployed, pool
temperature increased to 48° C and remain high, but variable throughout the deployment. (min
6.1°C, max 48.3°C, mean 26.1°C, stdev 9.07). Thelargest il slicks detected by SAR coincided with
the most rapid and extreme increase in fluid temperature. These results demonstrate dynamic
fluctuations in the rate of hydrocarbon seepage and fluid expulsion in a continental slope setting.

CONCLUSION

The findings presented here document several time-scales for stability in chemosynthetic
communitiesinthemid-sloperegion of the Gulf of Mexico. Fault-dominated systemsappear to have
the longest time-scale of change. Shallow gas hydrate and authigenic carbonate contribute to
stability in these systems by plugging migration channels and, in the case of gas hydrate, buffering
large quantities of hydrocarbons. Mud vol canoes have active and dormant stages, the latter lasting
for years and the former changing markedly over periods of weeks. GIS isfound to be an effective
meansfor integrating diverse datain multi-disciplinary studies. It ishoped that MM Swill distribute
GIS layers generated by this program in CD-ROM and web-access formats.
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GEOPHYSICAL DETECTION OF CHEMOSYNTHETIC SITES

Dr. William W. Sager
Texas A&M University

INTRODUCTION

Chemosynthetic organisms have found a good place to hide. They live at oil seeps hundreds of
meters below the ocean surface in an environment that is difficult for humansto reconnoiter. Asa
result, much of our knowledge of chemosynthetic ecosystems in the Gulf of Mexico comes from a
small number of sites, most found by chance. Gulf of Mexico chemosynthetic sites are found in
water depths from several hundred meters to more than two thousand meters (MacDonald et al.
1990). They seem to exist wherever there are hydrocarbons seeps on the continental slope. Despite
the apparent large range, the distribution of such organismsis poorly known owing to sparse data.
A fundamental unanswered question is whether lush chemosynthetic sites are rare and fragile or
ubiquitous and robust.

Because chemosynthetic organismsaresmall, they aredifficult to detect using geophysical methods.
It would be useful if there were ageophysical technique that could detect them from the sea surface,
but systemsthat can probe through several hundred to thousands of meters of water haveinsufficient
resolution for this task. Even near-bottom geophysical records do not readily show chemosynthetic
organisms. This means that confirmation of chemosynthetic organisms at a given site depends on
near-bottom optical imaging of some sort: submersible observations, photography, laser-scanning,
etc. Nevertheless, geophysical techniques can detect hydrocarbon seeps (Roberts et al. 1990); thus,
the task of locating chemosynthetic sites becomes one of defining the small percentage of the
seafloor affected by seepage and checking that area for chemosynthetic habitation.

STUDY RATIONALE AND METHODS

In this study we collected a geophysical data set that allowed complete coverage of the seafloor in
severa areas of known seeps. A modest amount of ground truth data, consisting of cores and
submarine observations, were collected to help interpret the geophyiscal data. Since large tracts of
the slope have been surveyed by the oil industry using 3D multichannel seismic data (MCYS), it
might have been more appropriate to use such datafor our surveys. However, budget limitationsdid
not allow usto collect or purchase 3D MCS data. Instead, we used a digital, long-range side-scan
sonar, named TAMU? (Hilde et al. 1991). This sonar was capable of imaging the seafloor at depths
to several kilometers with pixel sizes of a few meters. Its records respond to variations in the
physical properties of seafloor sediments and can quickly survey large areas.

During 1997, the TAMU? side-scan sonar and a 3.5 kHz echosounder were used to survey three
areas, totalling ~2,400 km?, of the Louisiana continental slope known to contain numerous seeps.
Two of these areas are on the upper slope in 300-1,100 m water depths. One is a 12 x 13 km
rectangle centered on an active mud volcano at the border between Garden Banks (GB) |easeblocks
424 and 425. The other isa 26 x 44 km rectangle in the northern Green Canyon (GC) leaseblocks
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containing several well-known chemosynthetic and seep sites (GC-139/140; Bush Hill; Bush Lite;
GC-272; Brine Pool NR-1; Mussel Beach; GC-234). The third survey was a 29 x 44 km rectangle
located due south of the shallower GC survey. This area contains water depthsfrom 1,000-2,250 m
andistypical of thesalt high and salt-withdrawal basin topography common onthelower slope. Sea
surface dicksindicate that each of the GC survey areas contain 10 or more seeps (MacDonad et al.
1993).

A total of 31 gravity and piston cores were acquired from features in the side-scan sonar recordsto
help interpret the sonar images. All but two of these were taken in the GC shallow survey area. The
cores were split, photographed, described, and bulk density measurements were made.
Chromatograms were made from samples containing oil.

Additional ground truth data come from submarine and submersible observations. Over the past
dozen years, numerous dives have been made on the af orementioned chemosynthetic sitesusing the
Johnson Sea-Link submersible and the U.S. Navy research submarine NR-1. Asapart of this study,
19featuresinthe GC shallow survey areawereinvestigated using the U.S. Navy research submarine
NR-1 with visual observations and a 2-12 kHz chirp sonar during a short cruise in 1998.

Although much of the focus of this study has been interpretation of side-scan sonar images, we also
compared the responses of different geophysical data types in the areas of known seeps. From
industry sources, we obtained several MCS lines from GB424/425 (the mud volcano) and
GB184/185 (Bush Hill). In addition, 3D M CS surface amplitude anomaly maps were obtained over
GC-184/185 and GC-272/273. An industry “geohazard” map (derived from high-frquency
echosounder data) was acquired for GC-233/234/235 and an academic equivalent was obtained for
adlightly larger area centered on these blocks (Behrens 1988).

RESULTS

The side-scan sonar mosaics show variations in “backscatter,” the sound scattered off the seafloor
and returned to the sonar fish. Backscatter is affected by topography, surface texture, and sound
scattering within the sediments just beneath the seafloor (Johnson and Helferty 1990). In the two
shallow surveys, areas of low backscatter represent undisturbed hemipelagic clay and mud
blanketing the upper slope. This is interrupted by high-backscatter (“sonar bright”) zones,
principally along faults, that probably represent sediments disturbed by seepage. Cores from such
zones typically show some combination of gas, oil, authigenic carbonate nodules, shells, or
mechanical disturbance by slumping or flowage. Sonar bright zones are sometimes linear (often
following faults), sometimes patchy, and have dimensions of tensto hundreds of meters. The sonar
data show numerous subcircular sonar bright areas, many of which correspond to mud vol canoes.
Preliminary results suggest that the brightest mud volcanoes are currently active, whereasthosewith
lesser backscatter are dormant. The sonar mosaics also show numerous features that look like
sediment flows. Some appear to emanate from subcircular mounds whereas others appear to have
occurred either from leakage along faults or sediment instability.

Side-scan sonar mosaics from the deep GC survey area appear much different than its shallow
counterparts. Although a few subcircular or patchy features can be seen, similar to the shallow
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survey areas, the images are dominated by the effects of sediment mass movement caused by salt
tectonics. Largeflows are seen to emanate from salt high flanks and pond on basin floors. Headwall
scarps and faults ring the salt basins as a testament to ongoing tectonic motions. Gullies on the
flanks of the salt highs suggest active downsl ope transport of sediments and accompanying erosion.

Because our comparison data sets are few, our observations are tentative and require confirmation
elsewhere with additional data. The high-frequency, sea surface echo sounder data typically show
acoustic “wipeout” (i.e., subbottom signal loss) or “turbidity” (i.e., acoustic scattering) in areas
affected by gas and seepage. The wipeout/turbidity zones correspond to sonar bright zonesimaged
with the side-scan sonar. Presumably, the same seep disturbances cause anomalies seen in both data
types. It appearsthat in most cases the wipeout and turbidity zones are wider than the corresponding
sonar bright zones. What is more, the sonar images typically show details within the sonar bright
zonesthat can be interpreted as geol ogic features. The 3D M CS surface amplitude anomalies show
Bush Hill and aprobable seepin GC272 assmall, subcircular bright features. In thesetwo cases, this
type of imageissuperior to the sonar or high-frequency echosounder databecauseit showsthe seeps
as small, clearly defined anomalies. However, examination of other 3D MCS surface amplitude
datasets indicates that such anomalies can often cover large areas, presumably a result of seep
related alteration to seafloor sediments..

CONCLUSIONS

Chemosynthetic sites cannot be found directly using geophysical data, but such data can find seeps
at which such organisms may be found. Geophysical survey methods can reduce the area of the
seafloor to be examined to afew percent or less by delineating the small part of the seafl oor affected
by seepage. Definition of areas affected by seepage are based on defining areas of near-seafloor
sediments with anomal ous characteristics owing to the effects of seep related alteration. The side-
scan sonar data collected in this study showed areas of anomalous sediment as sonar bright zones,
typically located along fault systems. These datashowed faults, mud vol canoes, sediment flows, and
carbonate mounds. Other data types show seeps by different anomalies. Because different seeps
appear more clearly in different data sets, probably no one data type is always best for defining
seeps. Moreover, a geologic model is probably necessary to understand geophysical anomalies
sufficiently to make areliable determination of aseep location. The preferred method isto combine
a geologic model with interpretation of several geophysical data types. The final confirmation of
whether a site is inhabited by chemosynthetic organisms or not is likely to require near-bottom
visual or optical observations.
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OVERVIEW

The first phase of this project called for a detailed examination of the inorganic biogeochemistry
occurringin cold seep sedimentsso that the processesresponsiblefor cold seep benthic communities
and their unigque characteristics could be better understood. Therefore, ateam of specialistsin this
field was assembled and an integrated research program was added to the second phase of this
research.

The primary focus of the new research was on understanding the processes influencing the carbon
dioxide and sulfide systems. Thisresearch is presented in sectionsthat have been divided according
to major activity. Later these results areincluded ageneral synthesis of overall findings. The major
sections are

1)

2)

3)

4)

Pore water and solid phase chemistry: This section uses a “classical” approach in which
cores were sectioned to establish depth profiles of dissolved and solid phase chemical
components of interest.

Sulfatereductionrates: It ispossibleto measuretherates at which bacteriaconvert dissolved
sulfate into hydrogen sulfide by using a radiotracer technique. Both depth profiles and
“integrated” rates were determined at most sites.

Stable isotope chemistry: Fractionation of the stable isotopes of carbon, oxygen and sulfur
occurs by both biotic and aboitic processes. Stable isotope ratios of these elements were
determined at selected sitesfor both dissolved and mineral phasesto aid intheinterpretation
of the processes occurring in cold seep sediments.

Microelectrode profiling: An “emerging” new technology was utilized to obtain very
detailed depth profiles of dissolved sulfide near the sediment-water interface. Thiswasdone
in order to obtain better estimates of fluxes acrossthe sediment-water interface and behavior
of sulfide in the highly dynamic region.
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PORE WATER AND SOLID PHASE CHEMISTRY

Approximately 120 push coreswere collected at four primary chemosynthetic sites (GC233, GC234,
GB425, and GC185) comprising 28 distinct stations (BHAT1, BHAT2, BHB3, BHBC2, BHBXCL,
BHM3, BHM4, BHST1, BHST2, BHUN1, BHUN2, BPAT1, BPB2, GBM1, GBM2,
GBB1@GBM2, GBUN1, GCAT1, GCB1@GCAT1, GCAT2, GCB3(Orange, White, and Offmat),
GCBX2,GCBXC1, GCJT1, GCJT2, GCST1). Coresweresampled at 2 cmintervals, and over thirty
different analyses were performed on extracted porewater and solid phasesyielding alarge data set
(~10,000 analyses).

An important geochemica process that serves to discriminate stations is the extent of sulfate
reduction. Thereduction and depletion of seawater sulfatein these porewatersyieldsdissolved H,S,
which is absent in the overlying oxic water column, and an increase in dissolved inorganic
carbon(DIC). Elevated DIC concentrations in turn promote production of solid phase calcium
carbonate at the expense of dissolved calcium. The basic stoichiometry of these coupled reactions
is easily identified within the data set and supports a basic scheme of grouping stations according
to the overall extent of reduction (see discussion in following subsection).

Observed porewater nutrient and DOC variationswith depth are generally complex and do not form
a clearly recognizable pattern. Relationships within solid-phase properties and between solid and
porewater parametersare a so generally more complex than those existing within the porewater data
Set.

All sediment recovered is distinctly fine-grained. Generaly positive relationships are observed
between the abundance of solid phase sedimentary carbon (both total organic and inorganic) and
porewater DIC. Good correlation is aso seen within solid phase metal extractions (iron and
manganese). Acid volatile sulfide concentrations are everywhere less than 40 pmols/g (4 pmols/g
average). Total reduced sulfur (TRS) concentrations average 108 pmols/g. The low abundance of
extractable iron indicates that it probably limits the extent of solid phase sulfide formation and is
in part responsible for the very high levels of dissolved sulfide observed at certain stations.

SULFATE REDUCTION RATES

Sulfate reduction rate measurements were made at selected sites. When these data are combined
with thosefrom the porewater and solid phase geochemisty, they suggest thefoll owing organi zation:

* Inactive station porewaters show little significant departure from ordinary seawater in
composition, with only slight increasesin DIC (up to ~ 4mM, atwofold increase), small
(<10%) to negligible depletions of sulfate and calcium, and sulfide concentrations|ess than
~250 uM (often below our detection limit of 3 pM). These stations also show integrated
sulfate reduction rates of <10 to 55 mmoles m? day™. Chloride and other major ion
concentrations are within 10% of standard seawater compositions. Thisgroup comprisesthe
largest number of stations, and with the possible exception of bacterial mats, does not
distinguish itself biologically in any obvious way. These stations are variously dominated
by adult, juvenile, and senescent tubeworms and mussels.
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» Active stations show clear evidence of intense sulfate reduction, either in terms of a high
integrated sulfate reduction rate (>55 mmoles m? day™), or in terms of depleted sulfate and
calcium. These stations include BHUNZ2 (1998 core), BHM4 (dive 4046), BHB3, GCAT1
(dive 2,880), GCAT2, GCB3, and GCJT2. In addition, integrated rates at certain active sites
are so high asto merit further division of thiscategory to high (50—1,000 mmoles m? day™)
and extreme (>1,000 mmoles — day™). Active-high stations thus include BHUN2 (1998
core), GCAT2-dive 4048 and GCB3 (orange Beggiatoa mat); active-extreme stations are
limited to GCAT2 (dives 2,872; 2,886; 4,029). The depth at which sulfate is depleted is
variable, and ranges from 5-10 cms bel ow the sediment-water interface. Stations dominated
exclusively by Beggiotoa (GCB3) exhibit sulfate depletion curvesthat are markedly lessin
slope compared with those found at GCAT2. In addition, the stoichiometry of sulfate-DIC
relationships in samples for which the extent of sulfate reduction is greater than 90% is
consistent with the organic matter undergoing oxidation being methane.

* Brine stations show clear evidence of mixing between seawater and Na-Ca-Cl brine
compositions, and these stations (GBM2 and BPB2) form a separate category. Although
sulfate reduction in these stations may also be very high, it islimited to the shallow interval
just below the sediment-water interface. Variationsin sulfate and sulfide can be understood
interms of asimple mixing model, in which the brine end member contains zero sulfate and
3x normal seawater sodium chloride.

STABLE ISOTOPE MEASUREMENTS

Based on the above observations, stable isotope measurements were made on selected samples.
Carbon isotoperatios were determined on DIC and cal cium carbonate, where oxygen isotopeswere
also measured. Sulfur isotope ratios were measured on total dissolved hydrogen sulfide and total
reduced sulfide (dominated strongly by pyrite). Thisisadifficult and laborious task. These results
comprise, to the best of our knowledge, the only existing data set for marine sediments where both
major dissolved and solid phase isotope data coexist for the sulfide and carbonate systems.

A strong correl ation (R? =0.85) was observed between solid phase carbon and oxygenisotopes. This
correlationisinterpreted asamixing line between biogenic carbonatesformedin near surfacewaters
and authigenic carbonatesformed in sediments, which have more positive oxygen and more negative
carbon isotopes. The relative abundance of the authigenic component increases with increasing
sediment cal cium carbonate and organic carbon concentrations. There was no obvious relationship
between the carbon isotoperatio in DIC to that of the calcium carbonate. This probably reflectsboth
avariablefraction of authigenic carbonatesin the solid fraction and perhaps al so indicatesthat these
carbonates did not entirely form from the current DIC pool.

As is often the case because of the complexities of biogeochemical processes in the sedimentary
sulfur system, there are generally no clear patterns or relationships among the sulfur isotope ratios
in different phases or with other probably important sediment parameters. However, in some cases
there is a tendency for most data to closely clump together in a narrow range with other data
radiating in aloosely preferred orientation (e.g., Figure 1C.2). The explanations for these obser-
vations are still under consideration.
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Figure 1C.2. Therelationship between dissolved sulfide and its stable sulfur isotope ratio.

MICROELECTRODE PROFILES

As part of the geochemistry program, a new solid state microel ectrode technology was employed
to obtain millimeter scale profiles of dissolved oxygen, O,, andreduced metabolites, primarilyH,S,
in sediment pore waters. The microel ectrode system made possi bl e the simultaneous determination
of O,, H,S, reduced iron (Fe&*") and reduced manganese (Mn?*) concentration. However, Mn?* and
Fe?* concentrations were typically below the analytical detection limit of the system, and the O,
concentration was difficult to quantify because of sampling problems associated with the time
between collection and analyses. The primary focus thus became documenting the distribution of
H,Sin sedimentsin order to obtain improved estimates of sediment-water fluxes.
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Table1C.1. Calculated approximate H,S fluxes for sampling events in 1997 and 1998. An
asterisk (*) indicates an apparent small influx of sulfide due to storage problems.
Fluxes at these sites can generally be expected to be small.

1997 H,S FLUX 1998 H,S FLUX
(UMOL CM~-2 DAY/ 1) (UMOL CM~-2 DAY 1)
Tube Worm Bush Tube Worm Bush — Drip Line
GCST1-5 0.0 BHAT1-3 0.0
BHST2-7 -760 BHST1-5 0.0
BHAT2-2 * GCAT2-1 -0.1
GCAT1-8 * BPAT1-4 0.0
BHAT1-4 * BHAT2-2 0.0
GCJT2-4 0.0
BHMS3-8 -350
Tube Worm Bush — Peripheral
BHAT1-6A 0.0
GCAT2A-3 -3600
GCST1-5 0.0
GCAT1-9A 0.0
BHAT2-7A 0.0
Orange Mat Orange Mat
GBM2-6 -810 GCB1-4 -110
GCAT2-6 -260 BPB2-5 -1400
GCAT2-3 -1100 GCB3-4 -660
White Mat White Mat
GCB-6 -480 BHB1-3 -540
GCB-1 -1900 BHB3-2 -300
BHST1-5 -62 GCB1-3 -2100
GBM2-5 -3200
Controls Controls
BHBC2-4 * GCBX2-5 *
BHUN1 0.0 BHBXC1-4 0.0
GCBXC1-3 -3.3
GBUN1-5 -60

Thirteen cores from tube worm bushes, bacterial mats, or control sites (no chemosynthetic fauna)
were microprofiled in 1997. Three cores were from along the drip line of adult tube worm bushes
(BHAT2-2; BHAT1-4; GCAT1-8) and one core was from the drip line of a senescent tube worm
bush (GCST1-5). Twenty-five coreswere profiled during the 1998 cruise. Seven drip line coresand
five peripheral cores were sampled from tube worm bushes. Three orange bacterial mats and four
white bacterial mat cores were collected. Two of those cores were collected aong atransition zone
from an orange to white bacterial mat. One core was collected from an uninhabited site and three
cores were sub-cored from box cores.

Results of sulfide flux calculations are presented in Table 1C.1. Although there are certainly afew
exceptions that bear close scrutiny e.g., GCAT2A-3) from both the chemical and biological
perspectives, there are certainly strong tendencies for:
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1) Controlsto have small to negligible sulfide fluxes; as they should in this area.
2) Alga matsto have moderate to very high sulfide fluxes.
3) Tubeworm sitesto have negligible to very low sulfide fluxes.

SUMMARY

The studies of the inorganic benthic biogeochemistry went well and largely very closeto theinitial
plans. The results constitute a truly unique and large data set documenting the complexity and
heterogeneity of these chemosynthetic communities. Theseresultswill be synthesized with the other
components of this project.

JohnW. Morseisthe Scherck Professor of oceanography at TexasA&M University, where he holds
a joint appointment in the departments of oceanography and geology. His Ph.D. is from Yale
University, and he has served on the faculties of Florida State University and the University of
Miami. Heiswidely recognized as an expert on the geochemistry of sedimentary carbonates and
sulfides, having written or co-authored over 100 peer-reviewed papers and co-authored a major
book on sedimentary carbonates.
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CHEMOSYNTHETIC COMMUNITIES
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In ecological terms, stability connotes the ability of a community to return to a prior condition
following perturbation (May 1973). Unique complex chemosynthetic communities were first
discoveredinthe Gulf of Mexicoduring trawlingin areas characterized by sedimentscontaining free
hydrocarbon gases, gas hydrates (Figure 1C.3), and bacterially oxidized crude oil rich in toxic
aromatic hydrocarbons at water depths in the 600-700 meter range (Kennicutt et al. 1985). These
low-temperature complex chemaosynthetic communities derive energy from reduced carbon, mainly
hydrocarbon gases, and bacterial H,S. Later research confirmed that a number of complex
chemosynthetic communities are spatially associated with hydrocarbon production (Sassen et al.
1993). Hence, an important issue is whether or not hydrocarbon production in the Gulf of Mexico
slope will affect the stability of complex chemosynthetic communities,
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Figure 1C.3. Geochemical overview of the gas hydrate environment.
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Understanding of the Gulf slope subsurface hydrocarbon system is necessary to address community
stability. A large structural complex formed during the Tertiary across much of the Gulf slope by
syndepositional loading of an unstable salt substrate, creating temperature conditions within salt
withdrawal basins to generate enormous volumes of oil and gas from deeply buried petroleum
source rocks (Sassen et al. 1999a). Biomarker analysis of an oil sample from the Green Canyon
(GC) 185 area, plus numerous unpublished biomarker analyses performed at GERG, are consistent
with asingle petroleum source rock of varying lithology and maturity. Upper Jurassic source rocks
are thought to be the main source of hydrocarbons across the much of upper Gulf slopefrom Garden
Banks (GB) east to southern Mississippi Canyon (Gross et al. 1995). Actively moving salt bodies
and concomitant faults are the migration conduits from depth where oil and gas reservoirs occur,
and to the sea floor upon which chemosynthetic communities are often found (Sassen et al. 1993).
The main conclusion is that the occurrence of chemosynthetic communities of the Gulf slopeis
largely related to a single Upper Jurassic hydrocarbon system in which hydrocarbon generation is
ongoing or geologically recent.

Upper Jurassic-sourced ail is found in anomalous amounts in sediments at or near four of our
chemosynthetic community sites (GC 185, GC 234, GC 233, GB 425). The mean of 108
measurements of oil concentration performed on the four study sites is about 11,778 ppm by
sediment weight. The range between individual measurements is large, however, from 6 ppm to
46,834 ppm. Thiswiderangeisexpected in sediments of hydrocarbon seeps, and even withinsingle
piston cores of seep sediments. Although oil is present in low abundance in most Gulf slope
sediments (<10 ppm), three of our sites are clearly anomalous in terms of oil concentration.
Differencesin concentration of oil between three sites (GC 185, GC 234, GB 425) are not thought
to be meaningful. In contrast, new dataand previous studies (Sassen et al. 1994) do not demonstrate
that crude oil is as widely distributed in sediments adjacent to the GC 233 brine pool site. This,
however, could be an artifact of sampling.

C,s. chromatography of crude oil from chemosynthetic communities as part of the present and
previous studies shows a common pattern of alteration. If in significant concentration, al oils are
heavily affected by bacterial oxidation that did not necessarily occur within surficial sediments of
chemosynthetic communities. Bacteria selectively oxidize the n-alkanes and isoprenoid
hydrocarbons originally present in the oil, eventually leaving only an elevated baseline on
chromatograms called the unresolved complex mixture (UCM) (Sassen et al. 1994). The work of
Sassen (1980) implies that the lack of a continuous ateration series from altered to unaltered oil
shows that the process of bacterial oxidation of oil is either inactive or only active at a low rate.
Thus, slow bacterial oxidation of increasingly toxic crude oil could have aminor effect on driving
geomi crobiologic processesbut cannot beassumed asamajor driving forcedriving bacterial activity
at present in shalow sediments (<20 cm) of our study areas. This uniformly advanced bacterial
oxidation of oil wasalso observed in studies of three of the samelocalitiesin previousyears (Sassen
et al. 19933, 1993b, 1994). In other areas not part of the present study (i.e., the GC 142 mud
volcano) show the continuous alteration series in oil samples, but such areas are generally not
occupied by chemosynthetic communities (Sassen et al. 1994). This biasis inherent to our study
based on our choice of sampling sites.
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Hydrocarbon gas, however, appears to be more effective at driving bacterial processesat all of our
study sites (GC 185, GC 234, GC 233, GB 425). Molecular and isotopic properties provide
abundant evidenceof theclassic bacterial alteration seriesof hydrocarbon gasescommonly observed
in geologic environments (Winters and Williams 1969; Sassen 1980) and in laboratory simulations
(Stahl 1980). Unaltered thermogenic hydrocarbon gases from the subsurface hydrocarbon system
were sampled at GC 185 and GC 234 (Sassen et al. 1998, Table 1; Sassen et al. 1999b, Table 1),
siteswith complex chemosynthetic communitiesincluding various species of tubeworms, mussels,
clams, and other organisms. The bulk of thermogenic gases and CO, from the subsurface
hydrocarbon system bypass shallow sediments and exit by venting to the water column (Sassen et
al. 1999b). Vent gas undergoes a rapid phase change under ambient temperature and pressure and
crystallizes as abundant solid gas hydrate at these localities.

An extensive treatment of the molecular and isotopic properties of vent gases and gas hydrates at
the GC 185 and GC 234 two localitiesis given by Sassen et al. (1998, 1999b). Conclusions cannot
be extended to all chemosynthetic communities but, where present in abundance, gas hydrates can
have aprofound localized effect on diverse bacterially mediated geochemical processesin complex
chemosynthetic communities dependent on hydrocarbon gases and H,S (Sassen et al. 1999b). Gas
hydrates occur physically as vein-fillings in hemipelagic muds near gas vents, and are surrounded
by chemosynthetic organisms such as tube worms at GC 185. Molecular and isotopic properties of
the gas hydrate forming C,-C; hydrocarbons and CO, provide key insight to bacterially mediated
processes. Hydrate-bound methane is altered by bacterial oxidation at GC 185, as indicated by
enrichment of **C and deuterium (D), and by hydrate-bound CO, depletedin **C (Sassen et al. 1998,
Table 1). Results suggest that the degree of gas hydrate alteration is related to duration of exposure
of gas hydrate at the seafloor (Sassen et al. 1999b). It is speculated, on thisbasis, that gas hydrates
could play arole ininitiation and development of complex chemosynthetic communities.

The rate of hydrocarbon gas oxidation is orders of magnitude higher in the sediments associated
with gas hydrates at GC 185 and GC 234. In sediments associated with gas hydrates, bacterial
oxidation of a mixed pool of C,-C; hydrocarbon gases yields a net production of CO, highly
depleted in °C (Sassen et al. 1999b, Table 2). The bacterial oxidation rate is assumed to be rapid
based on molecular and isotopic evidence, suggesting that concomitant bacterial sulfate reduction
and precipitation of authigenic carbonatein sedimentsare also rapid. Therate of bacterial oxidation
issuch that it could destabilize gas hydrates by removing the free hydrocarbon gases necessary to
maintain their stability (Sassen et al. 1999b).

It was observed in sediments at both GC 185 and GC 234 that the 3"*C of sediment methane was
often depleted in **C relative to both thermogenic vent gases and gas hydrates This is strong
geochemical evidencethat thermogenic carbon in sediments (i.e., mainly gaseous n-alkanes) can be
recycled via methanogenesis to yield a net production of bacterial methane depleted in **C at
chemosynthetic communities (Sassen et al. 1999b). This observation has significance to life in
extreme environments (Sassen et al. 1999b), and also to the geochemistry of the dominant
hydrocarbon gas at our other study sites (GC 233 and GB 425).

The origin of flowing methane at brine pools at the GB 425 and GC 233 provides akey example of
bacteria recycling of thermogenic carbon. Measurements of both 3*C and 3D unambiguously
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identify thermogenic methane and bacteria methane of varying origin (Coleman et al. 1996).
| sotopic propertiesidentify thevolumetrically significant methaneat brinepool sitesasmainly from
reduction of CO, via bacterial methanogenesis (Sassen et al. 1999b, and references therein). The
main source of CO, at these sitesis assumed to be bacterial oxidation of thermogenic hydrocarbons,
reinforcing therel ationship of the Upper Jurassi ¢ source system to even some simple chemosyntheic
communities of mussels on the Gulf slope. The 3**C and &D values of some methane from adjacent
sediments are consistent with the atypically high rates of bacterial oxidation, suggesting that
concomitant bacterial sulfate reduction ratesarealso high, tendingtoincreaseakalinity andtodrive
precipitation of authigenic carbonate.

In summary, al sites share the presence of thermogenic hydrocarbons that drive multiple bacteria
processes including bacterial hydrocarbon oxidation to produce CO,, sulfate reduction to produce
H.S, and methanogenesi sto produce methane, fueling the chemosynthetic communities. GC 185 and
GC 234 represent more active and recently charged gas hydrate environments with complex
communities, whereas GC 233 and GB 425 lack abundant gas hydrate or great biologic diversity,
and appear to have received hydrocarbon charge earlier in time. Given the prolific volumetrics of
the Upper Jurassic source system, hydrocarbon charge to migration conduits can be expected to
continue of a scale of millions of years. Oil and gas production are unlikely to significantly affect
overal flow of hydrocarbons to the sea floor. The chemosynthetic communities we studied are
stable, and will generally return to their prior condition after disturbance. Intermittent changesin
fluid flow rates and location in the more important sources of instability than hydrocarbon
production, but only on a geologic time scale.
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BEGGIATOA MATS

Dr. Douglas C. Nelson
University of California, Davis

INTRODUCTION

Recently, several studies have been published on natural populations of morphologically diverse,
marine, chemoautotrophic, sulfur-oxidizing bacteria belonging to the genera Thioploca, Beggiatoa
and Thiomargarita (Fossing et al. 1995; McHatton et al. 1996; Nelson et al. 1989; Otte et al. 1999;
Schulz et al. 1999). Individual cells of these uncultivated bacteria are unusually wide ranging from
12 to 750 mm in diameter vs. atypical bacterial cell dimension of approximately 1 mm. Each of the
wide sulfur-oxidizers examined has been found to contain a central vacuole as the magjority of the
biovolume of each cell, and whenever examined these bacteria have been observed to accumulate
nitrate at intracellular concentrationsranging from 40 to 800 mM—roughly 10,000-fold higher than
the corresponding ambient concentration.

The physiological role of nitrate, which is presumably stored in the vacuole, has been fairly well
characterized for two natural populations (Otte et al. 1999; M cHatton et al. 1996; M cHatton 1998).
It appearsthat nitrate is employed by these bacteria as an electron acceptor that allows them to fuel
their metabolic processes via oxidation of hydrogen sulfide even in the absence of oxygen. This
respiratory process, which converts sulfide to elemental sulfur plus sulfate and nitrate to ammonia,
allows the studied populations of Beggiatoa and Thioploca to dominate the top 10 to 20 cm of
marine sediments and reach biomass densities exceeding 1.0 kg wet wt./m?. When one observes
dense mats of these bacteria at the sediment/water interface they are at the one point in their
migration cycle where it is possible for them to take up and store nitrate. All of the vacuole-
containing, nitrate-accumul ating bacteriathat have been characterized to date by molecular analysis
(Ahmad et al. 1999; Ahmad 1999; Teske 1999) fall into avery restricted evolutionary affinity group
(Cluster 3, Figure 1C.4), suggesting that they also share numerous other metabolic properties.

RESULTS

Based on samples from a number of sediment cores, the dominant Gulf of Mexico Beggiatoa
populations are in two main width classes, averaging approximately 40 and 80 mm in diameter
(Table 1C.2). Any core taken in the vicinity of the hydrocarbon seeps, regardiess of whether a
surface mat was present, contained significant biomass of these bacteria distributed over the upper
3to 5 cm of the sediment (Table 1C.2). Thereis some tendency for the depth-integrated Beggiatoa
biomass to be lower for the sites where no surface mat is present (Figure 1C.5), but the core
designated GCB3 C9 (Table 1C.2) has atotal biomass and vertical distribution typical for those of
the orangeand whitemats(Table 1C.2, Figure 1C.5). For the representative samples of the narrower
(approx. 40 mm) Gulf of Mexico Beggiatoa tested, the protein to biovolume ratio (Table 1C.3)
indicatesthat they contain anon-cytoplasm-filled vacuol e as approximately 80% of their biovolume.
That is, likethe vacuolate strain from Monterey Canyon, they contain only about 20% of the protein
predicted by their biovolume.
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Figure 1C.4. Evolutionary relationships among selected members of the gamma Proteobacteria as determined by 16S rRNA

sequencing (Ahmad et al. 1999; Ahmad 1999). The mgjority of the strains shown are autotrophic sulfur bacteria.
Cluster 3 includes al vacuolate sulfur bacteria known to accumulate intracellular nitrate. Clusters 1 and 2 include
all known sequences for, respectively, non-vacuol ate freshwater and non-vacuolate marine pure cultures of

Beggiatoa spp.
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Table 1C.2.

Depth Distribution of Beggiatoa Filaments in Gulf of Mexico Cores, 1998.

Sample Cell Width Beggiatoa (grams wet st./m sq.) by depth interval Comments
(um) 0O-lcm | 1-2cm | 2-3¢cm | 3-4cm | 4-5¢cm Total

BPB2 C5 40 11 0.7 0.1 0 0 2.2 No Surface Mat
BPB2 C7 37 2.2 1.8 0.3 0 0 4.3 Dense Orange Mat
BPB3 C7 40, 81 6.1 3.5 2.3 0.7 0 12.6 Orange Mat
GCB1C3 38 4.7 29 2.3 11 0.7 11.7 White/Orange Mat
GCB1C4 44, 80 8.4 1.5 1.5 0.2 0.2 11.8 Great Orange Mat; Harvested
GCB2 C7 41 41 2.0 1.5 0.5 0 8.1 Orange Mat; Harvested
GCB3 C1 42 9.2 5.3 2.6 1.4 0.7 19.2 Great Orange Mat; Harvested
GCB3 C2 42, 81 7.6 3.8 2.1 0.8 0.5 14.8 White/Orange Mat
GCB3 C9 40 4.8 3.2 1.8 1.3 0.3 11.4 No Surface Mat
GCBXC1 C3 37 2.6 0.4 0.4 0 0 34 No Mat; Box Core

a8
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Figure 1C.5. Depth integrated Beggiatoa biomass (0 to 5 cm) for 10 representative cores from
Gulf of Mexico hydrocarbon seeps. Groupings depend on color of surface

Beggiatoa mat or its absence. Sites and biomass vs. depth details are presented in
Table 1C.2.

Table1C.3. Evidencethat 37 - 44 um wide Beggiatoa from Gulf of Mexico have vacuoles which
lack typical bacterial cytoplasm.

Beggiatoa Filament Central Protein/Biovolume
Sample Diameter Vacuole? (mg/cm?)
Control strain MS-81-6
(pure culture) 4 ym No 121 +£17 (n=12)
GCB2 C7
Gulf of Mexico Seeps 43 um Yes 25-27

Monterey Canyon Seeps

75 um Yes 24
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Table1C.4. Seep Beggiatoa, Gulf of Mexico; enzyme activities and internal nitrate
concentrations.
Core/Subcore RuBPC/O AKGdH Int. NO3- |Beggiatoa color
(nmol min-1 mg-1 prot) | (nmol min-1 mg-1 prot) (mM)

BHB1 C3 0 1220 22 Orange/White
BHB3 C1 4.8 110 White
BPB2 C1 0.22 125 Orange
BPB2 C5 1270 Orange
BPB2 C7 sl. activ Orange
BPB3 C7 0.16 *b.d. 12 Orange
GCB1C3 0 19 White
GCB1 C4 b.d. 26 Orange
GCB1 C7 0.35 b.d. White
GCB1C8 0.44 b.d. Orange
GCB2 C2 0.066 36 Orange
GCB2 C7 0.11 8 Orange
GCB3 C4 0.05 b.d. Orange

*b.d. = below detection limit

For surface Beggiatoa populations taken from various Gulf of Mexico cores, the physiological
properties are summarized in Table 1C.4. All populations tested accumulated nitrate to internal
concentrations of eight to 110 mM when averaged over their entire biovolume (cytoplasm +
vacuole). Activity of the enzyme alpha-ketoglutarate dehydrogenase (AKGdH), indicative of the
ability to oxidize organic matter by the Kreb's (citric acid, TCA) cycle, was present in 3 of the 8
samples tested. It was present in some but not all orange mats tested and in the one mixed
orange/white mat tested; however, it was not detected in the only pure white mat tested (Table
1C.4). The enzyme ribul ose-1,5-bisphosphate carboxylase/oxygenase (RuBPC/O), diagnostic for
carbon dioxide fixation viathe Calvin cycle, was present in nine of the 11 samplestested. Although
the highest activity was observed for awhite mat (BHB3 C1,; Table 1C.4), other white mats had less
activity (including one with no detectabl e activity) than some orange mats. No pure orange mat that
was assayed had zero detectable RUBPC/O activity (Table 1C.4).

Several 80 pm wide Gulf of Mexico filaments hybridized with a 16S rRNA oligonucleotide probe
specific to Monterey Canyon Beggiatoa sp. (Ahmad et al. 1999).
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Monterey Beggiatoa

Beggiatoa vs. depth
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Figure1C.6. Comparison of sediment depth distributions of (A) Monterey Canyon Beggiatoa sp.

(75 um cell diameter) at a cold seep (900 m depth) and (B) arepresentative Gulf of
Mexico Beggiatoa sp. (42 um cell diameter) at a hydrocarbon seep (600 m depth).
For panel A, note the absence of free H,S throughout the range occupied by
Beggiatoa and the ammoniamaximum centered in the same region. These chemical
signatures are assumed to be due to energy conserving bacterial oxidation of sulfide
to sulfate at the expense of the reduction of internally stored nitrate to ammonia.
Although the scale is compressed for panel B, similar metabolism is assumed. For
panel A, biomassis measured in mgwt. per cm?; for panel B, it isin gm wet wt. per
m? over a 1.0 cm depth interval.



Table 1C.5.

popul ations of vacuolate bacteria.

Comparison of Gulf of Mexico Beggiatoa spp. with non-vacuolate, narrow Beggiatoa cultures and other native

namibiensis

minimum zone

Non-Vacuolate Source RuBisC/O activity oaKGDH Internal Fil. Width
Beggiatoa (nmol min* mg™ prot) [ (hnmol min™* mg™ prot) [NO,] (mM) (um)
Controls
strain 81-1c sulfide medium 20+ 2.5 0 0 2
(obligate sulfide + acetate 14+1.6
chemoautotroph)
strain 81-6 sulfide medium 23+9.2 0 not tested 4
(facultative sulfide + acetate 3.3+0.2
chemoautotroph)
Vacuolate Source RuBPC/O activity aKGDH Internal Fil. Width
Bacterial (nmol min™* mg™ prot) [ (nmol min™® mg™ prot) [NO,] (mM) (um)
Genus
Beggiatoa spp. Gulf of Mexico 0.56 330 32 40 & 80
Seeps (this study) (n=11) (n=28) (n=8)
Beggiatoa sp. Monterey Canyon 75-15 0 160 75
Seeps (n=5)
Beggiatoa spp. Guaymas Basin 1.47 not tested 130 24 - 32
hydrothermal vents (n=18) (n=3) 40 - 42
116 - 122
Beggiatoa sp. Bay of Concepcion not tested not tested 42 + 27 35-40
(n=16)
Thioploca spp. Chilean oxygen not tested not tested 150 - 500 12-20
minimum zone 30-43
Thiomargarita Namibian oxygen not tested not tested 100 - 800 100 - 750

68
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DISCUSSION

Compared to Monterey Canyon Beggiatoa populations, the Gulf of Mexico Beggiatoa mats have
shallower deep distributions in the sediment and lower overall biomass densities (Figure 1C.6).
Monterey Canyon Beggiatoa sp. and Thioploca spp. appear to consume sulfide compl etely over the
zone they occupy while respiring internal nitrate stores to ammonia (Figure 1C.6, McHatton 1998;
Otte et al. 1999). It is assumed, based on possession of a nitrate-filled vacuole and the close
evolutionary relationships of al vacuolate filamentous bacteria (Figure 1C.4), that the dominant
Gulf of Mexico Beggiatoa spp. will have similar metabolic properties with respect to sulfide
oxidation and nitrate reduction. By hypothesis, their oxidation of sulfide or stored elemental sulfur
to sulfate at depths of up to 5 cmin the sediment will serveto re-supply this electron acceptor to the
very active sulfate reducing bacterial popul ations present there (see presentation by J. Morse). Their
relatively low internal nitrate stores may reflect either low availability of this compound or rapid
oxidation of substrates.

Although one white Beggiatoa mat (BHB3 C1) had high activity of the enzyme RuBPC/O (Table
1C.4), the average value for these populations (Table 1C.5) is 3- to 30-fold lower than the
corresponding activity found in chemoautotrophic populations from Monterey Canyon seeps and
the Guaymas Basin hydrothermal vents. Conversely, certain of the Gulf of Mexico Beggiatoa
popul ations contai n al pha-ketogl utarate dehydrogenase activity. Thisisthefirst such demonstration
of thisactivity for any native Beggiatoa population (see Table 1C.5). Obligately chemoautotrophic
Beggiatoa strains or facultative strains grown as chemoautotrophs lack this activity (Table 1C.5).
Only facultative strains grown as chemoheterotrophs (e.g. strain 81-6 in the presence of acetate;
Table 1C.5; McHatton et al. 1996) possess this activity, which is essential for oxidizing organic
matter to carbon dioxide in energy conserving reactions. Thus, athough we did not completely
confirm thefinding of Nikolaus (1995) that orange Beggiatoa mats lack Calvin cycle activity while
white mats possess it, it seems that the Gulf of Mexico mats are, on average, |less autotrophic and
more heterotrophic than any natural mats previously studied. Given the high organic content of the
sediments they occupy, thisis not surprising. These activities do not preclude the possibility that
sulfide oxidation rates are aso high.
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Minerals Management Service
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MAR, Incorporated
Mr. David Jensen
Texas A&M University

Dr. Norman Froomer
Minerals Management Service

Dr. Richard Lawrence
Environmental Systems Research
Institute

Ms. Darice Breeding
Minerals Management Service



MMS UNANNOUNCED SPILL DRILLS — LESSONS LEARNED

Mr. Harold Wright
Minerals Management Service

Minerals Management Service

« Managesthe United States of America' s Natural Gas, Oil
and Other Mineral Resources on their Outer Continental
Shelf (OCS), and Collects, Accounts for and Disburses
Approximately $6 Billion (USD) Y early in Revenue from
Offshore Federal Mineral Leases and from Onshore Mineral

L eases on Federal and Indian Lands.

Unannounced Drill Program

* InJune, 1989 the Minerals Management Service Initiated

the Unannounced Drill Program.

» §254.42 Exercisesfor Your Response Personnel and
Equipment.

— (g) Theregional supervisor periodically will initiate
unannounced drills to test the spill response preparedness

of owners and operators.

95
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MMS Initiated Drills

* July 1989 Through December 1999
— 77 Unannounced Drills
» Full Mobilization to Tabletop Drills

» Evauated By Comparison With the National Program for
Response Preparedness (PREP) Guidelines

PREP Guidelines

* Organizational Design Objectives
» Operational Response Objectives

» Response Support Objectives




Organizational Design Objectives

Notifications Staff Mobilization
Unified Command - Federal Representation
Unified Command - State Representation

Unified Command - Local Representation

Operations Planning
Logistics Finance

Public Affairs Safety Affairs
Lega Affairs

Operational Response Objectives

Discharge Control Assessment
Containment Recovery - On Water
Recovery - Shoreline Protective Booming
Dispersant Use In Situ Burning

Water Intake Protection Wildlife Recovery and Rehabilitation
Popul ation Protection Disposal
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Response Support Objectives

Communications/ Internal Maintenance and Support
Communications/ External - Response Equipment
Transportation / Land - Support Equipment
Transportation / Waterborne Emergency Procedures
Transportation / Airborne Procurement Personnel
Personnel Support / Management

-Berthing

-Messing

Documentation
Operational / Administrative Spaces

Response Support Objectives —
Opportunities for Improvement

Planning
- Deltas
* No Response Plan at the Command Post
» Unfamiliar with the Response Plan
» Lack of Designated Duties
- Positives
* Pre-planned Booming Strategies
» Response Experts Under Contract
* Photosin the Response Plan
* The Consistent Use of the ICS forms




Logistics
- Deltas
» Failed to Explore Alternative Sources of Transportation

Equipment
» TheHousing and Subsistence for Responders Were Not
Addressed
- Positives
* Procurement of Equipment from Qil Spill Removal
Organizations Was Quick and Efficient

* Personnel and Equipment Were Procured Quickly
and Efficiently

Assessment
- Deltas
» Did Not React to the Leak Continuing
* Volume Estimates Were Not Made
* Volume Estimates Were Ineffectual and Not
Updated During the Response

- Positives
* The Responders Made the Right Assumptions on the Slick
Size

» Objectives Were Identified and from the Proper Assessment
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Dispersant Use

- Deltas

* Did Not Use Proper Procedures/ Methods for the Dispersant

Application
» Did Not Aggressively Pursue Dispersant Use

- Positives

* Pre-loading the Planes With Dispersant Prior to Approval

* In-depth Knowledge of the Dispersant Use Requirements

Administrative Spaces
- Deltas

* Incident Command Post Would Be |nadequate During
Adverse Weather Conditions or Long-term Response

* No Mapsor Other Visual Aidsto Assist in the Response
- Positives

» Command Post Was Equipped With the Charts, Maps and
Other Visua Aids Essential for a Fast and Effective
Cleanup Effort

e Multiple Fax Lines

»  Computer Linkups




Procurement - Response Equipment

- Deltas

Proper Use of the Plan Would Have Improved the
Response Because of Its Resource Listings

Lack of A Contract With Primary Oil Spill Removal
Organization

- Positives

Procurement of Equipment from Oil Spill Removal
Organizations Was Quick and Efficient

Documentation

- Deltas

The Documentation |s Inadequate for a Proper
Evaluation of an Actual Response

Improper Tracking of Expenditures Increased the Total
Cost of the Response

- Positives

Properly Completed “Log Books” Were Used for All
Documentation

The Documentation Allowed for the Proper Allocation of
Expenses
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Questions?

Authors
e Loren DeSavo, Summer Intern
» Harold “Rusty” Wright

Contact Information
Harold “Rusty” Wright
Oil Spill Program Administrator
Minerals Management Service, Gulf Of Mexico Region
1201 Elmwood Park Blvd., MS 5231
New Orleans, LA 70123-2394
504.736.2529 Office
504.736.2960 Fax
Harold. Wright @MM S.GOV




OHMSETT: TRAINING OPPORTUNITIES

Mr. William T. Schmidt,
MAR, Incorporated

Mr. David Jensen
Texas A&M University

Oil Spill Response Training at Ohmsett
with the National Spill Control School

1/
/ NI
i

103



104

Ohmsett Background:

The National Oil Spill Response Test Facility
Operated by the Department of the Interior, Minerals Management Service

Unigue Capabilities
+ Largest oil spill test tank in North America.
- Tank dimensions
+ 667 feet long
+ 65 feet wide
+ 8feet deep

+ Full Scale Training, Test, Evaluation,
Research and Development with oil

+ Tow bridge capable of speeds up to 6.5 knots

y Wave generator can produce 3-foot waves and harbor chop waves

y Spill up to 1500 gallons of oil at 300 gpm per run

Ohmesett:
Support Facilities

y Data collection system to measure the efficiency of response equipment as
well as operators’ performance

» Modern classroom facility for up to 30 students at time

e

y Underwater photography systems
y Machine shop and staging area

y Oil analysis laboratory




Oil Spill Management
Training with

Texas A&M

— 1973

— 1977

SPILL CONTROL
SCHOOL HISTORY

grant from ERDA establishes NSCS

First oil spill classes

—1979-1980 Hazardous waste handlers course

— 1989

for the U.S. Navy

HAZWOPER TRAINING in
Accordance with 29 CFR 1910.120
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Current Curriculum

* Oil Spill Management

» Hands on Oil Spill Response and Safety
Courses

* OSHA/RCRA HAZWOPER Coursesin
accordance with 29CFR 1910.120

OIL SPILL MANAGEMENT

» Overview of Current Techniquesfor Oil
Spill Response

» National Interagency Incident Management
System (NIIMS), Incident Command
System ICS

« Table Top Drill
» Working with the Media
» Field Trip to Response Organizations




Small Boat Handling
Boom Deployment and Recovery
Pump and Skimmer Operations

HAZWOPER Safety Applicableto Qil
Spill Responders
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RESPONSE AND SAFETY
PLANNING

Site Safety Plans

Comprehensive Response Action Plans

Response Team Training Plans

Facility Response Plans
Vessel Response Plans

SPILL DRILLS
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TABLE TOPDRILLS

. Oil Spill

¢ Hazmat

EQUIPMENT DEPLOYMENT
. Oil Spill

¢ Hazmat

OHMSETT: Both Classroom & Tank Training
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TOPICS COVERED

Nationa Interagency Incident Management System, Incident Command
Spill Management - Assigning Roles and Responsibilitiesin the ICS
Personal Liahilities of the Qualified Individual

Spill Discovery and Notification Procedures

How to Establish a Command Post

Site Characterization and Site control

Site Safety Planning

Physical and Chemical Properties of Qil

Qil Spill Movement, Containment, Control and Disposal

Alternate Response Techniques — Dispersants/In Situ Burns/Bioremediation
Ecological Impacts of Oil Spills

Shoreline Impacts and Cleanup Procedures

National Pollution Fund

Spill Management Team Table Top Exercises

Typical Training Schedule while at Ohmsett

Day 1, Monday

1300 - 1700 40-hour HAZWOPER class
Day 2, Tuesday
0800 - 0930 Group A - 40-hour HAZWOPER class
Group B - Rig response equipment in test tank
0930 - 0945 Morning Break
0930 - 1200 Group A - 40-hour HAZWOPER class
Group B - Rig response equipment in test tank
1200 - 1300 Lunch
1300 - 1430 Group A - Rig response equipment in test tank
Group B - 40-hour HAZWOPER class
1430 - 1445 Afternoon Break
1445 - 1700 Group A - Rig response equipment in test tank

Group B - 40-hour HAZWOPER class




Typical Training Schedule while at Ohmsett Cont.

Day 3, Wednesday

0800 - 0930 Group A - 40-hour HAZWOPER class
Group B - Training with response equipment using heavy oil on calm water
0930 - 1200 Group A - 40-hour HAZWOPER class
Group B - Training with response equipment using heavy oil in waves conditions
1300 - 1430 Group A - Training with response equipment using heavy oil on calm water
Group B - 40-hour HAZWOPER class
1445 - 1700 Group A - Training with response equipment using heavy oil in waves conditions

Group B - 40-hour HAZWOPER class

Day 4, Thursday

0800 - 0930 Group A - 40-hour HAZWOPER class
Group B - Training with response equipment using light oil on calm water
0930 - 1200 Group A - 40-hour HAZWOPER class
Group B - Training with response equipment using light oil in waves conditions
1300 - 1430 Group A - Training with response equipment using light oil on calm water
Group B - 40-hour HAZWOPER class
1445 - 1700 Group A - Training with response equipment using light oil in waves conditions

Group B - 40-hour HAZWOPER class

Day 5, Friday
0800 - 1200 40-hour HAZWOPER class

TEST WITH OIL! TRAIN IN OIL!

- TexasA&M instructors have conducted oil spill
mitigation classes since 1997 aspart of their
curriculum.

- $800K has been expended to enhance the physical
facility and provide classroom space.

- USCG Strike Teams, US Navy personnel, MM S
responders, and private companiestrain at Ohmsett.
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Benefits of Training at Ohmsett

» Emphasis on practical hands-on use of response equipment
with oil and waves.

- Students are given instruction on the utilization, proper
assembly, deployment and rigging of response
equipment

» Cooperative training program with Texas A& M University
National Oil Spill Control School

» Oil spill response training: Classroom and Tank

*  40-hour HAZWOPER certification

e Students review their performance
- Through video recording of each training session
- Using ail recovery effectiveness measurements

» Typically students improve their oil recovery effectiveness
by 80%

Major Misconceptions about Ohmsett

1. Ohmsett isfor government use only.
- Anyone can use the Ohmsett facility on areimbursable basis.
2. Trainingistoo expensive.

- The cost is $900 dollars per student for a 5-day class.
- Optimum capacity is 15 students per class.




Summary

- Ohmsett isthe only test tank in North America where oil spill
responders can train with full scale test equipment in oil with
wavesin controlled environments

* Training with the National Spill Control School at
Ohmesett gives students the confidence to operate the response
equipment efficiently

* 40- hour HAZWOPER training at Ohmsett combined with
training with oil will give the required tools for responders to
respond to an oil spill effectively

» Confident and efficient responders will recover oil more
effectively

CONTACT THE SPILL SCHOOL AT:
National Spill

Control .| Schoaol

k| —

Tenas ABM fum University
Corfpus Christi

Phone: 361-980-3333 Fax: 361-980-3337

6300 Ocean Drive
NRC Building, Suite 1100
CorpusChristi, TX 78412

Email: nscs@tamucc.edu
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CONTACT OHMSETT AT:

FOR MORE INFORMATION

Bill Schmidt, Program M anager
PH: (732) 866-7183 or 7184

FX: (732) 866-7189

E-mail Ohmsettnj@monmouth.com

Jim Lane, MM S Ohmesett Project Officer
PH: (703) 787-1065
FX: (703) 787-1549
E-mail james.lane@mms.gov

http://www.ohmsett.com
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UPDATE ON MMS GIS OIL SPILL RELATED INITIATIVES: DEVELOPMENT OF A
DEEPWATER ENVIRONMENTAL DATA MODEL

Dr. Richard Lawrence
Environmental Systems Research Institute

In 1998, ESRI was contracted by the Department of Interior, Minerals Management Service (MSS)
Deepwater. Program to develop a Deepwater Environmental Data Model. This project establishes
data specifications for future study deliverables so that deepwater environmental and Gulf-Wide
Information System (GWIS) data that are currently stored in the MMS Coastal and Offshore
Information System database (CORIS) can beeffectively incorporatedinto the MM S environmental
information management system for use in regulatory, permitting, and leasing analyses. ESRI staff
worked closdly with MMS staff and MM S-Information Technology staff to develop data digital
standards that would support information needs of MM S managers.

Two specific applicationswere built to take advantage of thisnew datastructure: NEPA A ssessment
and Environmental StudiesGeobibliography. A NEPA assessment providesenvironmental resource
assessment information pertinent to proposed changes in existing or proposed plans for oil
development in the Gulf of Mexico. The Environmental Studies Geobibliography tool is a
management tool that allows users to search for plan locations and retrieve metadata and other
business attribute information from the MMS database. This application was the first ArcGIS
application built independently of other ESRI-based desktop GIS systems.

Using the GISobjectsavailablewith ArcGlSand Visual Basic, ESRI built thefirst plan analysisand
geobibliographical tools to be developed in a truly open-GIS developmental environment. This
scalable interface represents one option for the platform from which numerous environmental
assessment options can be launched, such as mitigation analyses, risk analyses, etc.
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DEEPWATER BLOWOUT BRIDGEOVER POTENTIAL: PANEL DISCUSSION

Ms. Darice Breeding
Minerals Management Service

OVERVIEW

Planning oil spill response to deepwater events and analyzing impacts from possible deepwater
blowouts depend on our ability to determine whether deepwater wells will naturally bridge over
during ablowout and to estimate how long after ablowout this bridging would occur. Thisissue has
recently surfaced as an area of concern for the MMS GOM Region, in part, because the oil
industry’s experience base in deepwater well control is limited. Because deepwater activity is
relatively new, there have not been many blowouts upon which to build experience. For example,
the number of wells drilled in water depths greater than 1,500 feet is much smaller than the total
number of wells drilled offshore. Therefore, this informal panel session was convened to open a
dialogue and to allow for the exchange of information regarding what we do know on the topic and
also what we may need to discover to better address thisimportant issue.

As part of this presentation, Mr. Curtis Weddle of Cherokee Offshore Engineering discussed the
factorsthat would impact bridging potential . Factors mentioned include: 1) bulk formation collapse
— formation damage, 2) hydrostatic pressure loss, 3) choice of fluid type, and 4) sand face failure.
Mr. Weddl eal so mentioned differencesin deepwater and shelf operations. Thesedifferencesinclude
thefact that 1) sands are generally unconsolidated in these deepwater areas and 2) the seal s between
zones in the deepwater GOM are generaly not strong enough to withstand high differential
pressures between two adjacent zones because of the way that deposition occurred in the area.
Despite Mr. Weddl€e' s considerable experience with bridging and underground flows in shallow
water, he indicated that he was not aware of any surface blowouts in deepwater. Mr. Weddle
recommended the following options for future action on thistopic: 1) aliterature search and 2) an
investigation of highly studied close cousins to bridging potential which would include borehole
stability and sand control.

Dr. Mike Smith of MMS reviewed the geologic potential for the bridgeover of deepwater wells
during drilling. Dr. Smith noted the geologic factors that would influence whether or not bridging
would occur if ablowout occurred in deepwater. Geologic factors that would affect the bridgeover
potential in deepwater include many of the same factors that affect pore pressure gradients, which
are also involved in bridgeover. Bridging over would be most likely to occur in rocks that have a
higher content of carbonate, particularly carbonate mud oozes and shales that tend to flow into the
well bore and form abridge. These componentsare rather commoninthe early mioceneand in older
rocksor reservoirs. Dr. Smith then discussed the problems encountered by and thewaysto copewith
shallow water flows. Dr. Smith expressed the opinion that shallow water flow is the closest analog
we have to blowouts in the deepwater areas of the GOM.

Dr. Andrew Wojtanowicz from the Petroleum Engineering Department of Louisiana State
University then provided a detailed presentation on the mathematical calculations necessary for
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determining when awell will bridge over in deepwater. Dr. Wojtanowicz stated that it would be
possible mathematically to calculate bridgeover potential. Dr. Wojtanowicz stated that if the well
is blowing (experiencing a blowout event), it becomes unstable because the flow rate is dragging
the plastic zone into the well; that is what makes the well bridge over. Since the main gquestion
needing to be answered is the timing of the bridgeover, Dr. Wojtanowicz indicated that the main
factorsto be considered in the mathematical calculation of this problem would be the hydraulics of
the blowout. Dr. Wojtanowicz explained that the problem could be calculated by looking at when
the point comes to the critical rate over time because it is then that the well will bridgeover and
collapse.

PANEL DISCUSSION

After these short presentations, Mr. Weddle, Dr. Smith and Dr. Wojtanowicz participated in apanel
guestion and answer session.

Aspart of the panel discussion, the audience questioned whether mapswere availablethat displayed
known areas where shallow water flow was possible could be used to determine where might be
higher blowout? Dr. Smith indicated that thistype of correlation really had to be done on a case-by-
case basis. Dr. Smith indicated that shallow water flow areas cannot be correlated with blowout
potential becausefairly recent sandsare essentially unconsolidated and havedifferent characteristics
thanthe ol der reservoirs. He recommended | ooking at areaswith increased carbonates and increased
shales that would have a better potential to bridgeover rather than younger reservoirs that may not
bridge over as readily. Mr. Weddle stated that shallow water flow may present a threat to the
stability to any structure placed in their vicinity. He indicated that a present concern was whether
the shallow water flow potential would present itself as a problem after the drilling takes place.
Would it be reactivated by some action that industry takes after there are severa wellsdrilled? Mr.
Weddle al'so mentioned all of the advances and new methodol ogy now being examined and used to
prevent shallow water flow problems such as riser-less drilling.

Another question raised dealt with how different types of completions will affect the potential for
the bridging and collapse of awell (i.e. horizontal wellsversusvertical wells). The panel agreed that
a horizontal well will bridge over inherently much easier than the vertical well because the stress
on the vertical well generated by the overburden is not equal to overburden. Instead, the stress is
much smaller—about 45-50% of the overburden. On the horizontal well, 100% of the overburden
is sitting on the well. Therefore, since the stresses are higher on the horizontal well, itsfailureis
morelikely. In addition, panel membersindicated that blowoutsin deeper water may not beaslikely
to happen during workovers as in shallow water the majority of wellsin deepwater are subsea.

While the panel agreed that awell might never bridge, it was generally felt that most wells would
bridge over. One of the panelistsindicated that his experience on the shelf has shown that wells can
bridgein aslittle as six days; however, in his experience, somewells never bridged. It was stressed
however, that all of these observed blowout events were successfully controlled by intervention
despite their not having naturally formed abridge. It wasindicated that the potential and timing for
awell to bridgeover depends on a combination of factors. Sometimes it is not purely formation
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failure, sand face collapse, or failure of the plastic zone—although that is the mechanism by which
awell fails. Often, it is acombination of a number of things that cause failure.

The panelistsindicated that theinitial conditions around awell are the first things you should look
at when addressing the time it would take for awell to bridgeover. For example: Isthe well cased?
Isit screened? Isit already producing? If the answer to any of these questionsis yes then the well
has already been cemented and has perforations. This would factor in as providing the well
additional strength sinceit is not just an open hole. Boundary conditions to be considered include
water depth and whether the well is flowing full strength or encountering some restriction to the
flow. The greater the restriction, the lower the pressure impact at the bottom. Also to be considered
arethe propertiesof therock, internal friction angle estimation, cohesion coefficient estimation, etc.
inrelation to the“timing” question. Once thisinformation exists about awell, the panelistsfelt that
it ispossibleto have abetter idea of answers. Two methods for obtaining these data were suggested
1) standard core tests and 2) use of information submitted by industry obtained through the new
seismic work being conducted offshore.

The panel agreed with the suggestion that the agency should work towards devel oping a* bridgeover
risk analysis model” whose final product would be an identification of the timeit would take for a
well to bridgeover with a certain probability for this occurrence. With such atool, the MM S GOM
would be able to identify what type of data would be needed to determine some estimate of this
time. Thefollow-up questionswould focus on the quality of datato which we currently have access
internally and the need to request any additional information to run such a model.

PANEL PARTICIPANTS

Dr. Michael Smith is the MMS Operations Geologist for the deepwater Gulf of Mexico. He is
responsible for geological reviews of all deepwater exploration and development plans and
applications for permit to drill. Dr. Smith has a Ph.D. in geology from the University of Texas.

Mr. Curtis Weddle operates Cherokee Offshore Engineering and is a consultant in well control,
drilling, and project management. Currently he isworking with the Subsea Mud Lift project and is
responsible for developing well control procedures for the new deep water drilling system as well
as assisting to develop operations procedures and the equipment. Mr. Weddle graduated from
Oklahoma State University in 1978 with aB.S. in civil engineering.

Dr. Andrew Wojtanowicz holds a Ph.D. in petroleum engineering. He presently serves as The
Texaco-Endowed Environmental Chair inthe Petroleum Engineering Department of LouisianaState
University.

Darice Breeding is a senior physical scientist with Minerals Management Service in the Gulf of
Mexico office working on oil spill response and environmental assessment related issues.
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SUMMARY OF MMS PRESENTATION AT THE CRANE SAFETY PANEL

Mr. William Hauser
Minerals Management Service

PURPOSE

The Crane Safety Panel provided aforum for interested partiesto discussissuesrelated to the safety
of crane operations on the OCS. The panel had representatives from the United States Coast Guard,
Offshore Operators Committee, American Petroleum Institute, International Association of Drilling
Contractors, Chevron, and LIoyd' s Register. Panel members presented their thoughts and concerns
about crane operations and participated jointly in discussion after the presentations.

BACKGROUND

MMS formed a workgroup to review crane accidents after a serious crane accident in May 1998
killed 2 workers. The workgroup found that there have been 34 craneincidents on the OCS between
January 1995 through September 1998. These incidentsinvolved cranesinstalled on both fixed and
floating facilities. The workgroup found the following:

7 fatalities (6 were riggers)

20 injuries (10 wereriggers)

8 incidents resulting in major damages

Equipment failure and human error most often listed as major causes of the incidents

The workgroup’'s full report on the 34 incidents and its recommendations can be found at
http: //www.mms.gov/cranes/.

WORKGROUP RECOMMENDATIONS AND CURRENT STATUS

In the report, the crane workgroup made five recommendations (listed initalics) for improving the
safety of crane operations. Those recommendations and MMS's action towards those recom-
mendations are listed below:

1. Request API to revise APl RP 2D. As aresult of the Report, MM S requested API to revise
API RP 2D, Third Edition, 1 June 1995, Recommended Practice for Operation and
Maintenance of Offshore Cranes, toincluderigger training. API formed awork group, which
included an MM Srepresentative, and hasrevised the document. MM Siscurrently preparing
final Federal Register notice incorporating the new edition of API RP 2D, Fourth Edition,
August 1999, Recommended Practice for Operation and Maintenance of Offshore Cranes,
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into our regulations (which include rigger training). At thistime, MMS' s goal isto have a
final rule published in the Federal Register no later than January 2000.

. Requirethird party inspections/certifications. MM S has not examined thisrecommendation;

however, it will be a topic at the workshop MMS plans to hold on the safety of offshore
crane operations. The workshop is tentatively scheduled for the first quarter of 2000. In a
related topic, MMS is currently preparing a proposed rule to incorporate APl SPEC 2C,
Specification for Offshore Cranes, by reference into our regulations governing oil and gas
and sulfur operationsinthe OCS. The addition of API SPEC 2C will help ensurethat |essees
and contractors use the best available and safest technol ogies for design, construction, and
testing of pedestal mounted cranes while operating in the OCS.

. Review the need for regulating booms and other material-handling equipment. MMS has

added a new requirement to the regulations that requires |essees to operate and maintain all
other material-handling equipment in a manner that ensures safe operations and prevents
pollution. This requirement is contained in the Final Rule for Subpart A which was
published in the Federal Register on 8 December 1999. This new requirement can be found
at 30 CFR Part 250.108(b).

Improve accident investigations and reports. MMS is taking the following actions to
improve its accident investigation program:

- Developing new accident reporting requirementsin conjunction with USCG to provide
clearer accident reporting thresholds;

- Developing guidelines with USCG for coordinating accident investigation respon-
sibilities and data sharing;

- Improving internal accident forms and database management procedures;
- Establishing the Office of Safety Management in the Gulf of Mexico Region;
Devel oping abetter method for tracking and ensuring follow-up of accident investigation

recommendations; and

- Developing a strategy for publicizing more accident data and analyses.

. Hold Industry/MM Swor kshop on crane safety. MM S will hold aworkshop on the safety of

offshore crane operations soon. The Offshore Technology Research Center will run the
workshop; it istentatively scheduled for the first quarter 2000.

UPDATE ON CRANE INCIDENTS FROM OCTOBER 1998
THROUGH OCTOBER 1999

There have been 13 OCS crane incidents (plus two serious incidents involving the use of booms or
other materials-handling equipment) during this period. The incidents resulted in the following:
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» 3fatdlities
e T7injuries
* 5incidentsresulted in maor damages
Human Error and Equipment Failure continued to play a role in most of the accidents. These
categorieswere listed as the cause of 9 of the 13 crane incidents. They were also listed as the cause

of the two materials-handling equipment incidents. Additional information on these incidents may
be found at our website on crane safety (http://mmww.mms.gov/cranes/).

CRANE SAFETY PANEL PURPOSE FOR PANEL
* Express MMS interest in crane safety
HOW CAN WE e Update on MMS actions
IMPROVE  Allow interested parties to discuss issues

* |dentify and discuss ways to improve crane
safety
* Future workshop on Crane Safety

CRANE SAFETY?

AGENDA THE MMS CRANE WORKGROUP
e Formed May 98 after .
* Presentations by MMS; USCG; API/OOC; major crane accident

IADC; Chevron; and Lloyd' s Register

Reviewed crane
incidents from 1995

* Short break « Report completed in
October 98
+ Discuss topics to improve crane safety  Findings and

Recommendations
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1998 REPORT FINDINGS

34 Incidents

7 Fatalities

20 Injuries

6 Riggerskilled, 10 injured

8 Incidents with major
damage

1998 REPORT
RECOMMENDATIONS

Revise APl RP 2D

Require 3rd party certification

Need regulation for booms and hoists
Improve accident reports

 Crane Workshop
HE and EF listed as mgjor
causes
STATUSOF 1999 UPDATE TO REPORT
RECOMMENDATIONS e 15 Additional incidents
 API revised APl RP 2D * 3 Fatdities
e 7 Injured

3rd party certification as discussion item

New regulation for booms and hoists on fixed
platforms

MMS revising accident investigation program
Crane safety workshop in early 2000

5 Incidents with varying degrees of damage

HE and EF continued being identified as
major causes

POTENTIAL DISCUSSION
TOPICS

3rd party inspection of cranes on fixed
platforms

Condition of offshore cranes
Crane inspector qualifications

Risks associated with mechanical versus
hydraulic cranes

Standards for booms and hoists
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IADC CRANE RESOURCE SUBCOMMITTEE

Mr. Brian Maness
Diamond Offshore
Representing International Association of Drilling Contractors

GOAL

The goa of the Crane Operators sub-committee is to identify ways to enhance crane operator
training effectiveness in an effort to minimize crane-related incidents.

HISTORY

Asabrief history of the Crane Operators Training Sub-committee, the subcommittee was formed
on 13 January 1999. Scot Rudolph, Manager of Organizational Development for Transocean
Offshore and chair of the International Association of Drilling Contractors (IADC) Training
Committee, suggested that a sub-committee identify critica crane operator issues and make
recommendations as to the development of a crane operator’ s certification program. John Vidrine,
U.S. HSE Director for Parker Drilling, wasappointed chair of the newly formed sub-committeewith
representativesfrom R& B Falcon, Platform Crane Services, Infosafe, Noble Drilling, and Diamond
Offshore serving as sub-committee members.

REVIEW

The sub-committee sat with the APl RP-2D review committee to provide input and comments
concerning the work being completed by the API RP-2D document review team. Additionally, the
sub-committee reviewed the MMS crane accident workgroup report on rigger accident statistics.
Several training programs were then reviewed, including computer based training and full motion
crane operation simulators. All the above was completed in an effort to provide a clearer
understanding of cranerel ated i ssueswithin the petroleum industry and then determine how the sub-
committee can accomplish it’s goal “to enhance crane operator training effectiveness in an effort
to minimize crane-related incidents.”

RECOMMENDATIONS

After several meetings and following thereview of several crane operator training programs, it was
suggested that recommendations be made to the IADC Training Committee on what, if anything,
could be donerelative to addressing critical crane operation issues. A list of areasfor consideration,
development and review was presented to the IADC Training Committee on 15 September 1999 and
are abbreviated by topic as follows:
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1. Adopt the IADC Crane Operator Knowledge Skill and Abilities (KSA) critical skillslist

2. Consider requiring aDOT type physical examination to ensure crane operator (CO) physical
ability

3. Provide management/leadership training for crane operators
4. Determine and specify minimum course standards for CO training
5. ldentify extended learning opportunities (ongoing training, modular training)

6. ldentify and provide recommendations concerning varying types of learning technology
(CBT, simulators, etc.)

At the 15 September meeting, Scot Rudol ph announced hewould step down as committee chairman
and Dr. Allen Kelly would take over those duties. Following Mr. Vidrine s resignation as chair of
the sub-committee, Brian Maness was appointed as chair. The subcommittee then voted to change
the sub-committee’ s name to Crane Resource Sub-committee to reflect the sub-committee’ s new
focus “the development of a database of companies, training courses and materials that could be
used as areference in the devel opment of crane operator training programs.” When completed this
database is to be posted on aweb site for ease of accessibility.

RIGGER TRAINING

The training committee on 15 September suggested putting together a stand-alone committee to
producetraining videosor computer based training CDsto cover rigger trainingissues. Theoriginal
meeting participants included a representative of the IADC and 11 drilling contractors. The
attendees of the meeting decided that it would be best to start with avideo series since most of what
ison the market appears to be somewhat dated. The intention is to make the video in aformat that
can be converted to digital for use in arigger training interactive CD, atool for the future. High
interest has been shown in this project and is now proceeding under the guidance of a steering
committee made up of drilling contractors and amember of The Crosby Group who volunteered to
furnish the company’s expertise and experience in the area of rigging. Current work includes
defining basic moduleinterest areas, most likely aminimum of five. APl RP-2D Fourth Edition and
the ANSI B30.9 are being used as reference and resource materials for guidance in this project.
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| ADC Crane Operator
Training Subcommittee

» Goal

— Find ways to better train crane operators.
— Minimize crane related incidents.

* History
— Formed 13 January 1999
— John Vidrine appointed chairman

 Scope
— ldentify critical items a crane operator must
know

e Members
— Parker Drilling
— R&B Falcon
— Diamond Offshore
— Noble Drilling
— Infosafe
— Platform Crane Services

* Resource Material
—API RP2D
— MMS crane accident report
— CBT programs
— Full motion simulator
— Interviewed crane operators
— North Searegulations

» Recommendations
— Adopt KSA for crane operator
— Require DOT Physical
— Incorporate CBT & Simulators
— Focus on ongoing training in all areas

* New Chair
—John Vidrine steps down
—Brian Maness appointed

» Subcommittee Name
—Crane Resource Subcommittee
—Changed to reflect new scope

* New Scope
—Database of training resources
—Post on web site
—Develop core curriculum
—IADC approved
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* IADC Rigger Training
Committee
—Formed 15 November
—Membersinclude;
* The Crosby Group
« 11 drilling contractors
» Scope
—To develop rigger training video

* TheVideo
—Minimum 5 modules
—8-10 minutes per module
* Reference Materia
—-API RP 2D
—ANSI B30.9
—Safe industry practice
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USCG REGULATIONS AND CONCERNS ON CRANE SAFETY ON THE OCS

Lt. Joe Grimes
U.S. Coast Guard
Marine Safety Office

MARINE
SAFETY ¢
OFFICE

Regulatory Bases for the Design, Operation, Testing
and Inspection of Cranes on the OCS

*33 Code of Federal Regulations (CFR) Subchapter N, Outer
Continental Shelf Activities (33 CFR Parts 140 to 147) directs
compliance:

«for new U.S. flag MODUs and floating offshore facilities (TLPs,
Spar buoys, etc.) - with 46 CFR Subchapter I-A (MODU Regs)
for existing U.S. MODUSs (built before April 5, 1982) - with
Subchapter I-A, as amended by Navigation and Vessel Inspection
Circular (NVIC) 4-78 (“grandfathered”)

«for new foreign flag MODUSs (including “new” Panamanian flag
MODUSs) - with either the1979 or 1989 IMO MODU Code

«for existing Panamanian flag MODUs - with 1979 IMO MODU
Code, as modified by Panamanian Technical Note 1/83

for fixed platforms - NO USCG regulations
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Crane Design

*Subchapter I-A MODUs - API Specification for Offshore Cranes,
API Spec 2C, Second Edition, February 1972 (with supplement 2)

*NVIC 4-78 MODUSs - must conform to the specifications of the
manufacturer as originally installed

*IMO MODU Code (1979 or 1989) - to the satisfaction of the (flag
state) Administration iaw the requirements of a recognized
classification society or with national or international standards or
codes

Crane Inspection and Testing

*U.S. MODUs - cranes inspected and tested in accordance with
Section 3 of APl RP 2D, First Edition (October 1972) with
supplement 1 except rated load test must be in accordance with 46
CFR 107.260

e -107.260 requires quadrennial routine weight testing and after
any major modifications or repairs (“quadrennial” has been extended
to 5 years per CG Marine Safety Manual, Vol. 11, Chapter 35)

«foreign MODUSs - cranes inspected and tested in accordance with the
appropriate IMO MODU Code:

e -1979 Code requires annual inspection, weight testing every 4 yrs
e -1989 Code requires annual inspection, weight testing every 5 yrs




Qualified Inspection and Testing Personnel

For U.S. flag MODUs - three options (107.259):

1) by American Bureau of Shipping (ABS) for cranes
under certification by them, including;

- “registered” cranes
- “Statement of Fact” cranes

2) by International Cargo Gear Bureau (ICGB) for
cranes under certification by them

3) by USCG marine inspector

For foreign flag MODUs - authorized classification
society (ABS, DNV, etc.)

MODU Crane Operation on the OCS

For U.S. MODUs - Person-in-Charge ensures crane
is operated iaw APl RP 2D, First Edition (Oct. 1972)
with supplement 1 (109.521, 527)

For foreign MODUs - (1979 or 1989 IMO MODU
Code) - only crane operational requirement is to
include “limiting conditions of crane operations” in the
MODU'’s Operating Manual. USCG may require
compliance with Part 109 for items not adequately
covered by IMO MODU Code.

133
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Concerns with Current Regulations

Inconsistencies in crane design standards for
“grandfathered” U.S. MODUs

Minimal control over crane inspections and
operations on foreign flag MODUs

CG regulations adopt outdated API practices
Crane inspections by CG is “dying art”

No training or qualification requirements for crane
riggers

No adoption of industry standard for other types of
MODU lifting devices (BOP stack handlers, overhead
gantries, etc.)
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CHEVRON CRANE PROGRAM

Ms. Andrea Recasner
Chevron USA

TRAINING
Processes

Chevron crane training takes place at the company’ s Employee Resource Training Center (BRTC)
in Lafayette, Louisiana. The training center is available to company employees as well as to the
public for Crane Operator and Rigger training in accordance with APl RP-2D. The classes are one
(1) day each with the rigger course being a prerequisite for enrollment in the operator course. The
operator course also serves as the required operator quadrennial refresher course. In addition to the
training available at the resource center, employees are also offered the option of training at field
locations.

Comments, Issues, Concerns

Required Rigger certification has been a Chevron requirement for more than ten years. With the
incorporation of the 1999 edition of APl RP-2D into government regulations, the company will
again review processes verifying that qualified riggers perform al rigging done on Chevron
facilities. It will be required that certification documents reference the new edition of 2D.

Chevron qualified inspectors receive mechanical maintenance training from 3 party vendors. The
inpectors do not receive any regular certification refresher in addition to that required for qualified
operators.

MAINTENANCE
Processes

The Chevron Crane Program utilizes a computer-based maintenance system. Fundamental to the
program is a commercially available work order system used for scheduling maintenance and
tracking equipment maintenance and performance. Additionally, many areas electronically record
pertinent information on cranes. The Crane Program is available to users via an Internet site, as it
islinked to the company’ s on-line Gulf of Mexico Operations Manual.

Magjor crane maintenance is handled primarily by company qualified inspectors. Labor to conduct
follow-up work and other repairs and inspections is supplemented with 3 party inspectors.
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Comments, Issues, Concerns

Some company |ocations have resisted going entirely to computerized record keeping in an effort
to facilitate access to information on field regulatory inspections. As computer-based processes
progress, it is expected that more information will be available electronically.

Whilethe company fully appreciatestheflexibility inthe presentation of informationin APl RP-2D,
thereis concern about the interpretation of some of the requirementsin the document asthey apply
to maintaining regulatory compliance. Some clarification (not stringent mandates) is desired, and
it isunderstood that some efforts are currently underway to address this issue.

ADDITIONAL COMMENT
Chevron is striving to improve the safety of its crane operations in the Gulf of Mexico and values

its training and maintenance programs as well as regulatory support and guidance for their
contributions to this effort.
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QUESTIONS RAISED TO LLOYD'S REGISTER
AT THE ITM ABOUT UK CRANE POLICY

Mr. William Hauser
Minerals Management Service

After consulting the UK Headth and Safety Executive, Lloyd’'s Register (LR), provided the
following answers to questions posed at the recent 1999 ITM meeting.

1. How much timeis permitted for repair of defects on cranes under Schedule 1, Para 8, sub
Para C of the UK regulations?

When any defect isrevealed by a competent person, then under Regulation 10 Reports and
Defects - LOLER 98, the competent person must notify the employer and make a written
report as documentary evidence of the defect. At this stage, the competent person will make
an assessment of risk and discuss this risk with the employer. By mutual agreement, the
timing of remedial action can be agreed. As there will be many degrees of risk, it is the
competent person’s responsibility to ensure that those risks are conveyed clearly to the
employer. If there is disagreement and the competent person is overruled then, it is the
competent person’s responsibility to notify in writing the appropriate regulatory body, i.e.
UK HSE. The overriding consideration must be to reduce risk and prevent accidents. If that
means stopping the crane, so beit. If the crane can continue safely and operators are aware
of their legal responsibilities, then mutually agreed timeinterval s, with or without additional
conditions, such as an increased monitoring strategy, can be agreed.

2. Does LR permit lifting appliances to continue to be used with an identified defect but at a
downgraded capacity?

If an accident occurs between the reporting of the defect and the scheduled time of repair,
it will be the competent person’ sresponsibility to show clearly that the decision to continue
was made by a fully competent person and that the judgment was reasonabl e given known
facts. If insufficient or poor quality data were used to make that decision, the competent
person could be considered negligent. The competent person therefore hasto ensure that he
or she is satisfied with the state of equipment before he or she issues a statement of
suitability. Aninformal analogy to illustrate these points could be madeto driving acar: you
could carry on driving acar with acracked windshield, but you would stop the car if you had
atire blow-out.
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LQS

Lubricating Grease Analysis in

Support of Safe and Effective Crane
Slewing Bearing Operation

General Review of Incidents Lifting Operationsand Lifting

Equipment Regulations (LOLER)
The percentage of recorded incidents which related to

mechanical handling was consistently measured to be in

excess of 50% of all incidents. « Sl 2307 - Statutory Requirement (All lifting Appliances)
Theratio of mechanica failures to human error « L113 LOLER- Approved Code of Practice
occurrences, has been shown to be, with corrections, to be

in the order of 85%. * OTO 099041 - Technical Guidance Document

By the appropriate use of training and the use of third
party professionals, incidents caused by human error and
the resultant mechanical failures can be significantly
reduced.

Lifting Operationsand Lifting Crane Deferral Packages
Equipment Regulations (LOLER)

) *Grease Analysis
Applies to:

«Fixed and mobile installations *Rocking Motion Reports

=Flotels and diving support vessels *Slewring Bolt Checks

«Ultrasonic Inspection Reports
-FPSO’s P e

L oad Monitoring Reports
~FSU g Rep
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Specific Indicator s of Equipment Condition
Using the Lubricant asthe Data
Transmission Path

* Fact: Theonly indicators of wear are particles of wear debris.

* Fact: Any other datais secondary and can only be used to fine tune
lubricant management systems

* Fact: Only by identifying debris of the type known to be generated
during amalignant wear process, where sufficient quantity and with
reference to historical trends, can the service provider be confident
that a degenerative failureisin effect.

e Fact: If the competent person who performs the analysis will not
award “ Suitable For Service” statements, then the duty holder retains
competency and assumes the responsibility for the quality of the data
anaysis.

Application of Different
Monitoring Techniques

Inductively Coupled Plasma Spectrometry (I CP)
Measures metallic components present in the sample by vaporization
and the measurement of emissions by tuned receptors.

Particle Counting (PC)
Measures the size and range of all particles irrespective of source.
(Cleanliness)

Analytical Ferrography
Measures the size and morphology(type) of debris, requiring
highly trained analysts.

Application of Different
Monitoring Techniques

%

Debris by Shape

800 ! Particle Counting H .
kel ) : m Cutting “a~
i E Ferrography !
% : : m Severe sliding -_—
T ' 1
o 1 1 <1Illll'li
0 3 i m  Fatigue
Limited by: 0 Pa‘ncleSlze(Mlcro}wD% 1000 .

m ICP to ~ 10um - class by metal and quantity m Contaminant

B Ferrography > 10um - class by wear system and size(Fe).

m  PC All size and quantity but no type classification

Rocking Tests

Rating Awar ds System

6000
5000
4000
2000
1000
0
A B c D

A- Suitable for further service

B - Wear values close to aert limits
C - Wear values at limits

D - Unsuitable for further service

At regular intervals, measurements of bearing clearance are taken
using adial test indicator, or some other acceptable measurement

technique.

This information can be held within the crane management log
and reviewed alongside the lubricant analysis
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Slewring Bolt Checks

Grenacd cop
Prevents corroston

Bolts can be subject to stretch, corrosion and general loss of torque. By
routine examination of sample bolts, or by the use of intelligent washers to
monitor strain, the incidence of bolt failure is reduced and the confidence in
the integrity of bolt management is increased.

Any change in dimension will be measured by the internal device

Ultrasonic I nspections

Pamin of R0 F
- -

A sound source and a reference echo is sent to the point of
reflection, any flaws will obstruct this and affect the reflection
signal. Annual or incident based ultrasonic testing of the bearing
raceways will give aclear indication of whether thereis any sub-
surface crack propagation and/or indicate whether thereis any
radii damage.

L oad Monitoring Reports

The routine measurement/logging of lifts, allows the operator to asses whether the
design parameters of the crane have been exceeded. It isrequired in the UK
offshore sectors that in the example where the crane is subjected to an un-planned
overload, e.g. asnag load,. and the crane has been overloaded, it isthe
responsibility of the duty holder to check that the operational efficiency of the
system has not been compromised.

Partner in risk management
Tel: +1 281 578 7995

Industry Division
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ISSUES RAISED AT THE CRANE ITM PANEL

Mr. William Hauser
Minerals Management Service

After the presentations by the panel members, we opened the floor for questionsand comments. The
following topics, questions, and issues were discussed:

1.

API SPEC 2C, Specificationsfor Offshore Cranes. DoesMM Srequirecranesbuilt to earlier
editions of SPEC 2C to be upgraded to the current edition? The response was “no.” In fact,
MMS regulations do not require that cranes installed on fixed platforms be designed to the
specifications of SPEC 2C. However, MMS is preparing a proposed rule that incorporates
SPEC 2C into the regulations. One of the issues in that rulemaking is the amount of
retrofitting that would be required for current cranes (for example, the installation of anti-
two block devices).

API RP 2D, Fourth Edition: The following issues were raised about RP 2D:
» Itisvague about the appropriate timeframe to repair cranes relative to restricted use.

» Itistoo vague about the review frequency of crane usage categories, i.e. more specific
time periods must be defined for reviewing crane usage categories.

Mechanical versus hydraulic cranes. Doesthe use of mechanical cranes pose a greater risk
than the use of hydraulic cranes? Theresponsewas* yes,” but only limited discussion ensued
on the topic.

Crane operator training: The following issues were raised about crane operator training:

* On-dtation training (OJT) is utilized extensively for crane operators to gain experience
with various loading and weather conditions.

»  Chevron requires 20 supervised lifts to/from the deck of a vessel during athree-month
period to obtain a“Qualified Operator” status.

* |ADC isdeveloping guidelines for qualifying crane operators for various types of lifts.
The guidelines have atiered system with specific requirements that must be met before
an operator can move to next level of more difficult lifts.

» Decision-making for lifting in marginal conditions probably needs further development
(judging immediate needs versus consequences).

Wire rope: The useful life of wire rope for lifting devices is of concern in the marine
environment. USCG allowswire rope on MODUSsto be utilized for four years or five years
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10.

if a110% weight test issatisfied. Chevron requireswirerope on hoist to be changed out after
five years.

Movement of rental cranes. The movement of rental cranes on and off platforms needs to
belooked at carefully to ensure that all workers know their jobs and responsibilities (it goes
for movement of drilling rigs). The movement of rental cranes has resulted in several recent
serious crane accidents.

. MMS inspection requirements. The most discussed topic was MMS inspection criteria. It

was obvious that company representatives wanted to know what MM S inspectors ook for
during crane inspections. Judging from the discussion, MM Sis also looking for answers to
many of the same questions. Many of the questions are about interpretation of APl RP 2D
and API SPEC 2C. MM S and industry would be well served if both groups met to discuss
and get consistency on anumber of issues, starting with understanding Potential Incident of
Noncompliance (PINC) items for cranes.

. Sandards for booms and hoists. With the new regulations for booms, hoists, and other

materials handling equipment, both MM S and industry need to determine what needs to be
done to operate this equipment safely. This determination includes the development of
PINCs and identification of appropriate standards for operation and maintenance.

Third-party inspection of cranes. Thistopicwasmentioned but not discussed in much detail.
MMS should evaluate this regulatory option.

Marine personnel: It was agreed that marine personnel must be properly informed and
trained. This part of the safety loop has not always been addressed.
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CRANE OPERATIONAL ISSUES

Offshore Operators Committee and
American Petroleum Institute

Inmid-1998, the MineralsManagement Service (MM S) formed awork group to analyze an apparent
increase in crane incidents and to examine crane Safety issues. By mid-1998, there had been nine
incidents involving operations. There had been at least 10 incidents in 1997 and 1996 and fivein
1995. Of these, 34 incidents, 19 resulted in some type of injury, with 20 workers being injured and
seven workers killed. Riggers suffered 10 of the 20 injuries with six or seven fatalities. Based on
these data, one of the MM S workgroup’ s recommendations was that API be requested to revise
APl RP-2D. APl RP-2D provided state-of-the-art guidance for operation of offshore cranes but
provided little guidance applicable to the rigger function. The recommendation was discussed with
API during API-MM S coordination meeting in December 1998. API agreed with MM Sthat it would
be beneficial and expedient for both industry and MM S to have API revise APl RP-2D rather than
for MM Sto develop and issue regulations. Three monthslater, in March1999, MM S requested that
API proceed.

The API, working with OOC, formed an Ad-Hoc Task Force composed of over 20 crane experts.
MMS, USCG, IADC, OOC, consultants, drilling companies, and OCS operators were all
represented. The group focused specifically on addressing revisions to APl RD-2D to focus on
rigging safety and training that would be consistent with and supplemental to the existing contents
of APl RP-2D.

The API balloted and approved the revisions in June 1999, and the 4th Edition of APl RP-2D
was publishedin August 1999. Revisionsto APl RP-2D includeanew definition of qualifiedrigger:
a person with training and experience who has successfully completed a rigger training program.
(A rigger is anyone who attaches or detaches lifting equipment to loads or lifting devices.)

A qualified operator isalso considered aqualified rigger, since the operator requirements were also
expanded to address rigging. A qualifying operator, in addition to attending a hands-on workshop
on the proper inspection, use and maintenance of loose gear (slings, shackles, hooks, nylon dlings,
etc.), must also betrained in all rigger requirements.

The new expectation is that all crane load rigging will only be performed by qualified riggers.
Rigger qualification training should incorporate familiarization with rigging hardware, slings and
safety issues associated with rigging, lifting loads and lift planning. Training should include
classroom, hands-on training, and examination. Hands-on trai ning shoul d include proper inspection,
use, selection and maintenance of 1oose gear (slings, shackles, hooks, etc.).

Sincethe MM Sregulations, aswell asthe United States Coast Guard regul ations, requirethat cranes
shall be operated and maintained in accordance with APl RP-2D, these recommendations in
API RP-2D will berequired for OCS operators. The MM S plansto incorporate this edition into the
regulations by year-end 1999.
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Going from arequest in March 1999 to arevised published API Recommended Practice in August
1999 is quite an achievement and illustrates what can be accomplished by a focused effort
representing all sectors associated with crane operations working together: a rapid response to
address a critical industry need.



145

SESSION 2C

CHEMOSYNTHETIC COMMUNITIES, PART Il

Chair: Dr. Robert Avent, Minerals Management Service
Dr. lan MacDonald, Texas A&M University
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A CONCEPTUAL MODEL OF SEEP COMMUNITY PHYSIOLOGICAL ECOLOGY:
GROWTH, PERSISTENCE, AND SUCCESSIONAL PATTERNS

Dr. C.R. Fisher
Dr. D.C. Bergquist
Dr. JK. Freytag
Dr. R.T. Ward
Dr. D. Julian
Dr. J.P. Andras
Dr. B. Begly
Dr. M. VanHorn
Pennsylvania State University

Vestimentiferan tubeworms were first discovered associated with hydrothermal vents, and the
speciesfound on most mid-ocean ridges are adapted to the energy-rich ephemeral vent environment.
Species like Riftia pachyptila take up necessary dissolved gasses, including hydrogen sulfide (the
energy source required by their symbionts), from the rich hydrothermal fluid bathing their plume.
Individual sites may only last months to years, and R. pachyptila is one of the fastest growing
invertebrates known. The tubeworms found around cold seepsin the Gulf of Mexico are similar to
their vent relatives in that they have no mouth, gut or anus and rely on their chemoautotrophic
bacterial symbionts for nutrition. However, we have found that the most abundant cold seep
vestimentiferan species, Lamellibrachia sp., has a very different physiological ecology and life
history. Using a new tube staining technique to determine growth rates, we have found that
Lamellibrachia sp. grows very slowly. Using data on almost 600 individuals from over 20 distinct
aggregations we have determined that individual s of Lamellibrachia sp. livein excess of 170 —250
years. Based on our studies of intact tubeworm aggregations (described in part below), the co-
occurring Escarpid-like species lives at least as long.

As part of this project, numerous water samples were taken around vestimentiferans. Sulfide was
undetectable (<0.1um) in the gross majority of samples taken near the plumes (gill-like gas
exchange organs) of the tubeworms and in most samples taken from points closer to the sediment.
Onthe other hand, sulfide was consistently present in substantial quantities (up to millimolar) inthe
interstitial waters around the buried posterior ends of the tubeworms. Using new collection devices,
we were able to collect intact communities of vestimentiferans and found that each tubeworm had
grown a long tortuous posterior extension to its tube which is freely permeable to sulfide. This
adaptation providesthe tubeworms access to amuch more stable and longer | asting source of sulfide
and provides the explanation for the growth and abundance of tubeworms in areas where sulfideis
not detectable in the water above the sediments. It also has significant implicationsfor the structure
of the associated faunal communities.

To obtain collections that allowed a quantitative analysis of vestimentiferan communities, we had
new collection equipment designed and built. The collectors, Bushmaster Sr. and Bushmaster Jr.,
are hydraulically actuated nets that can be placed over vestimentiferan aggregations and allow
collection of the entire aggregation and all fauna associated with the aggregation. Three collections
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were made with a prototype device in 1997. The devices were modified by adding a 64um mesh
liner and 4 collections were made in 1998. A total of 55 species of animals from 11 phyla (4,624
individuals) were collected with the 4 aggregations. Thirty-five species had not been documented
from previous collections of seep fauna, and many of those may turn out to be new species.
Although the total number of collections is too small to test hypotheses concerning community
succession in the long lived vestimentiferan habitat, severa patterns emerge from analysis of the
collections of different aged vestimentiferan aggregations that are consistent with our working
model of cold seep tubeworm life history.

The community associated with the juvenile aggregation was similar to the communities associ ated
with mussel beds (which were also characterized as part of this project). Mussel bed communities
were not very diverse but have a substantial biomass of afew species of endemic animals. A total
of 12 speciesof animalswerefound inten collectionsfrom eight different mussel beds (amaximum
of seven specieswasfound in any single collection). A collection of juvenile tubewormsyielded 19
species of associated fauna and the highest biomass of associated fauna of any collection. Most of
this biomass was a result of the very high numbers of a few species of endemic animals.
Communities associated with adult aggregations are much more diverse, with about twice the
species richness of the juvenile community. The communities are still dominated by endemic
species, but numerous species of non-endemic animals are present in small to moderate numbers.
The biomass of associated fauna is almost one order of magnitude less (per unit area) than in the
juvenile aggregation. A single collection of a senescent aggregation contained 20 species, half of
which were represented by a single individual. This aggregation was supporting about 20% the
biomass of the adult aggregations, and 69% of that biomass was found in two fish and one crab.
Even endemic fauna were only present in small numbers, if present at al.

Our current working model for seep tubeworm life history and community succession begins with
larval tubeworms settling in areas of active seepage, where precipitation of carbonates forms the
hard substrate they need for recruitment. For afew yearsthe high level of seepage is maintained at
this point, the carbonate the first recruits have settled on may continue to grow, and recruitment to
this aggregation continues aslong as sulfideis rel eased from the seafl oor and the carbonate remains
exposed. Because the young aggregation isin amicrohabitat of active seepage, only faunathat can
tolerate these conditions are associated with the young aggregations. These fauna include the
animals found in mussel beds and are dominated by endemic seep animals. During this time, the
very young tubeworms are obtaining sulfide across their plume, but also growing a posterior
extension of their tube (a“root”) and supplementing their sulfide uptakefrominterstitial pools. Over
the next century or two, the tubeworms continue to grow while seepage of sulfidefrom the sediment
into the water column progressively decreases.

Duringthisperiod, thereissufficient primary production associated with the aggregationtomaintain
amoderately high biomass community, and yet the toxicity of the habitat has decreased to the point
that awide variety of non-endemic fauna can colonize or visit the aggregations. At this point the
analogy between the tubeworms and long-lived ecosystem-structuring plants is quite strong.
Although they may not be the primefood source for most of the associated fauna, they are providing
a habitat for numerous species. As the aggregation continues to age, flow of sulfide into the water
column continuesto decrease, and some thinning of the aggregation occurs. Thetubesare colonized
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heavily by non-endemic non-mobile fauna, primary production by free living bacteria associated
with the aggregation decreases significantly, and the biomass of the associated community drops
significantly. This stagein their life history may aso last a very long time because the tubeworms
in these less dense old aggregations continue to grow and are in very good condition, presumably
in part because of reduced competition from the remaining vestimentiferans. The age estimates
given above are for two-meter long tubeworms. Our data are limited to animals below this size
because of difficulties inherent in collecting larger animals. However, we have occasionally
collected animals over three metersin length, and the data on the senescent bushes collected to date
does not suggest these animals are dying. This al implies that seep tubeworms may in fact live
considerably longer than 170 — 250 years, and that the ecosystemsthey create are equally long-lived.

Charles (Chuck) Fisher is currently a Professor of Biology at The Pennsylvania State University
where he has been on the faculty since 1990. He received his B.S. from Michigan State University
and his M.S. and Ph.D. from the University of California at Santa Barbara in 1985. His research
emphasis is on the physiology and ecology of the animals that live around deep-sea hydrothermal
ventsin the Eastern Pacific and cold seepsin the Gulf of Mexico, and he has published over 50 peer-
reviewed papers on these topics. Hisresearch haslargely been supported by the NSF, MM S, NOAA
NURPs, ONR, and NASA.
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GENETIC EXCHANGE BETWEEN SEEP COMMUNITIES: IMPLICATIONS FOR
LARVAL DISPERSAL, SPECIATION, AND POPULATION RESILIENCE

Dr. Stephen W. Schaeffer
Pennsylvania State University

ABSTRACT

Molecular genetic methods provide a powerful tool to infer the past evolutionary history of
popul ations. Each of themajor evol utionary forces—mutation, recombination, natural selection, and
migration—Ileave a characteristic signature on the genomic DNA carried by an organism. The
evolutionary history of individuals within and between populations as well as rel ationships among
species can beinferred with molecular genetic methods. The chemosynthetic communitiesthat live
at the cold seeps of the Gulf of Mexico provide a unique opportunity to examine the role that
dispersal playsin evolution of populations and the formation of new species.

The vestimentiferan tubeworms and mussels in association with their endosymbiotic bacteria are
the main ecosystem structuring organisms at the cold seeps (Fisher et al. 1997). The tubewormsare
sessile organisms that lack a mouth, gut, and anus, but thrive at the cold seeps through their
association with endosymbiotic bacteriathat live in a specialized tissue known as the trophosome.

Two aspects of the vestimentiferan life history are not clearly understood and can be clarified with
molecular genetic approaches. First, how are endosymbionts acquired each generation? Male and
female tubeworms issue their gametes into the water column where fertilization takes place.
Whether the endosymbionts are transmitted with the egg or acquired later in development is not
known. Efforts to detect endosymbionts in the egg have failed to find evidence for vertica
transmission of the bacteria (Cary et al. 1993), yet newly settled juveniles aways have
endosymbionts. Thus, it appears that the endosymbionts are acquired each generation. Second, the
distancethat larvae can travel to colonize new seep habitats has profound implicationsfor the long-
term stability of these communities. Limited dispersal ability of seep fauna suggests that the
chemosynthetic communities are fragile where biodiversity is at risk.

Genetic variation is the raw materia of the evolutionary process that allows populations to change
in response to environmental flux. Destruction of seep habitats would cause a profound loss of
genetic diversity leading to an uncertain future of these fragile communities. Extensive dispersa
ability of vestimentiferans and mussels indicates that chemosynthetic communities are robust to
disturbance. This model of genetic exchange suggests that loss of a single community may be
overcome through recolonization of seep sites from other localities within the Gulf of Mexico.

In this study, we used appropriate types of DNA variation to investigate (1) the migratory history
of three seep species found in chemosynthetic communities, two vestimentiferan tubeworms
(Escarpia spicata and Lammelibrachia sp.) and one mussel (Bathymodiolis childressi); (2) the
phylogenetic history of tubeworms from cold seeps and hydrothermal vents;, and (3) the
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phylogenetic history of tubeworm endosymbionts. These data are used to address the robustness of
the chemosynthetic communities to disturbance from offshore drilling.

The study of dispersal and geneflow in tubeworms and mussels utilizes highly variable genetic loci
that are likely to be different among individuals. For this work, microsatellite loci, which are di-,
tri-, and tetranucl eoti de sequences that change rapidly among individual s of the same species, were
used to estimate levels of gene flow among four seep populations (GB 425, Bush Hill, Brine Poal,
and GC 234). For each species, individuals were sampled from each of the four populations to
examineintermediate and long-scale movement of larvae among seep sites. In addition, individuals
were sampled from five to six stations within Bush Hill to examine dispersal over a short scale.
Microsatellite loci were cloned with standard genetic engineering methods (Armour et al. 1994,
Sambrook et al. 1989).

Thetwo variable microsatel lites for Escarpia spicata suggest that extensive gene flow occurs over
short, intermediate, and long scales because estimates of the migration parameter are greater than
one for al comparisons (Table 2C.1). Wright's (1931; 1943) mathematical model of migration
shows that one migrant per generation is sufficient to homogenize gene frequencies among
populations. Microsatellite allelesarelargely not restricted to asingle habitat, but shared among the
tube worm populations examined in this study. These data suggest that disturbance of a local
community will not have a profound effect on genetic diversity within the communitiesin the Gulf
of Mexico. Thereis potential for large amounts of gene flow provided there are sufficient habitats
for the tubeworms to settle. These estimates of gene flow are consistent with those found for the
tubewormsthat inhabit the hydrothermal vents of the Pacific Ocean (Black et al. 1994). How many
habitats are suitable for tubeworms to settle into is an open question.

Table2C.1. Estimates of the number of migrants exchanged between four populations of
Escarpia spicata.

GB 425 Bush Hill Brine Pool GC 234
GB 425 61.0 2.6 2.3
Bush Hill 3.7 2.6
Brine Pool 8.0
GC 234

The single variable microsatellite for Bathymodiolis childressi suggest that extensive gene flow
occurs over short, intermediate, and long scales because estimates of the migration parameter are
greater than one for all comparisons (Table 2C.2). Again, this level of exchange is capable of
homogenizing gene frequencies among mussel populations and that mussels have the potential to
recolonize new seep sitesin the Gulf of Mexico. These results are quite striking given the variation
in the growth abilities and condition of the musselsin the different populations. The migration data
suggest that the condition of endemic mussels in not controlled genetically, but by the selective
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constraintsof thelocal environment. Thehighlevel of geneflow intubewormsand mussel ssuggests
that the water currents between the four populations are sufficient to allow transport of organisms
among these habitats.

Table2C.2. Estimates of the number of migrants exchanged between four populations of

Bathymodiolis childressi.

GB 425 Bush Hill Brine Pool GC 234
GB 425 26.2 2.9 14.9
Bush Hill 2.8 11.9
Brine Pool 2.8
GC 234

The morphological identification of tubeworms from bushmaster collections of entire
vestimentiferan communities revealed anew species of Escarpia. To clarify therelationship of this
new vestimentiferan species, Erin McMullin used the cytochrome oxidase | gene to establish what
affinity this escarpid-like species showed toward previously identified species of tubeworms from
the Gulf of Mexico and the Pacific Ocean. Thiswork shows that this new Escarpid speciesis most
closely related to members of the Escarpia genus collected from the Pacific Ocean, but that its
genetic distance is sufficient to consider this tubeworm a new species. This new Escarpia species
was found as a single representative within a large tubeworm bush. No other members of this
species were found in any of the tubeworm collections made during the two field seasons. This
suggeststhat rare new species can evolvein these chemosynthetic communities but that destruction
of asingle bush could have profound effects on the species abundance. How this species fits into
the ecology of the chemosynthetic communitiesis unclear.

Studies of the 16S rRNA gene by Dr. Kimberlyn Nelson and Dr. Fisher were used to infer the
relationships among the vestimentiferan endosymbionts. Endosymbionts from pairs of tubeworm
species from four sites in the Gulf of Mexico as well as hydrothermal vents in the Pacific Ocean
were used to determine whether endosymbionts followed the evolution of the host species. One
might expect that endosymbiont evolution would track the host given the close association of the
host and symbiont. To their surprise, endosymbionts clustered based on geography rather than host
identity. These data are consistent with the environmental acquisition of the endosymbiont each
generation. We do not know when the symbiont is acquired during the life cycle except that it must
occur after fertilization and before settlement of the trochophore larva.

What have we learned is information about the genetic structure of seep communities and what
implications this has for protection of these environments. Each habitat supports a unigue form of
free-living bacterial endosymbiont for thetubewormsthat islikely to betransmitted environmental ly
to the host. The movement of hosts from different seep habitats may or may not be allowed because
of the unique bacterial florapresent in each habitat. The currentsinthe Gulf of Mexico are sufficient
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to allow transport of mussel and tube worm larvae among the four seep sites sampled for this study.
Thiswould suggest that the seep communitiesare robust to disturbance, but geneflow dataprovides
no insights into the number of suitable habitats that the tubeworms and mussels can colonize. The
microsatellite loci developed in this study will provide useful tools for further examination of
tubeworm and mussel populations to further refine how these chemosynthetic organisms are
transported around the Gulf of Mexico.
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TROPHIC NETWORKS AMONG SEEP FAUNA

Dr. Robert S. Carney
Louisiana State University

Dr. Steven A. Macko
University of Virginia

INTRODUCTION

During past examinations of the Gulf of Mexico (GOM) chemosynthetic communities, it has been
confirmed through stable carbon isotope analysis that the heterotrophic fauna associated with these
systems definitely derive nutrition from chemosynthetic sources. The data producing these
confirmations, however, were equivocal on two major ecological questions. First, to what extent is
seep productivity exploited by the background faunain the upper-slope environment? Second, to
what extent do the resident faunain the seeps consume food derived from the background and the
phytoplankton detritus that fuelsit?

Both questions, exploitation of seeps by the background and the reverse exploitation of the back-
ground by the seeps, are relevant to the question of whether seep communities are stable, although
somewhat peripheral. For a system to persist, the processes of increase (recruitment and growth)
must, on an average over sometimeand spaceinterval, at |east equal the processes of decrease (emi-
gration and death). If seepsare heavily exploited by predators and scavengers from the background,
then communities may be subject to overexploitation and local extinction. If seep-associated organ-
isms can mix chemosynthetic and photosynthetic food sources, then populations of such organisms
may be comparatively stable when experiencing fluctuations in chemosynthetic production.

Thetrophic component consisted of three distinct sampling effortsfollowed by extensive stableiso-
topeanalysisof thecollected fauna. A smaller proof-of-method study usingimmunoassay to identify
specific prey-predators pairs was included. The three sampling efforts consisted of (1) quantitative
sampling of mussel assemblages, (2) quantitative sampling of tubeworm assemblages, and (3) trap
sampling of larger predators/scavengers. Mussel and tubeworm sampling was conducted according
to adesign developed by Dr. Fisher and used equipment and procedures developed by Dr. Fisher
in conjunction with Harbor Branch Oceanographic Institution. Trap collecting was conducted ac-
cording to adesign developed by Dr. Carney and used equipment and procedures developed by Dr.
Carney and the LSU Oceanographic Field Facilities Group. Stable isotope analysis of §*°C, 6N,
and d*S were conducted by doctoral candidate Steven Macavoy under supervision of Dr. Steven
Macko using methods devel oped by by Dr. Macko. Immunoassay was carried out by master’s can-
didate Nick Davidson under supervision of Dr. Robert Feller using methodsdevel oped by Dr. Feller.

RESULTS

Sub-deployed and surface depl oyed traps were successfully used at and 1 km away from three seep
sites. Eleventaxawere collected with the vagrants Eptatr etus (hagfish), Bathynomus (giant isopod),
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and Rochina (spider crab) predominating. In general, animals collected off-site had i sotope profiles
indicating exclusive dependence on the background phyto-detritus system. A notable exception was
asingle Rochina crab for which the d*S values indicated approximately 50% dependence on seep-
produced food. Animals collected on site produced mixed results with some high dependence on
seep carbon in some specimensin none at al in others.

Resident fauna from within seeps continue to produce equivoca results. The addition of 5*°N, and
5*Sdid not greatly improve ability to resol vetrophic rel ationships. Seep gastropods and crustaceans
definitely consume chemosynthetic production. Their isotopic values, however, reflect shiftsfrom
the values associated with such production. Unfortunately, these shifts can be attributed to three
separate phenomena: (1) a mixed diet incorporating background food; (2) trophic effects, or
(3) consumption of ayet characterized chemosynthetic source.

Immunoassay was attempted only as a proof of method. The results were, however, interesting.
Stomach contents of seep heterotrophs and vagrant predators tested positive for both mussel and
tubeworm tissue. Thisresult isunexpected since only afew speciesare suspected of feeding directly
upon these two sources. In addition, grazing gastropods would not seem to have a mechanism for
such predation. Two possibilities are (1) that exudates from the producer organisms may produce
apositive response, or (2) the assay reactions lack sufficient specificity.

CONCLUSION

In certain respects, we end where we began, but with more and better data. It was established that
some, but not all, large predatorswithin seepsfeed upon seep production. Asto whether background
vagrants move into and out of seeps, exporting production, the results areless conclusive. Only one
crab indicated such export convincingly. The exact trophic rel ationships among heterotrophsin the
seepsremainspoorly resolved. Futurework must includeincreased sampling of all possible sources,
better replicate speciesin and off-site, and refined immunoassay tests.

Dr. Robert S. Carney is an associate professor of oceanography at Louisiana State University. He
holds a B.S. from Duke University, M.S. in oceanography at Texas A&M, and Ph.D. in
oceanography from Oregon State University. Dr. Carney has served as a scientific advisor on three
MMS projects, CoPl on three projects, and Pl on three CMI projects. He was the founding director
of the joint MMS-LSU Coasta Marine Institute program and a member of MMS's national
Scientific Advisory Board. Dr. Carney’s areas of interest include deep-sea benthic ecology and
rigorous assessment of offshore environmental impact.

Dr. Steven Macko is a professor of environmental sciences at the University of Virgina. He holds
B.S. and B.A. degrees from Carnegie-Mellon University, an M.S. in chemical oceanography from
the University of Maine, and a Ph.D. in geochemistry from the University of Texas. Dr. Macko is
internationally recognized expert in isotopic investigation of trophic linkage.
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PARASITES AND PAH BODY BURDENS IN SEEP MUSSELS

Dr. Eric N. Powell
Haskin Shellfish Research Laboratory
Rutgers University

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

INTRODUCTION

Petroleum seep mussel sare often exposed to high hydrocarbon concentrationsintheir natural habitat
and, thus, offer the opportunity to examine the relationship between parasitism, disease and
contaminant exposure under natural conditions. Because petroleum seep mussels are closely
associated with hydrocarbon seepage, the prevalence and infection intensity of parasites, diseases,
and tissue pathologies may vary with site chemistry and, as a consequence, may provide a useful
early warning signal of long-term changes in the health of seep communities that may eventually
result in local extinction. Discriminating populations in decline from healthy ones is a key
component to understanding the processes controlling the structure and persistence of seep
communities.

Thisisthefirst report on the histopathology of cold-seep mussels. The purpose of this study wasto
(1) document the parasite body burdensin petroleum seep mussels, (2) determine whether parasite
body burdens varied spatially between nearby populations and between populations separated on
larger scales, (3) evaluate the degree to which parasites might impact popul ation dynamics and the
persistence of seep communities, (4) document the rapidity of which parasite infections and
physiological condition respond to changes in host population structure and environment, and (4)
examine the relationship between parasite and PAH body burdens.

METHODS

Seep musselswere collected by submersible from four primary sitesin the Gulf of Mexico (GOM),
lease blocks Green Canyon (GC) 184, GC-234, GC-233, and Garden Banks 425 in 550 to 650 m
water depth. To evaluate the influence of the seep environment on mussels, atransplant experiment
was conducted among several donor (population of origin) and receiver (population of transplant)
populations at GC-184, GC-233 and GC-234. Dissection, embedding and staining procedures
followed the NOAA Status and Trends protocols. All histological assessments were based on
guantitative measures or semiquantitative scales so that parasite infection intensity could be
rigorously evaluated statistically.
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RESULTS

Fivetypes of parasites wereidentified in section: (1) “gill rosettes’ of unknown affinity associated
with the gill bacteriocytes, (2) gill “inclusions’ similar to chlamydia/rickettsia inclusions, (3)
extracellular gill ciliates, (4) body “inclusions’ that also resemble chlamydial/rickettsial inclusions,
and (5) Bucephalus-like trematodes. Comparison to shallow-water mytilids demonstrates that: (1)
both have similar parasite faunas, (2) seep mytilids are relatively heavily parasitized; and (3)
infection intensities are extremely high in comparison to shallow-water mytilids Bucephalus and
chlamydialrickettsia. In this study, the lowest prevalence for chlamydialrickettsia was 67%.
Prevalences of 100% were recorded from fifteen populations. Bucephalus prevalence was >70%in
four of 19 populations and >50% in six of 19 populations. Excluding GC-233, where Bucephalus
was not observed, prevalence exceeded 50% in 6 of 14 populations and infection intensities
exceeded 1.5 on a 0-to-4-point scale in five. The parasite fauna was highly variable between
populations. Some important parasites were not observed in some primary sites. Even within
primary sites, some important parasites were not observed in some popul ations. Bucephal us may
exert asignificant influence on seep mussel popul ation dynamics. Excepting those at GC-233, 64\%
of the populationsin this study are severely reproductively compromised by Bucephalus infection.
Only a fraction of petroleum seep mussel populations are maintaining the entire beta-level
population structure of this species.

Variationintwo parasites, gill ciliatesand Bucephal us, explained most of thevariationin PAH body
burden between mussel populations. PAHs are known to be sequestered preferentially in gametic
tissue. Bucephalus would be expected to reduce overall body burden, at high infection intensities,
by replacing gametic tissue. PAH concentrations exceeded 1 ppm in four of nine populations
surveyed in year 1, aratio significantly higher than the eight of 30 mussel locales in the NOAA
Mussel Watch Program. Only five Mussel Watch local es exceeded the highest valuefor apetroleum
seep population. Digestive gland and gill tissue atrophy were not significantly correlated with PAH
body burden, even though some popul ations were characterized by body burdens exceeding 1 ppm,
suggesting that seep mussels may not be as sensitive to PAH exposure as are some shallow-water
mytilid populations.

Transplanted populations came into equilibrium with the receiver populations much faster in cases
where adecrease in infection intensity or prevalence was required. Quite the opposite was true for
cases where the transplanted population had to gain infections or increase in infection intensity to
come into equilibrium with the receiver population. In many cases, these transplanted populations
retained the donor population condition. Overall, the single-celled rickettsia responded to the new
environment of the receiver population much more rapidly than did the multicellular trematodes.
Of the physiological indices, gonadal stage came into equilibrium with al receiver populationsin
oneyear. Musselslost condition rapidly in caseswherethereceiver population had lower condition,
but they gained condition slowly in the opposite case. Digestivegland atrophy and gill tissue atrophy
increased slowly, but recovered rapidly.

Transmission rates could be estimated for gill rickettsia and Bucephalus. For gill rickettsia,
transmission rates varied between 0.3 and 0.55 yr. Loss rates came close to yr . This suggests a
short life span for any individual rickettsial body; it also suggeststhat infectionintensity isabalance



158

between rapid rates of proliferation and loss. Transmission ratesfor Bucephal uswere much slower:
0.12t0 0.25 yr'*; neverthel ess, infection intensification was rapid, reaching 3 on a0-to-4-point scale
in one year. Mussels live for a relatively long time, and the transmission rates measured for
Bucephalus are relatively high, yet population prevalences are often well below 100%. The strong
suggestion isthat thesetrematode sporocysts have life spans considerably lessthan their hosts, afact
that is of some consequence because, while infected, the mussels |ose any capacity to reproduce.

A highly dynamic process establishing parasite prevalence and infection intensity is corroborated
by therarity of size (and age) dependent preval ences and infection intensities. Infections are gained
and lost rapidly in comparison to mussel growth rates. Nearby populationswere asdifferent, in may
respects, as populations from different magjor sites (e.g., GC-233, GC-184). Thus, the dynamics
controlling parasite acquisition, proliferation and loss are predominately determined by local
environmental/biological conditions. The single exception is the absence of certain parasite types
from certain major sites. Bucephalus, for example, was not observed at GC-233.

Transplanted popul ationscameinto equilibriumwith receiver popul ationsin PAH body burden after
one year, in cases where body burden was higher in the receiver population. Body burden remained
high in mussels transplanted to populations with lower body burden. However, an examination of
the proportional contribution of 44 PAHsto the PAH body pool indicated that proportionscameinto
equilibrium in all cases. Therefore, the retention of high body burdens in the latter was not due to
low depuration rates. Likely, it was due to an inherently higher “storage” capacity in mussels
obtained from popul ations with high body burden. What biological processisresponsibleisnot yet
clear.

Dr. Eric N. Powell is Director of the Haskin Shellfish Research Laboratory of Rutgers University.
He has published extensively in the fields of oyster ecology and modeling, parasites and diseases
in marine bivalves, paleoecology, and benthic ecol ogy. His research experienceincludes studieson
reproductive effort and condition, and the effects of pollutant body burdens on the health and
physiology of invertebrate species. Dr. Powell received his B.S. in zoology from the University of
Washington and his M.S. and Ph.D. in marine sciences from the University of North Carolina at
Chapel Hill.
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STABILITY AND CHANGE IN GULF OF MEXICO CHEMOSYNTHETIC
COMMUNITIES (CHEMO 1)

Dr. lan R. MacDonald
Program Manager
Geochemical and Environmental Research Group
Texas A&M University

INTRODUCTION

Chemosynthesis is a bacterial pathway that can generate fresh organic carbon, in the absence of
light, by use of energy obtained from chemical reactions. Chemosynthetic bacteriatypicaly live on
sulfidic (reduced) aquatic sediments or as symbiontsin specially adapted tube worms and bivalves.
Onthenorthern continental slope of the Gulf of Mexico, communities supported by chemosynthesis
are known to occur between longitudes 94° W and 88° W, at depths between the 400 and 2200 m
(MacDonald et al. 1996). These communities comprise dense and productive aggregations of
benthic organisms that are dominated by chemosynthetic tube worms and mussels but also include
many benthic invertebrates and fish that are common throughout the Gulf slope(MacDonald et al.
1989). A free-living bacterium, Beggiatoa, is ubiquitous at seeps and may form thick mats on
surface sediments (Larkin et al. 1994). The chemosynthetic fauna are dependent upon methane and
hydrogen sulfidedissolvedin pore-fluid and very-near-bottom seawater. M ethane supports mussel s
and hydrogen sulfide supports tube worms (Fisher, 1990). The presence of these gases in the Gulf
slope sedimentsisdirectly linked to migration of hydrocarbons from deep sub-surface reservoirsto
the seafloor and the water column (Kennicutt et al. 1988). The greatest management concern is
directed at communities with aggregations that extend over alarge area and where the local high
productivity supports a diverse assemblage of heterotrophic fauna. An additional concern, which
has emerged during the course of the program, isthe role of shallow gas hydrate in chemosynthetic
communities and slope stability generally (MacDonald et al. 1994; Sassen et al. 1998).

Important progress was made in the understanding of chemosynthetic communities in the Gulf of
Mexico during the early 1990s, in large part as a result of the MMS Program entitled “The
Chemosynthetic Ecosystem Study” (CHEMO [). However, there remained many unanswered
guestions and many areas where qualified scientists and managers disagreed. The continuation of
CHEMO was a new, 42-month program entitled “Stability and Change in Gulf of Mexico
Chemosynthetic Communities’ (CHEMO I1). It wasinaugurated at the beginning of the 1997 fiscal
year and was designed to aid MMS in the scientifically sound management of seep communities.
The CHEMO |1 team has now completed al of the scheduled field collections. The program
principal investigators (Pls) have completed sample analysis and are currently preparing the
program’ s final report.

This presentation gives a brief overview of the CHEMO Il program goals, study design, and
participants. It summarizes progress during the program and provides an introduction to the program
elements described by individua Pls.
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Figure2C.1. Northern Gulf of Mexico showing study site locations for submersible operations
(triangles) and mega-site areas for geophysical survey (shaded rectangles). Depth
contours are in meters.

PROGRAM OVERVIEW

The CHEMO Il program includes investigations at regional and community scales. At the regional
level, the program has been concerned with developing reliable methods for remote detection of
significant chemosynthetic communities. During the 1997 field season, side-scan sonar surveys of
suspected chemosynthetic communities were carried out in two regional mega-sites (Figure 2C.1).
During FY 1998, U.S. Navy Submarine NR-1 was fitted with alaser line scan system and an X-Star
Subbottom Profiler and was used to survey known and suspected communities to confirm
interpretation of the sonar data.

The size and location of mega-sites were designed to optimize survey operations and provide
significant regional coverage. Both areas encompass several types of geological formations. Both
contain morethan ten perennial seasurface slicksdetected by remote sensing techniques. Additional
survey data were collected at the Garden Banks (GB) 425 sampling site in support of the
community-level studies. Characteristic of the mega-sites are summarized in Table 2C.3 below:



161

Table2C.3. Summary of regional mega-site locations and attributes. (For locations, see Figure

2C.1)

1) Megasite1 (“Shallow”) - area 1214 knv?
a) Boundaries- 91°35'W-91°10'W; 27°36'N-27°50'N.
b) Contains Green Canyon (GC) blocks 185, 233, and 234 sampling sites.
d) Water depths range from 400-900 m.

2) Megasite 2 (“Deep”) - area 1214 km?
a) Boundaries- 91°35'W-91°10'W; 27°10'N-27°26'N.
b) Contains northern Pygmy Basin; eastern Longhorn Basin; and most of
Tiger Basin (intrasalt basins).
d) Water depths range from 950 to 1,250 m.

At thecommunity level, effortsfocus on the abiotic factors that control the distribution, abundance,
and health of the major chemosynthetic and associated fauna. Investigations of the life history of
these organisms are also included. Field work depended upon use of the manned submersibles
Johnson Sea-Link Il and I, in 1997 and 1998, respectively. These submersibleswere used to collect
samples from a series of stations within each of four detailed study sites (Figure 2C.1).
Characteristics of the sampling sites are summarized in Table 2C.4.

Table2C.4.  Summary of principal community-level sampling sites and pertinent characteristics.
(For locations, see Figure 2C.1.)
Sampling Site Latitude, Depth Fauna present
(abbreviation) L ongitude (m) (by dominance) Seepage properties
GC185 27°46.9'N 550-580 tube worms high molecular weight
[Bush Hill (BH)] 91°30.4'W heterotrophs hydrocarbons
mussels free methane to pentane gases
GC234 27°44.1'N 525-560 tube worms high molecular weight
[Green Canyon 91°15.3'W heterotrophs hydrocarbons
(GC)] mussels free methane to pentane gases
GC233 27°43.4' N 640 mussels brine
[Brine Pool (BP)] 91°16.8' W heterotrophs free and dissolved methane gas
tube worms
GB425 27°33.2'N 600 mussels brine
[Garden Banks 92°32.4'W heterotrophs free and dissolved methane gas
(GB)] (? high molecular weight
tube worms hydrocarbons
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Efforts by individual Pls were coordinated by implementation of a sampling design. This design
designated aseriesof stationsat each site base on what were thought to be robust faunistic attributes.
For exampl e, adult tubeworm clusters (two each at GC234 and GC185) were marked and repeatedly
sampled, with materia distributed among the disciplines for separate analyses. With sediment
samples, PIsfor inorganic and hydrocarbon geochemistry, micro-gradients, and Beggiatoa ecol ogy
all shared material collected by identical methods. Similar overlap was achieved by Pisfor ecology
and growth and for parasitism and health. A detailed report will result from these efforts that will
break new ground in benthic ecology and biogeochemistry of chemically enriched environments.

PROGRAM TEAM

A multidisciplinary team of investigatorsis carrying out program objectives. The principal investi-
gators, their area of expertise, and the Scientific Review Board members are listed in Table 2C.5.

Table2C.5. Program team and roles.

Texas A& M University Investigators
Geochemical and Environmental Research Group

Dr. Norman L. Guinasso, Jr. Dr. lan MacDonald Dr. Gary A. Wolff
Physical Oceanography Program Manager Data Management
Imaging & GIS
Dr. Mahlon C. Kennicuitt |1 Dr. Roger Sassen
Deputy Program Manager Hydrocarbon Chemistry

Environmental Chemistry

Department of Oceanography

Dr. John W. Morse Dr. William Sager
Inorganic Chemistry Geophysics
Principal Investigators Not at TexasA& M University
Dr. Samantha Joye Dr. Steven Macko Dr. Douglas C. Nelson
University of Georgia University of Virginia University of California, Davis
Electrochemistry Trophic Relationships Microbial Ecology
Dr. Robert Carney Dr. Paul Montagna Dr. Eric Powell
Louisiana State University University of Texas at Austin Rutgers University
Trophic Relationships Statistical Design Histopathology and Community Health
Dr. CharlesF. Fisher Dr. Kimberlyn Nelson Dr. Steve Schaeffer
Pennsylvania State University Pennsylvania State University Pennsylvania State University
Physiological Ecology Molecular Ecology and Genetics Molecular Ecology and Genetics

Scientific Review Board

Dr. James Barry Dr. Cindy Lee Van Dover Dr. William W. Schroeder
Monterey Bay Aquarium University of Alaska The University of Alabama
Research Institute
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Progress descriptions by individua investigators detailed in the presentation indicate timely
completion of contract obligations with few shortfalls and no problems that jeopardize the overall
objectives of the program. The need for adequate synthesis of diverse data has led to a more
deliberate delivery schedulein the preparation of thefinal report. Thisactivity iswell underway and
will be completed in early 2000.
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INTRODUCTION

Mr. Chris Oynes
Minerals Management Service

The Gulf of Mexico is one of the most active oil and gas playsin theworld. Since 1947, the federa
Outer Continental Shelf in the Gulf has produced 10.9 billion barrels of oil and 132 trillion cubic
feet of gas. Future production from the deepwater areas is expected to be of alarge magnitude. The
Gulf aso hosts a huge commercia fishing industry; its ecosystem is strongly influenced by the
outflow of the Mississippi River and the importation of over 2 billion barrels of oil ayear entering
U.S. Gulf ports. Fishing efforts conducted in deepwater areas target highly valued species from the
surface to the bottom. The presence of deepwater currents, stronger than anticipated, may present
challenges to the design and operations of deepwater platforms. The recent discoveries of hydrate
“iceworms,” along with the 29 species of marine mammals and agrowing array of chemosynthetic
communities that live in the Gulf, have opened entire new frontiers concerning the ecosystems of
the Gulf. Deepwater activities have led to changes in trade and business arrangements which now
involve many statesand countries. Advancesin science and technology, aswe enter the millennium,
will drive the continued expansion of the industry into deepwater.

CIRCULATION IN DEEPWATERS OF THE GULF OF MEXICO
Two emerging issues where more information is needed:

* Loop Current Variability: Understanding that the Loop Current isamajor source of energy
for the currentsin the Gulf, more knowledge is needed about the seasonal variability. This
has important implications for the design of structuresin deepwater (We have seen arecent
example of the power of the Loop Current in September when some deepwater structures
were exposed to a northward intrusion of the Loop Current and those structures began
oscillating).

* Deepwater Currents: The scientific community was surprised to learn that energetic
deepwater currents (>1000) can occur and modeling them is critical to understanding the
circulation patterns in deepwaters for oil spill contingency planning and for operational
safety.

DEEPWATER GEOLOGY
We need to understand the slope geology to meet both engineering and regulatory requirements.
New technology in acoustic imaging of both the seafloor and subsurface (particularly 3D-seismic)

has provided new insight into the slope’ s structure and stratigraphy. It has provided new images of
salt and sub salt structures and has hel ped to reduce drilling risk.
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The sediments di splaced by slumping and submarinelandslides at the shelf edge pose aconsiderable
risk to man’s activities on the northern Gulfs continental slope.

GASHYDRATE MOUNDS

Gas hydrates are able to exist at or near the seafloor in water depths greater than 500m and below,
because of the special conditions of temperature and pressure which exist at these depths. They can
be hazardousto operationsand must be carefully mapped around deepwater structures. Gashydrates
also provide chemosynthetic communities with the resources they need to exist.

Because of their energy potential, eventually the mining of hydrates will become areality.
ECOLOGICAL UNKNOWNS OF DEEPWATERS

Understanding the ecology of Deepwatersis challenging because asmall pool of experts existsthat
have beeninadequately supported in aresearch areathat hashigh logistical costs. Because of limited
funding of deepwater research over the past several decades, there are very few proven ideas that
are availableto MM S to use in guiding its future research activities.

MMS realizes that the public will be just as concerned about impacts to Deepwaters as they are
about impacts to the shelf and coastal waters and estuaries. MMS and industry must assume
leadership rolesin degpwater ocean research through innovative federal-industry partnerships.

One question that MMS can begin to answer is: ‘How much of continental shelf management
strategy can be effectively applied to Deepwaters?’ By avoiding conflicts of resource use, a broad
range of management options can be transferred and fine-tuned to the special challenges found in
Deepwaters.

While MMS has taken a proactive role in protecting the deepwater chemosynthetic communities,
there may be more questions to be answered about avoiding devel opment-related impacts to the
typical deepwater environments.

MMS and industry face questions where there are little data or conceptsto provide answers. A new
mode of information gathering is required which builds not only databases but also ideas. MM S
cannot embrace all the unknowns about deep-sea ecol ogy, but they can undertake studiesthat build
on the management’ s strategies developed in shallow water.

FISHERIES CONFLICT IN DEEPWATER

One source of conflict may involve deep-sea bottom fisheries with deepwater development. But
thesefisheriesare usually destined to failureasold and slowly recruiting stocks are rapidly depleted.
Upper-ocean conflicts are far more likely to occur than at depths, but if industry utilizes seafloor
facilities, even these impacts may be minimized.
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SOCIOECONOMIC IMPACTS

Ass the socioeconomic program has grown and matured in the Gulf of Mexico region, some very
sophisticated studies have been undertaken to measure impacts from the oil and gas industry on
human communities. These studies range from examining sustai nable development to examining
the impacts on port facilities. As we move into Deepwater, the growth in this industry will
necessitate studies to understand how the economy has changed to meet this challenge. We arewell
positioned to begin understanding our past history of socioeconomic development as we move
forward to understand the future.

FUTURE SYSTEMS TO BE DEPLOYED
To meet the challenges in working in Deepwaters many systems will be deployed in this

environment. They are subseasystems, compliant towers, tension leg platforms, floating production
systems, spars, and possible floating production storage and offloading systems.



170

THE GULF OF MEXICO IN THE NEW MILLENNIUM

Mr. David T. Lawrence
Shell Oil Company

Industry Outlook

$

5 ?

$ New

Millennium
Present
1999

Past
1992

Current Environment

Higher oil & gas prices with little to no increased
activity

Consolidations, mergers, acquisitions &
divestitures are ongoing and will impact current
and future activity

Continued cost reduction, price uncertainty and
improved bottom line driving most decisions

» Ongoing reduction in activity will impact levels of

production (especially natural gas)

* Will the above environment continue and for how

long?
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Deepwater Discoveries

* 68 confirmed discoveries

— Shell 38
— Industry 30

 Estimated 5+ BBE announced

» Development plans publicized on at
least 30 projects (>1500° WD)
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The Global Deepwater Opportunit

HSE Management Systems

« HSE Management Systems will drive
increased proactive HSE efforts

* Industry will continue to strive for fewer
accidents & fewer environmental releases

» Project specific HSE planning will become
standard practice throughout the E&P
industry

» HSE’s sharing of best practices within
industry & alignment with contractors is
critical




What's Next in OCS Facilities?

* More subsea wells tied back to existing
fixed & floating facilities

e Smaller TLPs and spars for medium-

sized reservoirs

» FPSOQO'’s for reservoirs far from

infrastructure

« Improved hydrate inhibition
» Two-phase flow pipelines

Subsea Systems in the New Millennium

e Lower cost flowlines

» Subsea processing

» Lower cost, high rate
well completions

» Ultra-deepwater,
remote systems

Pigging & protection system
Electrically heated
Cold flow technology

Separation
Pumping
Metering

Intelligent completions
Multi-laterals

Rigless intervention systems
Tools & processes to reduce time

All-electric subsea systems
Control buoys
Hardware for increased water depth

Hydrate inhibitor distribution with
storage

High power distribution systems
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What’s Next in Drilling?
What's Required Next (5-10 Years)

Ability to drill & produce profitably in ultra-
deepwater (>5,000 ft.)

Unlock the technology to exploit the
deepwater subsalt potential

Technology advances to improve
operational & cost performance of core
business

Improved reservoir surveillance (4D, etc.)
Subsea capability & reliability

What’s Next in Drilling?
Well Technology Focus Areas

Subsea pumping system
Expandable solid tube

technology
Wellbore stability & lost Stuck pipe avoidance
circulation Hold Cleaning

Borehole stress prediction
Improved drilling fluids

Borehole positioning
— Casing while drilling
— Extended reach drilling systems

Drilling optimization

Marine Systems & mooring — Eddy & loop current tracking &

hnol prediction
technology — Polyester mooring systems




Loop Current Effect Issues

» Magnitude (speed) of current & depth of
current profile

» Operational impact
— Total time at site (30-60 days)
— Affects drilling & normal operations

« Can cause vortex induced vibrations

(VIV) on well risers, export risers &
mooring components

Key Learnings

High rate wells are essential & a reality.

Continued cycle time reduction is critical.

Total life cycle costs must continue to be achieved.
Opportunity to discover 20 +/- BBE is achievable.

Industry can drill & will be able to produce in water
depths of 10,000 feet or more.

New technology development continues to be key driver
to success.

Subsea wells will increase in importance. Success
factors are operability & reduced cost.

Deepwater is not an extension of the shelf. Must have a
different paradigm.
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Forces Changing the Future

Intensified competition
New technology
Globalization

Societal expectations
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MMS GULF OF MEXICO ENVIRONMENTAL STUDIES PROGRAM

Dr. James Coleman
Louisiana State University

Birth of Offshore Industry

» 1934, Texas Co. drilled one mile from shore
in offshore Louisiana

» 1947, a bottom-supported platform in 18
feet of water and twelve mile offshore.
Cost: $230,000

Offshore Industry in 1999

e Routinely drilling in water depths exceeding
several thousands of feet deep

» Cost: hundreds of millions per site
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MMS Mission

« Regulatory and to lease offshore resources

» In addition, to explore and extract those
resources n a sound environmental manner,
hence the Environmental Studies Program

» Prior to program, little known about regional
geology, physiO, and biological

» Since program initiated, many millions of pages
have been published

MMS Environmental Studies
Reports 1995 — 1999

+ Biological 73
» Geological 12
» Mecteorological 12
+ Physical Oceanography 37
» Socioeconomics 19
« Wetlands 29
o Other 31

« TOTAL 213




Phys10O Program Studies

First major study, 1982 — 1987

Investigated

» optical properties

» hydrographic

» lagrangian drifters

» current velocity and temperature
» GEOSAT altimetry

Most important: revealed nature and
variability of loop current and eddy formation

Use of Satellite Imagery
(PhisiO Program Studies)

Revealed the complexity of the currents in
the GOM that have significant effect on
offshore structures

Eddys were imaged for the first time during
this study
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Use of Lagrangian Drifters
(PhisiO Program Studies)

» During five-year period, lagrangian drifters,

such as those in figure, used to document

complexity of these eddys

» Note persistence of eddys over a period of

nearly four months in following figure

Use of Lagrangian Drifters
(PhisiO Program Studies)
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Analysis of Eddys
(PhisiO Program Studies)

» Enough data obtained during this five-year
period to allow statistical analysis of these
data

» Following figurc shows percentage of
distribution of eddys. Note that they
coincide with existing deepwater drilling
trend

Eddy Map
(PhisiO Program Studies)
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LATEX A Study
La-Tex Shelf Circulation & Transport Process

» Field work completed from 1992 — 1994

» Resulted in better understanding of
characteristics of shelf and upper
continental slope

» Investigated
» surface meteorological fields
» time series of river discharge
» bottom stresses
» eddy/shelf interactions
» salinity and temp distribution
» suspended particles
» nutrient distribution
» dissolved oxygen and hypoxia

Results
(LATEX A Study)

First time a major group of instrumentation was
installed across shelf and upper slope

Study resulted in generating extremely large
amount of data that will provide background
settings for years to come and used as
validation of numerical models

Validated that the Cochranc & Kelly model
was valid over mner shelf, but not seaward
because of complexity and variability of eddys.
Demonstrated the seasonal variability of water
masses that had been unknown 1in past




Results Map
(LATEX A Study)
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LATEX B — Observational Study of Miss/
Atchafalaya Coastal Plume, 1994 — 1998

Complex interdisciplinary study to obtain data on
» mechanics of coastal plume

» sediment flux

» light, nutrients, and phytoplankton pigments

» phytoplankton and zooplankton characteristics

» pollutant chemistry

» hypoxia

» organic and inorganic sediments

Flrlsft synoptic picture of coastal currents in northern
gu

Data served as a validation for testing numerical
models

Showed the importance of longshore pressure
gradients in driving coastal currents
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Geological Studies

* Numerous completed during the past ten
ycars

* Discovered massive mudflows off the
Mississippi River delta

» Mapping of high resolution seismic data
revealed the complexity of potential
geohazards on the slope (following figure)

Potential Geohazards on the Slope
(Geographical Studies)
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Mud Mounds & Craters from Major Seeps
(Geographical Studies)

DEBRAIS LDBE
PREBSLME MDOES

Socioeconomic Studies

 Increased scope, breadth, and number of
studies — effective coordination with
cnvironmental analysis

* Social Science Workshop, Park City, Utah

» System for collecting and categorizing data
into Technical Info Management System
(TIMS)

» Maximized utility of CMI program
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GIS Efforts

Gulf Wide Information System (GWIS)

Coastal & Offshore Resource Info System
(CORIS)

» Corporate environmental database

Incorporate both MMS & industry
environmental data

Digitize industry hard bottom survey maps

Pilot projects: archacological, hard bottom &
chemosynthetic data

GIS Efforts (continued)

Development of automated GIS: 1,000
cxploration, development, pipeline &
platform removal data

Conversion of GIS to an Internet-enabled
mteractive mapping application
Partnership: federal, state, industry
environmental database




GOM Deepwater Drilling & Production

o If the vision of Hardiman (Policy
Committee) is correct, MMS will have to
deal with the complexities of deepwater
oceanographic and biologic processes

« MMS Strategic plan will reveal what 1s
planned for the next few years

Planned MMS Environmental Studies

 FY 2000
» Sperm Whales
» Effects O&G Exploration — Cont. Slope Sites
» Effects Communities — OCS Platform Extraction
» Fisheries Workshop
» Workshop — Physical Processes Slope/Rise
» Migratory I'ish Species
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Planned MMS Environmental Studies
(continued)

 FY 2001
» O1l Spill Trajectory & Assessment Model
» NE Gulf Physical/Biological Processes
» Physical Ocean — Slope/Rise (POSAR)
» OCS Use of Navigation Channels
» Deepwater Protected Species
» Case Studies — Coastal Communities

» Ozone Modeling Analysis

» Hydrate Outcrops/Chemosynthetic Communities

Planned MMS Environmental Studies
(continued)

 FY 2002 — Topical Arcas
» Deepwater
» Platform Removal
» Air Quality
» Seismic Activities in GOM
» Invasive Species
» Fate & Effects
» Gas Hydrates

» Environmental Justice
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Deepwater Problems: Gas Hydrates

» Gas hydrates are ice-like crystalline structures
of water that form “cages” that trap low
molccular weight gas molecules, especially
mcthane.

» Although they may be a large gas resource in
the future, MMS must address their role as
safcty hazards in the GOM

» Hydrates can form on drilling equipment and in

pipelines. Plugs of hydrate could stop fluid flow
and create pressure that could rupture a pipeline.

Deepwater Problems: Gas Hydrates
(continued)

* In GOM, hydrates form near the surface in
watcr depths from approximately 500 m to
the bottom of the Gulf

» These hydrates crop out on the surface in
numerous arcas within the GOM

« Often, hydrates are associated with various
chemosynthetic communities, such as where
tube worms are attached to an outcropping
hydrate deposit
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Deepwater Problems: Gas Hydrates
(continued)

» As the Hydrate Stability Zone intersects the

seafloor at about 500 m, subseca pipelines,
platforms, and subsca completions are in the
zone of hydrate formation

Both natural and anthropogenic changes can
cause hydrate dissociation and could trigger
seafloor slumps and subaqueous landslides

Deepwater Problems: Gas Hydrates
(continued)

It 1s speculated that drilling itself may cause
dissociation since warm drilling fluids
and/or production of hot hydrocarbons may
causc the hydrates in sediments to
destabilize. Roberts and MacDonald has
observed the instability of hydrates in deep
dives.
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Deepwater Problems: Gas Hydrates
(continued)

» Although the presence of hydrates has long
been known, their distribution, thickness
and extent in the GOM is presently
unknown. Most that have been discovered
have been based on the presence of bottom
simulating reflectors (BSRs) seen on
geophysical records.

Deepwater Problems: Gas Hydrates
(continued)

» Future rescarch is aimed at direct
observations of hydrates by deep
submersible dives over speculated
anomalies based on 3-D scismic records.
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Deepwater Problems: Bottom Currents

Based on high resolution seismic data,
geologists have long speculated on the presence
of such currents in decpwater

A hires seismic line from 500 m of water shows
that considerable sediment has been eroded.

A seismic line from 900 m of water and mn a
region of relatively smooth bottom also shows
major erosional events.

Few cores have been taken in such areas to
determine if the erosion is currently taking place
or is geological in nature.

Deepwater Problems: Bottom Currents
(continued)

» Recent data acquired by Bill Bryant and

colleagues have shown the presence of
well-developed linear grooves on the
seafloor on the continental slope.

Grooves are fairly continuous along slope
and seem to parallel the contours.

The authors speculate that such grooving 1s
the result of strong bottom currents that
scour into the sediments such as have been
observed in flume experiments.
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Deepwater Problems: Bottom Currents
(continued)

* A recent result from current meters moored on
the continental slope has suggested that currents
slightly in excess of 1 knot have been observed.

» QOther than this one observation, however, it is
not known whether the erosion was an event in
the past or is presently taking place. Continued
rescarch and acquisition of hires data,
observations from deep submersible dives, and
current meter data acquired during POSAR
should resolve this dilemma.

2020 and Beyond

» Rapid technological advances

» Mapping at far improved scales

« Data acquisition: free-swimming
autonomous vehicles equipped with surface

and subsurface i1maging, chemical scanners
and sensors for water column characteristics

* “No More Paper” — advanced electronic
databasc systems
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2020 and Beyond (continued)

* Remotely sensed data coupled with direct
sampling ROVs, manned submersibles, and
advanced autonomous vehicles

» Advanced numerical models/simulations for
real predictive capabilities

» “No More Paper” — advanced clectronic
database systems




BIOLOGICAL RESOURCES IN THE GULF OF MEXICO

Dr. Thomas Mcllwain
National Marine Fisheries Service

Biological Resour ces
Gulf of Mexico
2000 +
Fisheries

Marine Mammals

World Landings - 1997
122.1 million metric tons
— China- 28.7%
— Peru- 6.4%
— Japan - 5.5%
— Chile- 5.0%

— U.S -4.5%
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»

»

»

»

»

U.S. Landings- 1998

Commercial

4.2 million metric tons
Recreational

203,527 million metric tons

60.3 million trips

Gulf of Mexico Landings- 1998

o Commercia Landings

— CA. 1.6 hillion pounds

»

»

»

Shrimp - most valuable
Menhaden - largest volume

35.5 % of catch from Lower 48
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Gulf of Mexico Landings- 1998

* Recreationd
— 12.5 million fish
— 15.9 million tips

Sustainable Fisheries Act - 1996

» Reauthorized the Magnus on-Stevens Fishery
Conservation and Management Act

« Management Objective - To rebuild stocks to
maximum production
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Managed Species

Shrimp FMP - White, Brown, Pink, Royal Red,
Rock, & Seabobs

Cora FMP - Fire, Hydro corals, Octocorals,
Stoney, & Black Corals

Coastal Pelagics - King & Spanish Mackerels
(Gulf & Atlantic Groups), Cobia, Cero, Dolphin,
Little Tunny

Managed Species (con’t)
Reef Fish FMP - Red Vermillion Snapper, Nassau
& Gag Grouper, Jewfish, Greater Amberjack, +
43 other species
Red Drum FMP - Red Drum
Spiny Lobster FMP - Spiny & Slipper Lobsters
Stone Crab FMP - Stone Crab

HMS FMP - Tunas, Swordfish & Sharks




Problemsin Gulf Fisheries

Excess Capacity

Growing Fishing Effort

By Catch

Gear Impacts on EFH

Habitat Destruction/Alteration
Dead Zone

Management Toolsfor Fishery Problems

ITQ1FQs
Limited Access - Seasonal/Area Closures
License Limitations

Size Limits
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M anagement Toolsfor Fishery Problems (con’t)

Bag Limits

Trip Limits

Marine Fishery Reserves

Stock Enhancement

Fishery/Offshore Development Problems

» Physical presence of oil & gas structures &
operations will likely conflict with or enhance
fishing activity

» Physical presence of large structures in deepwater

will likely act asfads & could impact HM S
species (management, feeding & spawning
behavior)




Fishery/Offshore Development Problems (con’t)

» Development in deepwater will present old and
new environmental hazards

» Development in deepwater will present unique
site abandonment difficulties & raise questions
concerning artificial reef planning aswell as
impact traditional fisheriesin the area

Marine Mammals

» The Gulf of Mexico supports 26 species of marine
mammals

o 10-year database
* Most occur offshore/deepwaters

» Stocks appear stable
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Potentially Impacted Groups
Deepwater shrimp species
Deepwater crab species
Deepwater fish species
Marine mammals
Highly migratory fish species

Unknown species

Conclusions

Most of the current harvest is from near-shore
walers

Need additional research on which to base
decisions/determine impacts

Fisheries and the oil & gas industry have
coexisted in the Gulf for over 50 years
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Environmental Impact Statement for the
Proposed Use of Floating Production,

Storage, and Offloading Systems on the
Outer Continental Shelf, Gulf of Mexico

Merging Marine and Operations Cultures
for FPSOs
— Document not submitted —

Classification Society Experience with
FPSOs

Comparative Risk Study and Other FPSO
Work at OTRC
— Document not submitted —

The Role of Risk Assessment in FPSO
Design and Operation

Mr. Gerard A. Gallagher 111
Ecology and Environment, Inc.
Tallahassee, Florida

Mr. Charles Steube
Conoco

Mr. Robert D. Bowie
American Bureau of Shipping

Dr. E.G. Ward
Texas A&M University
Offshore Technology Research Center

Mr. Ben Poblete
Lloyd s Register of Shipping
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ENVIRONMENTAL IMPACT STATEMENT FOR THE PROPOSED USE OF
FLOATING PRODUCTION, STORAGE, AND OFFLOADING SYSTEMS ON THE
OUTER CONTINENTAL SHELF, GULF OF MEXICO

Mr. Gerard A. Gallagher 111
Ecology and Environment, Inc.
Tallahassee, Florida

BACKGROUND

Recent years have seen a surge in deepwater leasing in the Central and Western planning areas of
the Outer Continental Shelf (OCS), Gulf of Mexico (GOM), and operators have spent billions of
dollarsin obtaining these leases. Many of these leases are located far from existing infrastructure,
and operatorsface difficult challenges devel oping them. Floating production systemsthat have been
used in the deepwater GOM in the 1990s, such as large tension leg platforms (TLPs), spars, and
semi-submersibles, may not be the best optionsin many of the more remote |eases. Many operators
have expressed their desire to add floating production, storage, and offloading (FPSO) systems to
the suite of development options available for projects in the deepwater GOM. Some potential
advantages of FPSOs over other development options include shorter cycle time (time from
discovery to first production), lower construction costs, reusability, and the flexibility to transport
the crude ail directly to the refining center of choice.

In 1996, operators and FPSO builders began seriousdly discussing with the U.S. Department of the
Interior, Mineral Management Service (MMYS) the possibility of using FPSOs in the GOM.
Recognizing the increased interest in FPSOs and shuttle tankers, the MMS and DeepStar, an
industry consortium for addressing deepwater GOM issues, co-sponsored an FPSO workshop in
April 1997 to identify technical, safety, and environmental issues, as well as information needs
related to FPSOs. Since then, MM S and DegpStar have worked together in addressing the potential
role of FPSOs in GOM development and the various technical, safety, and environmental issues
related to the use of FPSOs and shuttle tankers in the GOM. In June 1998, MMS expressed its
willingness to prepare an Environmental Impact Statement (EIS), under the implementing
regulations of the National Environmental Policy Act (NEPA), that would address the issues
associated with the proposed use of FPSOsin the Western and Central Planning Areas on the OCS
GOM. In July 1998, DeepStar agreed to provide the funding required for MM S procurement of a
contract to complete the EIS process. In addition, DeepStar has been working with MM S to define
a representative base case scenario (as well as the potential range of variations in system
components, configuration, and operation) for the use of an FPSO on the OCS GOM.

In May 1999, MMS commenced the EIS address industry’s proposed use of FPSOs in the
development of deepwater fields on the OCS, in the Western and Central planning areas of the
GOM.
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WHY ARE FPSOs BEING ADDRESSED BY MMS UNDER NEPA?

NEPA requires that a federal agency prepare an EIS when a mgjor federal action may result in a
significant impact to the environment. AsFPSO operations and shuttletankering of GOM-produced
crude oil would be new to the United States GOM, and as large volumes of oil would be stored in
an FPSO’s hull, the MMS has decided that the preparation of an EIS is warranted to assess the
potential for significant adverseimpacts resulting from these proposed activities. The MM Sintends
that the EIS process for addressing FPSOs will provide for public involvement in the consideration
of benefits and potential environmental impacts associated with the proposed action, and that the
resulting EISwill support aninformed decision by the federal government regarding the use of such
systemsin the GOM.

HOW ARE FPSOs BEING ADDRESSED BY MMS UNDER NEPA?

The lead federal agency for preparation of the EIS isthe MMS. Given the degree to which MMS
and United States Coast Guard (USCGQG) jurisdictions overlap in waters of the United States, and
because of the nature of the proposed activities and associated potential environmental impacts, the
USCG isserving as aconsulting agency to MM Sfor the preparation of the EIS. In May 1999, MMS
contracted with Ecology and Environment, Inc. (E & E) to provide services for preparation of the
EIS. Working with E & E, the principa team members for completing various EIS tasks include
Continental Shelf Associates, Inc.; Det Norske Veritas, Inc.; and Aker Engineering, Inc., aswell as
several subcontractors providing specialty expertise.

The proposed use of FPSOs is addressed in concept by the MM S in the forum of a programmatic
EIS. The EISis programmatic in that it addresses the fundamental concepts and issues associated
with the proposed use of FPSOs on the OCS, and within the Western and Central planning areas of
the OCS GOM. The MMS considers its approach of addressing FPSOs in concept as the first step
in understanding the benefits and risks that may be associated with FPSO systems. This approach
also alows an opportunity for public involvement in the process before the consideration of
individual applications for the approval of site-specific FPSO systems.

To consider the proposed use of FPSOs in a programmatic sense, the EIS defines a generic FPSO
system and operation that represents a reasonable configuration and scale of an FPSO anticipated
to be deployed on the OCS during the next approximately 10 years (i.e. the base case scenario). The
preparers of the EIS have attempted to identify and consider arange of FPSO component variations
that could conceivably be proposed by industry as part of various site-specific design scenarios.

The programmatic EIS processwill result in selection by the federal government of one of the three
basic alternatives: 1) conceptual approval of FPSOs, 2) conceptual approval of FPSOsunder certain
pre-conditions, or 3) a decision for no action (i.e.,, no conceptua approval by the federal
government). In accordance with the requirements of NEPA, the government’s decision will be
detailed in aRecord of Decision (ROD), and published in the Federal Register. Regardless of the
decision outcome, it isintended that this programmatic EIS, including the resulting ROD, serve as
aplanning document and reference tool for “tiering” any subsequent NEPA actionsregarding site-
specific proposals for use of FPSOs in the U.S. GOM. In line with the President’s Council on
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Environmental Quality (CEQ) regulationsfor implementing NEPA, “tiering” would allow MM Sto
proceed from a broad and regional statement (in this case a programmatic EIS), to alesser or more
focused (e.g. site-specific) statement that would subsequently be prepared. In this case, tiering
allows for a step-wise decision-making process.

No approvals of site-specific proposals to use FPSO systemsin the U.S. GOM can be granted as a
result of the ROD regarding this programmatic EIS. Rather, the government would consider site-
specific proposals for use of an FPSO system, and the appropriate NEPA documentation prepared,
by tiering from this programmatic EIS.

ACTIVITIES FOR PREPARATION OF THE EIS

The EIS addressing the proposed conceptual use of FPSOs on the OCS GOM is progressing in four
phases:

* Phasel: Public Scoping

* Phasell: Scenario Development

» Phaselll: Draft EIS Preparation and Public Hearings
* PhaselV: Final EIS Preparation

The schedule for completion of the four phases is approximately 18 months. The project was
commencedinmid-May 1999. The Final EISisscheduled to bedelivered to the publicin November
2000. The following summarizes the component activities conducted for each of the four phases of
this EIS process:

Scoping

The MM S Notice of Intent (NOI) to prepare the EIS was published in the Federal Register on 10
June 1999, formally initiating the NEPA process and public scoping. The NOI notified agenciesand
the public of the schedule and location for public scoping meetings and provided instructions for
submitting expressed issues and concerns with respect to the proposed action. More than 830 | etters
were mailed to interested parties as an additional measureto notify the public of the proposed action,
and to solicit involvement through attendance at public meetingsand/or through submittal of written
comments. Noticeswerealso placedinloca newspapersto solicit attendance at public meetingsand
submittal of written comments. Five scoping meetings were conducted 21 June through 28 June
1999, in Corpus Christi, Houston, and Beaumont, Texas; and Lake Charles and New Orleans,
Louisiana, respectively. Several individual s attending the scoping meetings had questions about the
proposed action and the Government’s decision-making process regarding FPSOs, while other
individuals expressed issues and concerns. A total of six letters containing written issues and
concerns were received from the public. All public comments, written and orally expressed, were
cataloged and reviewed for consideration in preparation of the Draft EIS.
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Scenario Development

The petroleum industry’ s proposed action is the use of FPSOs as a viable measure for developing
hydrocarbon resources on OCS GOM. Given the programmatic function of this EIS, the purpose of
the scenario development process has been to describe a“most likely configuration” for an FPSO
system that would operate in the deepwater areas of the Western and Central Planning Areas of the
GOM. Hence, the base case scenario for consideration in the EIS is a generic FPSO system that
incorporates the components, configuration, and types and levels of activities that are expected to
be reasonably representative of industry’ sintended applications of FPSO systems. For themost part,
major components of the base case scenario FPSO fall within arange of potentially viable design
choices and configurations. Therefore, a range of potential options for the main components of
FPSO systems that would operate in the United States GOM have been identified and will also be
included in the EIS.

After commencing the NEPA EIS process, the project team first built upon the prototypical FPSO
configurations identified in MMS deepwater development reference documents and workshop
papers, and then further defined amost likely configuration of an FPSO operation inthe GOM. The
objective was to obtain industry feedback and concurrence (through DeepStar) in determining the
range of potentially applicable technical options for FPSO system components, configuration, and
operations; it was also to identify within the range of possibilities, the most likely configuration of
an FPSO system that would be used in the GOM ¥4 otherwise known as the base case scenario. The
base case scenario was then defined in sufficient detail that: 1) a quantitative risk assessment,
including a hazard analysis and accident frequency analysis, could be conducted; 2) factors
potentially resulting in environmental impacts could be identified; and 3) an environmental impact
assessment could be completed. The potentially applicable ranges of options for FPSO system
components and configuration were analyzed sufficiently that risks and impacts could be gauged
relative to the base case scenario.

Draft EIS Preparation and Public Hearings

Thisphase of the EIS process hasinvolved the following analysis and document devel opment tasks.

» Description of the proposed action

» Descriptions and comparison of alternatives

» Description of the affected environment

* Assessment of environmental consequences
Description of the Proposed Action. Industry proposes the use of FPSOs as a viable option for
deepwater development in the GOM. The EIS will provide information on the expressed purpose

and need for the use of FPSOs; a description of the proposed action (the base case scenario and
range of potential options for FPSO components, configuration, and operation); the basis for
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preparing an EIS to address the proposed action; and a summary of the issues and concerns
expressed by the public during the scoping phase.

Descriptions and Comparison of Alternatives. The EIS is programmatic and will consider and
compare the following three alternatives: A) Approval of FPSOs; B) Approval of FPSOs under
certain pre-conditions; and C) No action. The “Alternatives “section of the EIS considers the
approval of FPSOs in concept as the EIS addresses only a representative base case scenario and
generic range of potential configurations, and addresses the environmental setting and potential
environmental consequences only in a broad regional sense. The pre-conditions for approval that
will beidentified in Alternative B may include risk and/or impact avoidance or reducing measures,
such as stipulations for design features and operations, and/or exclusion of FPSO operations in
specific geographic areas within the Western and Central Planning Areas of the OCS GOM. Under
the “No Action” alternative, the conceptual approval for use of FPSOs would not be an end result.

Description of the Affected Environment. The EIS describes the physical setting within which the
proposed action would occur and which the proposed action could potentially affect. Given the
programmatic format of the EIS, the locations and sensitivities of natural resourcesand systemsand
the human environment (e.g., socioeconomic systems and coastal infrastructure) are described on
aregiona scale.

Assessment of Environmental Consequences. This task involves identifying impact-producing
factors associated with FPSO installation, operations (including shuttle tankering), and
decommissioning, such as assessment of environmental impacts potentially associated with routine
operations; a quantitative risk assessment of the potential for accident/upset that would result in a
release of oil cargo; modeling of oil spill trajectory for several hypothetical spill launch point
locations within the geographic area considered for FPSO operations; assessment of environmental
impacts that could occur as aresult of oil spill; the potential for any indirect or cumulative impacts
that could result; and the identification of potentially applicable mitigation measures that would
prevent or reduce potential risks and/or impacts.

Therisk assessment prepared in conjunction with the EIS addressesthe base case scenario, including
both the FPSO and associated shuttle tanker operations. Accident/oil spill frequencies are
quantitatively derived by spill size category for the base case scenario, and are addressed semi-
guantitatively for the potential range of system components and configurations, for comparison
purposes. Where risk-reducing mitigation measures are identified, the effect of these measures on
spill size/frequency isevaluated. TheMM S QOil Spill Risk Assessment (OSRA) model andtheMM S
oil weathering model are also employed as part of theimpact assessment processfor thisEIS. Eight
hypothetical spill locations were selected throughout the FPSO study area. The domain for the
trgjectory model is the rim of the GOM, with coastline segments and environmental features
identified on aregional scale. For thetrgectory model, 3-, 10-, 20- and 30-day runswere compl eted
for each of four seasonsand for each of thelaunch point locations. Oil weathering model output data
was generated for two crude oil types so that issues associated with oil degradation can be
considered in the assessment of oil spill impacts.
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Public Hearingsand Comment. In accordance with the requirements of the NEPA process, the Draft
EISwill bedistributed to al interested partiesfor review and comment. During this public comment
review period, MM Swill conduct a series of public hearingsin several Gulf Coast communitiesto
provide aforum for discussion with theinterested public and to solicit public comment on the Draft
EIS.

Final EIS Preparation

Following the receipt of public and agency comments to the Draft EIS, all comments will be
reviewed and addressed. Any additional information and/or revisions to the document will be
completed, and public comments and MMS responses to comments will be incorporated into an
appendix in the Final EIS. The Final EIS will then be published and distributed to appropriate
agencies and other interested parties.

After distribution of the Final EIS, MM S will enter into a decision-making process regarding the
three alternatives considered in the document. The decision will be based on consideration of the
analysesin the EIS, aswell as other appropriate data and information. A formal record of decision
(ROD) that documents the agency’ s decision and the basis for that decision will be prepared. The
ROD will be published in the Federal Register.

Environmental Impact EIS Preparation Under NEPA
Statement

¢ Minerals Management Service (MMS) - Lead

Proposed Use of Floating ireustal gy

- ¢ MMS Contractor - Ecology and Environment, Inc.
Proc_luct|on, Storage and (Team - E&E, Continental Shelf Associates, Inc.,
Offloading Systems (FPSOs) on Det Norske Veritas, Aker Engineering)

the Outer Continental Shelf, « U.S. Coast Guard - Consulting Agency
Gulf of Mexico

1 December 1999




FPSOs

e Would Facilitate Development in Deepwater
Areas Beyond Existing/Planned Pipeline
Infrastructure

« Similarities to Other Offshore Development

« Differences with Respect to Other Offshore
Development
- Storage
- Offloading
— Shuttle Tankering
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Areas Under Consideration
For FPSOs

ALABAMA 2

TEXAS

e nauss FLORIDA — ]

Cenral
Planning Area

What Is NEPA?

« National Environmental Policy Act of
1969

+ Requires Federal Agencies to Address
the Potential Affect of Major Federal
Actions Upon the Human Environment

« Environmental Impact Statement (EIS)

Why Is NEPA Being Applied To
FPSOs?

* New Development Technology in
the Gulf

+ Major Decision by Government

+ Assess Potential for Significant
Environmental Impact

¢ Allow for Public Involvement and
Informed Decisions by Government

How Is NEPA Being Applied To
FPSOs?

* Programmatic EIS

» Proposed Action - Generic in Scope
Addressing FPSOs in Concept

¢ “"Tiered” Documentation/Decisions
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EIS Process Phases of FPSO EIS Preparation
| PROPOSED ACTION |
I. Scoping July 1999
| sc°i"“‘* | II. Scenario Development Sept. 1999
| DRAFT EIS | III. Draft EIS/Public Hearings May 2000
' ' IV. Final EIS Nov. 2000
PUBLIC AGENCY
FCOMMENT " COMMENT
[ I
| FINAL EIS |
| RECORD OF DECISION (ROD) |
I. Scoping I1. Scenario Development

« Notice of Intent (NOI)

¢ Letters to Interested Parties

+ Newspaper Advertisements

* Scoping Meetings

« Consideration of Issues and Concerns
Expressed by Public

+ Range of Options
+ Base Case FPSO
+ FPSO Operations
— Installation of FPSO
— Routine Operations
— Decommissioning of FPSO

ITI1. Draft EIS Preparation

» Description of the Proposed Action
¢ Alternatives
+ Affected Environment

+ Environmental Consequences
— Routine Operations
— Accident/Upset (Oil Spill)

» Mitigation Measures

ITI1. Draft EIS Preparation

Description of the Proposed Action
¢ Purpose and Need

« Proposed Action

» Basis for the EIS

e Public Involvement
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ITI1. Draft EIS Preparation

Alternatives
A. Conceptual Approval for FPSOs

B. Conceptual Approval for FPSOs with
Pre-Conditions

C. No Action

ITI1. Draft EIS Preparation

Affected Environment-CSA

« Natural Resources within the area
being considered for use of FPSOs

+ Natural Resources within the area that
could be affected

¢ The Built Environment
— Socioeconomic Systems
— Coastal Infrastructure

ITI1. Draft EIS Preparation

Environmental Consequences-CSA
+ Impact Producing Factors
« Impacts - Routine Operations
« Impacts - Oil Spill
— Risk Assessment
— OSRA Model

FPSO EIS - OSRA Model
Launch Points

X LOU|S|ANA MISSISSIPPI ALABAMA

FLORIDA g

TEXAS  F e C?;gf
. z ° 4 < : Y

Louisiana
State Offshore Waters

e

C. Winter Menhadén
Spawning|Grounds

500 Ao

| Alabama

ITI1. Draft EIS Preparation

State Offshore Waters

" Ghandeleur Islands )

Risk Assessment - DNV
« Hazard Analysis

+ Determine Accident/Oil Spill
Frequencies for Base Case Scenario

« Evaluate Effects of Design Options

« Evaluate Effects of Mitigation Measures
on Spill Size/Frequency
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ITI1. Draft EIS Preparation

Public Involvement

+ Issues and Concerns from Public
Scoping Considered in DEIS
Preparation

¢ Draft EIS to the Public for Review and
Comment

¢ Public Hearings

IV. Final EIS Preparation

« Public and Agency Comments
Addressed

« Final EIS Published
« Record of Decision (ROD)
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CLASSIFICATION SOCIETY EXPERIENCE WITH FPSOs

Mr. Robert D. Bowie
American Bureau of Shipping

INTRODUCTION

The American Bureau of Shipping (ABS) is one of a number of ship classification societies with
worldwide representation whose sole purpose is to promote the safety of life and property at sea.
This purpose is achieved through the service of classification. In the same manner as other
classification societies, ABS establishes rules for the design, construction, and periodic survey of
shipsand offshore structuresthrough an international network of committees. These committeesare
composed of individuals eminent in many marine and offshore disciplines; therefore, the rules they
create are considered authoritative and impartial. The classification process attests that a vessel or
an offshore structure adheres to the Rules and is structurally and mechanicaly fit for its intended
service.

Drawing on vast experience with ship classification, almost 50 yearsinvolvement with the offshore
industry, and an in-depth involvement with international statutory regulations, ABSisin aunique
position to give added value to the classification and certification of FPSOs designed to operatein
the Gulf of Mexico. This paper gives an overview of the relationship between the International
Maritime Organization (IMO) and the International Association of Classification Societies (IACS),
outlines class, flag and coasta state requirements for FPSO operation in the Gulf of Mexico, and
outlines experience gained with worldwide operation of FPSOs.

ROLE OF THE CLASS SOCIETY IN THE OFFSHORE INDUSTRY

ABS has been associated with the offshore industry since the early 1950s and published the first
standards on offshore units (1968 MODU Rules). This publication preceded API standards on
installationsby ayear. Inrecent years, floating production has become commonplacein theindustry.
ABS and other class societies, therefore, were in a unique position to use their ship and MODU
experience to develop rules for Floating Production Systems (FPS).

There are 107,053 floating vessels operating world-wide. The majority of these are either classed
or certified to some Government or national standard by arecognized classification society such as
ABS. Thereare also 21 floating production and five storage systems on order and many morein the
design stage. These new construction or major conversion projectsare taking placein shipyardsand
fabrication shops throughout the world. Due to their world-wide coverage (officesin almost every
port in the world) classification societies are in a unique position to give added vaue to the safe
design and construction of an FPSO.
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RELATIONSHIP BETWEEN IMO AND IACS
International Maritime Organization — IMO

IMCO (Inter-Governmental Maritime Consultative Organization), the forerunner to IMO, was
formed at the United Nations Convention in 1948; it did not come into force, however, until 1958.
Since then, multitudes of regulations relevant to ship safety have been published, such as the 1966
Loadline Convention and Amendmentsto SOLAS, MARPOL, MODU Code (1979 & 1980). Many
of these regulations do not have direct application to FPSO/FSU type vessels, but some (such asthe
1996 Loadline Convention, SOLAS and MARPOL) should be consulted during the devel opment
of adesign.

International Association of Classification Societies— IACS

IACS was formed in 1968 in an effort to unify some of the rules of the various classification
societies. Collectively, the IACS members invest more in research and development (R&D) into
ship structural and engineering design and other saf ety aspects than any other single marine-related
organization.

IACS working parties and correspondence groups meet regularly to discuss rule and statutory
reguirements so that the class rules keep up to date with latest technology and to ensure minimal
diversity of requirements between the member societies. As an extension of these groups, many of
the class society engineers and surveyors represent various governments at IMO. IACS therefore,
provides IMO with invaluable technical advice and input to assist in the devel opment, creation and
amendment of international conventions. IACS also provides avita interface with IMO to ensure
that the unique relationship between classand the world’ sflag administrations’ statutory regulatory
regimeisin harmony.

CLASSIFICATION REQUIREMENTS
General

ABSclassification requirementsare essentially the samefor either new construction or aconversion.
In general the ABS approach to FPS classification is based on:

* treating the entire FPS as a site-specific system;

» combining the requirements of ABS s various rules and guides, as relevant, to the type of
floating system involved in each project;

* identifying and defining requirements for interfacing “marine system” practice with
“production system” practice; and

» utilizing existing and new industry standardsand recommended practiceswherever possible.
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The main classification designations offered for a Floating Production Unit are:

» FPSO: Al Floating Production, Storage and Offloading System
The FPSO notation includes classification of the vessel (structure, stability, shipboard
systems and equipment), the station keeping system, and the production facility.

* FPS: Al Floating Production, (and Offloading) System
TheFPS notation includesclassification of thevessel (structure, stability, shipboard systems
and equipment), the station keeping system, and the production facility.

* FSO: Al Floating Storage and Offloading System
TheFSO notationincludesclassification of thevessel (structure, stability, shipboard systems
and equipment) and the station keeping system.

» FOI: Al Floating Offshore Installation
The FOI notation may be optionally applied to either an FPSO and or FPSwhereit isdesired
to classthe vessel and station keeping system but not the production facilities. Although the
production facilities are not included in the FOI Classification, the electrical installation,
hazardous areas and the fire protection systems associated with the production facilities are
included as a minimum.

Rules and Regulations

An FPSO/FPU operating at one site for an extended period of time becomes, in essence, a fixed
installation. Therefore rules and regulations other than ship structures need to be considered along
with the review of the site specific soil and environmental conditions. See the attached overheads
for alist of the appropriate rules.

Structures

For a tanker type FPSO, the stedl vessel rules or safehull should be used to determine the hull
scantlings, material quality, welding requirements etc. Care should be taken when designing the
deck areain the way of the production facility, since the loading will generally be greater than that
of atrading tanker. The areasin the way of aturret or connection to a single point mooring need to
be specially considered.

ABS requires an FPSO to be evaluated for site-specific loadings and 100-year return period for
environmental conditions. This process involves both structural stress and fatigue evaluations.

Stability

Intact and Damage stability of an FPSO isto bein compliance with classification society steel vessel
rules and the relevant parts of the 1966 Loadline Convention, SOLAS and MARPOL. Flag and
coastal state requirements should also be consulted to ensure complete compliance with all
regul atory regimes
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Station Keeping

Station keeping systems for an FPS can be spread mooring, dynamic positioning (DP), or single
point mooring. DP is often used in conjunction with spread mooring or single point mooring.

Shipboard Systems

Shipboard systems should be designed much atanker’ s systems. The requirements are contained in
the ship rules. Care should be taken with integration of the marine systems and the processfacility.

Production Systems and Equipment

The ABS Facilities Guide contains requirements for the process and utility systems typically used
on fixed offshore platforms. The requirements incorporate standards, specifications and code of
practice commonly used by the offshore industry. When applied to an FPSO, these requirements
must be harmonized with the vessels' marine systems and existing classification requirements. The
interfaces between the process facilities and the marine system are 1) classification of hazardous
areas, 2) piping and electrical systems integration, use of produced gas as fuel; and 3) active fire
protection systems.

Surveys
An integral part of the classification process is surveys during construction or conversion of the
structure, shipboard and process systems, and ongoing surveysduring thelife of the vessel. Surveys
required while in service are similar to those required for ships, which are:

* Annua Surveysand Annual Loadline Inspection;

* Intermediate Survey, Drydocking or Underwater Survey in Lieu of Drydocking (UWILD)
each 2 — 3 years,

» Specia Periodic Survey each 5 years; and

» Annua and Special Surveys of the Process System and Equipment to be carried out in
conjunction with the relevant hull and shipboard machinery surveys.

STATUTORY CONSIDERATIONS FOR GULF OF MEXICO

The regulatory responsibility for Floating Production Systems in the Gulf of Mexico is shared
betweentheU.S. Coast Guard (USCG) andthe MineralsManagement Service. (MMS). Thedivision
of responsibility is defined in a memorandum of understanding between the USCN and MMS.
Essentially, the USCG has responsibility over the marine aspects and MM S has responsibility over
theindustrial aspects. The USCG and MM Sshareresponsibility for the structure and safety systems.
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U.S. COAST GUARD INTERFACE

An FPSinstalation in the Gulf of Mexico is defined by the USCG as aFloating OCS Facility in 33
CFR 140.10. A Certificate of Inspection (COI) from the USCG is required, and the installation is
to comply with the requirements of 46 CFR subchapter IA (MODUSs) as applicable, 46 CFR
Subchapter F (Marine Engineering) and 46 CFR Subchapter J (Electrical Engineering).

ABShasalong-standing relationship with the USCG. On an ABS classed FPSinstallation operating
in the Gulf of Mexico, most of the design appraisal and surveys required by USCG can be carried

out by ABS. There are three Navigation and Inspection Circulars (NVICs) published by the USCG
that define the responsibility afforded to ABS by the USCG of work carried out by ABS. These are:

NVIC 10-82 Change 2, 10-92: Acceptance of Plan Review and Inspection Tasks Performed by
the American Bureau of Shipping for New Construction and major Conversions

NVIC 10-92 Change 1, 2-95: Coast Guard Recognition of Registered Professional Engineer
Certification of Compliance with Coast Guard Requirements

NVIC 3-97: Stability Related Review Performed by the American Bureau of Shipping for US
Flag Vessels

MINERALS MANAGEMENT SERVICE INTERFACE

Working under contract to the United States Geologica Survey (USGS), the predecessor to MMS,
ABS authored the “Requirements for Verifying the Structura Integrity of OCS Platforms.” This
publication subsequently became 30 CFR, Part 250, Subpart I. It contains the criteria by which
MMS governs the verification of platform structuresin the territorial water of the United States.
ABSwork on behalf of the MM S under 250.132 & 133 asthe Certified Verification Agent (CVA)
for an FPSO project iscovered to agreat extent by the ABS class requirements. The only additional
work necessary beyond the class requirements is preparing reports for the design, fabrication and
installation of the vessel. These reports are submitted to MM S for review and approval.
The scope of the CVA work is the review of the design information and survey of the following:

» Site specific environmental criteria

* Hull and deck structure

* Mooring system

* Riser structure

Table 2D.1 detailstheinvolvement of the MM S, USCG and ABS aswell asABS' sinvolvement in
USCG/MMS certification for Floating Production Systems.
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Table2D.1. Responsibilitiesfor floating production systems.
Area of Review MMS | USCG |ABS Class Included in ABS ABS Involvement in
Review |Review| Review Class Notations USCG/MMS Certification
Production Equipment Yes No Yes FPS & FPSO None
including Risers (Risers Optional)
Design & Fabrication of Yes Yes Yes FPSO, FPS, FSO & FOI |Review and Survey under NVIC
Turret & Turret Hull 10-82 Change 2 for USCG and
Interface Structural CVA Review for MMS
Fire, Gas & H2S Detection | Yes Yes Yes FPSO, FPS, FSO & FOI [Review under NVIC 10-92
Change 1 for USCG
Fire Extinguishing Systems| Yes Yes Yes FPSO, FPS, FSO & FOI |Review under NVIC 10-92
Change 1 for USCG
Site Specific Yes No Yes FPSO, FPS, FSO & FOI |[CVA Review for MMS
Considerations (including
(Geotechnics)
[TLP Tendons and Mooring| Yes Yes Yes FPSO, FPS, FSO & FOI |Review and Survey under NVIC
Systems of Other Hoating 10-82 Change 2 for USCG and
Production Systems Structural CVA Review for MM S
TLP Foundations Yes No Yes FPSO, FPS, FSO & FOI |CVA Review for MMS
Hull Structure for TLP, Yes Yes Yes FPSO, FPS, FSO & FOI |Review and Survey under NVIC
SPAR and Hybrid 10-82 Change 2 for USCG and
Structural CVA Review for MMS
Hull Structure - Shipshape No Yes Yes FPSO, FPS, FSO & FOI |Review under NVIC 10-82
land Semi-submersible Change 2 for USCG
A ccommodations No Yes Yes FPSO, FPS, FSO & FOI |Review under NVIC 10-82
Change 2 for USCG
Structural Fire Protection No Yes Yes FPSO, FPS, FSO & FOI |Review under NVIC 10-82
Change 2 for USCG (Approva of
Materials reserved by USCG)
Hazardous Areas Yes Yes Yes FPSO, FPS, FSO & FOI |Review under NVIC 10-82
Change 2 for USCG
General Arrangements Yes Yes Yes FPSO, FPS, FSO & FOI |Review under NVIC 10-92
Change 1 for USCG
Design Environmental Yes Yes Yes FPSO, FPS, FSO & FOI |Review and Survey under NVIC
Conditions 10-82 Change 2 for USCG and
Structural CVA Review for MMS
Station Keeping (DP) Yes Yes Yes FPSO, FPS, FSO & FOI |Review and Survey under NVIC
Systems (Optional) 10-82 Change 2 for USCG and
Structural CVA Review for MMS
Stability No Yes Yes FPSO, FPS, FSO & FOI [Review under NVIC 3-97 for
USCG
Design Operating Yes Yes Yes FPSO, FPS, FSO & FOI |Review and Survey under NVIC
Conditions 10-82 Change 2 for USCG and
Structural CVA Review for MMS
Non-production No Yes Yes FPSO, FPS, FSO & FOI |Review under NVIC 10-82
M achinery/systems Change 2 for USCG
Lifesaving systems and No Yes No FPSO, FPS, FSO & FOI |Review under NVIC 10-92
Equi pment Change 1 for USCG
Helicopter Facilities No Yes Yes FPSO, FPS, FSO & FOI |Review under NVIC 10-82

Change 2 for USCG
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CONCLUSION
This presentation has shown the relationship between IMO and IACS, outlined ABS involvement,
and shown the benefits of classification during the design, construction and service life for FPSO
operation in the Gulf of Mexico.

The main benefits of classification are continual process through the life of the FPSO involving the
following phases:

* Development of adesign

» Construction in conformance with the design

» Ensurethat the operation is consistent with design

* Maintenance of original structural and mechanical integrity by periodic surveys

IACS Members represent many governments at IMO; therefore, they can maintain continuity
between the class rules, IMO resolutions and other regulatory requirements.

Class Society E Xperie nce 107 Floating Production & 54 Storage Vessels are in
with FPSO

Operation as of August 1999
< Z

Robert Bowie
American Bureau of Shipping
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21 Floating Production & & Storage Systems are on
order as of August 1999
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IMO

m 1948 - IMCO Established
m 1959 - First IMCO Assembly
m First Regulation
— 1960 SOLAS Convention
m Other Regulations
— 1966 Loadline Convention

- MARPOL
— MODU Code 1979 & 1989

IACS

m 1968 - IACS Formed - 7 Members

m Today - 10 Members & 3 Associate
Members

m Quality System Certification Scheme

m Unified Requirements for Ships & ODUs

m No Specific Unified Requirements for
FPSQ’s

ABS Major Services

m Classification of Ships & Offshore
Systems
— Development of Rules & Guides
— Design Appraisal
— Surveys During Construction
— Periodic In-Service Surveys
m Certification of Ships & Offshore Systems
— Flag State Requirements
— Coastal State Requirements

Classification Designations

m Al Floating Production System

m Al Floating Production Storage System
m Al Floating Storage System

m Al Floating Offshore Installation
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Applicable Class Rules

m ABS Rules & Guides
— FPSO Guide
— Steel Vesse/
— Facilities on Offshore Installations
— Single Point Moorings
— Thrusters & DP Guide
— Offshore Mooring Chains

ABS Involvement in Risk
Related Standards

Development

m ABS Rules / Guides
— FPSO Guide Update (Spar & TLP Guides)
— Facilities Guide Update
— Risk-Based Survey Guidelines
m API Recommended Practices
— Land-Based & Offshore
m Deepstar
- APIRP 2FPX
= Design Guide for Floating Production Systems

FPSO vs.Trading Tanker

m General
— Site-Specific Environment
— Additional Deck Loads
— Operational Characteristics
— Mooring Loads

m Conversions
— Historical Environment

Design Appraisal

m Hull Structure
— Local Scantling & Global Strength

m Stability & Statutory
m Shipboard Systems
m Process Systems

— Wastage m Station Keeping System
Global Strength
Hull Structure Considerations

m Local Scantlings & Material Quality
— Ship Rules or SafeHull

— Deck Structure under Process Skids and
Area in way of Turret/SPM to be Specially

Considered

m Global Strength
— Ship Rules or SafeHull

m Fatigue Assessment Required

m Structural Stress & Fatigue Evaluations
must be addressed for Tanker Based
FPSOs

m Strength Assessment
— Assessed on 100-year Return interval
— Corresponding Wave-induced BM with

Maximum Still Water BM

m Fatigue Assessment

— Analysis Required for Purpose Built FPSO
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Application of SafeHull
to FPSOs

m Formulations for Adjustment of
SafeHull Criteria for Specific Sites
are in Place

m Strength/Fatigue Concerns are
Considered

Nan Hai Sheng Li

Stability &Statutory

m Steel Vessel Rules

m Applicable Parts of 1966 LL Convention,
SOLAS & MARPOL
— 13 F&G of MARPOL doses nct Apply

m Operation Manual

m Flag State & Coastal State Requirements

m Disconnectable System:
— Same as Trading Tanker

Process System

m FPSO Guide & Facilities Guide
m Design Appraisal of:

— P&ID’s & SAFE Charts

— Facility Layouts

— Process Electrical Systems

— Safety & ESD Systems

— Vendor Equipment

Stationkeeping

®m Mooring System
— FPSO Guide

—API RP 25K

m Dynamic Positioned

— Thrusters & DP Guide

Surveys During
Construction

m New Construction/Existing
Vessel

m Mooring Installation

m Import/Export System
Installation (optional)

m Start-up and Commissioning




225

Surveys After
Construction

m Annual Hull & Machinery
m Intermediate Surveys

m Special (Continuous) Periodical
Surveys

m Dry-docking Surveys
m Damage/Repair Surveys

Unique Survey
Requirements

m UWILD is Acceptable for Dry Dock
Special Survey of Hull

m Mooring System is Subject to Survey
m Corrosion Protection System Required
m Survey Reports Maintained Onboard

USCG /ABS MOUs

m NVIC 10-82 Change 2

m NVIC 10-92 Change 1

Items Approved
by USCG

m Life Saving Equipment
m Safety Equipment

m Structural Fire Protection Material

m NVIC 3-97
m Life Saving Arrangement
m ACP
m Inspection Manual
MMS Benefits of Class
m CVA for MMS m Continual Process Throughout FPSO Life
=Besigm Involving the Following Phases:
— Fabrication

— Installation

m Most Items addressed during
Classification Process

m ABS Interfaces with MMS
m ABS Submits CVA Reports

— Development of a Design - SafeHull
— Construction in Conformance with Design
— Operation Consistent with Design

— Maintenance of Original Structural &
Mechanical Integrity by Periodic Surveys

— Represent many Governments at IMO
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THE ROLE OF RISK ASSESSMENT IN FPSO DESIGN AND OPERATION

Mr. Ben Poblete
Lloyd s Register of Shipping

SUMMARY

This presentation provides a background on the role of risk assessment during the design and
operations of an FPSO.

The presentation first focuses on the definition of the different elements of risk management and
explainshow thisconcept becomes an essential feature of a Safety Management System (SMS). The
continuous improvement steps in a SMS are identified and the importance of risk assessment
emphasized. A SM Sisacontinuousimprovement management processthat invol vesthe systematic
identification and documentation of hazards. The system is intended to be flexible in the
incorporation of major or minor design improvements or changes in technology or procedures that
will affect the safety of the organization.

The next part of the presentation describes the different types of regulatory regimes around the
world, with special emphasis on the U.S. and U.K. regulatory formats. The comparison between
prescriptive and goal setting regulationsis highlighted here. The goal setting regimeismoreinline
with the SM'S because of its more holistic approach. This type of approach is dictated in such
countries as Canada, U.K., Norway, and Australia.

Examples of how the effective use of the risk-based approach was successfully performed on an
FPSO design are presented. During al the examples, the engineering designers and operators
utilized the risk based approach to ensure that the most appropriate amount of protection is
incorporated into the design. The resulting effective solutions, from all the examples presented,
either exceeded or demonstrated an “equivalent level of safety” to the local regulations and/or the
classification technical standards.

The final part of the presentation focuses on risk-based classification. This section describes the
reasons for the development of the risk assessment option, the objectives of the new rules, and the
different classification routes. It also explains how risk assessment fitsin the classification process
and the benefits of this option.
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NEOTROPICAL BIRD MIGRATIONS

Dr. Robert W. Russell
Center for Coastal, Energy, and Environmental Resources
Louisiana State University

The Gulf of Mexico isamajor ecological barrier confronted by hundreds of millions of migrating
landbirds each spring and fall. Adaptations for dealing with this barrier include energy storage via
massive fat deposition, extreme behavioral selectivity of weather conditions, and in some species,
compl ete avoidance of overwater flight through the evolution of circum-Gulf migration strategies.
One of the most important components of birds' migration strategies is their use of local habitats
for resting and refueling while en route. Trans-Gulf migrations evolved in the absence of natural
islands or other habitats that could serve as en route stopover sites; thus, the installation of an
artificial archipelago of nearly 4,000 oil and gas production platforms in the northern Gulf has
introduced anovel and potentially important component into the en route environment of trans-Gulf
bird migrants.

Since spring 1998, our research group at Louisiana State University has been studying the ecol ogy
of trans-Gulf migration and, in particular, the influence of platforms on migrants, using ateam of
full-time observers deployed on offshore platforms in the northern Gulf. The study is funded by
MMS through a cooperative agreement with the LSU Coastal Marine Institute, and is possible
through the support of major oil companies (BP Amoco, Exxon, Mobil, Phillips, Newfield, Texaco,
and Shell), which are providing access to platforms and support in the form of helicopter
transportation and offshore accommaodationsfor our research personnel. During our first threefield
seasons (spring and fall 1998, spring 1999), we operated on five platforms off the Louisiana coast.
During that initial exploratory phase, we discovered that the largest migratory flights often occur
totheeast (fall) or west (spring) of Louisiana. Withtheaid of asecond MM S contract and additional
assistance from our cooperating companies, we recently expanded to 10 platforms beginning with
the fall 1999 season.

With the benefit of two full spring field seasons completed to date, we now have areasonably good
understanding of spring dynamics. On days when conditions are unfavorable for departure from
Mexico (e.g., northerly winds over the Y ucatan), very few birds undertake the flight, and we see
little or nothing on radar or on the platforms. On days when conditions are favorable for initiating
atrans-Gulf flight and remain favorablefor completing theflight (southeasterly winds al oft over the
northern Gulf), massive numbers of birds migrate across the Gulf and are spectacularly evident in
radar imagery. However, the mgjority of these migrants continue across the Gulf at high altitudes
and do not stop on the platforms. Under such circumstances, we see a trickle of birds on the
platforms; arrivals occur almost strictly during the day and correspond with the peak of migration
traffic aloft as evident on radar. On days when conditions are favorable for initiating a trans-Gulf
migration but unfavorable for completing the flight, larger numbers of birds may be seen migrating
at low altitudes, often just over the sea surface. This occurs, for example, of when this occursis
when a cold front moves over the northern Gulf; in this situation, birds that departed the Y ucatan
with favorabl e tailwinds are suddenly confronted with northerly or northwesterly headwinds, which
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accelerate the rate at which fuel reserves must be used. Under these circumstances, and especialy
with the additional presence of fog or precipitation, many birds land on the platforms throughout
the day. During major events, arrivals can continue into the night since the birds' cross-country
speed is reduced by the unfavorable headwinds. Birds that land on the platforms are typically very
tired and may stay for several days. At least on the platforms closer to land, many of the birds are
able to feed successfully, because a large blanket of terrestrial insects—the “aeria plankton”—is
transported offshore by the north winds. Most of the mortality we observed in the spring occurred
during magjor fallout events and involved birdswhich, upon laboratory examination, proved to have
no fat left. Many of these birds not only had depleted their stores of body fat, but had also begun to
catabolize their own internal organs for flight fuel in alast-ditch effort to avoid perishing in the
Gulf.

Migration dynamics are abit more complicated inthefall. Trans-Gulf migrantsthat stage along and
near the northern Gulf coast departed southward around a half hour after sunset, and migration
traffic comprising these birds was aoft over our platforms throughout the night. During the early
fall (mid-August through early October), species that winter in the Neotropics arrived on the
platforms overnight and reached peak abundance just before sunrise. Most departed the platforms
and continued southward at first light. In addition to the expected southbound trans-Gulf
movements involving early-season Neotropical migrants (e.g., Prothonotary Warbler), we aso
detected northbound movements from late September into November. These return movements
involved shorter-distance migrants that winter wholly or in part along the Gulf Coast (e.g., wrens,
kinglets, sparrows), and that accidentally “overshot” the coastline during the previous night and
ended up over the Gulf following nocturnal flights in strong tailwinds. Because of the abundance
of migratory moths and other insects offshore during thefall, these“ overshoot migrants’ often were
ableto feed successfully during stopoverson the platforms. Other interesting migration phenomena
detected during the fall included: 1) return movements involving true Neotropical migrants that
evidently departed from the FloridaPanhandl e but aborted their trans-Gulf flight and returned to the
northern Gulf coast flying downwind; 2) “reverse” movements involving birds and insects that
apparently flew downwind to the Louisiana coast from south Florida or the Caribbean region; and
3) theseemingly “anticipatory” appearance of migrant Peregrine Falconson platforms prior to large
landbird movements. With respect to the influence of platforms during the fall, a minor adverse
impact on true trans-Gulf migrants was evident in the form of small levels of collision-related
mortality, especially during tropical storms. In contrast, for the “ overshoot” migrants, which areill-
equipped to deal with the rigors of overwater migration, platforms were beneficial and probably
enabled many individuals to return to land successfully.

The spatial expansion of our observational network from waters off south Texas to the eastern
boundary of the Central Gulf of Mexico OCS Planning Areaiis enabling us to achieve amore Gulf-
wide perspective on trans-Gulf migration and to test some of our radar-derived hypotheses
concerning flight routes and platform influences.

Prior to our work, the conventional wisdom within the academic community was that trans-Gulf
migrationinvolved aroughly straight-line, shortest-distanceflight from theupper Gulf coast to/from
the Yucatan Peninsula. Although our platform observations have confirmed that this “Y ucatan
Express’ isindeed amajor component of trans-Gulf migration, our radar work hasalso reveal ed that
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trans-Gulf migration has amore complex “texture,” involving multiple flight routes probably used
by different migrant populations. In both spring 1998 and spring 1999, we observed a previously
undescribed flight route across the western portion of the Gulf. On many days, migrants were
evident in radar imagery heading north over waters off the south Texas coast. The origin of these
migrants was unclear; although parssimony would suggest that these migrants departed from
northeastern Mexico, other lines of evidence suggested that they flew downwind from the Y ucatan
Peninsulatoward the western Gulf, and then reoriented toward the northern Gulf coast. Conversely,
in fall 1998 we observed via radar that large migrations sometimes arrive in the afternoon on the
south Texas coast from the northeast. Thus, radar evidence suggested that two distinct populations
of migrants intermix to a variable extent over the northwestern Gulf: one headed to (fall) or from
(spring) the Y ucatan Peninsula, and the other headed to (fall) or from (spring) the south Texas coast.
Our direct observations on three platformsin the western Gulf in fall 1999 confirmed the existence
of the maor western flight route and alowed us to determine that this route is used by a
substantially different assemblage of species than is common to the east. We expect that the
expanded platform network will similarly permit us to unravel the complexities of the spring
situation during the forthcoming spring 2000 field season.
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PRELIMINARY REVIEW OF DIRECT AND INDIRECT IMPACTS FROM PIPELINES,
PIPELINE CANALS, AND NAVIGATION CHANNELS ON COASTAL HABITATS

Dr. Donald R. Cahoon, USGS
Mr. Thomas E. McGinnis, JCWS
Mr. Robert E. Greco, JCWS
National Wetlands Research Center

INTRODUCTION

Thisreport isaportion of alarger project about OCS-related canal widening rates and effectiveness
of canal mitigation. Previous research has demonstrated that impacts caused by OCS canals differ
according to the geologic setting of the candl; therefore, we divided the gulf coast into subareas:
Texas Barrier Islands, Chenier Plain, Deltaic Plain, and Mississippi/ Alabama coastal plain.

The goals of this project are to:

* quantify impactsto different coastal habitats by OCS canals;

» provideinsightsinto improving the effectiveness of workable mitigation techniques;

* provide insights into the development of new mitigation techniques that can be used in
regions where existing mitigation technigues have not been successful.

METHODS

We combined GIS and pipeline personnel experience. This report focused on the types of adverse
impacts by OCS-related pipeline and canal projects found in a literature review. The remainder of
the project determined the effectiveness of mitigation effortsto minimize adverseimpactsor restore
adversely impacted habitats. To evaluate mitigation efforts, we interviewed pipeline personnel to
obtain unpublished reports and opinions; collect and review literature; compile GIS habitat analysis
data around select pipeline and navigation channels; and conduct field verification and ground
truthing of photo interpretation.

RESULTS

Todefineimpactsassociated with pipelineinstall ation, wereviewed the history of pipelineactivities
as awhole. The history of pipeline activities was highlighted by the first authorized navigation
channel, the Truman Proclamation, the peak of OCS pipeline instalation from 1965-1972, the
National Environmental Policy Act, push-ditch installation, the Section 404 of the Clean Water Act,
directiona drilling, and deep water hydrocarbon production which may necessitate for more
pipelines (Table 2E.1). Development of less damaging installation techniques may have been the
most effective events in minimizing construction impacts to coastal habitats.

There are five pipeline installation techniques used throughout the coastal zone. Upland trenching
isused through accessible, firm, usually dry, substrates such as high dunes, cheniers, natural levees,



Table2E.1.  Chronology of pipelines and navigation canal events.

233

YEAR(S) | EVENT

1897 First authorized navigation channel completed in Texas Chenier Plain

1899 Section 10 of the Rivers and Harbors Act

1941 300 miles of pipelinesin coastal zone

1947 Truman Proclamation claims U.S. rights to continental shelf resources
460 miles of pipelinesin coastal zone

1950 First OCS pipelineinstalled in the Chenier Plain of Louisiana using
flotation canal installation

1953 1,570 miles of pipelinesin coastal zone

1958 First OCS pipeline installed in Mississippi

1965-1972 | 53 OCS pipelinesinstalled in the coastal zone

1965 First pipelineinstalled in Texas Barrier Islands

1967 Greatest number of OCS pipelines (10) installed in one year

1969 National Environmental Policy Act (NEPA)

1970 Push-ditch pipeline installation devel oped for marshes

1972 Clean Water Act

1980 > 12,000 miles of pipelinesin the coastal zone, installation slows

1985 First directional drilled pipelineinstalled in Texas Barrier Island

1986 First pipelineinstalled in Alabama

1994 Deep water drilling (>2,000 ft), hydrocarbon production increase
expected

and some forests. Typically, aback hoeis used to dig atrench. The pipeline segments are welded
together and placed into the trench. The trench is backfilled, and the surface is recontoured by a
bulldozer. Jetting isused through large, deeper water bodies such aslakes, bays, andlagoons. A high
pressure stream of water is used to excavate aditch. The pipeislaid into the ditch from alay barge
wherethe pipe segmentsarewelded. And, theditch backfills naturally through slumping of the sides
of the ditch and sedimentation from the turbid water. This report will concentrate on the following
pipelineinstallation techniques: flotation canals, which were primarily used through wetlandsbefore
the early 1970s; push-pull ditches, which have been used through wetlands since the early 1970s;
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and, directional drilling, which has been used to pass under beaches and narrow strips of wetlands
since 1985.

The flotation canal was the primary pipeline installation technique used until the development of
“push-pull” ditchinthe early 1970s. Toinstall apipeline using the flotation canal technique, acanal
is dredged by a drag-line mounted on a dredge barge. The spoil istypically deposited in banks on
the marsh adjacent to the canal. Occasionally, spoil isalso deposited in designated “spoil areas’ in
open water or on uplands. The pipeline is then placed into the canal from a lay-barge where pipe
segments are welded together. The canal must be 12 to 15 m wide and 2.0 to 3.0 m deep to
accommodate the barges. The total width of the construction right-of-way (ROW), including canal
and spoil banks, is 60 — 70 m. Currently, flotation canals are used only when the wetland cannot
support the weight of machinery used in the push-pull ditch technique.

Since the early 1970s, the push-pull ditch technique has been the main installation technique used
to cross through wetlands . To install a pipeline using the push-pull ditch technique, a ditch is
dredged by adragline or backhoe mounted on amarsh buggy that operates along the ditch. The spoil
is deposited on the opposite side of the ditch from the machinery or behind the machinery. The
pipeline is “pushed” or “pulled” through the ditch from a fixed point along a water body large
enough to support awork barge where pipe sections are welded together. The ditchis2.5t03.0m
wide and 1.5 to 2.5 m deep. The total width of the ROW, including the ditch, spoil bank, and
equipment area, is30 - 35 m.

Directional drilling was first used in the coastal zone in 1985. Instead of cutting through coastal
habitats, directional drillingisdesigned to passunder them. Directional drilling requiresan entrance
areaand an exit area. It is primarily used to pass under beaches to avoid breaching. Limitations to
using directional drilling are short operation distance and a lack of hard substrate in expansive
wetlands for the exit hole and equipment. The technique is still being refined. Recently, apipeline
was directionally drilled under Dauphin Island in Alabama from one barge to another.

Because the ultimate goal of our project isto better understand and aid in minimizing habitat loss
during theinstallation of OCS pipeline canalsand navigation , welimit theimpact definitionsinthe
following ways:

* Animpact isaconversion from one habitat type to another habitat type.

» Adirect impact is the immediate conversion of a vegetated habitat to another habitat type
directly related to a human activity. (Acute Impacts)

» Indirectimpactsare habitat changesthat occur gradually at adifferent timeand/or placethan
theinitial direct impacts. (Chronic Impacts)

We compiled alist of possible direct and indirect impacts after reviewing literature (Table 2E.2).
The following are specific examples of direct and indirect impacts associated with actual flotation
canals, push-pull ditch, and directional drill installations. A pair of flotation canals passing through
amarshinthe Deltaic Plain hasalargevariety of direct and indirect impacts. Direct impactsinclude
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Table2E.2. Possible direct and indirect impacts associated with pipeline and navigation
channels. (b = beach and dunes, m = marshes, f = forested wetlands)

OPEN
BACKFILLED | PIPELINE NAVIGATION
IMPACTS PIPELINE CANAL CHANNEL
Direct
Conversion to open water
Dredging bmf bmf
Insufficient backfill m f
Frac-out Impact of directional drilling
Soil compaction
Spoil banks f m f m f
Machinery m f
Backfill and ROW volume m f
deficit
Conversion to upland bmf bmf
Hydrodynamic changes
Sediment sink bm bm
Long-shore current disruption bm
Hydrodynamic efficiency bmf bmf bmf
I ndirect
Hydrodynamic changes
Impoundment m f m f
Hydrodynamic efficiency
Channel theft bmf bmf bmf
Freshwater drainage m f m f m f
Saltwater intrusion m f m f m f
Altered sedimentation bm bm bm
Altered erosion bm bm bm
Ponding and continued erosion
Spoil banks m f m f
Canal and channel erosion bmf bmf
Pond expansion m
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the conversion of marsh to open water, within the canal, and upland, along the spoil banks. The
hydrodynamics may have been changed as the shallower, meandering tidal creeks are crossed by
deeper, straight canals. A definite indirect impact is the widening of the canal as evidenced by the
dim, uneven (absent in some places) spoil bank between the canals. Probable indirect impacts
include channel theft, freshwater drainage, saltwater intrusion if near a salty body of water, and
changesin sedimentation patterns. Other possible indirect impacts may be impoundment and flank
subsidence by the spoil banks.

A push-pull ditch pipeline in the Texas Chenier Plain adjacent to an older push-pull ditch pipeline
revealsnew and old impacts. A two-year old pipeline, apipelineinstalled decades earlier, and marsh
buggy tracks are still visible. The main direct impacts are conversion to open water caused by soil
compaction. Backfill was insufficient to completely fill the ditch, and marsh buggies caused
ponding. These problems could change the hydrology of the system if canals deepen and widen via
erosion.

A directional drill sitenear Coden, Alabama, showsthe route of apipelinethrough abay, athin strip
of salt marsh, and a pine savanna. The entrance area was off a barge in the bay, and the exit areais
acleared section within the pine savanna about 150 m from the bay. A cleared ROW is maintained
through the pine forest to the production facility so that tree roots do not tamper with the pipeline.
The line passes 7 m under the salt marsh and the leading edge of the savanna where the roots are
shallow. Other than the maintained ROW, the only visible impact is vegetation removal caused by
a“frac-out” of drilling mud, which killed the vegetation. Thisareawill either revegetate or convert
to open water.

SUMMARY

Overall, impactsto coastal habitatshave decreased asinstall ation techni ques have evolved, although
the different installation techniques have unique impacts. The decreased right-of-way widths and
elimination of spoil banks are major contributors to the this decrease of impacts overall. We will
determine whether or not additional mitigation efforts are effective at further decreasing impacts.
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GULF OF MEXICO DEEPWATER INFORMATION RESOURCES DATA
SEARCH AND LITERATURE SYNTHESIS

Dr. David A. Gettleson
Continental Shelf Associates, Inc.
Jupiter, FL

INTRODUCTION

Continental Shelf Associates, Inc. (CSA) in association with Texas A&M University was awarded
a contract by the Minerals Management Service (MMYS) to conduct an information search and
synthesisfor the deepwater Gulf of Mexico. The geographic area of study isthe deepwater northern
Gulf of Mexico extending from the 1,000 ft isobath to the U.S. Exclusive Economic Zone (Figure
2E.1).

STUDY OBJECTIVES

The objectives of the study are (1) to gather socioeconomic information; (2) to develop acomputer-
searchable bibliographic database; and (3) to prepare a synthesis document that describes the
ecosystem including environmental processesthat are potentially sensitiveto oil and gas operations.
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Figure2E.1. Location of study area.
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The database and synthesis report will be used by MM S to devel op impact assessment documents
and to assist in the identification of data gaps that could be filled by subsequent studies.

BIBLIOGRAPHIC DATABASE

The information for the bibliographic database is being obtained through computer searches of
onlinedatabases, CSA and principal investigator literaturefiles, and contactswith other individuals.
Thedatabasewill includecitationsand abstracts. Thefollowing list indicatesthe number of citations
per topic area:

300 Geological Oceanography 50 Fishand Fisheries
160 Physical Oceanography 20  Protected Species
60 Chemical Oceanography 120  Socioeconomics
70  Water Column Biology 50 Technology

70  Benthic Ecology (Non-Seep) 950 Total

50 Benthic Ecology (Seep Communities)
SYNTHESIS REPORT

The synthesis report will include chapters on each of the topic areas listed above plus a synthesis
chapter. The synthesis chapter will include the following topics:

» Ecosystem description including dominant environmental processes

» Significant differencesin oil and gas operationsin deepwater versusthe continental shelf as
relevant to evaluating potential impacts

» Significant differencesin degpwater versus continental shelf environmentsasaffected by oil
and gas operations

» Critical resources, pathways, and processesin deepwater that may be affected by oil and gas
operations

» Datagaps and information needs as related to evaluating oil and gas impacts

Dr. David A. Gettleson is President and Scientific Director of Continental Shelf Associates, Inc.
(CSA), located in Jupiter, Florida. He has 20 years of scientific management experience with major
research programs for federal, state, and industrial clients. He has been involved in the preparation
of numerous environmental assessment documents covering awide range of human activitiesinthe
marine environment, including oil and gas operations, dredging and dredged material disposal,
beach restoration, artificial reef siting, power plant effluents, sewage outfalls, and waste incin-
eration. Dr. Gettleson received a B.A. degree in biology from Rollins College in 1971 and earned
his Ph.D. degree in biological oceanography from Texas A&M University in 1976.
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PROGRESS REPORT: STUDY OF ECONOMIC IMPACT OF FISHING AND
DIVING ASSOCIATED WITH OFFSHORE OIL AND GAS STRUCTURES

Dr. Robert L. Hiatt
QuanTech, Inc.
Arlington, VA

The purpose of this study on behalf of the Mineras Management Service (MMYS) is to estimate
expenditures and economic impact associated with recreational fishing and diving near Gulf of
Mexico (GOM) based oil and gas structures and artificial reefs created from such structures. The
primary method used isasurvey of recreational fishermen and diversalong the Gulf coast including
the statesof Alabama, Mississippi, Louisiana, and Texas. Datacollection beganin January 1999 and
will continue throughout the calendar year.

The data collection approach involves interviews in the field as fishermen and divers return from
their tripscoupled with afollow-up tel ephoneinterview with sel ected respondents, particularly those
who fished near an ail or gas structure. The datacollection activitiesincludeinterviewswith private
boat fishermen, charter boat fishermen, head boat fishermen, divers, captains of charter boats,
captains of head boats, and dive shop operators.

The project focus is on the following user groups: recreational fishermen, charter boat fishermen,
headboat anglers, and recreational divers. For each of these user groups the requirement is to
determine:

» thedemand of each of these user groupsfor offshore-structure-related recreational activities;
» the economic and fiscal consequences of this demand; and

» thedistribution of these economic and fiscal consequencesamong busi nessesservicingthese
user groups, among parishes and counties and, finally, between states and the federal
government.

Asshownin Table 2E.3, theresearch design callsfor data collection using three basic methods. The
first arein-person fieldinterviewsin which datacollectors stationed al ong coastal areas of the GOM
visit predetermined boat launch sites and conduct interviews with fishermen and divers as they
return from the day’ s activities. The second method involves atelephone follow-up interview with
qualified respondentsidentified duringthefieldinterviewing. Thethird method involvesatel ephone
interview with respondentsidentified through an independent sampleframe, such asalist of charter
boat operators. As shown in Table 2E.3, in-person field interviews will be conducted with private
boat fishermen, charter boat fishermen, party boat fishermen, and divers. Telephone followup
interviews will be conducted with subsamples from these same groups. Telephone interviews (not
followup) will be conducted with charter boat operators, party boat operators, and dive shops or
guide services.
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Table2E.3.  Summary of data collection sample plan.

MMS Field |MMS Followup | MMS Other
Interviews Telephone Telephone

Private Boat n=6,513 n=3,255 -
Fishermen

Charter Boat n=1,331 n=920 -
Fishermen

Party Boat n=400 n=280 -
Fishermen

Charter Boat - - n=200
Operators

Party Boat - - Census
Operators (n=50)

Divers n=200 n=200 -

Dive Shop/ - - n=50
Guide
Services

Through October, QuanTech has obtained the following numbers of completed interviews in the
field:

» Private boat interviews 5,252
* Charter boat interviews 1,093
* Party boat interviews 317
* Divers 76

Because data collection is ongoing, only selected results are available. Preliminary analysis of field
data obtained from private boat fishermen indicates the following:

*  Only 43% of fishing trips taken by private boat fishermen werein Gulf waters. Other areas
fished included bays, sounds, rivers, bayous.
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70% of fishermen have atarget speciesin mind for each trip.

24% report fishing with 300 feet of an oil or gas structure or an artificial reef created from
an oil or gas structure.

43% of those who fish near a il or gas structure visit multiple locations during a single
fishing trip.

M ost fishermen are able to name the specific structures at which they werefishing or to give
the general locations.

During follow- up telephone interviewing with private boat fishermen, the following information
was obtained:

Many people go fishing as part of a multi-day trip to the local area (30%).
The vast mgjority of people spend some money on afishing trip.
Themajor categories of expensesarefood and drink, fuel, boat launch fees, bait, and tackle.

There is significant boat ownership among those who fish in Gulf waters, with associated
expenditures.

Results also indicated that there are significant expenditures every year that are not trip specific.
Major expenditure areas of this type included:

Boat and trailer repairs

Rod and reel purchases

Other fishing tackle

Magazines and books

Fishing club and organization membership
Camping equipment

Fishing licenses

Based upon preliminary datareviewsto date and feedback from field interviewers and respondents,
it is expected that the following conclusions may result from this study:
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1. Qil and gas structures and artificial reefs created from such structures will prove to be very
important to Gulf fishing and diving both in terms of numbers of trips annually and
expenditures.

2. Not all structures will be equally important to all groups, however.

3. A sdignificant future problemwill bethat of deciding which structuresshould remainin place
to maximize their value to recreational fishing and diving.

Robert L. Hiett is a senior program manager with QuanTech, Inc., of Rosslyn, VA. Dr. Hiett isan
experienced survey research specialist with more than 20 years of experience in the design and
management of fisheries-related field research studies. In addition to directing the Minerals
Management Service study of the economic impact of fishing and diving associated with Gulf of
Mexico oil and gas platforms, he manages the Large Pelagic Survey for the National Marine
Fisheries Service and a pilot study to collect economic information from commercial mackerel
fishermen along the southeastern U.S.
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HABITATS AND BENTHIC ENVIRONMENTS OF
THE DEEP GULF of MEXICO - DGoMB

Dr. Gilbert T. Rowe
Texas A&M University

The structure and function of the benthic communities of the deep Gulf of Mexico are being
investigated in four consecutive, interdependent phases. The study is based on a conceptua model
of the cycling of organic matter through generic food webs distributed from the outer continental
shelf out to the Sigsbee Deep. A thorough survey of community structure is being used to test a set
of eight hypotheses proposed for the causes of variations in organism density, biomass, diversity,
zonation and species composition. Important independent variables being considered are gradients
of depth and east vs. west extremes, including proximity to the Mississippi River effluent;
topographic features such as canyons and basins; variationsin time (such as seasons); and proximity
to organics seeping from fossil deposits.

Four sub-disciplinary teams representing physics, geology, geochemistry and biology have been
assembled to participate in the incipient studies. The largest of the teams, the biologists, is
represented by both process-oriented ecol ogists and taxonomists. The comparisons of community
structure with the “physical environment” will provide insights into how and where best to
investigate ecosystem processes. The study of community structure will encompass a wide
geographic areawhereas the studies of community processeswill befocused on afew locationsthat
represent important environmental extremes.

The input of organic matter, including its composition, concentration and variability in time, is
hypothesized to be the fundamental control of both community structure and function. Community
function is defined as the dynamics of organic matter energy transfersin the food web. In this study
we have represented the mechanistic essentials of community “function” as a conceptual model
consisting of interacting “standing stocks,” represented as boxes, linked together by a system of
exchanges represented by arrows into, out of, or between the boxes (Figure 2E.2). These fluxes
include sources of organic matter “feeding” the system, exchanges between the biological state
variables, such as predation, and respiratory remineralization to carbon dioxide, represented by
arrows out of the “system.”

Thefirst task of DGOMB isareview of previous studies. The principal prior studies began with the
wide-ranging explorations of Willis Pequegnat and his students initiated in the 1960s. These have
been followed by an intensive survey on the upper slope of the northern gulf by LGL Environmental
in the 1980s (the MMS supported NGOMCS study). Based on our initial re-analysis of the
polychaete annelid worm component inthe NGOM CSdata, we can confirm that animal distributions
are affected by depth, location (on east, west and central transects) and, to alesser degree, sediment
grain size (Figure 2E.3). Diversity is high, but with maximum values on the upper slope, or
shallower than the maximum in other basins. Temporal differences in biomass on the upper slope
suggest that seasonal variationsin the fluxes of organic matter can be important. Faunal boundaries
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Figure 2E.2. Analysisof Fain Hubbards' s polychaete data by Richard Haedrich.

are most pronounced at depths of 1,000 and 1,500 meters. The eastern gulf is somewhat different
in species composition from the western transects.

The second phase of the investigation, two years from now, will use the conceptual model and the
newly derived community structure conclusions to identify geographic sites for comprehensive
measurements of rates of biological processes that characterize community function. At these sites
a key instrument will be a deep-sea autonomous benthic “lander.” The lander will be used to
quantify total sediment community metabolism, followed by associated experiments aboard ship to
partition carbon flow through the food web. These studies will be used to predict how the
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Figure 2E.3. Differencesin polychaete densities on the central gulf transect during NGOMCS,
courtesy of Fain Hubbard and LGL Environmental.

community would respond to additions of organic matter above that normally encountered in the
individual habitats studied. Investigatorswill go back and forth between model and data. The model
will identify “weak” but important data, then new field collections and experiments will attempt to
rectify such issues, and the model will be revised with the new information.

A joint investigation of the abyssal plain with the National University of Mexico has resulted in a
limited preliminary suite of data on both community structure and function at a depth of 3.65 km,
well into the Mexican EEZ, giving DGoM B access to important abyssal plain datafor comparison.
The input of organics required to balance community metabolism has been estimated from model
variables developed by others in the literature. This can be compared to deep bottom lander
incubations to measure sediment community oxygen demand. Time varying input of organic matter
suggests that the smaller components, which dominate the biomass, vary in response to the input,
but the peaksin biomass produced by the input lag behind the input by weeks to months, depending
on the values used for first order “feeding” rates (Figure 2E.4). The interplay between the model,
community structure information and ecosystem functional processes will be used as an example
of approaches to be employed in DGoMB on the continental margin of the northern gulf.
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Dr. Gilbert T. Rowe, DGoMB Program Manager, is Professor of Oceanography at Texas A& M
University. Previously he has held appointments at the Brookhaven National Laboratory and the
Woods Hole Oceanographic Institution. His Bachelor of Science and Master of Science degreesin
zoology and oceanography from Texas A&M were followed by a Ph.D. from Duke University.
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SOCIOECONOMIC BASELINE AND PROJECTIONS OF THE IMPACT OF AN OCS
ONSHORE BASE FOR SELECTED FLORIDA PANHANDLE COMMUNITIES

Dr. Ronad T. Luke
Dr. Eric S. Schubert
Dr. Greg Olsson
Research and Planning Consultants, Austin

Dr. C. Hobson Bryan
University of Alabama - Tuscaloosa

Dr. Raymond Burby
University of New Orleans

Dr. F. Larry Leistritz
North Dakota State University

Dr. Steve H. Murdock
Texas A&M University

INTRODUCTION

This study was sponsored by the Minerals Management Service. The study explains the impact on
each of two Florida Panhandle communities if an onshore base to support Lease Sale 181 or the
Destin Dome were located there. Research and Planning Consultants, Inc. (RPC) determined that
therewould be relatively few demographic, economic, public service, fiscal, or social impactsif an
onshore OCS support base were located in the Florida Panhandle.

Research and Planning Consultants, a public policy firm with offices in Austin, Texas, and
Tallahassee, Florida, conducted the study on behalf of the MMS. Besides RPC, team members
included some of the leading scholars in the country on socioeconomic impact assessment both in
general and as specifically related to energy development. Thefour scholars are Professors Hobson
Bryan of the University of Alabama at Tuscaloosa, Ray Burby of the University of New Orleans,
Larry Leistritz of North Dakota State University, and Steve Murdock of Texas A& M.

As part of this study, RPC has produced a number of work products:

Research and Planning Consultants, Inc. 1999. Socioeconomic Baseline and Projections for
Selected Florida Panhandle Communities. A final report for the U.S. Department of the
Interior, MineralsManagement Service Gulf of Mexico OCSRegion, Metairie, LA. Contract
No. 1435-01-96-CT-30821.

Research and Planning Consultants, Inc. 1999. Socioeconomic projection model for Selected
Florida Panhandle Communities, and User’s Guide for the Model, developed for the U.S.
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Department of the Interior, Minera's Management Service Gulf of Mexico OCS Region,
New Orleans, LA. Contract No. 1435-01-96-CT-30821.

Research and Planning Consultants, Inc. 1999. Presentation of the project “ Socioeconomic
projection model for Selected Florida Panhandle Communities,” aPower Point presentation
developed for the U.S. Department of the Interior, Minerals Management Service Gulf of
Mexico OCS Region, New Orleans, LA. Contract No. 1435-01-96-CT-30821.

In the upcoming Lease Sale 181, scheduled for the end of 2001 or possibly 2002, the MM S wiill
open an area for development in the western edge of the Eastern Planning Area of the Gulf of
Mexico. It is 15 miles or more due south of the coast of Alabamaand 100 miles or more due south
of the Florida Panhandle. Because the experience of Texas and Louisiana has indicated substantial
socia and economic impacts onshore from Outer Continental Shelf (OCYS) activities are possible,
the MM S wanted to investigate the potential impacts on affected communities in the Eastern Gulf
of Mexico. While the MMS believes that Alabama is the most likely location for any onshore
support activitiesin the western part of the Eastern Planning Area, a possibility exists that limited
onshore support activities might occur in the Port of Panama City or the Port of Pensacola. This
study addressed the impact of an onshore base in either of these Florida communities.

The onshore base would serve either or both of two lease sales planned for development and
production in the 2000 through 2040 period. These are Lease Sale 181 and the Destin Dome project.
Although Destin Domewill probably not be served from the Florida Panhandle, we did analyze the
effectsif it were.

The Destin Dome project islocated about 25 miles from the coastline of the Florida Panhandle due
south of Pensacola. The Destin Dome 56 Unit is located on the Florida Panhandle shelf. It is a
project estimated to produce up to about 20 wells to extract dry natural gas.

This study did not assess the probability of an onshore base being located in the Florida Panhandle.
Rather, we asked if an onshore base were developed, then what would be the demographic,
economic, public service, fiscal, and social impacts on the Panhandle area. While analysis of the
data showed only a small socioeconomic effect for the potential locations for an onshore support
base, several stakeholders did express concern or hostility to the idea of any offshore oil and gas
development and related onshore support bases.

OBJECTIVES
The study had two objectives:

» to develop abaseline socioeconomic description for Panama City, Pensacola, and the Fort
Walton Beach area, and

* to develop projection models that allowed the MMS and others to project possible
socioeconomic effects of various onshore support scenarios on these communities.
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The project also includes studies on four local industriesthat could be affected by the operations of
asupport basein the Florida Panhandle: sport and commercial fishing, military bases, port facilities,
and tourism. The project also analyzed possi bl e user-conflicts or benefitsthat theseindustries might
encounter with the operations of the support base.

The analysis considered each areato be defined by the Metropolitan Statistical Area(MSA) and the
counties that constituted each areaz Escambia and Santa Rosa make up the Pensacola MSA,
Okaloosa County makes up the Ft. Walton Beach MSA and Bay County is the Panama City MSA.
To cover the remainder of the coastal area between Ft. Walton Beach and Panama City, we also
include some data for Walton County. Tourism is discussed for this region asawhole and for each
of the areas of Pensacola, Fort Walton Beach including Destin, and the Panama City area. During
the study we heard repeatedly industry representations that Ft. Walton Beach would not qualify as
an onshore support base because it did not have a deep water port.*

METHOD OF MODELING

Datawere collected from avariety of sources. These included stakeholder interviews, field tripsto
the Florida Panhandle, and economic data sources. The RPC team gathered historical and projected
economic baselines from the Bureau of Economic and Business Research at the University of
Florida at Gainesville, the Florida Department of Banking and Finance, and the U.S. Bureau of
Economic Analysis. The RPC team reviewed and incorporated into its socioeconomic impact model
industry activity, employment, income, migration patterns, social and human services, and fiscal
data. Baseline dataenabled an assessment of theimpact of an onshore base compared to the baseline
conditions.

The MMS Florida Panhandle Model

A valuable result of the present study was the devel opment by RPC of a spreadsheet modeling tool,
referred to as the MMS Florida Panhandle Model. This model will enable people interested in
investigating the multidimensional impact of development of an onshore base in the Florida
Panhandle. Thistool allowsthe user to set the expected level of OCS production. The user can also
make assumptions about any anticipated change in both the tourist industry and military installation
employment. It should be noted that we did not find any evidence that either the tourist industry or
the military installation employment would change with deployment of an onshore base.
Nevertheless, the user can make assumptions about changes in these areas. The model will then
calculate the impact of the input values on the subsequent socioeconomic dimensions.

Potential offshore projects in the Eastern Gulf of Mexico have led to some lively debates among
stakeholders on the costs and benefits of such activity. To enlighten and assist stakeholders and
government plannersin the Florida Panhandle, the MM Swill be distributing the Florida Panhandle

The MMS FloridaPanhandle Model uses two counties, Okaloosaand Walton, to represent the Fort Walton Beach
area. Okaloosaisthe Fort Walton Beach MSA. Therefore, to project employment and population in both counties, RPC
used BEA projections of the Pensacola Economic Area (which includes the Pensacola MSA, the Fort Walton Beach
MSA, and Walton County) and subtracted the projection from the Pensacola MSA.
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computer model. Themodel will present arange of socioeconomicimpactson the FloridaPanhandle
of Lease Sale 181 and the pending Destin Dome project off the coast of Pensacola.

Features of the Model
The MM S Florida Panhandle model projects the following variables:

popul ation by age cohort;

change in population by component;

employment & output by industry;

local government fiscal condition indicators (revenues and expenditures); and

special industry indicators (tourism, military bases, sport and commercial fishing, and water
transportation).

The computer model uses a regional input/output economic projection model and a cohort
component demographic model. The employment/labor force bal ance determines economic-related
net migration. Projected changesin popul ation determinefiscal conditions. Employment by industry
and historical characteristics determine specia industry indicators

Modeling the Socioeconomic Baseline

A key feature of the model is the socioeconomic baseline forecast it produces for the five counties.
The baseline represents the expected future conditions absent any OCS-related devel opment in the
areas. The baseline is not synonymous with “current conditions.” All three communities and their
associated counties have experienced economic and popul ation growth, and proj ectionsindicate that
this growth will continue. The RPC team calibrated the model using projections by Florida state
agencies (Bureau of Economic and Business Research 1994, 1995, 1997) and BEA regional
projections (Bureau of Economic Analysis 1998). The BEA datawas used to obtain information on
employment, income, and popul ation.

M odeling Reasonable Maximum and Minimum Threshold Production

RPC identified characteristics of OCS support industries through literature review, investigation of
the Texas, Louisiana, and Alabama experience, and key informant interviews with people in the
offshore oil industry. RPC also identified two OCS scenarios for each community: “reasonable
maximum” and “minimum threshold.” These two scenarios correspond to the maximum and
minimum production levels estimated by the MM S in their Environmental Impact Statement. The
user of the model can perform ‘what-if’ analysis by choosing the location of support base. In
addition, the user can select what level of production isto be investigated, including intermediate
levels between minimum and maximum. The user can also include the Destin Dome option to
determine the impact of having an onshore base for this operation in the Florida Panhandle. Figures
2F.1and 2F. 2illustratethe proj ected reasonabl e maximum and minimum threshold scenario levels.
The first chart shows oil production and the second gas production.
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Figure 2F.1. Reasonable maximum and minimum threshold oil production, Lease Sale 181.
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Figure 2F.2. Reasonable maximum and minimum threshold gas production, Lease Sale 181.
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Using IMPLAN to Generate Modeling Information

RPC used theIMPLAN input/output modeling software package (Minnesotal MPLAN Group, 1997)
in the economic module of the MM S Florida Panhandle model. This software provided RPC with
substantial flexibility in buildingthemodel. WhileIMPLAN can generate modeling information for
as many as 528 industries, or sectors, of the study area, RPC structured the economic module into
23 industries. This was done for each of the three MSAs. These represented the broad industrial
groupings the Bureau of Economic Analysis uses in its employment projections for metropolitan
statistical areasand the subsectorsinvolved intheimpact portion of the model: the tourismindustry,
the military bases, commercial fishing, and Outer Continental Shelf (OCS) oil and natura gas
activity (Table 2F.1).

Table2F.1. Industrial sectors used in MM S Florida Panhandle model.

Agriculture (excluding Commercia Fishing)

Commercial Fishing

Mining (excluding Maintenance and Repairs of Oil and Gas Wells)
Maintenance and Repair of Oil and Gas Wells

Construction

Non-Durable Manufacturing

Durable Manufacturing

Transportation, Communications, & Utilities (excluding Air & Water Transportation)
Water Transportation

Air Transportation

Wholesale Trade

Retail Trade (excluding Eating & Drinking Places)

Eating & Drinking Places

Finance, Insurance, and Real Estate

Services (excluding the six service categories listed bel ow)
Hotel and Lodging Places

Equipment Rental and Leasing Services

Amusement and Recreation Services, N.E.C.

Engineering, Architectural Services

Accounting, Auditing and Bookkeeping Services
Research, Development & Testing Services

Government (excluding Federal Government - Military)

Federal Government - Military
Sources: IMPLAN and RPC
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RPC developed a set of input/output matrices for projecting the impacts that changes in OCS,
tourism, or military base expenditures would have on the economy of the three metropolitan areas
of the Florida Panhandle over time. The matrices measure the direct, indirect, and induced effects
of these impacts based on the size and type of interrelationships among the 23 sectors of the study
areas. Popul ation impacts were assessed on the county level within each MSA using aformulathat
approximated BEA/BEBR county population projections. The model already incorporates the
economic impacts of additional spending and any net migration. After the project began, the MM S
decided that IMPLAN would be its standard, allowing the MMS to adapt this model in the future
without having to completely rebuild it.

Reports Generated by the Model

Reports generated by the model cover the years 1995 through 2045. They include an OCS Scenario
report, which estimates oil and gas production, OCS expenditures, the assumed impact on tourism
and the military bases. There is also a baseline report on output, the population, employment, and
migration. Thethird report is on the changes projected to occur for the popul ation. Thefourth report
describes the impact on output and employment. Thefifth report isafiscal balance report detailing
the changesin revenues and expenditures expected for county and municipal government. The sixth
report is of the impact expected on school-age children and the fiscal impact associated with those
changes. The seventh report is of the impact on public services.

Method of Primary Data Collection

Primary data collection involved selective interviews of local and community and business|eaders.
The interviews were designed to identify baseline projection factors and impact issues that are not
reflected in the literature review or secondary data. Interviews with representatives of the port
facilities, thetourism, and fishing industrieswere conducted to supplement and confirm thefindings
of the literature review and the secondary data collection effort.

The RPC team contacted about 50 different stakeholders, including local, county, and state
governments and interviewed about half of these stakeholders. Local and county governments did
not for the most part respond to the RPC team’s inquiries. RPC had good responses from the
tourism, military bases, and port facilities sectors. There was no response from the fishing industry.
Table 2F.2 lists the status of contact with stakeholders.

Background Findings
Baseline Population Growth

The Forida Panhandle will continue to experience the substantial demographic and economic
growth that it now faces. The five county area contained 643,000 people in 1990 and is projected
to have nearly 898,000 residents by 2010. In an average year in the 1990s, 7,400 people migrated
to the Florida Panhandle, which has started to cause strains on the infrastructure. Figure 2F.3 shows
the growth.
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Table 2F.2.

Stakeholder interviews.

Stakeholdersor
Sour ces of Information Contacted [Interviewed

Business 3 1
Associations/Chambers

Fishing 3 0
Government 18 7
Federal 2 2
State 6 3
County 5 0
Municipa 4 1
Regional Planning Council 1 1
Military bases 5 4
Oil 3 2
Port Facilities 2 2
Tourism 16 10
Charter Boats 2 2
Committees/Councils 3 2
Environmental 4 2
Parks 3 2
Resident Associations 3 2
Other 1 0
Total 50 26




259

Population of Florida Panhandle
Study Area: Baseline Scenario

1,200,000

1,000,000

B PEN: Santa Rosa
OPEN: Escambia
mPC:Bay

WFWB: Walton
mFWB: Okaloosa

800,000

600,000 -~

Population per Year

400,000 +

200,000 -+

T T T T T T T T T T T
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

Year

Figure 2F.3. Population of Florida Panhandle Study Area according to the baseline scenario.

An Onshore Base for Operations and Maintenance
Rather Than Exploration and Development

The specialized needs of offshore exploration and production are likely to be addressed from states
with established services such as Texas, Louisiana, and Alabama, rather than Florida. However, an
onshore base would be used during the operation and maintenance portion of any offshore oil and
gas development. Because some of the needs have to be supplied by services outside of Florida,
potential impacts likely will be different from those associated with oil and gas development. The
direct socioeconomicimpactslikely will besmaller than thosethat have occurred in the Western and
Central Gulf of Mexico. We estimate that even if a support base develops, only about half of the
supplies would be obtained from the Florida Panhandle.

Projected Levels of Production Relatively Small
The projected levels of OCS development and production from the proposed leases in 2001 are

small compared to the projected production levels from leases in the Western and Central Gulf of
Mexico scheduled for auctions in 1997-2002. Analysis of the MMS estimates shows that the
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maximum production of both oil and gas from the proposed leasesfor the Eastern Gulf will each be
about two percent of the maximum expected from the Western and Central Gulf. Figure F2.4
compares production estimates for the three regions.

Adjustment made for Commuting Offshore Workers

Another factor to consider isthat an adjustment needs to be made for commuting offshore workers
inthe MM S Model. Gramling and Brabant (1986) estimate that 70 percent of offshore workerslive
more than 100 miles from where they meet to go offshore (i.e., an onshore support base). If an
onshore basewerelocated in PanamaCity or Pensacola, these commuting workersand their families
would not spend their incomes in the Florida Panhandle. This adjustment is made in the model.
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Figure F2.4.  Projected minimum and maximum production in the Gulf of Mexico.
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QUANTITATIVE ANALY SIS OF IMPACTS USING THE MODEL

Five types of impacts quantitatively analyzed were the economic, demographic, public services,
fiscal and social.

Economic Impact

The maximum production estimates, referred to as the “Reasonable Maximum” scenario, and
minimum production levels, referred to asthe“Minimum Threshold” scenario, becamethebasisfor
estimating OCS expenditures in the impact area.

The assumptions used for the model are as follows: for Lease Sale 181, the oil production is
assumed to start in 2010, peak in 2020, and end by 2040. The peak economic impact will occur in
2020 if either Panama City or Pensacola hosts an onshore base. For the Destin Dome project, the
start would be 2000, with a peak in 2005, and an end in 2020.

At the peak employment year, there would be 229 to 584 new jobs attributable to Lease Sale 181,
while Destin Dome would create 735 to 1,087. Some $35.9 to $70.5 million output would be due
to Lease Sale 181, and $75.6 to $86.4 million output attributable to Destin Dome, over the 20 to 25
years of the projects.

New jobs attributed to Lease Sale 181 in the peak year are from 0.1% to 0.5% of total yearly
employment. New jobs created by Destin Dome would be from 0.5% to 1.0% of total yearly
employment in the peak year.

Impact of Lease Sale 181 on the total economy of the community where the base would be located
would range from .004 - .02% of the total baseline output of the areaover project life. Destin Dome
would contribute 0.1% to 0.3%.

If both Lease Sale 181 and Destin Dome 26 used a Florida Panhandle onshore base, the maximum
impact would be between .667 - .50% of thetotal output over the 25- and 20-year life of the projects.

Demographic Impact

The Forida Panhandle will continue to experience the substantial demographic and economic
growth that it now faces. Against this backdrop of inmigration, the population increase due to
location of an onshore base was viewed as small. As noted earlier, the population increase would
be less than 2% of the increase due to inmigration from 2000 to 2035.

Public Service Impact
Increasing economic activity and population growth resulting from offshore energy development

typically leadsto growing demandson avariety of public services. Serviceand infrastructure effects
have been described as falling primarily into two categories. (1) transportation—new/improved
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roads, seaports, and airports, and (2) provision of new housing, schools, and related services
required by theincreased local population. However, given themodel estimateswe have of thesmall
increasesto be expected for popul ation and employment, we conclude these small increaseswill al'so
occur for public services.

Fiscal Impact

Closely related to the public service effects are concerns about fiscal impacts, particularly for local
governments. One concern has been expressed in California that existing residents and taxpayers
do not subsidize any financial impacts to the county, municipalities, and public service providers
within the county asaresult of oil and gas development. In Scotland measures were taken to insure
afavorable fiscal outcome for their area. These included (1) the County Council retaining 50% of
the shares in the company building and operating the major oil terminal, (2) collecting taxes on
every barrel of oil passing through the terminal, and (3) stockpiling some of the funds to minimize
impacts as oil activity declines.

Leistritz et al. (1985) discuss some of the fiscal effects of oil development in Alaska. Oil
development led to substantial increases in the tax base of the North Slope Borough. Oil
development also had important implications for state revenues, which allowed increases in state
government spending for a variety of purposes.

However, in relation to the impacts expected from the location of a supply base on the Florida
Panhandle, themodel predictsthat alow relativeincreasein the need for public services, on par with
the small increases expected in population. This low relative increase is because increases in the
need for public services are largely driven by the size of the increases in population. However, at
present tax rates, it is not apparent that OCS development will “pay its own way.”

Social Impact

Some communities have experienced extreme dependence on the oil and gas industry. A series of
boom and bust cycles has been shown to be related in some communitiesto rates of criminal cases,
homicides, and suicides. However, other factors such as social networks and education have been
identified as possible moderating influences. Regardless, the small increases in population and
employment expected if an onshore base islocated in the Florida Panhandle tend to minimize any
adverse social effects from the presence of the base.

QUALITATIVE IMPACT REPORTED BY THE STAKEHOLDERS REPRESENTING
TOURISM, MILITARY BASES, THE PORT FACILITIES, THE FISHING
INDUSTRY, AND OTHER CONCERNS

Tourism
The development of the Florida Panhandle as amajor tourist area began in the mid-1930s and grew

rapidly after the Second World War, becoming what is now a key industry there. “ Sugar-white’
beaches, fishing, other water-based activities, and natural habitats are key parts of the tourist
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experience in the Florida Panhandle, atype of tourism known as ecotourism. In the mid-1990s, the
area attracted 10 million visitors annually who generated $1.5 billion of business.

The small base being planned should ensure minimal direct user-conflicts between the tourism
industry and the support base. However, the “ sugar-white” beaches and clean water are vital to the
local economy. Thereareworries about environmental degradation. The benefitsareviewed asvery
small comparedtotherisks. Several stakeholdersexpressed concern that evenasmall base servicing
afew platforms could grow over time and transform the aesthetics of the area. One expression of
this concern is the idea that an onshore base would be “the camel’ s nose under the tent.”

As aresult, some tourist stakeholders are extremely hostile to the idea of any offshore oil and gas
development and rel ated onshore support bases. Strong peer pressure existsin the FloridaPanhandle
to oppose anything related to OCS devel opment.

Ecotourism isimportant to the local economies, and itsimportance isincreasing. Perception of the
area having “sugar white” beaches and clean water isvital to the ecotourism in the area.

Stakeholders are worried that even the perception that the Florida Panhandle has suffered
degradation of the environment or of the aesthetics of the area could reduce tourism and retiree
inmigration. Tourism stakeholders view the benefits of an onshore support base as very small
compared to their perceived risks from an oil spill or other environmental degradation.

The Military Bases

The concernsfrom the military basesinvolvethe fact that support boats and helicoptersbased in the
FloridaPanhandle would crossaheavily-used aerial operations areaof the military bases. Boatsand
helicopters based in Mobile would not. There was some concern expressed by the Coastal Systems
Station in Panama City about how additional boat traffic might interfere with operations if the
support base grew beyond a certain size.

Themilitary bases have had asubstantial presencein the FloridaPanhandlesinceWorld War I1. The
four main military installations in the study area are the Pensacola Nava Air Station, Eglin Air
Force Base (Fort Walton Beach), Tyndall Air Force Base, and the Coastal Systems Station (bothin
Panama City).

The military bases employ about 30,000 military personnel and more than 15,000 civiliansin the
Florida Panhandle economy, accounting for 8.6% of all nonfarm employment in 1995, compared
with only 1.5% in the United States as a whole. These bases were largely untouched by the
downsizing of the military in the 1990s and are expected to remain an important part of the Florida
Panhandle economy for the foreseeable future.

The three air bases use the Northern Gulf of Mexico as a weapons testing and training range. The
Department of Defense can put stipulations on any oil leases that the MM S sells, which would put
the onus of any user-conflicts on the oil industry rather than the military bases.
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These are the five types of stipulations the military bases have regarding Oil/Gas Drilling Leases.
These concern scheduling, sheltering, and evacuation.

The Port Facilities

Both the ports of Panama City and Pensacola are located away from the beaches. These port
facilities would benefit from hosting an onshore support base. The Port of Panama City does have
industry associated with some aspects of offshore production.

Thetwo port facilities are both well-suited to house a support base. Thisis because both offer deep
water harbors, and each has adequate storage space. A support base would employ about 10 persons,
most of whom would belocals. Offshore workerswould assembl e at the service base to go offshore.
There would be from five to eight platforms. Helicopters would make about 1,248 round trips per
year. Supply boats would make about 288 trips per year.

Neither port facility isalarge load center nor superport, and both havelargely been passed by inthe
competition among ports for container business. The ports of Pensacola (ranked 78th) and Panama
City (ranked 62nd) in 1995 were among thetop 100 U.S. portsin the dollar value of goods exported.
They ranked 120th and 100th, respectively, in the value of imports.

Fishing

The commercia fishing industry employs around 700 people in the Florida Panhandle. In 1995,
fishermeninthearealanded 8.9 million pounds of fish and 2.4 million pounds of shellfish. RPC did
attempt to contact several representatives of the fishing industry in Florida but had no responses
from any of them.

Though the commercial and recreational fishing industry have well-known benefits and conflicts
with offshorerigsin the Gulf of Mexico, our research did not uncover any major user-conflictswith
onshore bases that would be located in one of the two port facilities.

To summarize, the conflicts are several. First, only asmall part of the state’s coastlineis available
tothepublicfor recreational fishing. Second, environmental degradationisathreat. Thiscaninvolve
threats to the water quality and ecosystem integrity. Third, there may even be interference with
normal fishing operations. For example, some shrimpers have contended that discarded oil field
trash makes some areas unavailable for shrimping. The placement of pipelines can cause loss of
fishing equipment.

The one benefit cited of OCS activity isthat oil production platforms act as artificial reefs around
which alarge number of fish can befound. Therecognition of theimportance of these structures has
led to the building and placing of artificial reefs using a variety of discarded structures throughout
the Gulf area.
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Other Stakeholders

Thebusinesssector isfavorable, liking the economic benefits. Several businessstakeholdersbelieve
the industry to be clean. Governor Chiles office believed that the risks of a support base and
offshore drilling are not worth the benefits.

Concerns among stakeholdersin the area’ s tourism industry about the risks of offshore oil and gas
production have lent support to the Governor of Florida's public position that the federal
government should not sell new oil and gas leases in Florida federal waters within one hundred
miles of the Florida coast.

The MM Sreported that on 12 June 1998, President Clinton withdrew from leasing, through 30 June
2012, all areasin the Eastern Gulf of Mexico located outside the Sale 181 (scheduled in 2001) area
asidentified in the Final Outer Continental Shelf 5-Y ear Oil and Gas Leasing Program 1997-2002.

Few economic incentives are present to drive OCS support industries into the Florida Panhandle at
the projected levels of OCS development in the Eastern Gulf of Mexico because support bases are
most efficient when close to offshore wells. According to industry sources, Pascagoula, MS, and
Theodore, AL, have enough spare capacity to serviceall current or proposed projectsin the Eastern
Planning Area of the Gulf of Mexico.
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Research & Planning Consultants, Inc.
Austin « Tallahassee

Study Objectives

» To develop a base line socioeconomic
description for Panama City, Pensacola
and the Fort Walton Beach areas

» To develop projection models that allow
MMS and others to project possible
socioeconomic effects of various
onshore support scenarios on these
communities

Study Area

Socioeconomic Baseline and Projections for C
Study Area

Project Description

+ Collect data and information on three Florida Panhandle
communities to develop a baseline socioeconomic description
Pensacola (Escambia and Santa Rosa Counties)
Ft. Walton Beach (Okalossa and Walton Counties)
Panama City (Bay Country)

+ Design and develop projection models to assess the impact of
possible OCS onshore support activities on these communities

+ Assess the potential impacts of OCS onshore activities on four
special industries:
— Military Bases
— Tourism
— Port Facilities
— Sport & commercial fishing

Presentation Objectives

* Discuss lease sale 181
+ ldentify economic stakeholders and issues
+ Explain spreadsheet model

* Present findings

Proposed Lease Area in the Eastern Gulf of Mexico
= JELE e

Lease
Sale 181
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Projected Minimum and Maximum Production 1997-2002
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Economic Stakeholders & Issues:
Data Collection and
Baseline Identification
+ Field trips to Florida Panhandle

* Interviews with:
— Economic stakeholders

— Industry representatives

» Baseline economic data - BEA, BEBR,
Florida government agencies

» Update MMS socioeconomic database

Stakeholder Interviews
. Stakeholders Contadted Tnterviewed
Prlmal'y Research Business Associations / Chambers 3 1
Fishing 3 0
Federal 2 Zz
« Interviews with economic stakeholders i : :
Municipal 4 1
Regional Planning Council 1 1,
» Interviews with industry representatives — ; )
Pots 2 z
Charter Boats 2 2
» Supplement literature review and Sommlees, Concls : :
secondary data collections Paks 3 2
Resident Associations 3 2
Cther 1 0
Total 50 26




General Conflicts and Benefits

* Business sector is favorable, liking the
economic benefits and believing the
industry is clean.

» Governor Chiles’ Office believed that
the risks of a support base and offshore
drilling aren’t worth the benefits.

Economic Stakeholders

Tourism industry
Military bases
Port facilities

Sport & commercial fishing

Tourism: Conflicts and Benefits

« Direct user-conflicts with a small onshore support
base seem small. A larger base could cause
direct user-conflicts in Panama City.

+ “Sugar-white” beaches and clean water are vital to
the local economy.

* Tourism industry believes that tourists might
vacation elsewhere if a support base were located
in the Florida Panhandle.

* Tourism industry views the benefits of a support
base as very small for perceived risks.

* Tourism industry is extremely hostile to any
offshore oil and related onshore support bases.

Military Employment
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Military Installations

Key Military Installations in the Florida Panhandle
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Military Conflicts and Benefits

» Florida-Based boats and helicopters would
cross a heavily-used aerial operations area,
while Mobile-Based boats and helicopters
would not.

» Coastal Systems Station (in Panama City) is
concerned a large support base would cause
problems.

* The DOD can put stipulations on MMS leases

Military Stipulations
on MMS Leases
» Schedule all air traffic through test wing
scheduling

» Schedule all surface/boat traffic through
test wing scheduling

» Schedule all electronic emissions
through test wing scheduling

» Sheltering agreement
» Evacuation agreement

Port Facilities: Selected U.S. Ports
Ranked by Total Tons

Rank Port Name |TotalTonnage
4 New Qrleans, LA 89,441,772
11 Tampa, FL 55,333,607
14 Mobile, AL 49,120,007
105 Panama City, FL 2,878,245
122 Pensacola, FL 1,674,188

Ports Suitable for Onshore Bases

Pensacola and Panama City are well-suited
— Deep water harbors

— Adequate storage space

Base would employ about 10 people; all but
two could be locals

Offshore workers would depart from the
service base (going to 5 to 8 platforms)

24 helicopter roundtrips weekly (1,248
roundtrips per year)

24 boat roundtrips monthly (288 trips per
year)

Port Facility Conflicts and Benefits

» Both Panama City and Pensacola are located
away from beaches.

» The ports would benefit from hosting a
support base.

» Panama City has industry associated with
offshore production.

Sport & Commercial Fishing:
Conflicts and Benefits

Only a small part of coastline available
for recreational fishing

Threat of environmental degradation
Interference with normal fishing
operations

Oil production platforms attract a large
number of fish
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MMS Florida Panhandle Model - Screen 1 ]

version 110
Developed en benalf of Model developed ov
Iineer dls Managemen: Service Reseanch and Paniing ConsUitants
1201 Elmwocd Park Bivd F500 Cheyy Crase Drive Suite 500
New Orleans, L4 70223 Austia, TX 78752
(504) 73€ 2784 (512) 371 8100
WWW.ms. gevigamr Wi rpeconsuiticg com

Mair Meru Purpose of Model Bvitivode

Spreadsheet Economic Model

MMS Flarida Panhandle Model

The Model Projects:

Population by age cohort
* Change in population by component
* Employment & output by industry

* Local government revenues and
expenditures

» Special industry indicators

Model Inputs

Currert err ployment

Model Schematic

Model Components

VO Model Demographic Model Fiscal Indicators Special Industry Indicator:

Proected Emplcyment

Ir dustry indicators

Prejected final demend oy ncustry
Currert pooulation Fre-esonomiz migraticn
Birh, death rates  ———— Population and
Fxogeno 1= migrat on 1 abor force
N

Ceonomic migration

Total Population
Currert fscel Lpifeted fiscal
Irdicators indcators
Currert spacial v

» Upieted indusry incicators

Boxes show model outputs

s

1997 Florida
Statistical Abstract

Bureau of Economic and Busi
‘Warrington College of Busines
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Annual Net Migration into Three MSA's

Year FWB Panama City | Pensacola Total
Avg. 1980s 1,487 2,058 2,361 5,904
Avg. 1990s 2,306 1,100 3,903 7,398

2000 1,466 1,250 4,267 6,983
2005 1,554 1,406 2,804 5,764
2010 1,599 1,483 3,032 6,114

Private Housing Starts in the Florida Panhandle

Year Bay Escambia Okaloosa [Santa Rosa W allon Total
Awvg. 1980s 1939.80 2371.30 1969.20 1043.40 715.30 B029.50
Avg. 1990s 1060.83 1390.67 1655.83 1259.83 617.50 5984 67

2000.00 1067.00 1495.00 1621.00 1166.00 397.00 5746.00

2005.00 1401.00 16€2.00 1809.00 1236.00 492.00 6620.00

2010.00 1328.00 1895.00 1856.00 1192.00 446.00 B717.00

Source: F lorda Buresu of E cananic and Business Resesrch,
F ords Long-lem £ conon ic Forecast State
andMS s 1867
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Model I/0 Sectors
« Commercial + Wholesale Trade -+ Accounting,
Fishing - Eating & Drinking  Auditing &
«+ Other -Agriculture Places Bookkeeping
+ Maintenance and « Other - Retail Services
Repair of Oil and Trade * Research,
Gas Wells - Hotel & Lodging ~ Development &
« Other - Mining Places Testing Serv_lces
« Construction + Equipment Rental * Other - Services
+ Durable & Non- & Leasing + Federal
Durable Services Government -
Manufacturing « Amusement & Military
+ Air & Water Recreation » Other-
Transportation Services Government
« Other - « Engineering,
Transportation, Architectural
Communications Services
& Utilities

Goal of OCS Development
Scenario

* Provide the means for defining OCS
development scenarios

* Input the scenarios into the Economic,
Demographic and Fiscal models

» Answers questions people have about
“what-if’

Approach to OCS Scenario
Development

Identify characteristics of OCS support
industries

Review experience with offshore
development in Gulf of Mexico

Key informant interviews
Define OCS scenarios

Florida Support Base Operations
and Maintenance Expenditures

Sector/ltem Percent Total Spending for Base
Other oila