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In Memoriam 
Kenneth E. Biglane 

1927-1994 

The 1995 International Oil Spill Conference Proceedings volume is dedicated to the memory of 
Kenneth E. Biglane in recognition of his devoted service with the Environmental Protection Agency and 
valuable contributions to the Biennial International Oil Spill Conferences. 

Mr. Biglane was instrumental in pioneering the development of the National Response System in the 
United States. Early on, he was appointed to head the Emergency Response Off ice of the Environmental 
Protection Agency and served as the first Chairman of the National Response Team. It was Mr. Biglane?s 
foresight in working with his government and industry counterparts that identified the need to establish 
a routine forum for information exchange on oil spill prevention, preparedness, and response that resulted 
in the first Oil Spill Conference in 1969. Mr. Biglane continued to provide vital guidance and commitment 
to the Conference through 1993. 

1995 International Oil Spill Conference 
James Ray, Shell Oil Company 

Capt. Michael Donohoe, U.S. Coast Guard 

Kurt Jakobson, U.S. Environmental Protection Agency 

Chairman 

Vice Chairman 

Vice Chairman 
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This proceedings represents the 14th biennial International Oil Spill Conference (IOSC). Since its inception a 
quarter of a century ago, the Conference has slowly evolved upward as the political winds of oil spill interest 
have waxed and waned. Today, this Confernce stands as the premiere international technical conference and 
trade exposition for the world’s oil spill community. In a maturing and more sophisticated industrialized world, 
nations of all sizes have recognized the importance of international environmental stewardship. Oil spills, 
though generally of relatively short term, localized influence, are one more environmental perturbation that can 
be minimized and mitigated by man’s active intervention. The goals of this Conference remain much as they 
were in 1969: “. . . to delineate the overall dimensions of the oil spills problem, explore the present state of the 
art of prevention and control of oil spills, and review the relevant research and development efforts of 
government and private industry, both here and abroad.” 

The 1995 Conference takes another step forward to maintain its position as the premiere international 
conference on oil spill issues. To further develop the international cooperation and flow of information, the long 
time sponsors-the American Petroleum Institute, U.S. Coast Guard, and Environmental Protection 
Agency-are joined this year by two international organizations. Representing the international regulatory 
community is the International Maritime Organization (IMO), and representing the international petroleum 
industry is the International Petroleum Industry Environmental Conservation Association (IPIECA). With this 
new partnership, the IOSC will greatly enhance its international balance of technical contributions and trade 
exhibits. More importantly, it will help to communicate the latest in oil spill information to nations of all sizes 
throughout the world. The long term benefits should include reduced loss of oil to the seas, quicker cleanup, 
and less environmental impact due to cleanup practices. 

During the past half dozen years, new oil spill management regulations have been implemented in the United 
States and internationally. Although complex and detailed, one primary facet is better preparation and training 
of response personnel. Unfortunately, the level of interest and involvement in oil spill activities in the world 
communities is inversely related to the length of time since the last major, newsworthy oil spill event. For that 
reason, the theme chosen for the 1995 Conference is “Achieving and Maintaining Preparedness.’’ How do we 
get and stay prepared? The technical papers to be presented, although covering a broad range of topics, were 
selected with this theme in mind. 

What is new for the 1995 Conference? Many changes have been made to continue the process of improving 
the Conference and to meet the needs of the attendees. This year, one of our goals was to continue the 
improvement of the technical quality of the papers accepted. A selected group of 45 international reviewers 
chose 136 papers for this Proceedings and presentation at the Conference. This was from more than 490 
submitted. Additionally, 126 poster presentations will be displayed in seven special sessions over a two day 
period, and are also included in this Proceedings. A new Abstract Book and a day-at-a-glance chart has been 
developed to assist attendees in selecting the presentations of their choice. Almost 300 vendors of oil spill 
related goods and services are participating in the associated trade show. W o  major west coast spill coopera- 
tives are conducting an on-water demonstration of spiil equipment and techniques. 

Many other special events are planned. A theme session, highlighted by a keynote luncheon address by the 
Rt. Honorable Lord Donaldson of Lymington, will feature the Bruer oil spill in the Shetland Islands. IMO and 
IPIECA are hosting a special evening session summarizing a‘recent world-wide seminar series they have 
sponsored. There also will be a special evening session dealing with Natural Resource Damage Assessment. 

Another new feature is the preparation and distribution of three selected topic “white papers.” These reviews 
wiil cover major topics of interest and will be formatted to provide detailed discussions and information on 
relevant issues. Corresponding panels of experts have been invited to discuss and debate the issues raised in 
these white papers. 
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A sponsors’ scholarship program has been instituted to support students and other interested parties who 
might contribute to and participate in the Oil Spill Conference. Most importantly, this Conference provides a 
place where the world’s experts can meet, visit, and exchange the latest information. 

As can be seen, many changes have been made to ensure that the Conference continues to improve to meet 
the needs of the oil spill community that supports it. In order to continue fulfilling this role, it is most important 
that attendees provide feedback on the content and quality of this Conference. 

The sponsors of the 1995 IOSC would like to thank all of the contributors, reviewers, and others who have 
made this Proceedings volume possible. I would also like to acknowledge the considerable contribution of time 
by the various members of sponsoring organizations who have staffed the Steering and Program Committees. 
They are the heart and soul of the IOSC. Finally, I would like to recognize the professional contributions of 
Courtesy Associates, and Trade Associates, who have been responsible for the organization and management of 
this Conference and the trade show. Their considerable expertise brings order out of chaos on a biennial basis. 

, 
, 

James P. Ray 
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consensus-based, Northwest Area, 927 
evaluation matrix, 615 
funding, 495 

CATS-NOM, 838 
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GIS, Louisiana, 851 
Great Barrier Reef, 319 
Latin America, 962 
Malaysia, 503 
national, product schedule database, 887 
OPRC, 787 
quality vs quantity, 615 
response logistics, 645 
river basins, Colombia and Venezuela, 953 
sensitive environment and, 993 
Shetland Islands, 813 
tracking buoys, 3 
Trinidad and Tobago, 495 
various areas, 944 
Venezuela, 513, 997 

Cook Inlet Spill Prevention & Response, Inc. 

cooperation 
(CISPRI), technical manual, 929 

California’s contingency plans, 924 
Canada, 657 
government-industry, 355, 755 
planning, 921 

coordinator’s course, Alaska, 1019 
Copano Bay, Texas 

burning to clean up marsh, 39 
underground pipeline rupture, 133 

Copenhagen agreement, modernizing, 807 
Corexit 7664 

toxicity testing, 830 
Morris J .  Berman, 197 

Corexit 9500, biodegradation of oil on water, 

Corexit 9527, toxicity testing, 830 
Corexit 9554, toxicity testing, 830 
Corexit 9580 

983 

biological effects, 177 
Morris J .  Berman, 197 

Corexit 9850, efficacy for marsh grass, 203 
COSS see Coastal Oil-spill Simulation 

cost 
System 

Braer, 813 
cleanup, 27 
COFRs, 245 
COSTPART, 932 
financial responsibility, U.S. coastal states, 

liability and, 249 
reasonable, Greenhill spill, 465 

255 

CPPI, see Canadian Petroleum Products 

crew rescue, Aegean Sea response, 583 
crisis management system, Unocal, 481 
critical areas inspection plans (CAIP), tanker 

crude oil, chemical analysis methods, 554 

Cultural Resources Protection Guidelines for 

CWA see Clean Water Act 

Institute 

inspection, 297 

toxicity, 1003 

Alaska, 941 

damage assessment 
cooperative, natural resources, Avila 

Beach pipeline rupture, 327 
government-industry cooperation, 355 
lake, pipeline rupture, 415 
natural resources, computer models, 339 
natural resources, Texas, 351 
Ocean 255 explosion and fire, 231 
ïype A and B, 465 

potential, liability and cost, 249 
damages 

Presidente Rivera, 333 
see also compensation 

Dames & Moore, response plan, Bulgaria, 

databases 
767 

National Contact Points, 779 
international trends, 1006 
see also computers; particular software 

air curtain incinerator for emergency 

oil-contaminated, rotary kiln combustor, 

debris 

disposal, 1032 

958 
decision support 

configuration planning, 936 
Venezuela, 905 

Morris J .  Berman, 701, 707, 919 
see also cleanup 

decontamination 

degradation see biodegradation 
Delaware Bay, spill rate trends, 842 
Delaware River 

Presidente Rivera, natural resource damage 

vegetation cutting follow-up study, 465 
demonstration projects, nearshore, Alaska, 

demulsi fiers 

assessment, 333 

1035 

evaluation for oil spill response, improved, 

see also emulsification; emulsions 
165 

Department of Fish and Game, California, 

Department of Interior (DOI) regulations, 
948 

Presidente Rivera, resources, natural, 
damage asessment, 333 

developing countries, response systems, 783 
dibenzofurans, bum experiment, 123 
diffusion, modeling, 67 
dioxins, burn experiment, 123 
2dispersants 

Aegean Sea, 583 
Alaska, 287 
Braer, 813, 874 
damage assessment, chemical 

effectiveness at sea, U.K., 147 
evaluation, 211 
experimental, 611 
freshwater, effectiveness and toxicity, 373 
nearshore spraying, NEBA analysis, 611 
oil at sea, 157 
petroleum bioavailability to phytoplankton, 

858 
shoreline cleanup, 611 
toxicity, modeled-exposure test, 830 
Venezuela contingency planning, 997 

effectiveness, settling and Stokes’ law, 191 
natural, Braer, 955 
oil spills on water, 983 
vertical mechanical, modeling, 67 

fingerprinting, 967 

dispersion 

diving, oil recovery, Morris J. Berman, 551 
documentation, 1011 
DOI see Department of Interior 
Donaldson Inquiry, 241 

report, 821, 874 
dredges, cleanup, 855 
dredging, oil recovery, Morris J .  Berman, 

drifters, 3 
drill 

551 

contingency plan, Venezuela, 513 
ARCO Marine, Inc., 1036 

xxxvii 

see also training 
Dutos e Terminais do Centro-Oeste e Sao 

Paulo, pipeline risk management, 966 

earthquake, pipeline rupture (oil) into the 
Santa Clara River, California, 489 

Eastern Europe, response planning, 767 
EC see Environment Canada 
ECLAC see Economic Commission for Latin 

ecological considerations, shore cleanup, 611 
ecological damage, oil concentrations and, 

Newton Lake, Illinois, 415 
ecological recovery see recovery 
Economic Commission for Latin America 

and the Caribbean (ECLAC), 301 
economics 

America and the Caribbean 

Braer spill, 721 
cleanup, 663 
petroleum, Trinidad and Tobago, 495 
see also cost 

ecosystems, St. Lawrence, response time, 

elasticity modifiers, evaluation, 211 

elastol, evaluation, gasoline discharge, 

Ekni V, oiled beach material, 577 
emergency plans, 775 
emergency response 

657 

fresh water, 373 

Mississippi River, 453 

CEDRE, 850 
Notification System, rate trends, 842 

emergency tow program, Prince William 

emulsification 
Sound, 287 

modeling, 67 
sunken oil, 565 
weathering and dispersants, oil at sea, 157 
weathering crude oil, experimental, 435 

fresh water, 373 

burning, Alaska North Slope, 139 
burning, Norway, 115 
formation and breakage tests, 829 
treating agent effectiveness, 829 
FSR, 15 
see also demulsifiers 

environment 
auditing (internal), spill prevention and, 

293 
education, beach cleanup, training health 

and safety, 539 
high risk areas, marine (MEHRAs), Braer 

spill, 821 
offshore, MSRC‘s operations for the 

Morris J. Berman spill, 701 
environment, sensitive 

Caspian Sea, 832 
Great Barrier Reef, 319 
index (ESI), 855, 73 
inventories, Alaska, 287 
mapping worldwide, 77 
mapping, 365 
mapping, electronic, 855 
mapping, NOAA’s integrated program, 73 
Mechanical Protection Guidelines, 841 
response and contingency planning, 993 

Braer, 813 
Haven, 679 
long-term, pipeline rupture (oil), Newton 

emulsion treating agents, evaluation, 211 

emulsions 

environmental assessment 

Lake, Illinois, 407 
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environmental damage 
assessment, Haven, 679 
factors infiuencing, 935 
liability, OPA and, 713 

environmental impact 
Caspian Sea, 832 
Colonial Pipeline spill, Virginia, 473 
dispersants, U.K., 147 
freshwater response guidelines, 987 
pipeline rupture, Flathead Indian 

Reservation, Montana, 391 
pipeline rupture and burn as cleanup 

method, Copano Bay, Texas, 133 
three-dimensional model, 61 

Environmental Protection Agency (EPA) 
oil storage facility survey, 923 
OSCARS, 947 
PET, 827 
vulnerability analysis, 971 

environmental risk analysis, 971 
Environment Canada (EC) 

bioremediation agents, efficacy test 
protocols, 91 

environmental training for response, 1030 
EWS, 871 
response management role of emergency 

officers, 909 
rotary kiln combustor, 958 
toxicity testing, 373 
treatment options software, 55 

Ephemeroptera : Plecoptera : Tncoptera, 
pipeline rupture (fuel oil) impact, 
Flathead Indian Reservation, Montana, 
391 

EFT see Ephemeroptera : Plecoptera : 

equipment 
~ Tricoptera 

inventory management, 903 
response, 751 
response planning, 936 
stockpiling and lending, 751 

fishing vessels, SERVS, 523 
tugs, Prince William Sound, 279 

escort 

Esso Bernicia, recovery, 595 
European Economic Community (EEC) , 

evaluation, response preparedness and, 1029 
evaporation 

port state control, 301 

modeling, 67 
sunken oil, 565 
Weathering and dispersants, oil at sea, 157 

assessment opportunities, 509 
Canada, 527 
see also drills; training 

experimentation 
BIOS, 611, 219 
burning emulsions, Alaska North Slope, 

burning emulsions, Norway, 115 
design to quantify chemically dispersed 

crude bioavailability to phytoplankton, 
858 

dispersants, effectiveness at sea, U.K., 147 
dispersion and biodegradation of oil on 

NOBE, 123 
radiometry to detect oil thickness, 15 
spill case studies, 595 
spill model for dissolved PAHs, 49 

tracking systems, 3 
TROPICS, 611 

EWS see weather station, emergency 
exercises 

139 

water, 983 

spills, 595 

weathering and dispersants, oil at sea, 157 
weathering crude oil, 435 

exposure assessment, Haven, 679 
Exxon Pipeline Company see Copano Bay 
&on Valdez, 813, 904 

beach cleanup, and health and safety 
training, 539 

clam recovery, 985 
cleanup, 663 
cleanups costs, 27 
flocculation at shoreline, 219 
liability and, 249 
natural resource damage assessment, 345 
preparedness convention, 775 
response, evaluation, 615 
SERVS and fishing vessels, 523 
ship design, construction and maintenance, 

shoreline cleaner, 203, 219 
shoreline ecosystem (1990 to 1994) trends, 

shoreline oil, 1991 to 1993, 972 
waste disposal, 589 

821 

977 

farming, waste disposal, 589 
Federal Water Pollution Control Act 

federal on-scene coordinator see on-scene 

federal provisions, responder immunity and 

fees, private sector response, Canada, 745 
fertilizers, inorganic and organic, 

finance 

(FWPCA), 791 

coordinator 

salvage, 237 

bioremediation of beach sediments, 107 

Morris J .  Berman, 707 
response and, 737 
see also cost 

states, 255 
financial responsibility, vessel, U.S. coastal 

fingerprinting, source identification, 185, 967 

FIOCS see Fully Integrated Oil Collection 

fire 
air curtain incineration of debris, 1032 
bum experiment, Newfoundland, 123 
Haven, damage assessment, 679 
Ocean 255, lightering and salvage, 231 
sunken oil and, 573 
see ah0 burning 

India, 835 

System 

Fish and Wildlife Service, wetlands 

fish bonemeal, assessment, 107 
fisheries 

classification, sensitivity mapping, 365 

Aegean Sea, 725 
Braer, 721, 813, 874 
claims, 721 
damage assessment, California, 327 
ESI, 77 
Haven, 679 

fishing vessels 
SERVS, 523 
TAPS, 952 

flag state control, Braer spill, 821 
Flathead Indian Reservation, Montana, 

pipeline rupture (fuel oil), 
environmental impact, method, 391 

FLIR see infrared, forward looking 
flocculation, oil at shoreline, 219 
Honda 

mangrove recovery, 421 
protection strategies, tidal inlets, 1012 

xxxviii 

recovery, 595 
sunken oil, 565 
Tampa Bay spill, 421 
see ako Ocean 255; Tampa Bay 

foam, evaluation, gasoline discharge, 

FOSC see on-scene coordinator, federal 
France 

Mississippi River, 453 

bioremediation trials, 917 
bird cleaning product and process, 171 
C E D E  emergency response activities, 

intervention on the high seas, pollution 

protective booms trial, 43 

850 

threat, 719 

Fred Bouchard, floccuiation at shoreline, 219 
fresh water 

pipeline rupture, Grapevine Creek, 

pipeline rupture, recovery, 415 
resource characterization by GIS, Ohio 

River Valley, 381 
response, environmental impact, 987 
spill research, API, 965 
spills, technical issues, 373 

FSR see radiometry, frequency-scanning 
fuel oils, Group V, source, behavior, and 

Fully Integrated Oil Collection System 

funds, OPA90, CLC 1969 and 1992, 261 
FWPCA see Federal Water Pollution Control 

California, 459, 399 

response issues, 559 

(FIOCS), evaluation, 884 

Act 

Galveston Bay 
Area Contingency Plan (GBAP), 755 
buoys tested, 755 
modeling, 913 

gas chromatography, source identification, 

gas well, blowout, 355 
gases, combustion, burn experiment, 123 
gasoline discharge, Mississippi River, 453 
General Law for the Ecological Balance and 

Geographic Information Systems (GIS) 
advantages, 83 
contingency planning, MMS, 851 
crisis management and, 982 
impact assessment, 83 
Ohio River Valley resource 

characterization, 381 
resource assessment, 365 
Texas decision support system, 839 
see aho environment, sensitive, mapping 

185 

Environmental Protection (LGEEPA), 
791 

geographic response plans (GFWs), 
Washington, 933 

Georgia, Savannah area contingency plan 
committee organization, 651 

Germany, aerial surveillance, North and 
Baltic Seas, 21 

government-industry cooperation 

Grapevine Creek, pipeline rupture into 

grassland contamination 

Great Barrier Reef Marine Park Authority, 

Canada, 657 
HoustoníGalveston, 755 

freshwater stream, 459 

Braer spill, 721 
see also marsh 

prevention, 319 
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Great Lakes 
Canada, sensitivity mapping, 365 
environmental sensitivity mapping, 

NRDAUIGLE, 339 
sensitive environment mapping, 73 
Spill Protection Initiative (GLSPI), 387 

bioremediation, 910 
storage leaks and, 992 

electronic, 855 

Greenhill spill, 355 
ground water 

Group V fuel oil, recovery, Morris J. 

GRP see geographic response plans 
Gulf of Mexico 

Berman, 551 

buoys, tested, 3 
GIS for contingency planning, 851 
NRDAIWCME, 339 

habitat equivalency model (HEM), 465 
hatchery protection program, Alaska, 287 
Haven 

CEDRE, 850 
environmental damage assessment, 679 
sinking slick, 573 

PREP, 543 
ship routing, 275 

Hawaii 

Hazardous Waste Operations and Emergency 

hazards, frequency, 960 
health impact, Colonial Pipeline spill, 

Helsinki Convention, 21 
herding agents, evaluation, 211 

Heritage Resources Management Team, 
Morrk J.  Berman, 695 

Honam Jade, sinking slick, 573 
hull, double, OPA and, 713 
human error, international safety code, 305 
human health risks, pipeline rupture, 

Newton Lake, Illinois, 415 
hurricanes, salt marsh recovery, Louisiana, 

980 
hydrocarbons, pipeline rupture 

bum as cleanup, Texas, 133 
fate and effects, Grapevine Creek, 

Response (HAZWOPER), 539 

Virginia, 473 

fresh water, 373 

California, 399 
hydrophile-lipophile balance (HLB), 983 

IAT see international assistance team 
ICs see incident command system; 

identification 
International Chamber of Shipping 

Braer spill, 821 
trace metals and biomarkers, India, 835 
see also fingerprinting 

Illinois see Newton Lake 
imaging technology, airborne surveillance 

immobilization, biodegradation of crude oil, 

immunity see responder immunity 
impact assessment, GIS, 83 
incident command system (ICs), 761 

california, 345 
Morris J .  Berman, 687 

incident management 
OSCARS, 947 
principles of war applied, 928 

Incident S ecific Preparedness Review 

and reconnaissance, 9 

912 

(ISPRT, Morris J.  Berman, 737 

India, spill identification, 835 
industry 

contingency planning, Malaysia, 503 
cooperation, 673, 787 
damage assessment, cooperative, pipeline 

rupture, 327 
Donaldson Report, 821 
-government cooperation 
Latin America, contingency planning, 962 
organizations database, 779 
preparedness, 481 
tanker inspection, 297 
tanker routing, 275 

Industry Canada, treatment options 

information management 
Canada’s national exercise program, 527 
response team, 737 

IMO-OPRC databases, 779 
OPRC, 787 

software, 55 

information system 

information technology, preparedness and, 

infrared, forward looking (FLIR), OSC and, 

insurance, Braer spiil, 821 
Intergovernmental Maritime Consultative 

Organization (IMCO), Trinidad and 
Tobago, 495 

intergovernmental organizations, database, 
779 

International Chamber of Shipping (ICs), 
Braer spill, 821 

International Convention for Prevention of 
Poilution of the Sea from Ships 
(MARPOL) 

Argentina, 673 
responder immunity and salvage, 237 

International Convention on Civil Liability 
for Oil Pollution Damage (CLC), 797 

1969 and 1992, OPA 90 and, 261 
International Convention on Oil Pollution 

Preparedness, Response and 
Cooperation (OPRC), 801 

867 

1037 

IMO’S strategy, 787 
OPA and, 713 

International Convention on Standards for 
the Training, Certification, and 
Watchkeeping for Seafarers (STCW) 

Braer spill, 821 
OPA and, 713 

International Convention on the Protection 
of Poilution from Ships (MARPOL), 301 

Chile, 501 
Trinidad and Tobago, 495 

International Management Code for the Safe 
Operation of Ships and for Pollution 
Prevention (ISM Code), 305 

International Maritime Organization (IMO) 
Braer spill, 821 
information system, 779 
Latin America, 301 
OPA 90 and, 261 
OPRC convention implementation, 787 
pollution prevention for tankers in coastal 

waters, 311 
precautionary approach, 667 
safety code, 305 
salvage-based pollution defense, 241 
tanker inspection, 297 
Trinidad and Tobago, 495 

International Oil Pollution Compensation 

International Oil Pollution Research and 
Fund (IOPC Fund), OPA and, 713 

Development Abstract Database, 779 

XXXlX 

International Safety Guide for Oil Tankers 
and Terminals (ISGOTï), Braer spiii, 
821 

International Salvage Union (ISU), 241 
international assistance teams (IAT), 783 
international conventions 

preparedness, 775 
responder immunity and salvage, 237 
Trinidad and Tobago, 495 

aerial surveillance, North and Baltic Seas, 

Argentina-Uruguay, 673 
contingency planning for river basins, 953 
MEXUSPAC, 959 

international cooperation 

21 

international issues, cross-boundary 

international regimes, OPA 90 and, 261 
invertebrates 

recovery, pipeline rupture, Grapevine 

see ako aquatic organisms; bivalves; clams 
Iraq-Kuwait conflict spi& distribution and 

weathering of oil two years later, 443 
Zrini, recovery, 595 
island states, Trinidad and Tobago, 

contingency planning, 495 
islands, Louisiana, salt marsh recovery, 980 
ISM Code see International Management 

Code for the Safe Operation of Ships 
and for Pollution Prevention 

ISU see Intemational Salvage Union 
Italy, Haven, damage assessment, 679 

response, U.S., 801 

Creek, California, 399 

Jane Viking, 813 
Japan, response program, PAJ, 751 
Jin Shiang Fa spill, 1017 
Juan de Fuca Straits, modeling, 913 
jurisdiction, federal-provincial, Canada, 7 9  

Kaiwi Channel, Hawaii, tanker routing, 275 
Kazakhstan, Caspian Sea environmental 

sensitivity and impact analysis, 832 
ketones, burn experiment, 123 

lagoon, oil distribution and weathering two 

Laguncularia rucetnosa 
years later, Saudi Arabia, 443 

mitigation strategies, 429 
recovery, 421 
see also mangrove 

LAP10 spills, 565 
see also Group V fuel oil 

laser fluorosensor (LFS), aerial surveillance, 

Latin America 
North and Baltic Seas, 21 

contingency planning, 962 
port state control, 301 

Braer, 813 
international, and the precautionary 

approach, 667 
international, France and the right to 

intervene on the high seas, 719 
international, transboundary response, 797 
response partnerships and policy, Canada, 

745 
vessel liability and financial responsibility, 

U S .  coastal states, 255 

law 

leakage, volume estimation, ASTS, 939 
Lee Wang Zin, cleanup costs, 27 
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legal aspects, Braer spill, 721 
legislation, responder immunity and salvage, 

Texas statute for natural resources damage 

U. S .  and Mexico, 791 

237 

assessment, 351 

LGEEPA see General Law for the 
Ecological Balance and Environmental 
Protection 

Eraer spill, 821 
Canada, 797 
cost-reduction incentives, 249 
environmental damage, OPA and, 713 
Greenhiil spill, 465 
OPA 90 and international regimes, 261 
response in a foreign jurisdiction, 797 
vessel, U.S. coastal states, 255 
see &o responder immunity 

Ocean 255, 231, 621 
spill simulations and tanker routing, 265 

liability 

lightering 

litter disappearance rate, mangrove, 429 
Lloyd's Standard Form of Salvage 

Louisiana 
Agreement (1990) (LOF 90), 315 

coast, spill rate trends, 842 
contingency planning, GIS, 851 
Greenhill spill, 355 
Gulf Coast, marsh grass, oil removal, 203 
in-situ burning preapproval, 866 
Supreme Court ruling, liability, 255 

macroinvertebrate, pipeline rupture (fuel 
oil), Flathead Indian Reservation, 
Montana, 391 

Malaysia, contingency planning, 503 
mangrove 

adult vs juvenile mortality, 421 
mitigation strategies, 429 
recovery, Tampa Bay spill, 421 
red vs black recovery, 421 
restoration, Colombia, 990 

manning, standards, OPA and, 713 

sensitive environments, 855, 993 
sensitive environments, N O M S  

integrated program, 73 
sensitive environments, worldwide, 77 
sensitive resources, Bulgaria, 767 
shoreline habitat, 365 

Margaret Chouest, liability and, 249 
Marine Emergency Response Squadron 

(MERS), Bulgaria, 767 
Marine Environment Protection Committee 

(MEPC), precautionary approach, 667 
Marine Pollution Control Unit (MPCU), 

Braer, 813 
Marine Spill Response Corp. (MSRC) 

booms, performance offshore, 1025 
chemical treating agents, 211 
Morris J.  Berman, 701, 197 
offshore operations, 701 
responder immunity, 847 

mapping 

maritime regulatory reform (MRR), tanker 
inspection, 297 

MARPOL see International Convention for 
Prevention of Pollution of the Sea from 
ships 

marsh 
bioremediation and, 97 
burning as cleanup, 39 
ecological recovery, treated vs untreated, 

595 

Greenhill spill, 465 
oil distribution and weathering two years 

recovery, Louisiana, 980 
shoreline cleaner, 203 

mass media, Aegean Sea, 583 

Mechanical Protection Guidelines, 841 
Mega Borg 

later, Saudi Arabia, 443 

MCN-5 spill, 559 

cleanup costs, 27 
natural resources damage assessment, 351 

MEHRA see environmental high risk areas, 
marine 

Memorandum of Agreement (MOA) on Oil 
Spill Prevention and Response, 761 

MEPC see Marine Environment Protection 
Committee 

MERS see Marine Emergency Response 
Squadron 

metals 
burn experiment, 123 
trace, in oil, 835 

flocculation at shoreline, 219 
recovery, 595 

contingency plans, 801 
spill regulatory systems, 791 
-United States, cross-boundary response, 

-U. S .  Pacific cooperation, 959 
MEXUSPAC, 959 

Metula, 501 

Mexico 

801 

microwave radiometer (MWR), aerial 

MIDMOD, 906 
migration model, biological impact 

mineral particles, oil interactions, 219 
Minerals Management Service (MMS), GIS 

for contingency planning, 851 
Mississippi River, Missouri, gasoline 

discharge, 453 
mitigation strategies, mangrove, 429 
3M fire boom, 31 
MMS see Minerals Management Service 
Mobil Oil, preparedness assessment 

program, 168 
Mobiloil spill, 559 
modeling 

surveillance, North and Baltic Seas, 21 

assessment, 906 

environmental impact assessment, three- 

PAH, 49 
radar measurement of surface currents, 

lo00 
SPILLSIM, 913 
spill simulations and tanker routing, 265 
Stokes' law, 67 
Stokes' law, settling vs. dispersion, 191 
techniques, 67 
weathering on crude oil, circulating water 

see also simulation 

dimensional, 61 

channel, 435 

monitoring, response effectiveness, guide, 
193 

Montana, pipeline rupture (fuel oil), 
environmental impact, 391 

Morris J. Berman, 559, 904 
cleanup, 663, 707 
Corexit 9580 biological effects, 177 
decontamination, 919 
heritage resources protection, 695 
MSRC's offshore operations, 701 
oil recovery, 551 
operational considerations, 707 

XI 

preparedness plan, 737 
response, 645, 7û7 
response management, FOSC perspective, 

shoreline cleaning agents, 197 
sinking slick, 573 

MOU see Paris Memorandum of 
Understanding 

MSRC see Marine Spill Response 
Corporation 

mussels, bioremediation and, 177 

687 

Nassia, CEDRE, 850 
National Civil Protection System (Mexico), 

national contact points, database, 779 
National Contingency Pian 

area committee responsibilities, 944 
Product Schedule Database, 887 
Venezuela (VNCP), 513 

791 

National Environmental Technology Centre, 
U. K. response policy at-sea, 1014 

emergency procedures manual, Greenhill 

freshwater response guidelines, 987 

Administration ( N O M ) ,  China 
Academy of Transportation Sciences 
(CATS), port area contingency planning 
project, 838 

OPA and, 713 
sensitive environmental mapping program, 

National Oil and Hazardous Substances 
Pollution Contingency Plan (NCP), 791 

National Oil Spill Contingency Plan 
(NOSCP), Malaysia, 503 

Strait of Malacca (SOMCP), 503 
National Pian for Rescue and Combating 

Accidental Pollution at Sea (Spain), 
Aegean Sea response, 583 

National Preparedness for Response Exercise 
Program (PREP), 543 

National Response System 
vessel response plans, 926 
war principles applied to incident 

management, 928 
Natural Resource Damage Assessment 

Coastal and Marine Environments 

Great Lakes Environments (NRDAM/ 

damage assessment, 355 
GIS characterization, Ohio River Valley, 

marine living, compensation, Aegean Sea 

sensitivity mapping, 365 

spill, 465 

National Oceanic and Atmospheric 

73 

Model 

( N R D N C M E ) ,  339 

GLE), 339 
natural resources 

381 

spill, 725 

NCP see National Oil and Hazardous 
Substances Pollution Contingency Plan 

NEBA see Net Environmental Benefit 
Analysis 

Nestucca, 904 

Net Environmental Benefit Analysis 

NETCEN see National Environmental 

nets, Teflon, thin film oil sampling, 882 

cleanup cost, 27 

(NEBA), 663 
oil spill response, 611 

Technology Centre 
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New Jersey 
Canadian Liberty spill, 465 
PREP, 543 
spill rate trends, 842 
see also Delaware River 

New Jersey Responder, boom testing, 31 
New York 

PREP, 543 
spill rate trends, 842 

Newfoundland Offshore Burn ExDeriment 
(NOBE), 123 

Newton Lake. Illinois. DiDeline ruDture (oil). . I. 

environmental assisment, 40? 
No. 6 fuel oil, see Morris J .  Berman spill 
NOBE, see Newfoundland Offshore Burn 

NOFI VEE Sweep, evaluation, 884 
Nokomis 3, toxicity testing, 830 
Norcontrol Oil Spill Management Simulator, 

Nord Pacific, cleanup costs, 27 
Nordic Council, Copenhagen agreement, 807 
Norlense A í S  barrier boom model NO-1370- 

North American Free Trade Agreement 

North Sea, international aerial surveillance, 

North Slope, survey, 904 

Northwest Area Contingency Plan, 927 
Norway 

burning of emulsions, 115 
NOFI VEE Sweep, evaluation, 884 
shipwrecks, 733 
Pollution Control Authority (NPCA), 733 

Nosac Forest, compensation schedule, 359 
flocculation at shoreline, 219 

NOSCP see National Oil Spill Contingency 
Plan 

NRDA see resources, natural, damage 
assessment 

NRDAM see Natural Resource Damage 
Assessment Model 

nutrient washout, tides, 896 

Experiment 

848 

R, 31 

(NAFTA), oil and, 791 

21 

see also Alaska; Exxon Valdez 

Ocean 255 
command and control, 621 
lightering and salvage, 231 

ocean currents, airborne surveillance, 9 
Office of Pipeline Safety, sensitive 

environment mapping, 73 
Ohio River Valley, GIS resource 

characterization, 381 
Oil Company International Manne Forum 

(OCIMF), pollution prevention for 
tankers transiting coastal waters, 311 

Oil Pollution Act of 1990 (OPA 90), 791 
exercises, 509 
implementation, 275 
international community and, 713 
international regimes and, 261 
liability and cost, 249 
liability and, 249 
natural resources trustees, Greenhill spill, 

responder immunity and salvage, 237 
465 

Oil Pollution Co-ordination Centre (OPCC), 
787 

information system, 779 
Oil Pollution PreDaredness Resmnse and Co- 

operation Convention 1996 (OPRC), 
775, 779, 787 

Oil Spill Intelligence Report, rate trends, 842 

Oil Spül Prevention and Response Act 
(OSPRA) 

California, 761, 921, 948 
Texas, 351, 839 

Oil Traveller, 813 
oil boom linear hauler launch and recovery 

oil burial and breakdown, coastal dune 
system, 976 

systems, long-term, United Kingdom, 
577 

oil containment and recovery system, 873 
oil fate 

dispersion, natural, 955 
Haven, 679 
Shell Martinez Refinery spill, 864 
shoreline, Alaska (1991 to 1993), 972 

oil recovery see recovery, oil 
oil seeps, remediation, cost effectiveness, 998 
oil spill rates, trends, 842 
oil storage facilities, EPA survey, 923 
oil thickness, radiometric detection, 15 
oil tracking, buoy deployment, Alyeska 

oil well blowout see blowout 
oil, sunken 

conditions that favor, 573 
properties, 565 
recovery, Morris J. Berman, 551 
refloating mechanisms, 573 
transport, 565 
transport, environmental impact 

see also LAP10 

Pipeline Service Co., 1023 

assessment model, 61 

OILPOL agreement 878, implementation, 

on-scene coordinator 
673 

federal (FOSC), 651 
infrared sensors, 1037 
Morris J. Berman, 687,707 
PREP, 543 
training, 1034 

OPA 90 see Oil Pollution Act of 1990 
operational discharges, Great Barrier Reef, 

operational monitoring guide, 193 
OPRC see International Convention on Oil 

Poilution Preparedness, Response, and 
Cooperation of 1990 

reconnaissance, 9 

experiment, 123 

code, 305 

319 

optical sensors, surveillance and 

organic compounds, volatile (VOCs), burn 

organizational errors, international safety 

Orion hull, 3 
OSBA see bioremediation agents 
OSC see on-scene coordinator 
OSCA, see capability assessment, oil spill 
OSCARS see response, EPA 
OSPR see Oil Spill Prevention and Response 
OSPRA see Oil Spiil Prevention and 

OSRO see response organizations, oil spill 
OSRV see response vessels 

Response Act 

P&I clubs see Protection and Indemnity 

Pacific Coast, N R D M C M E ,  339 
PAH see polycyclic aromatic hydrocarbons 
Paint Filter Liquids Test (PFT), correction, 

Panama refinery spill, dispersants, 611 
parallel processing machines, 67 
Paris Memorandum of Understanding 

(MOU), Braer spill, 821 

Clubs 

827 

xli 

particle size distribution analysis (PSD), 191 
particulates in air, bum experiment, 123 
PDVSA see Petróleos de Venezuela 
Peck Slip, sinking slick, 573 
Peltandra, cutting, 465 
Pennsylvania see Delaware River; Ohio 

River Valley 
Penobscot Bay, boom teasting, 31 
personal chromatograph (PC), source 

identification, 185 
personnel 

Colonial Pipeline spill, Virginia, 473 
contingency plan, Venezuelan, 513 
manning standards, 713 
Morris J .  Berman, 701, 707 
offshore operations, 701 
response planning, 936 
team building, 621 
see also, training 

PES-51, Morris J.  Berman 701, 197 
Petr6leos de Venezuela (PDVSA), 

contingency plan, 513 
Petroleum Association of Japan (PAJ), 

response program, 751 
Petroleum Industry of Malaysia Mutual Aid 

Group (PIMMAG), 503 
Petrolite E X 0  0894, 139 
PFT see Paint Filter Liquids Test 
Phillips Oklahoma, dispersant effectiveness, 

photosynthesis, mangrove, 429 
Phragmites, cutting, 465 
PIMMAG see Petroleum Industry of 

Malaysia Mutual Aid Group 
pipeline rupture 

Avila Beach, California, damage 

Copano Bay, Texas, burning as cleanup, 

crude oil, Grapevine Creek, California, 

Fairfax County, Virginia, 473 
Grapevine Creek, california, oil fate and 

Newton Lake recovery, Illinois, 415 
Newton Lake, Illinois, environmental 

Santa Clara River, California, Northridge 

underground, Copano Bay, Texas, 133 
pipelines, oil and gas, risk management, 966 
Planning & Evaluation Guide, Canada’s 

national exercise program, 527 
planning 

147 

assessment, 327 

39 

459 

effects, 399 

assessment, 407 

earthquake, 489 

cooperative, 921 
sensitive environment mapping and, 73 

cutting, 465 
mitigation strategies, 429 
see also mangrove; vegetation; wildlife 

Aegean Sea, 583 
Copenhagen agreement, 807 
defense, salvage, 241 
response, China, 729 
response, OPCC, 779 
threat, France, intervention on the high 

pollution prevention, 241 

plants 

pollution 

seas, 719 

Argentina. 673 
Csfomia; 761 
China, 729 
precautionary approach, 667 
tankers transiting coastal waters, 311 
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pollution response, global, 783 
Poimar pians, 43 
polyaromatic hydrocarbons (PAH) 

bum experiment, 123 
fingerprinted 6 years post-spill, Newton 

spill model, 49 
Lake, Illinois, 407, 415 

“pom-poms,” Nosac Foresr spill, 

port state control 
Braer s p a ,  821 
Canada, 311 
Latin America, 301 
OPA, 713 

construction, China, 729 
contingency planning, CATS-NOAA, 838 

Potomac, sinking slick, 573 
Prairie Oil Spill Containment and Recovery 

Advisory Committee (PROSCARAC), 
air curtain incineration, 1032 

precautionary approach, framework, IMO, 
667 

Préfet Maritime, 719 
PREP see National Preparedness for 

Response Exercise Program 
preparedness 

Washington, 359 

ports 

assessment program, 168 
CEDRE, 850 
corporate, 481 
evaluation and, 1029 
information technology and, 867 
international convention, 775 
methods, 1015 
Morris J .  Berman oil spill, 737 
Pacific, U. S.-Mexico cooperation, 959 
PREP, 543 
Swedish Coast Guard, 1032 

Presidente Rivera, natural resource damage 
assessment, Delaware River, 333 

prevention 
environmental auditing (internai) and, 293 
evaluation matrix, 615 
France, intervention on the high seas, 719 
implementation, California, 761 
planning, quality vs quantity, 615 
pollution from ships, Argentina, 673 
salvage vs., 315 
trans-Alaska pipeline system tanker trade, 

F’rince William Sound 
response plan, 523 
tug escort and rescue towing, 279 

private sector-government response, 

Program Guide, Canada’s national exercise 

property damage, Braer spill, 721 
PROSCARAC see Prairie Oil Spill 

Protection and Indemnity Clubs (P&I clubs) 
Louisiana Supreme Court ruling, 255 
Texas, 351 

protection strategies 
Mechanical Protection Guidelines, 841 
tidal inlets, 1012 

Protocol Concerning Co-operation in 
Combatting Oil Spills in the Wider 
Caribbean Region, cross-boundary 
response, 801 

Aegean Sea, 583 

287 

Bahrain, 963 

program, 527 

Containment and Recovery Advisory 
Committee 

public authorities, Braer spill, 721 
public opinion 

Braer, 813 
Canada, tanker safety, 745 
prevention and response, TAPS tanker 

trade, 287 
Puerto Rico see Morris J .  Berman 
Puget Sound, modeling, 913 
pumping, oil recovery, Morris J .  Berman, 

551 

radar 
FLIR, 1037 
surface currents for oil spill modeling, 

surveillance and reconnaissance, 9, 21 
lo00 

radio stations, coastal, 779 
radiometry, frequency-scanning, oil thickness 

readiness assessment, exercises, 509 
reclamation see recovery, oil 
reconnaissance, airborne, imaging 

recovery, ecological 

detection, 15 

technology, 9 

Alaska shoreline, trends (1990 to 1994), 
977 

Braer, 813 
defined, 595 
intertidal, Saudi Arabia, 443 
long-term follow-up, value of, 974 
mangroves, 421 
marshes, treated vs untreated, 595 
pipeline rupture, and burn as cleanup 

method, Copano Bay, Texas, 133 
pipeline rupture, Grapevine Creek, 

California, 459 
rocky shores, treated vs untreated, 595 
shoreline cleaner, 203 
timescales reported, 595 

Aegean Sea, 583 
containment system, 873 
Group V fuel oils, 559 
Ocean 255, 231 
sorbents, cost effectiveness, 998 
submerged, Morris J .  Berman, Puerto 

sunken, 565 
systems, effectiveness, 983 
technique along shores, 878 
waste disposal at sea and, 589 

water-related, damage assessment, 

use value, Presidente Rivera, 333 

recovery, oil 

Rim, 551 

recreation 

California, 327 

reed grass, cutting, 465 
refineries 

contingency plans, Chile, 501 
Texaco Anacortes spill, cleanup costs, 27 

Regional Operative Network for Cooperation 
among Latin American Maritime 
Authorities (ROCRAM), port state 
control, 301 

Regional Response Team, in-situ burning 
preapproval, 866 

regulations 
Chile. 501 
GLSPI, 387 
Mexico-United States. 791 
multiple response pla&ng, 833 
U. S. and Mexico, 791 
see also legislation 

rotary kiln combustor, 958 
sorbents, cost effectiveness, 998 

remediation 

remoteness, response, Jin Shiang Fa, 1017 
reporting 

Braer spill, 821 
procedures, 775 

rescue, tanker towing and escort, Prince 

resources, cultural 
William Sound, 279 

Alaska guidelines, 941 
Morris J .  Berman, 695 

Braer, 813 
assessment, GIS, 365 
protection by booms, 853 
trajectory analysis and, 265 
trustee agencies, 345 

resources, natural, damage assessment 
cooperative, California, 327 
Haven, 679 
incident command system and, 345 
Presidente Rivera spill, Delaware River, 

Texas, 351 
resources, sensitive, mapping, Bulgaria, 767 
responder immunity 

Canadian law, 797 
cross-boundary response, 801 
Nosac Foresr spill, Washington, 359 
salvage and, 237 
U. S., 847 

Aegean Sea, 583 
Braer, 721, 813, 874 
California, 761 
Colonial Pipeline spill, Virginia, 473 
cross-boundary, U.S., 801 
demulsification tests, 165 
effectiveness, guide, 193 
emergency weather station system support, 

environmental training, 1030 
EPA, OSCARS, 947 
equipment stockpiles, 751 
features, ESI, 77 
fees, 745 
gasoline discharge, Mississippi River, 453 
Gulf of Alaska, 287 
Haven, 679 

resources, natural 

333 

response 

871 

implementation, California, 761 
LAPIO. 565 
LOF 90’ and, 315 

monitoring, Morris J .  Berman, 177 
Morris J.  Berman, 737, 707 
natural resource damage assessment and, 

PAJ program, 751 
partnerships and policy, Canada, 745 
pipeline rupture, Copano Bay, Texas, 39 
pipeline rupture, Grapevine Creek, 

private sector, 745 
remote, Jin Shiang Fa, 1017 
sunken oil, 565 
system development, Argentina, 673 
TAPS tanker trade, 287 
time, community and, 657 
training, Sweden, 1032 
transboundary, 797 
U. K. policy at-sea, 1014 
UCS, 1028 
unified command, 892 
Unocal, 481 
vessel system, ship escort (SERVS), 

logistics, 645 

345 

California, 399 

fishing vessel response training, 523 

xlli 
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wildlife, Tampa Bay, 635 
see also cleanup; training 

response management, 645 
Environment Canada emergency officers’ 

role, 909 
management, Morris J .  Berman, 687 
training, 1026 

response organizations (OSROs) 
logistics, 645 
transboundary response, 797 

response planning 
Bulgaria, 767 
Eastern Europe, 767 
equipment and personnel, 936 
geographic, Washington, 933 
implementation, 193 
lessons from major incidents, 935 
Mechanical Protection Guidelines, 841 
multiple, regulatory requirements, 833 
options, software, 55 
protocol, 657 
seasonal river currents, 937 
sensitive environment and, 993 
tide and current data, 755 
vessel, 926 
vessel, OPA and, 713 

correction, 1029 

organization and tasks, 783 

response preparedness, evaluation and 

response systems, national, development, 

response team 
organization, development and training of 

equipment, 485 
Ocean 255, lightering and salvage, 231 
pipeline rupture (oil), Santa Clara River, 

volunteers, 485 

California, 489 
response vessels see Caribbean Responder; 

Jane Viking; Oil Traveller; Smit Orca; 
Smit Tak 121; Star Sirius; 

Response Vessel System, Ship Escort, 
(SERVSì. 287 

rest&ation, hesidente Rivera, 333 
Rhizophora mangle 

mitigation strategies, simulated oil spill, 
429 

recovery, 421 
see also mangrove 

Rio Orinoco, cleanup costs, 27 
risk, perceived vs true, Bulgaria, 767 
risk analysis 

Great Barrier Reef, 319 
Trinidad and Tobago, 495 

river currents, response planning, 937 
Robins Dry Dock, liability and, 249 
ROCRAM, see Regional Operative Network 

for Cooperation among Latin American 
Maritime Authorities 

Rosebay, dispersant effectiveness, 147 
rotating flask emulsion test (ROFLET), 165 
RSI buoys, 3 

Safer Ships, Cleaner Seas see Donaidson 

safety 
international management code, 305 
marine environment, 945 
Morris J .  Berman, 701, 707 
Ocean 255, 621 
response planning, 951 

Balsa 37, 621 

Inquiry 

salmon farms, Braer spill and claims, 721 
salvage 

Braer, 813, 821 
Convention, 315 
equipment, 315 
LOF 90 and, 315 
Ocean 255,231, 621 
pollution defense, 241 
prevention vs., 315 
responder immunity, 237 
see also recovery, oil 

San Joaquin Valley see Grapevine Creek 
San Juan, Puerto Rico see MorrrS J.  Berman 
San Luis Pass, response strategy, 755 
San Patricio County, Texas see Copano Bay 
sand 

oil distribution and weathering two years 
later, Saudi Arabia, 443 

mixing, and sunken oil, 573 
removal, Tampa Bay, Florida, 627 

Sansinena spill, 559 
Santa Clara River, pipeline rupture (oil), 489 
Santa Monica Bay, spill exercise planning 

Saudi Arabia 
and execution, 1031 

oil weathering two years later, 443 
shore biota recovery, 979 

Scirpus, cutting, 465 
sea urchins, bioremediation and, 177 
seagrass, damage, Haven, 679 
Seagreen, assessment, 107 
seaport construction, environmental concern, 

Searsport, Maine, dispersant spraying, 611 
SeaSonde, currents measurement, lo00 
sediment 

729 

cleansing, flocculation, 219 
damage assessment, Haven, 679 
mixing, and sunken oil, 573 
oil residues, bioavailability post-spiil, 864 
PAH concentration, Newton Lake, Illinois, 

petroleum characteristic, 391 
quality, pipeline rupture, Grapevine 

removal, beach cleanup, Tampa Bay spill, 

sunken oil, 565 
Seki, CEDRE, 850 
sensitive environment see environment, 

sensitivity analysis, ADIOS, 898 
SERVS see response vessel system, ship 

escort 
settlement 

407 

Creek, California, 399 

627 

sensitive 

Greenhill spill, 465 
Presidente Rivera, 333 

settling, dispersion effectiveness, and Stokes’ 
law, 191 

shallow water, MSRC shuttle barge system 
for cleanup, 844 

Shell Martinez Refinery, sediment oil 
residues, bioavailability post-spill, 864 

Shenzhen Special Economic Zone (SSEZ), 
729 

Shetland Islands see Braer 
Ship Escort Response Vessel System 

(SERVS), pipeline system tanker trade, 
287 

ship collision see Tampa Bay 
ship design, construction, and maintenance, 

Braer spill, 821 
ship inspection, 301 
ship operation, Braer spill, 821 
Ship-Source Oil Pollution Fund (SSOPF), 

797 

xllii 

ship-source spills see Aegean Sea; Alvenus; 
American Trader; Apex; Arco 
Anchorage; Arrow; Avicennia; B. No. 
155; Balsa 37; Bouchard; Braer; Cabo 
Pilar; Cabo Tamar; Canadian Liberty; 
Christos Bitas; Eieni V; Esso Bernkin; 
Exxon Valdez; Florida; Haven; Honam 
Jade; Irini; Jin Shiang Fa; Lee Wang 
Zin; Mega Borg; Metula; Mobiloil; 
Morris J. Berman; Nassin; Nord Pacifìc; 
Nosac Forest; Peck Slip; Phillips 
Oklahoma; Potomac; Presidente Rivera; 
Rosebay; Sansinena; Seki; Sivand; Tenyo 
Maru; Texaco Westminster; Torrey 
Canyon; World Prodigy 

shipowners, LOF 90 and, 315 
ships, routing, 275 
shipwrecks, Norwegian Pollution Control 

Authority registration, inspection, 
planning, 733 

ShoreCiean@, 55 
shoreline 

Alaska, ecosystem monitoring (1990 to 

assessment, Morris J. Berman, 707 
environmental impact assessment model, 

ESI, 77 
extremely oiled, 611 
Exxon Valdez, 1991 to 1993,972 
mapping, 365 
oil distribution and weathering two years 

later, 443 
oil recovery technique, 878 
pretreatment agents, evaluation, 211 
pretreatment agents, evaluation, fresh 

protection using natural agents, 995 
rocky, ecological recovery, treated vs 

Saudi Arabia, recovery, 979 
standardized assessment, 904 
treatment and clam recovery, Alaska, 985 
treatment, software, 55 

shoreline cleaning agents 
evaluation, 211 
evaluation, fresh water, 373 
guidelines for use, 197 
mangrove, 429 
marsh grass, 203 
Morris J .  Berman spill, 197 

shoreline cleanup, 219 
Aegean Sea, 583 
bioremediation strategy assesments, 901 
costs, 27 
MSRC shuttle barge system for shallow- 

NEBA, 611 
see also cleanup 

Aegean Sea spill, 894 
exercise planning and execution, Santa 

mitigation strategies, mangrove and, 429 
nearshore spill researach, 942 
response management training, 848 
tanker routing off U.S. coasts, 265 

sinking pollutant, environmental impact 

Sivand, dispersant effectiveness, 147 
skimmers 

1994) trends, 977 

61 

water, 373 

untreated, 595 

water cleanup, 844 

simulations 

Monica Bay, 1031 

assessment model, 61 

Aegean Sea oil recovery, 583 
capabilities and costs, 878 
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evaluation, gasoline discharge, Mississippi 

Morris J .  Berman, 707 

burning Alaska North Slope emulsions, 

conditions that favor sinking, 573 

River, 453 

slicks 

139 

Slik-a-way, toxicity testing, 830 
slop oil spill, Colombia, mangrove 

sludge plants, waste disposal, 589 
Smit Orca, 813 
Smit Tak 121, 813 
smolt, Braer spill and, 721 
snails, bioremediation and, 177 
socioeconomics 

restoration and, 990 

cleanup and ecological recovery timescales, 

ESI, 77 
shore cleanup, 611 
see also cost 

see also computers 

banks, waste disposal, 589 
bioremediation, 910 
respiration rate, mangrove, 429 

evaluation, 211 
freshwater environment, effectiveness and 

scientific literature, 595 

software, shoreline treatment, 55 

soil 

solidifiers 

toxicity, 373 
SOMCP see National Oil Spill Contingency 

soot see particulates in air 
sorbents 

cost effectiveness, 998 
rotary kiln combustor, 958 
testing protocol, 877 

see also fingerprinting 

Plan, Strait of Malacca 
i 

source identification, spilled petroleum, 185 

Spain see Aegean Sea 
Spartina alternijiora 

bioremediation and, 97 
shoreline cleaner, 203 

Spill Planning, Exercise, and Response 

species diversity, pipeline rupture and burn 
as cleanup, Texas, 133 

spill assessment, GIS, 83 
spill detection, CEDRE, 1021 
spill identification see fingerprinting 
spill, experimental, Delaware, 

bioremediation, 889 
spills, frequency, %o 
SPILLSIM, hydrodynamic-oil spill 

St. Lawrence, ecosystem protection, 657 
stakeholders, Canada, 657 
Star Sirius, 813 
state provisions, responder immunity and 

salvage, 237 
STCW, see International Convention on 

Standards for the Training, Certification, 
and Watchkeeping for Seafarers 

Stokes’ law, settling effect on dispersion, 191 
storage 

leaks, ground water and, 992 
tanks, aboveground (ASTS), estimating 

volume of oil leaking, 939 
tanks, waste disposal, 589 
see also pipeline rupture 

Strait of Georgia, modeling, 913 
Strait of Malacca see Malaysia 

SPEARS computer model, USCG 

System (SPEARS), 1039 

modeling, 913 

stranding, modeling, 67 
streams, mapping, 365 
subtidal habitats, ESI, 77 
surface spreading 

environmental impact assessment model, 

modeling, 67 
surveillance, aerial 

imaging technology, 9 
Morris J.  Berman, 707 
North and Baltic Seas, 21 
radiometry to detect oil thickness, 15 

61 

Sweden, response training, 1032 
symbology, ESI, 77 
System ET, 844, 891 

Tampa Bay spill, 904 
beach cleaning, 627 
command and control issues, 621 
wildlife, 635 

Tanker Owners Voluntary Agreement 
Against Liability for Oil Poilution 
(TOVALOP), Trinidad and Tobago, 495 

tankers 
inspection program, U. S .  Coast Guard, 

pollution incidents, 311 
pollution prevention programs, coastal 

routing, industry’s concerns, 275 
routing, U.S. coasts, 265 
TAPS, prevention and response, 287 
tug usage for escort and rescue towing, 

TAPS see Trans-Alaska Pipeline System 
technical support, beach cleanup, Tampa Bay 

telemetry, surveillance and reconnaissance, 9 
temperature, sunken oil, 565 
Tenyo Maru, cleanup costs, 27 
terminals 

297 

waters, 311 

279 

spiil, 627 

contingency plans, Chile, 501 
spill detection, CEDRE, 1021 

dispersant toxicity, modeled-exposure, 830 
fireproof booms, 836 
oil containment boom, at sea, 31 

testing 

Texaco Anacortes Refinery spill, costs, 27 
Texaco Offshore Bulgaria, response plan, 767 
Texaco Westminster, dispersant effectiveness, 

Texaco, Inc., environmental auditing 

Texas 

147 

(internal) to prevent spills, 293 

coast, spiii rate trends, 842 
GIS and trajectory modeling, 839 
government-industry cooperation, 755 
in-situ burning preapproval, 866 
natural resources damage assessment, 351 
PREP, 543 
response system, 947 
sensitive environment mapping, 73 
see also Copano Bay 

TexSonde ’94, lo00 
thermal treatment, oily waste, 589 

see also, burning 
thin film oil sampling, Teflon nets, 882 
tidal inlets, protection strategies, 1012 
tide, nutrient retention in a sandy beach, 896 
Timbalier Bay, Louisiana, well blowout, 904 
Torrey Canyon, 813 

preparedness convention, 775 
recovery, 595 

xliv 

Tosco Refining Company, response team 

tourism, Bulgaria, response planning, 767 
tow speed, booms and oil loss, 865 
towing, escort and rescue, Prince William 

toxicity 

training, 485 

Sound, Alaska, 279 

bioremediation, 97 
chemical treating agents, 211 
crude oil, 1003 
modeled-exposure test, 830 

buoys, 3 
buoys for response strategies, 755 
see also surveillance 

training, 1011 
Alaska, state on-scene coordinator’s 

course, development, 1019 
ARCO Marine, Inc., 1036 
Argentina, 673 
beach cleanup, health and safety, 539 
Canada’s national exercise program, 527 
contingency planning, CATS-NOM, 838 
cost, 485 
environmental, 1030 
fishing vessel, SERVS, 523 
marine environment, 945 
methods, 1015 
on-scene cordinator, 1034 
OPRC, 787 
performance standards, 485 
response management, 1026 
response management, simulation-based, 

response team, in-house, 485 
response, Japan, 751 
response, Swedish Coast Guard, 1032 
Savannah area contingency planning, 651 
SERVS, 287 
spill capability assessment, Mobil oil, 168 
Swedish Coast Guard, 1032 

Aegean Sea spill, 894 
Gulf of Mexico, 265 
Texas decision support system, 839 
West Coast, 265 

Trans-Alaska Pipeline System (TAPS) 
community and fishing industry support, 

tanker route, prevention and response, 287 

tracking 

848 

trajectory analysis 

952 

transborder issues, U.S. and Mexico, 791 
treatment, shoreline, software, options, 55 
trends 

international database, 1006 
spiii rate, 842 

Tri-State Bird Rescue & Research, Tampa 
Bay, 635 

tribal trustees, Nosac Forest spill, 
Washington, 359 

Trinidad and Tobago, contingency planning, 
495 

TROPICS experiment, 611 
trustee agency, incident command system 

tugs, tanker escort and rescue towing, 279, 

turtles, rescue and rehabilitation protocols, 

and natural resource damage 
assessment, 345 

287 

Tampa Bay, 635 

UCS see command system, unified 
United Kingdom 

dispersant effectiveness at sea, 147 

i 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---

Full document details: API Publ 4620-1995 scan

http://www.avadocuments.com/doc/api-publ-4620-1995-scan
http://www.avadocuments.com/doc/api-publ-4620-1995-scan


A P I  PUBL*4620 95 W 0732290 0547304 023 

oil burial and breakdown, coastal dune 
systems, long-term, 577 

response policy at-sea, 1014 

agencies database, 779 
Conference on Environment and 

Development (UNCED), 
precautionary approach, 667 

United Nations 

United States 
cross-boundary response, 801 
NOBE, 123 
pacific and Mexican cooperation, 959 
PREP, 543 
responder immunity, 847 
spill regulatory systems, 791 
vessel liability and financial responsibility, 

255 
U. S. Coast Guard 

contingency planning, 761 
response, 761 
equipment integrated logistics system, 

903 
infrared sensors and OSC, 1037 
simulations and tanker routing, 265 
tanker inspection program, 297 
training for response management, 1026 
Vessel of Opportunity Skimming System 

(CGVOSS), evaluation, 884 
U. S. Fish and Wildlife Service, sensitive 

U. S. Navy model USS-42 boom, 31 
Unocal 

environment mapping, 73 

damage assessment, A d a  Beach pipeline 

preparedness, 481 
rupture, 327 

Uruguay, international cooperation, 673 
USCG inflatable oil containment boom, 31 

vacuum, evaluation, gasoline discharge, 
Mississippi River, 453 

vector processing machines, 67 
vegetation 

cutting, recovery and, 465 
pipeline rupture, Grapevine Creek, 

pipeline rupture and bum as cleanup, 

pipeline rupture, Santa Clara River, 

California, 459 

Texas, 133 

California, 489 

seagrass, damage, Haven, 679 
see also marsh; plants 

contingency planning, 997 
contingency planning for river basins, 953 
decision support system, 905 
mitigation strategies, mangrove, 429 
national driil of contingency plan, 

Venture condensate, assessment, 107 
vessel response plans, 926 
vessel-based site assessment system, safety, 

951 
Virginia 

vendor evaluations, Morris J. Berman, 707 
Venezuela 

evaluation, 513 

Colonial Pipeline spill, 473 
PREP, 543 

VNCP see National Contingency Plan 

VOC see organic compounds, volatile 
volatilization, environmental impact 

assessment model, 61 
vulnerability analysis, 971 

Against Massive Oil Spills in Venezuelan 
Territorial Waters 

war, principles applied to incident 

Washington 
management, 928 

geographic response planning, 933 
Nosac Forest spill compensation schedule, 

prevention plan, evaluation, 615 

cleanup site, pipeline rupture, Grapevine 

disposal at sea, 589 
hazardous and nonhazardous, 589 
Ocean 255, 621 

359 

waste management 

Creek, California, 459 

waterborne compounds, bum experiment, 

waterfowl 
123 

Greenhill spill, 465 
secondary oiling, prevention, 465 
see also birds 

watersheds, mapping, 365 
water quality 

burn experiment, 123 
pipeline rupture, Grapevine Creek 

California, 399 

pipeline rupture, oil fate and effect, CA, 

see also fresh water; ground water 
Water Quality Improvement Act, 791 
Water Transportation Research Institute 

(WTRI), contingency planning, 838 
wave action 

containment booms and, 880 
crude oil weathering, experimental, 435 

Braer spill, 874 
Morris J. Berman, 701 
station, emergency (EWS) system, 

crude oil, experimental, 435 
oil at sea, 157 
spill identification, 835 
two years after Iraq-Kuwait conflict spill, 

399 

weather 

response support, 871 
weathering 

443 
we ti and s 

bioremediation and, 97 
sensitivity mapping and Fish and Wildlife 

Alaska, 287 
areas, ESI, 77 
Braer, 813, 874 
Ocean 255, 621 
pipeline rupture, Grapevine Creek, 

California, 459, 399 
response, 861 
Saudi Arabia shore, 979 
Tampa Bay response protocols, 635 
see also aquatic organisms; birds; 

invertebrates; plants 
wind, trajectory analysis for tanker lightering 

zones, Gulf of Mexico, 265 
worker see personnel; safety; training 
World Bank, Ship Waste Disposal Project, 

CATS-NOAA contingency planning, 
838 

Service classification, 365 
wildlife 

World Prodigy 
cleanup costs, 27 
liability and, 249 

wrist-action shaker emulsion test 

WTRI see Water Transportation Research 
(WRASET), 165 

Institute 

xlv 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: API Publ 4620-1995 scan

http://www.avadocuments.com/doc/api-publ-4620-1995-scan
http://www.avadocuments.com/doc/api-publ-4620-1995-scan


A P I  PUBLa4b20 95 O732290 0547305 TbT W 

Section I 

EVOLVING TECHNOLOGIES 

Session MIA: Remote Sensing 

Chairman: Royal Nadeau 
U.S. Environmental Protection Agency 

Session W4C: In-Situ Burning 

Session T4C: Mechanical Containment and Recovery 

Chairman: Ken Keane 
U.S. Coast Guard 

Session W l  C: Spill Simulation 

Chairman: Frank Wood 
U.S. Coast Guard 

Session W2C: Geographic Information Systems 

Chairman: Harry Aston 
BP Shipping, Ltd. 

Session W3B: Bioremediation 

Chairman: Lisa Parker 
Parker Horn Company 

Chairman: Alan A. Allen 
Spiltec 

Session Thl B: Chemical Countermeasures I 

Chairman: Dick Lessard 
Exxon Research & Engineering Company 

Session Th2B: Alternative Response Technology 

Chairman: Ann Hayward Walker 
SEA, Inc. 

Session TMC: Chemical Countermeasures I l  

Chairman: John Cunningham 
U.S. Environmental Protection Agency 

                                      
                                         
                                      
                                         

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: API Publ 4620-1995 scan

http://www.avadocuments.com/doc/api-publ-4620-1995-scan
http://www.avadocuments.com/doc/api-publ-4620-1995-scan


A P I  PUBLa4b20 95 O732290 0547306 9Tb 

TRACKING BUOYS FOR OIL SPILLS 

Ron H. Goodman 
Imperial Oil Resources, Ltd. 

3535 Research Rd. NW 
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Canada 

Debra Simecek-Beatty 
National Oceanic and Atmospheric Administration 

Hazardous Materials Response and Assessment Division 
7600 Sand Point Way NE 
Seattle, Washington 98115 

Don Hodgins 
Seaconsult Marine Research, Ltd. 

Vancouver, British Columbia 
Canada 

ABSTRACT: The use of tracking buoys in oil spill response, planning, 
and training and criteria for the selection of these buoys were studied in 
conjunction with an experiment conducted in the Gulf of Mexico during 
March 1994 on the relative motions of several oil spill drifter buoys. For 
the test, wood c h i p  and cottonseed hulls were used to simulate the 
motion of the oil. SUC different types of buoys and three differentposi- 
tioning and tracking systems, in various combinations, were tested. The 
first day of the program was conducted in Galveston Bay, the second in 
the Gulf of Mexico off Galveston. Significant differences were noted in 
the movements of the various buoys. Analysis of the data from these 
experiments suggests that tracking of the buoys should occur for a longer 
time period than in the experiments in order to reduce the influence of 
positioning errors. 

In order to respond to an oil spill, it is necessary to know where the 
oil is and to be able to predict its possible motion. This can be accom- 
plished by using visual observations, following the oil from the source 
of a spill, and using various remote-sensing techniques. In many situa- 
tions, such methods do not work due to poor visibility or the lack of 
equipment. For these situations, the use of tracking buoys provides an 
alternative method of following the motion of the slick. 

Data from drifter buoys is useful in the relocation of the slick after 
the weather has cleared or to provide information to be used as input 
into trajectory models. For tracking buoys to be effective, they must 
simulate the motion of an oil slick over a wide range of wind, waves, 
and ocean currents. This is an extremely difficult task for several 
reasons. First, the slick is quite thin, a tenth of a millimeter to a few 
millimeters, while the drifters are, of necessity, orders of magnitude 
thicker. Due to the necessity of carrying power supply and transmitting 
equipment, drifter buoys have a minimum weight of several hundred 
grams. A heavy battery pack for power increases the buoys' mass and 
places limits on hull shapes. This means that the interaction of a buoy 
with winds, waves, and currents is quite different from that of an oil 
slick. Second, the oil disperses, often becoming a collection of sub- 
slicks, each one seeing a different micro-current regime. A single 
drifter cannot duplicate this dispersion. Third, the slick drift properties 
change as the oil weathers so that a drifter calibrated to follow fresh oil 
may not be able to track weathered oil correctly. Buoy designers 

attempt to overcome or minimize these problems by careful design of 
the buoy hull and proper ballasting. 

Uses of tracking buoys 

Oil-spill tracking buoys are used in a number of ways in the develop- 
ment and implementation of an oil spill response. Four common uses 
are the following. 

Contingency planning. A significant component of contingency 
planning is prediction of the motion of an oil spill and development of 
the probability of impact for critical resources. Such calculations fre- 
quently use oil spill trajectory models. The use of spill simulating 
drifters can help to calibrate these models. In an area of complicated 
oceanography, where it might be difficult and expensive to generate 
surface current patterns from a fundamental analysis, a forecasted 
surface drift field can be generated using a large number of drifters and 
objective analysis or a neural network analysis scheme.' In order to 
obtain accurate and statistically significant data on areas of probable 
input, the oil drifter buoys should be inexpensive so that a large 
number can be deployed. In most cases, only short distances are 
involved and thus range and long operation times are not important. 
The positional accuracy of these buoys should be a few tens of meters. 

Oil spill exercises. Since it is virtually impossible to use oil during an 
oil-spill exercise, some method of simulating the oil motion and 
spreading is required. This can be accomplished using computer 
models, but this is not effective if actual cleanup equipment is being 
used and recovery success is to be evaluated. A number of methods of 
simulating the oil have been used involving the deployment of wood 
chips, oranges and lemons, cotton husks and other nearly neutral 
buoyancy, biodegradable materials. There is some question as to the 
accuracy of the simulation using these materials. One alternative to 
these biologically degradable materials is to use oil spill tracking buoys 
as a method of simulating the motion of the oil. As for the contingency 
planning needs, such buoys should be inexpensive so that a large 
number can be used during a simulation. Since there will be a response 
effort as part of the exercise, the positional accuracy of these buoys is 
not a consideration. 

'Ikacking during a spiü. The main method of determining the loca- 
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tion of spilled oil, during an oil spill response, is the use of observers 
visually tracking the oil. If required, remote sensing techniques such as 
infrared and ultraviolet sensors, or various forms of radar may be 
used.' The visual, and some of the remote sensing methods, are only 
useful during daylight hours and good visibility conditions. In many 
spill situations, this leaves a serious gap in knowledge of the location of 
the slick. One method used to overcome this problem is to deploy, 
either from the air or by boat, a number of oil spill tracking buoys in the 
spili or around the slick. Since only the general motion of the slick is 
needed, only a few buoys are used. These buoys should be able to 
foliow the slick for several hours to a few days and use telemetry 
methods to transmit their position to a centrai facility. The buoys 
should have adequate battery power to operate for a few days, and a 
positional accuracy of a few tens of meters up to a hundred meters. This 
accuracy is consistent with current GPS (global positioning system) 
technology. 

Oceanographic studies. A number of different types of drifting 
buoys are used in oceanographic studies. Undrogued buoys have been 
designed to follow surface currents, while buoys with drogues at a 
depth of a meter or so have been deployed to study near-surface ocean 
motion. Buoys used in most oceanographic studies are deployed for 
extended periods of time and generally cover large distances. The 
design criteria for such buoys are significantly different from those of 
buoys used for oil spill tracking. Some oceanographic systems have 
been proposed for use as oil spill trackers." However, most oil spill 
tracking buoys are designed specifically for this purpose, and are not 
based on oceanographic buoy designs. 

Design considerations for tracking buoys 

There are four primary design considerations for an oil spiii tracking 
buoy. 
Hull shape. The major factor that determines how well the buoys 

will emulate the motion of a surface oil slick is the hull shape. An oil 
slick is moved by waves, currents, and wind. The complicated interac- 
tion of the slick with the wind is usually approximated, in trajectory 
models, by a drift factor of about three percent of the wind speed with 
the motion in the direction of the wind, although studies have shown 
significant variations in this value. Any hull that is used as an oil spill 
tracker must be able to simulate this interaction. This is difficult for a 
number of reasons mentioned in the introduction. About ten years 
ago, extensive research was conducted on hull design. Several designs 
were found to be effective in tracking oil slicks for periods of up to 
several hours.9 

Mass of the buoy. The total mass of the buoy is critical to its 
effectiveness at emulating an oil spill. If the oceanographic situation is 
simple, however, the mass is of little importance and hull shape is 
critical. If the oil or buoys are in a complex oceanographic environment 
where ocean fronts, tidal rips, and other strong shear features exist, 
then the mass, and hence the inertia, of the buoy becomes critical. The 
oil has very little mass and thus is easily stopped by any ocean frontal 
system. If the mass of the buoy is too large, it will pass through an 
ocean frontal system and will move in a very different advection regime 
than does the oil. Thus, in the design of a buoy there is a compromise 
between buoy life and its mass. If the mass is low, this implies only a 
limited power source and thus somewhat limited capabilities and life- 
times. 

Position determination and telemetry. The simplest and cheapest oil 
spiii tracking buoys are entirely passive and rely on visual tracking and 
manual location. Such buoys are simple and inexpensive and can be 
very useful in a number of  application^.^ 

The next level of complexity is a buoy that contains a simple trans- 
mitter which emits a short radio signal every few seconds. The location 
of the buoy is determined using direction finding equipment." This can 
be either by triangulation, or by using the signal to find the buoy and 
manually determining the drift. Such buoys are relatively inexpensive. 
However, the direction finding equipment is awkward to use and 
finding a buoy is a time consuming and hence expensive process. 

The third level of buoy uses a somewhat more powerful and stable 
transmitter, which allows the determination of the buoy location, using 
a satellite system. Such systems are commonly used for ocean drifters 
and have been used to position oil spill tracking buoys. The accuracy of 
location is hundreds of meters to kilometers and is marginal for slick 

location purposes. For most oil spill tracking purposes, the accuracy 
needed is a few tens of meters to a hundred meters. 

The fourth, and newest type of buoy uses the GPS to determine the 
location of the buoy and telemeters this information on a MIF commu- 
nications link. The range of this link is typically line of sight. The 
accuracy in position of about a hundred meters is of the same order as 
needed for an oil spill tracking function, and is basic to the location 
system. 

Rice. The more buoys that can be deployed, the better the knowl- 
edge of the motion of the slick. If the buoys are inexpensive, a large 
number can be deployed, subject to environmental considerations. If 
the buoys are expensive, then some provision must be made to recover 
them, which adds to the logistics of the oil slick tracker buoy operation. 

Galveston Bay and Gulf of Mexico tests 

In order to determine the performance of various commercially 
available oil spill tracking buoys, a number were deployed as part of a 
major program (TexSonde '94) to measure ocean surface currents. 
This experiment used a land based Doppler radar known as SeaSonde 
to determine ocean currents in the Gulf of Mexico during March and 
April of 1994.6.7 During this period, ocean currents were also mea- 
sured using moored current meters and a number of ocean drifters. 
One component of the TexSonde '94 program was the testing of a 
number of oil spill tracker buoys for a period of about six hours. ' h o  
experiments were performed: one in Galveston Bay and the other in 
the offshore area of the Gulf of Mexico, near Galveston, Texas. 

The buoys were tracked visually from the surface and their location 
determined, using a hand held GPS receiver (k 100 meter accuracy). 
In addition to the GPS measurements from the vessel, most of the 
drifters had internal systems to determine their location. During the 
field test, five different hull designs and buoy location systems were 
tested (Table 1). 

Orion hull. This hull is about 25 cm in diameter and 16 cm high. A 
2-to-3 cm high stabilizing ring extends around the centre of the drifter 
(Figure 1). The hull is essentially flat with an upper and lower dome 
housing the electronics and power supply. The design of the hull is 
about ten years old. Recently, a number of different electronic pack- 
ages have been designed around this hull shape. Some packages in- 
clude only a pulsed transmitter, and the unit is tracked using bearing 
measurements from a vessel. More recent designs include a GPS 
receiver and VHF telemetry system.* Both types were tested in these 
trials, but the receiver for the bearing measurement was damaged in 
shipment, so these hulls were tracked visually. 

Argospheres. The Minerais Management Service (MMS) of the 
U.S. Department of the Interior has developed a program to study the 
use of oil tracking buoys to stimulate the movement of spilled oil. As a 
result of a number of field tests performed in the Norwegian Sea, two 
drifter designs were selected for further testing.* The first is a 30 cm 
diameter sphere equipped with an ARGOS transmitter and tracked 
using TIROS satellites. Figure 2 shows Argospheres, a discus buoy, 
and a Davis-type drifter. Depending on the latitude at which the 
drifters are deployed, the satellites can provide a position determina- 
tion approximately four or more times a day with an error of f 1 
kilometer. In addition to determining the buoys location with the 
ARGOS system, two of the spheres were equipped with the more 
accurate ( f 100 meter) GPS receivers. The electronics in the spheres 
were programmed to collect GPS positions every 30 minutes, store the 
position locations, and relay a set of readings through the ARGOS 
satellite system. Ideaily, for oil spill emulation, the Argospheres are 
used without drogues and are ballasted to keep the drifter upright and 
floating with the waterline at its equator. During this field test, the GPS 
feature worked correctly; however, the wind drift factor on the spheres 
was increased due to improper ballasting. As a result, the buoys moved 
faster than the simulated slick. 

Draper or discus hull. A second drifter evaluated by MMS consists 
of two 20 cm diameter concave hulls which are fastened together to 
form a thick disk. The interior of this disk contains the electronics and 
power  upp ply.^ Depending on the model of the buoy, the antenna was 
either external or molded into the hull. Some versions of this buoy were 
tracked, using the ARGOS satellite system, while others used GPS 
location and VHF telemetry. 

Davis-type drifter. This drifter is based on a 1985 design by R. 
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Table 1. Summary of buoys tested during Gaiveston Bay/Gulf of Mexico experiment 

Buoy Hull Shape Location Telemetry Battery Life Weight 
Tire tracker Small tire with Visual tracking None N/A 

Orion Plate shaped Triangulation or Chirp transmitter 2-3 weeks Light 

Radio Discus-shaped GPS VHF data link Weeks Medium 

Tnmble Same as Orion GPS VHF data link Days Light 
Met Ocean Same as Orion Not tested Not tested Not determined Light 
Argospheres Sphere Satellite Satellite Months Light 
Davis drifter Cylinder with Satellite Satellite Months Medium difficult 

Medium 
flag and 
weight 

with top and 
bottom edges sual sighting 

bearing to vi- 

satellite draper hull 
integrators 

curtains handling 

Davis: it consists of a vertical one-meter tube that contains a transmit- 
ter and batteries, and supports an external antenna. Four sections of 
plasticized cloth, extending 0.5 m from the tube, are supported by four 
small floats. Since the effects of wind drift and surface waves on this 
drifter are negligible, it is a very accurate method for measuring near- 
surface currents. Two Davis-type drifters were deployed during the 
field tests to provide an indication of how the oil tracking buoys moved, 
in relation to surface currents. The drifters were tracked visually from 
the surface and through the ARGOS satellite system. 

Tire drifter. This buoy, developed by a group in the Galveston Bay 
area, consists of a small tire and drogue system. 

Four different types of location systems were used in the buoys 
tested. Passive buoy tracking was performed visually, with the location 
identified through use of a GPS system on the accompanying vessel. 
This system was used for the tire-type buoys and some of the Orion 
hulls. The Argospheres and the Davis-type drifters were tracked visu- 
ally as a backup for the satellite positioning system. The range and 
bearing system uses a small pulsed transmitter and a boat-based posi- 
tioning system to track the buoy and guide the vessel to its location. 
Since the buoys were visible during both days, this system was not 
used. The GPS location and VHF telemetry systems were used to track 
three different types of buoys, with a variety of hull shapes. Finally, 
satellite positioning and telemetry were used to track the Argospheres 
and the Davis-type drifters. 

Results 

The Galveston Bay and Gulf of Mexico field tests illustrated the 
differences in the drift behavior of the various types of buoys designed 

c 

Figure 1. Orion buoy 

to track the motion of oil slicks. However, due to the short duration of 
the field studies, several difficulties occurred when evaluating the 
performances of the oil tracking drifters. First, in the Gulf of Mexico 
field test, the movement of the Davis-type drifters indicated that there 
was a weak current flow, and on scene winds were very light. Most of 
the drifters probably stayed with the wood chips because there was 
very little net movement. Second, the wood chips showed some drift 
characteristics of an oil spill (such as windrow formation). There is no 
data on whether the wind drift factor for wood chips is the same as for 
oil. Within a couple of hours after their release, the drift factor 
changed as the wood chips absorbed water and began to sink. An 
additional error, in location of the various components of the test, was 
caused by the hand-held GPS receiver which was used for position 
measurements. The error in location was on the same order of magni- 
tude as the scale of the experiment. Visual observations of the drifter 
location relative-to the wood chips are probably more reliable than the 
coordinates recorded by the hand-held GPS. 

One of the tire buoys and all the Orion-shaped hulls stayed in the 
same location and followed the motion of the wood chips. The discus- 
shaped buoys moved away from the area of the wood chips and the 
Orion buoys in a few hours. The Argospheres moved in the same 
direction as the discus buoys, but deviated from the wood chip position 
more rapidly. 

In the Galveston Bay component of the program, the Davis-type 
drifters moved into the prevailing wind and in the opposite direction of 
the simulated slick and the other buoys. Since the Davis-type drifter is 
designed to track the motion of the upper one meter of the water 
column, it is presumed to move with the surface current. It is likely that 
the movement of the Davis-type drifters was the result of tidal influ- 
ences inside the bay. 

During the Gulf of Mexico field test, the Davis-type drifters lagged 
considerably behind the simulated slick and other buoys, but did 
slowly move in the same general direction. The observation is consis- 
tent with the field ex eriments conducted in the Gulf of Oman with the 
same type of buoy. R 

One of the tire buoys moved more slowly than the slick. 
The receiver of one of the GPS systems did not work, while the other 

two systems worked well. One system had higher power and hence 
greater range. 

Conclusions 

The Orion hull based systems appeared to move in a manner similar 
to that of the wood chips. This is consistent with information obtained 
in 1993, during an experiment in the Strait of Juan de Fuca.’ 

The discus-shaped buoys moved out of the wood chip area in a few 
hours. Again, a similar result was obtained in the Juan de Fuca expen- 
ment. 

The Argospheres consistently moved in a different manner than the 
wood chips. This was probably due to the ballast of the units, which 
rode high in the water and therefore had a higher wind-drift factor. 

Figure 3 shows the data from Galveston Bay for all the buoys, and 
Figure 4 gives the same type of data for the Gulf of Mexico. 
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Figure 2. Argosphere, discus buoy, and Davis-type drifter 
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Figure 3. Motion of driíter buoys in Galveston Bay 

Both the wood chips and cottonseed hulls acted in a manner similar 
to an oil slick. Some time after deployment they formed into windows. 
Both drifted in the same manner and moved in concert. Both materiais 
remained on the water for the duration of the experiment. 

Recommendations 

The lack of overall movement, and the limitations of the location 
systems, resulted in data that is difficult to interpret. Future field tests 
should last longer in order to provide more differentiation between the 
various buoys. A 2-hour experiment would be more realistic. 

The drifters that were painted a bright fluorescent orange were 
easier to track visually. 

During both drills and spills, a number of drifters should be de- 
l 
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ployed so that some understanding of the dispersion of the buoys can 
be obtained. 
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Figure 4. Motion of drifter buoys in the Gulf of Mexico 
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