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Purpose of Report

Section 7001 of the Oil Pollution Act of 1990 (OPA 90) requires the Chairman of the
Interagency Coordinating Committee on Oil Pollution Research (Interagency Committee) to
submit a biennial report on activities carried out under this section in the preceding two fiscal
years and on activities proposed to be carried out under this section in the current two fiscal year
period. This report responds to the Congressional requirement by summarizing activities carried
out in fiscal years 2003 and 2004 and proposed activities for fiscal years 2005 and 2006.

OPA 90 Amendments

Section 7001(a) of OPA 90 states, in part, that a representative of the Department of
Transportation (DOT) shall serve as Chairman. Since the inception of the Committee, the U.S.
Coast Guard representative has served as the chairman. Now that the U.S. Coast Guard has been
transferred to the Department of Homeland Security, the Department of Transportation and the
Department of Homeland Security recommend that section 7001(a) be amended so that a United
States Coast Guard representative may continue to serve in that capacity.

Committee Membership
Department/Agency

Department of Commerce
® National Oceanic and Atmospheric Administration (NOAA)
* National Institute of Standards and Technology (NIST)
Department of Energy
Department of the Interior
* Minerals Management Service (MMS)
® United States Fish and Wildlife Service (USFWS)
Department of Transportation
¢ United States Coast Guard (USCG)
* Maritime Administration (MARAD)
* Research and Special Programs Administration (RSPA)
Department of Defense
* Army Corps of Engineers (ACOE)
e United States Navy (USN)
Environmental Protection Agency
National Aeronautics and Space Administration
Federal Emergency Management Agency
®  United States Fire Administration (USFA)



SaohRary U.S. Coast Guard Office of Response Interagency Coordinating Committee On Oil Pollution Research
£&" . Commandant (G-MOR) Biennial Report 2005

oA M 2100 Second St SW, Rm. 2100
: _;‘*’-,‘f_;;» Washington, DC 20593

e T (202) 267-0518

Oil Pollution Research and Development Technology Plan

The Committee prepared the original Oil Pollution Research and Development (R&D)
Technology Plan, which defined the roles of each federal agency involved in oil spill research
and development. The plan was submitted to Congress in April 1992 and later reviewed by the
National Research Council’s Committee on Oil Spill Research and Development under the
auspices of the Marine Board. Using input from the Marine Board, the Committee revised the
plan in May 1993 to address spill prevention, human factors, and the field testing/demonstration
of developed response technologies. A current version of the plan, still based on Marine Board
recommendations, is dated April 1997 and remains the guiding document for the Committee.

Regional Research Grant Program

The Committee exhausted all funds under this program in fiscal year 1996, and no additional
funding has been received since that time.

Port Oil Pollution Minimization Demonstration Projects

Requirements of the port demonstration program, as described in OPA 90, are met through

Committee participation in the following domestic and international oil spill conferences:
¢ Annual Clean Gulf Conference

Biennial Fresh Water Spill Symposium

Annual Inland Spills Conference

Annual Ohio Spill Prevention and Emergency Response Conference

International Oil Spill Conference (recently rotated to a three year cycle)

*e e & o

At these conferences, Federal, State, and non-government officials from around the world
display state-of-the-art oil spill response equipment and products. They also exchange a great
deal of information on the latest in spill prevention, preparedness, response, and restoration at
these conferences. In addition, Committee members enjoy a similar exchange of information at
quarterly Science and Technology, Spill Advisory Group, and National Response Team meetings
held throughout the country.

In addition to meeting demonstration project requirements, the Minerals Management Service
operates and maintains the National Oil Spill Response Test facility in Leonardo, NJ. They
conduct research/testing and provide training opportunities to government, industry, academia,
and members of private oil spill response organizations.

Interagency Coordinating Committee Meetings

In an effort to garner continued participation from State and industry representatives for R&D

initiatives, Interagency Committee meetings were held during the following events:
* International Oil Spill Conference/ Vancouver, BC (March, 2003)
®*  Third International R&D forum/ Brest France (March, 2004)
*  Freshwater/Inland Spills Conference/ New Orleans, LA (April, 2004)
»  Spill of National Significance (SONS) Exercise/ San Diego, CA (April, 2004)
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*  Clean Gulf Conference/ Tampa, FL (November, 2004)

Research and Development Initiatives

In accordance with the Oil Pollution Research and Technology plan, the Minerals Management
Service (MMS) was appointed lead agency for in-situ burn research. In fiscal year 2004, MMS
published and distributed a compact disc (CD) set on In-Situ Burning of Oil Spills, fulfilling its
obligation under the plan.

During this reporting period, the United States Coast Guard completed an Offshore In-Situ Burn
Familiarization video, an Oil Spill Response in Fast Water T raining video, an Oil Spill Response
Offshore In-Situ Burn Operations manual, and a decision guide on Oil Spill Response in Fast
Water Currents.

Also during this reporting period, Congress provided the National Oceanic and Atmospheric
Administration (NOAA) Office of Response and Restoration appropriations above the FY 2004
and FY 2005 request for the office to establish a partnership with the University of New
Hampshire Coastal Response Research Center to conduct oil spill research and development
projects.

Table 1 below shows Committee R&D projects, sponsors, and funding sources identified for
fiscal year 2005:

|_"'Project Sponsor Funding
Understanding Oil Spill Dispersant: National Academy of Science | Member Agencies
Efficacy and Effects study
Wrecks in U.S. Waters National Academy of Science | TBD

Table 1. Identified Interagency Committee R&D Projects, Sponsors, Funding — FY05

Table 2 below shows Committee R&D projects, sponsors, and funding sources proposed for
fiscal year 2006:

Project Sponsor Funding

Weapons of Mass Destruction (WMD) Response Tools to TBD TBD
address radiological, biological and/or hazardous chemical
threats to response personnel

Recovery of Heavy Oils (oil which sinks below the surface) TBD TBD
and Vessel Salvage and On-Site Countermeasures.

Table 2. Proposed Interagency Committee R&D Projects, Sponsors, Funding — FY06

The Committee did not undertake any new international cooperation activities during this
reporting period, but remains committed toward identifying new venues consistent with
maximizing the exchange and dissemination of information regarding oil pollution research
needs.
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During fiscal years 2003 — 2004, the Committee held its meetings in conjunction with those of
the National Response Team’s Science and Technology subcommittee, which meets on the last
Thursday of every month. During fiscal years 2005 — 2006, the Committee will continue to meet
and participate through its member agencies in both national and international research and
development forums.

The Committee held meetings in conjunction with the following conferences that took place in
fiscal year 2005:

May 2005: International Oil Spill Conference/Miami Beach FL
May 2005: Offshore Technology Conference (OTC)/Houston TX
June 2005: Arctic and Marine Oil Spill Program (AMOP) Technical seminar/Calgary Alberta

The Committee plans to meet at the following conferences scheduled to take place in fiscal year
2006:

November 2005:  Clean Gulf Conference/Galveston TX
May 2006: Offshore Technology Conference (OTC)/Houston TX
June 2006: Arctic and marine Oil Spill Program (AMOP)/ Vancouver BC

Attachments (1) through (3) are U.S. Environmental Protection Agency (EPA), U.S. Coast
Guard R&D Center (USCG), and U.S. Minerals Management Service (MMS) projects and
publications developed in fiscal years 2003 & 2004. Attachment (4) discusses both short and
long term R&D needs of the National Oceanic and Atmospheric Administration (NOAA), which
is divided into six general categories and prioritized over a five year period.

Attachments: (1) Interagency Coordinating Committee on Research and Development
Congressional Report Submission — EPA
(2) Recent Coast Guard Oil Spill R&D Reports
(3) U.S. Minerals Management Service Fiscal Year 2003 — 2005 Completed
and Active Oil Spill Response Research Projects
(4) Research & Development Priorities: Oil Spill Workshop Durham, New
Hampshire 2003



Attachment (1) to Interagency Oil Pollution Research Biennial Report (2005)

2005 Interagency Coordinating Committee on Research and
Development Congressional Report Submission — USEPA

EPA OIL PROGRAM RESEARCH

FY2003 EPA OIL RESEARCH PROJECTS

1. Technical Support for Dispersant Effectiveness Test — Completed new protocol and
support for the Federal Register changes in 2002 and 2003.

2. Orimulsion® - Project completed. Report will be written in FY *05 or early FY “06.
* Fate and Toxicity Changes — Biodegradation and changes in toxicity of product
and surfactants in freshwater and saltwater environments during degradation
* Development of Enhanced Oil Spill Model

3. Environmental Effects of Dispersants and Dispersed Oil

* Energy Dissipation Rate — A wave tank was constructed at Halifax, NS Canada to
conduct basic research on the effects of turbulence on dispersant effectiveness and
to draw correlations between laboratory findings and the wave tank.

¢ Toxicity and Effects of Dispersants and Toxicity and Physical Effects of Oils and
Dispersed Oils (long term Toxicity Testing, mesocosms)—on-going

® Effectiveness of Dispersants Comparative Study using flask tests with different
oils under differing condition (weathering, temperature, waves, salinity, etc)—on-

going.

4. Fate and Transport Modeling of Dispersants in Nearshore Environments - Ongoing
Research
* Upgraded Prototype Multi-component Model for Fate and Transport of
Dispersants, Oil and Dispersed Oil.

5. Bioremediation —Ongoing and completed projects

® Design Manual on Bioremediation of Oil Spills in Salt Water Marshes—Project
completed, manuscript in review and uploaded to EPA web site.

* Bioremediation Literature research and Review to aid in compliance with Clean
Waters and Estuaries Act of 2000—Project completed, report uploaded to EPA
web site.

* Effect of Response Ratio on Biodegradation of Oil — Optimization of N/P/C ratio
for future field study—Project completed, manuscript in preparation.

* Initiated laboratory research on Dispersed Oil in Biodegradation in Cold
Climates—on-going.

6. Environmental Fate and Effects of Vegetable Oil and Animal Fats
* Emulsification of Vegetable Oils and Animal F ats, Petroleum Oils and Non-
Petroleum Oils interim report—on-going, scheduled for completion in FY ‘05



* Studies to develop reproducible protocol—analytical chemistry method
developed, manuscript in review
* Initiated study of Anaerobic treatment of Vegetable Oils - on-going

FY2004 EPA OIL RESEARCH PROJECTS

1.

Development of improved bioremediation agent effectiveness test — project completed,
manuscript prepared and submitted.

. Fate and Transport Modeling of Dispersants in Nearshore Environments - Ongoing

Research
* Interim Report on Model (EPA publication EPA/600/R-04/ 120)

Develop a spill of opportunity protocol to determine how to set out and sample a gridded
plane to extract the most information for inferring treatment effectiveness in the field—
project on-going, should be completed in FY 05

Development of Surface Washing Agent Effectiveness Test
* Ongoing development of protocol to determine the ability to remove oil from solid
materials such as sand, gravel, and rock.

Bioremediation

* Effect of Resource Ratio on Biodegradation of Oil Field Study—project completed,
manuscript in preparation

¢ Biodegradation of Dispersed Oil in Cold Climates — on-going

* Continued research on the aerobic and anaerobic biodegradation of vegetable oils to
understand mechanisms and toxicity. Ongoing.

* Innovative treatment for cleaning up the highly contaminated Indiana Harbor Canal
using combination of partial chemical oxidation and biodegradation.

Development of an oil spill model for use in contingency planning and emergency

response — Under Development - Ongoing Project.

® The EPA Research Object Oriented Oil Spill (ERO’S) Model (Weaver, 2004) is
being developed using modern software design principles (Weaver and Castleton,
2002), involving object-oriented software development. Developed ERO’S pilot test
and User’s Manual. The manual and pilot test was peer reviewed by a group of EPA
On -Scene Coordinators and EPA Headquarters employees.

e ERO’S model addresses interactions between oil spills and dispersants. Because of
the complexity of crude oils and the proprietary nature of dispersant formulations, an
empirical approach to oil dispersal has been taken (Sorial et al, 2004).

* Dispersal efficiency data is generated by the use of the newly-developed EPA baffled
flask test. As a consequence the data generated is commensurate with planned use of
the test in product listing. The dispersant testing is designed to test commonly-
transported oils and dispersants against a suite of environmental conditions.

e Datain ERO’S approximates the amount of oil dispersed given the temperature,
salinity, energy level and degree of weathering of the oil. Data has been generated



on 19 common oil types to expand the availability of oil composition data (Wang et
al, 2003, 2005). This data is also used within the model to address changes in oil
physical properties and composition as oil weathers on the sea.

e The ERO’S framework contains four separate modules that allow exploration of the
dispersant data, simulation of the laboratory experiments, simulation of transport and
dispersal of a patchy oil slick and an analysis that addresses parameter uncertainty in
model inputs.

* The uncertainty analysis is needed for the EROS model because the character and
release rate of the oil and the transport parameters are never known to a high degree
of precision. Thus the results of oil spill modeling should include an assessment of
model errors. This capability is available automatically in ERO’S.

7. Dispersant Wave Tank Testing ~ Halifax, Canada — Under development

* The tank is a result of ongoing co-operation between Fisheries and Oceans Canada
(DFO) and the U.S. Environmental Protection Agency (EPA), both of which
provided funding. The wave tank is located at the Bedford Institute of
Oceanography (BIO) in Dartmouth, N.S. Canada

® Wave Tank can simulate a range of oceanic conditions while conducting research
into chemical dispersants that can be used to speed the breakup of oil slicks.

¢ The wave tank at BIO was specifically designed to mimic a wide range of breaking
wave energy levels at sea, thus providing the necessary mixing conditions for
dispersants

¢ In addition to improved understanding of what happens to chemically dispersed oil,
marine organisms can be placed in the tank to study effects on various levels in the
food chain, including commercial fish species. The findings will be useful in several
ways, such as risk assessments, determining if there are chronic effects around
offshore platforms, and to improve guidelines or regulations for the use of dispersants.

FY2005 EPA OIL RESEARCH PROJECTS

1. ERO’S model - Ongoing project
 Continuing work on the ERO’S model will address use of the model by EPA Regional
office personnel, adaptation for Orimulsion® and vegetable oils, linkage with other
transport models and databases.
* A tidal marsh on the southern shore of Long Island is being used to test the
capabilities of the ERO’S model and for “what if?” type simulation of spills and
dispersant impacts. Continuing research in 2006.

2. Field Studies on Ecological Effects of Oil Spills and Dispersed Oil — Ongoing project.
¢ Continue field study on effects of dispersed oil on flora and fauna in water column in
Canadian Lakes. The Canadian lakes study will likely take place in FY *06.
3. Anaerobic and Aerobic Degradation of Vegetable Oil - Continued Lab Study

4. Dispersant Wave Tank — Halifax, Canada — Ongoing project



*  Continuing research with Canada’s Department of Fisheries and Oceans (DFO)
e  Continue pilot tests on dispersants

5. New project initiation, examine sorption of oil that has penetrated into a wetland’s
subsurface to make it more available to the acrobic zone.

6. Develop a spill of opportunity protocol to determine how to set out and sample a
gridded plane to extract the most information for inferring treatment effectiveness in
the field— project on-going, should be completed in FY °05.

7. Guidance document on bioremediation of marine shorelines and freshwater wetlands—
report published and uploaded to EPA web site.

8. Guidance document on bioremediation of salt marshes — report published and uploaded
to EPA web site.

9. Use of Commercial Bioremediation Agents for treating oil spills in estuaries — report
published and uploaded onto EPA web site.

FY2006 EPA OIL RESEARCH PROJECTS

1. Multimedia Enhancement of the ERO’S 0il Spill Model — Ongoing Project
. Continue developing linkages between oil spill model and other
environmental transport models with linkages to enhanced uncertainty
analysis processing.

2. Dispersant Wave Tank — Ongoing Project, Continuing research with Canada’s
Department of Fisheries and Oceans (DFO) using breaking waves — Wave tank to be
extended another 16 m to allow more breaking wave conditions--on-going.

3. Develop new effectiveness test for Surface Washing Agents for NCP Product
Schedule Protocol - ongoing.

4. Continue with the sorption/biodegradation research on wetlands to examine sorption
of oil that has penetrated into a wetland’s subsurface to make it more available to the
aerobic zone — Ongoing Project.

5. Initiate Canadian lakes field study to investigate the biotreatability of vegetable oil
after sinking it into the sediment.
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1.

PEER REVIEWED JOURNALS

Campo, P., G.A. Sorial, M.T. Suidan and A.D. Venosa, “Statistical Evaluation of an
Analytical GC/MS Method for the Determination of Long Chain Fatty Acids,” submitted
for publication, Journal of Chromatography.

Chanrasekar, S., Sorial, G.A., and Weaver, J.W. 2005. “Dispersant Effectiveness on
Three Oils under Various Simulated Environmental Conditions,” Environmental
Engineering Science, 22(3):324-336.

Garcia-Blanco, S., A.D. Venosa, M.T. Suidan, K. Lee, and S. Cobanli, “A Field Study of
Fertilizer Treatment to Stimulate the Remediation of an Oil-Contaminated Coastal Salt
Marsh,” submitted for publication, Environmental Science and Technology.

Sorial, G.A., Venosa, A.D., Miller, K.M., Holder, E., and King, D.W. 2004. “0il Spill
Dispersant Effectiveness Protocol - Part Impact of Operational Variables,” 4SCE
Journal of Environmental Engineering, 130(10), 1073-1084.

Sorial, G.A., Venosa, A.D., Miller, K.M., Holder, E., and King, D.W. 2004. “0il Spill
Dispersant Effectiveness Protocol - Part 1] Performance of the Revised Protocol,” ASCE
Journal of Environmental Engineering, 130(10), 1085-1093.

EPA PUBLICATIONS ON CHEMICAL COUNTERMEASURES FOR OIL SPILLS

Ecotoxicologx and Wetland Bioremediation

1. Venosa A.D., and X. Zhu (2003). Biodegradation of crude oil contaminating marine
shorelines and freshwater wetlands. Review Article Spill Science and Technology
Bulletin (In press).

2. Jackman, P., K.G. Doe, K. Lee and A.D. Venosa (2003) Monitoring the effectiveness of
remediation techniques using sediment toxicity tests with Hyallella azteca.
Bioremediation Journal (Submitted)

3.Lee, K., AD. Venosa, M.T. Suidan, S. Garcia-Blanco, C.W. Greer, G. Wohlgeschaffen,
S.E. Cobanli, G.H. Tremblay and K.G. Doe (2003) Habitat recovery in an oil-
contaminated salt marsh following biorestoration treatments, Proceedings of the 2003
International Qil Spill Conference, Vancouver, B.C., April 7-10, 2003. American
Petroleum Institue Publication No. 14730A - CD ROM  (American Petroleum Institute
Publication No. 14730B - Bound copy: In Press)

4. Venosa, A.D. and X. Zhu. 2003. Biodegradation of crude oil contaminating marine
shorelines and freshwater wetlands. Spill Science & Technology Bulletin 8(2):163-178.



5. Haines, J.R., K.M. Koran, E.L. Holder, and A.D. Venosa. 2003. Protocol for laboratory
testing of crude-oil bioremediation products in freshwater conditions. J. Ind. Microbiol.
Biotechnol. 30:107-113.

Orimulsion®

1. Venosa, A.D. et al. 2003. "Biodegradability of Orimulsion® in saltwater and freshwater
environments." Proceedings IOSC, American Petroleum Institute, Washington, D.C.

Yegetable Oil

1. Wincele, D. E., B.A. Wrenn, and A.D. Venosa. 2003. "Sedimentation of Qil-Mineral
Aggregates for Remediation of Vegetable Oil Spills". 2004. Water Environment
Research., in press.

Oil Composition

1. U.S. Environmental Protection Agency. 2003. "Characteristics of Spilled Oils, Fuels,
and Petroleum Products: 1. Composition and Properties of Selected Oils. EPA/600/R-
03/072. Publication of a data set on oil composition and properties that is being used in
simulating multi-component oil spills. Available from:
www.epa.gov/athens/publications/downloadable.

2. Wang, Z., B.P. Hollebone, M. F ingas, B. Fieldhouse, L. Sigouin, M. Landriault, P. Smith,
J. Noonan, and G. Thouin. 2003. Characteristics of Spilled Oils, Fuels, and Petroleum
Products: 1. Composition and Properties of Selected Oils. U.S. Environmental Protection
Agency, Athens, GA. Publication No. EPA/600/R-03/072. (PDF, 286 pp., 7.4 MB),
available from http://www.epa.gov/athens.

3. Zhendi Wang, B. Hollebone, M. Fingas, B. F ieldhouse, M. Landriault, P. Smith and J.
Weaver, 2003, Development of a Physical and Chemical Property Database for Ten
EPA-Selected Oils.

Dispersants

1. Sorial, George, Subhashini, Chandrasekar, James W. Weaver, 2004, Characteristics of
Spilled Oils, Fuels, and Petroleum Products: 2a. Dispersant Effectiveness Data for a
Suite of Environmental Conditions — The Effects of Temperature, Volatilization, and
Energy, United States Environmental Protection Agency, Washington, DC, EPA 600/R-
04/119, available on http://www.epa.gov/athens.

2. Weaver, James W., 2004, Characteristics of Spilled Oils, Fuels, and Petroleum Products:
3a. Simulation of Oil Spills and Dispersants Under Conditions of Uncertainty United
States Environmental Protection Agency, Washington, D.C., EPA 600/R-04/ 120,
available from http://www.epa.gov/athens.




EPA PEER-REVIEWED CONFERENCE PROCEEDINGS

1.

Chandrasekar, S., Sorial, G.A., and Weaver, J.M. 2003. “Dispersant Effectiveness on
Three Oils under Various Simulated Environmental Conditions,” in Proc. 225™ American
Chemical Society National Meeting, New Orleans, LA, American Chemical Society.

Chandrasekar, S., Sorial, G.A., and Weaver, J.M. 2003. “Determining Dispersant
Effectiveness Data for a Suite of Environmental Conditions,” in Proc. International Oil
Spill Conference, Vancouver, British Columbia, Canada. American Petroleum Institute,
Washington, D.C.

Davis, Barbara, Kristina Watts, “Determination of Oil Persistence: A Historical
Perspective,” Presented at EPA’s Freshwater Spills Symposium, New Orleans, Louisiana,
printed on Freshwater Spills Symposium 2004 Proceedings CD.

Kemei Du, Vikram Kaku, Michel C. Boufadel, and James Weaver, 2005, “Derivation of
Spreading Parameters of Oil at Sea for Oil Spill Modeling,” International Oil Spill
Conference, Miami Beach, F lorida, American Petroleum Institute, Washington, D.C.

Koran, K.M., Venosa, A.D., Vyas, S., and Sorial, G.A. 2005. “Development of a Surface
Washing Agent Effectiveness Protocol,” in Proc. 2005 International Oil Spill Conference,
Miami Beach, Florida, American Petroleum Institute, Washington, D.C.

Venosa, A.D., Kaku, V.J, Boufadel, M.C., and Lee, K. 2005. “Measuring Energy
Dissipation Rates in Wave Tank,” in Proc. 2005 International Oil Spill Conference,
Miami Beach, Florida, American Petroleum Institute, Washington, D.C.

Wang, Z., B. Hollebone, M. Fingas, B. Fieldhouse, L. Sigouin, and J. Weaver. 2003.
“Development of a Composition Database for Selected Multicomponent Oils.”
Proceedings of 2003 International Oil Spill Conference. Vancouver, Canada, April 6-11,
2003. pp. 64-65.

Wang, Z., B. Hollebone, M. Fingas, L. Sigouin, B. Fieldhouse, M. Landriault, G. Thouin,
J. Noonan and J. Weaver, 2005, Development of a Composition Database for Selected
Multicomponent Oils, International Oil Spill Conference, Miami Beach, F lorida,
American Petroleum Institute, Washington, D.C.

EPA CONFERENCE PRESENTATIONS

1.

Allen, H., Nichols, W., Sublette, T., Venosa, A.D., Zenone, V., “Bioremediation of Soils
(multiple  Presentations)” 2004 EPA On-Scene Coordinators Readiness Training
Program, Phoenix, Arizona.



10.

11.

12.

Chandrasekar, S., Sorial, G.A., and Weaver, J.M. 2003. “Dispersant Effectiveness on
Three Oils under Various Simulated Environmental Conditions,” presented at the 225™
American Chemical Society National Meeting, New Orleans, LA, American Chemical
Society.

Chandrasekar, S., Sorial, G.A., and Weaver, J.M. 2003. “Determining Dispersant
Effectiveness Data for a Suite of Environmental Conditions,” presented at the 2003
International Oil Spill Conference, Vancouver, British Columbia, Canada. American
Petroleum Institute, Washington, D.C.

Davis, Barbara, Kristina Watts, “Determination of Oil Persistence: A Historical
Perspective,” Presented at EPA’s Freshwater Spills Symposium, New Orleans, Louisiana,
printed on Freshwater Spills Symposium 2004 Proceedings CD.

Koran, K.M., Venosa, A.D., Vyas, S., and Sorial, G.A. 2005 “Development of a Surfaces
Washing Agent Effectiveness Protocol,” For Presentation at 2005 International Oil Spill
Conference, Miami Beach, Florida. American Petroleum Institute, Washington, D.C.

Nichols, William, “Application for EPA Permits to Discharge Oil for Research Purposes:
Revised Interim Guidelines,” For presentation at 2005 International Oil Spill Conference,
Miami Beach, Florida. American Petroleum Institute, Washington, D.C.

Nichols, William, “Application for EPA Permits to Discharge Oil for Research Purposes:
Revised Interim Guidelines,” Presented at EPA’s F reshwater Spills Symposium, New
Orleans, Louisiana, printed on Freshwater Spills Symposium 2004 Proceedings CD.

Nichols. William, “Research Discharge Guidelines,” 2003 Integrated Petroleum
Environmental Consortium (IPEC) Conference.

Nichols, William, Prepared for Eighth In-Situ and On-Site Bioremediation Symposium
(Baltimore, Maryland; June 6-9, 2005).

Nichols. William, “United States EPA Perspective on the NCP Product Schedule,” 2003
Homeland Security Great Lakes Region Integrated Approach to All Hazards
Management Conference (formerly the Inland Spills Conference), Spill Control
Association of America (SCAA), Sandusky, Ohio.

Venosa, A.D., “Biodegradation of Methyl t-Butyl Ether Using an Innovative Biomass
Concentrator Reactor,” Presented at EPA’s Freshwater Spills Symposium, New Orleans,
Louisiana, printed on Freshwater Spills Symposium 2004 Proceedings CD.

Venosa, A.D., Kaku, V.J, Boufadel, M.C., and Lee, K. 2005. “Measuring Energy
Dissipation Rates in Wave Tank,” For presentation at 2005 International Oil Spill
Conference, Miami Beach, Florida. American Petroleum Institute, Washington, D.C.



13. Weaver, J.W., 2004, Use of Models in the Regulatory Setting, National Academy of
Sciences National Research Council, Committee on Understanding Oil Spill Dispersants:
Efficacy and Effects Dispersant Panel, Seattle Washington, May 2004.

14. Weaver, J.W., 2003, Modeling Dispersant Interactions with Oil Spills, American
Chemical Society National Meeting, New Orleans.



Minerals Management Service
Oil Spill-Related Research
2005 Biennial Reporting Period

Source: http.//www.mms.gov/tarproiects/

Project Number 436
Date of Summary February 27, 2004
Subject Chemical Characteristics of an Oil and the Relationship to Dispersant Effectiveness

Performing Activity = Emergencies Science Division, Environment Canada
Principal Investigator Dr. Merv Fingas

Contracting Agency  Minerals Management Service

Estimated Completion Completed

Project Number 449
Date of Summary August 2, 2005
Subject Effects of Chemically Dispersed and Biodegraded Oils

Performing Activity  Plymouth Laboratories, Inc.
Principal Investigator Steve Rowland

Contracting Agency  Minerals Management Service
Estimated Completion December 2005

Project Number 450
Date of Summary February 27, 2004
Subject Dispersant Effectiveness Testing in Cold Water

Performing Activity  S.L. Ross Environmental Research, Ltd.
Principal Investigator Mr. Randy Belore
Contracting Agency  Minerals Management Service

Completion Completed

Project Number 452

Date of Summary April 19,2004

Subject Mid-Scale Tests to Determine the Limits to In-Situ-Burning In Broken Ice

Performing Activity S. L. Ross Environmental Research, Ltd.
Principal Investigator Ian Buist
Contracting Agency  Minerals Management Service

Completion Completed

Project Number 456

Date of Summary July 16, 2003

Subject Techniques to Remove Dissolved Dispersant from Ohmsett Basin Water

-1-



Performing Activity
Principal Investigator
Contracting Agency
Completion

Project Number

Date of Summary
Subject

Performing Activity
Principal Investigator
Contracting Agency
Completion

Project Number

Date of Summary
Subject

Performing Activity
Principal Investigator
Contracting Agency
Completion

Project Number

Date of Summary
Subject

Performing Activity
Principal Investigator
Contracting Agency
Completion

Project Number
Date of Summary
Subject

Performing Activity
Principal Investigator
Contracting Agency
Completion

S.L. Ross Environmental Research, Ltd.
Ian Buist

Minerals Management Service
Completed

457

August 27, 2004

Effect of Oil Spill Containment Boom Characteristics on Boom Performance
S. L. Ross Environmental Research, 1.td.

Stephen Potter

Minerals Management Service

December 2003

458

June 10, 2004

Process for the Removal of Spent Oil Spill Dispersants from Test Water at Ohmsett
SAIC Canada

David Cooper

Minerals Management Service

July, 2003

476

February 26, 2004

Ohmsett 2003 Cold Water Dispersant Effectiveness Experiments
S.L. Ross Environmental Research, Ltd.

Mr. Randy Belore

Minerals Management Service

Completed

477
June 9, 2005

Correlating Results of Dispersants Effectiveness at Ohmsett with Identical At-Sea
trial: Effects of Oil Viscosity and Dispersant to Qil Ratios

S.L. Ross Environmental Research, Ltd.
Dr. Ken Trudel

Minerals Management Service
Completed
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Subject
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478
February 02, 2005

Development of a Standard Method for Measuring the Buoyancy-to-Weight Ratio
for Oil Spill Containment Boom

S.L. Ross Environmental Research Limited and MAR, Inc.
Steven Potter

Minerals Management Service
Completed

486

October 1, 2004

Fate of Emulsion Breakers Used for Decanting
S.L. Ross Environmental Research

Ian Buist

Minerals Management Service

Completed

493

June 9, 2005

Understanding Oil Spill Dispersants: Efficacy and Effects
National Research Council, Ocean Studies Board

Dr. Dan Walker

Minerals Management Service

Completed

506

September 28, 2004

Analysis of IFO-180 and IFO-380 Oil Properties for Dispersant Window of
Opportunity

S. L. Ross Environmental Research Ltd.

Mr. Randy Belore

Minerals Management Service

Completed

507
September 28, 2004

Correlating Results of Ohmsett Dispersant Test with At-Sea Trials: Workshop to
Coordinate Publications and Prioritize F ollow-up Research

S. L. Ross Environmental Research Ltd.
Dr. Ken Trudel

Minerals Management Service
Completed



Project Number 511
Date of Summary June 9, 2005
Subject Tailored Polymetric Materials for Oil Spill Recovery in Marine Environments

Performing Activity  Bren School of Environmental Science and Management, University of California,
Santa Barbara

Principal Investigator Dr. Arturo Keller and Ms. Victoria Broje
Contracting Agency  Minerals Management Service
Estimated Completion September 2005

Project Number 512
Date of Summary July 29, 2005
Subject Transfer of Decanting Technology Research to Oil Spill Response Organizations

and Regulators
Performing Activity S. L. Ross Environmental Research, LTD.
Principal Investigator Ian Buist
Contracting Agency  Minerals Management Service
Estimated Completion Completed

Project Number 513
Date of Summary June 9, 2005
Subject Laboratory Testing to Determine Dispersion Predictability of the Baffled Flask Test

(BFT) and Swirling Flask Test (SWT)
Performing Activity = U.S. EPA/ University of Cincinnati
Principal Investigator Dr. Al Venosa, EPA and Dr. George Sorial, University of Cincinnati
Contracting Agency  Minerals Management Service
Estimated Completion May 2005

Project Number 514
Date of Summary June 9, 2005
Subject Dispersant Effectiveness Testing on Heavy OCS Crude Oils at Ohmsett

Performing Activity S.L. Ross Environmental Research, Ltd
Principal Investigator Randy Belore

Contracting Agency  Minerals Management Service
Estimated Completion June 2005

Project Number 515
Date of Summary June 15, 2004
Subject Wave Field Characterization at the Ohmsett Wave Test Basin

Performing Activity = Mar, Inc.
Principal Investigator Dave Devitis



Contracting Agency  Minerals Management Service
Estimated Completion June, 2005

Project Number 516
Date of Summary June 8, 2005
Subject Development of a Method to Produce Large Quantities of Realistic Water-In-Oil

Emulsions for use in Evaluating Oil Spill Response Equipment and Methods
Performing Activity  S.L. Ross Environmental Research, Ltd.
Principal Investigator Randy Belore
Contracting Agency  Minerals Management Service
Estimated Completion July 2005

Project Number 517
Date of Summary March 30, 2005
Subject New and Innovative Equipment and Technologies for the Remote Sensing and

Surveillance of Oil in and Under Ice
Performing Activity = DF Dickins Associates, Ltd.
Principal Investigator David Dickins
Contracting Agency  Minerals Management Service

Completion The final report was submitted on March 10, 2005. Approval was received on
March 30, 2005 from all funding partners of the project to release it as a public
document. This project is now complete.

Project Number 520

Date of Summary September 1, 2004

Subject Summary Report of Activities at the Minerals Management Service Ohmsett
Facility

Performing Activity =~ ATRP Corporation

Principal Investigator Michael Champ
Contracting Agency  Minerals Management Service
Estimated Completion August 2005

Project Number 526
Date of Summary June 9, 2005
Subject Correlate Ohmsett Dispersant Tests with At Sea Trials; Supplemental Tests to

Complete Test Matrix
Performing Activity S.L. Environmental Research Ltd.
Principal Investigator Dr. Ken Trudel
Contracting Agency  Minerals Management Service
Estimated Completion July 2005
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Subject
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Subject
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Principal Investigator
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Project Number
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Date of Summary
Subject
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Principal Investigator

527

December 2004

The Effect of Warming Viscous Oils Prior to Discharge on Dispersant Performance
S.L. Ross Environmental Research, Ltd.

Mr. Randy Belore

Minerals Management Service

July 2005

528
June 9, 2005
Optimization of Oleophilic Skimmer Recovery

University of California, Santa Barbara, Bren School of Environmental Science and
Management

Dr. Arturo Keller and Ms. Victoria Broje
Minerals Management Service
September 2006

529
June 9, 2005

Analysis of Dispersant Effectiveness of Heavy Fuel Oils and Weathered Crude Oils
at Two Different Temperatues Using the Baffled Flask Test

U.S. Environmental Protection Agency (U.S. EPA) and the University of
Cincinnati (UC)

Dr. Albert Venosa (U.S. EPA) and Dr. George Sorial (UC)

Minerals Management Service

December 2005

542

June 13, 2005

Dispersant Effectiveness Testing on Realistic Emulsions at Ohmsett
S.L. Ross Environmental Research, Ltd.

Mr. Randy Belore

Minerals Management Service

April 2006

544
June 13, 2005

Real-time Detection of Oil Slick Thickness Patterns with a Portable Multispectral
Sensor

Ocean Imaging Corporation
Dr. Jan Svejkovsky and Judd Muskat



Contracting Agency  Minerals Management Service
Estimated Completion August 2006

Project Number 545
Date of Summary June 13, 2005
Subject Calm Sea Application of Dispersants

Performing Activity S.L. Ross Environmental Research Ltd. and Alun Lewis Oil Spill Consultancy
Principal Investigator Dr. Ken Trudel, Mr. Randy Belore and Mr. Alun Lewis

Contracting Agency  Minerals Management Service

Estimated Completion December 2005

Project Number 546
Date of Summary June 13, 2005
Subject Chemical Dispersibility of OCS Crude Oils in Non-Breaking Waves, Part 1

Determining the Limiting Oil Viscosity for Dispersion in Non-Breaking
Performing Activity S.L. Ross Environmental Research Ltd.
Principal Investigator Dr. Ken Trudel, Mr. Randy Belore and Mr. Alun Lewis
Contracting Agency  Minerals Management Service
Estimated Completion December 2005

Project Number 547
Date of Summary February 28, 2005
Subject Developing New and Innovative Equipment and Technologies for the Remote

Sensing and Surveillance of Oil in and Under Ice — Phase 2
Performing Activity  D.F. Dickins and Associates, Ltd.
Principal Investigator David F. Dickins
Contracting Agency  Minerals Management Service
Estimated Completion August 2005

Project Number 554

Date of Summary June 15, 2005

Subject Mid-Scale Test Tank Research On Using Oil Herding Surfactants To Thicken Oil
Slicks In Broken Ice

Performing Activity S.L. Ross Environmental
Principal Investigator Ian Buist

Contracting Agency  Minerals Management Service
Estimated Completion January 2007

Project Number 555
Date of Summary June 13, 2005



Subject Partnering in a Workshop to Determine the Scope of an Experimental Oil Spill in
Pack Ice in Canada

Performing Activity  S.L. Ross Environmental Research Ltd.
Principal Investigator Mr. Steve Potter and Mr. David Dickins
Contracting Agency  Minerals Management Service
Estimated Completion December 2005
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Introduction

Eight thousand oil and chemical spills were reported in U. S. waters in 2001. These
spills, whether catastrophic or chronic, can have major environmental impacts, cause
substantial disruption of recreational and commercial activities and have unexpected
short and long term social, as well as economic, consequences. NOAA has conducted
spill research since the T/V Argo Merchant ran aground off the Nantucket shoals in 1976.
This research is in support of NOAA’s role, as described in the National Oil and
Hazardous Substances Pollution Contingency Plan, in providing technical and scientific
support to the Coast Guard to mitigate the effects of spills on natural resources, as well as
meeting NOAA’s natural resource trustee responsibilities. As the Federal trustee for
marine resources, NOAA is required by the Oil Pollution Act of 1990 (OPA) to act for
the protection of those resources threatened or injured by the release of oil or other
hazardous substances and to restore any injured resources to what they would be but for
the release. Fulfillment of these responsibilities requires information on the interaction
between the released material and natural resources; OPA directs NOAA, as well as the
other trustee agencies to develop this information through research.

As funding for spill R&D has declined in recent years, partnerships among the relevant
federal and state agencies, industry and academia have increased in importance. In order
to encourage thinking about spill R&D, develop some agreement on research needs and
foster partnerships, NOAA and the University of New Hampshire (UNH) hosted a three
day workshop to identify applied science needs that could improve decision making
across the continuum of oil spill preparedness, response and recovery. The focus of this
work was on oil spills due to their frequency and effects on NOAA resources. It is
anticipated, however, that many aspects of this work will be applicable to spills of other
hazards in similar environments. The emphasis was on research that could change
response and restoration practices and improve protection strategies and recovery
trajectories for NOAA trust resources.

The workshop was held on UNH’s Durham campus on November 4-6, 2003. A diverse
group of more than 30 experts in the areas of spill process, response techniques, and
habitat restoration participated in the workshop (see Appendix 1 for a list of workshop
participants). The group included scientists from NOAA, U.S. Coast Guard, U.S. EPA,
U.S. Minerals Management Service, state agencies, the private sector and academia. The
goals of the workshop were to identify the gaps in knowledge of spill response and
restoration and determine the best approach for addressing these gaps.

Discussion Categories

Insights gained during the workshop will be the foundation for a NOAA R&D strategic
plan and a road map for funding decisions for the next five years. To take advantage of
everyone’s expertise during the workshop, small groups were formed to identify the
R&D needs within each of six categories. The groups were asked to consider approaches
to meet these needs and then prioritize them in terms of short- and long-term research



objectives, cost effectiveness and ability to apply the results in response and restoration
actions.

Six general discussion categories were considered during the workshop. The categories,
described to workshop participants prior to the workshop in background material
(Appendix 2), are:

Fate and Transport of Released Materials. Understanding fate and transport of oil
allows a more precise evaluation of the consequences of response alternatives.
Specific needs include:
* Resolving uncertainties about the short and long-term processes and rates
affecting the properties of spilled oil in coastal environments.
* Improving our abilities to understand, measure, and model oil spill processes
(including evaporation, emulsification and dispersion) in real-time or near real-
time during oil spills.

Effects of Spills and Spill Response on Organisms. The short and long-term effects
that environmentally realistic exposures and response activities may have on
organisms remain a topic of primary importance. Questions of relative sensitivity,
acute and chronic endpoints, exposure regimes, and chemically and naturally
dispersed oil are some of the topics of interest. Metrics below the organismal level
must have a direct link to individual level endpoints such as growth, reproduction,
and mortality.

Effects of Spills and Spill Response on Habitats. Changes in the structure and
function of habitats and communities resulting from the mortality or impairment of
key species are an emerging field of study. These changes may cascade through a
community as the result of a change in predator-prey relationships, changes in
breeding schedules, loss of biogenically structured habitat etc.

Social and Economic Concerns and Needs. In spills affecting areas and habitats
with high associated human use, it is not uncommon for the value of lost use to
exceed the values/restoration costs associated with ecological injuries. Thus, it is
critical to develop sound estimates of human use values (e.g. beach-going, hunting,
recreational fishing, etc.) that can be adapted for spills of differing extent, severity
and location. R&D efforts should also address the development of values and scaling
approaches for regionally critical but less-studied human uses, such as wildlife and
scenic viewing. Efforts should not focus exclusively on development of monetary
values, but also address development of stated preference methodologies that allow
direct tradeoffs across differing attributes of restoration projects. Another priority
research area is quantifying users’ value tradeoffs between different types of habitats,
in order to better understand when cross-habitat restoration alternatives may be
acceptable in addressing the effects of a spill.

Quantitative Metrics for Use in Injury Determination and Restoration. The
metric used to quantify changes in the environment after a spill fundamentally affects



the bottom line of whether impact and recovery have occurred. The ideal metric
would be ecologically relevant, sensitive, cost-effective to implement, widely
available and provide information of statistical significance and known uncertainty
suitable for scaling and monitoring restoration. That is, this metric would be capable
not only of clearly indicating a change from baseline but would also provide
defensible, numerical information about magnitude of this change. In addition, it
would be sufficiently sensitive that it could also be used to monitor recovery after
restoration or remediation and indicate the success (or lack thereof) of these actions.

Restoration Methods. As a Natural Resource Trustee, NOAA must restore
resources injured or lost due to oil spills. Methods to do this, however, are only
slowly being developed. A primary goal for restoration is to minimize the need for
dramatic restoration methods by improving predictive capabilities in correlating
response technologies with restoration costs. The lack of reasonable and cost
effective methods for the restoration of an injured resource can impact our ability to
Justify the inclusion of that resource in the damage assessment. All restoration
methods or technologies need to prescribe scientifically defensible and measurable
metrics to assess the success of the research methods.

Each of five breakout groups (A-E) had the opportunity to discuss each category and
develop a list of research topics that might fill identified knowledge gaps. The groups
were asked to rank each topic they suggested based on technical feasibility, potential
impact on resource recovery decisions, time required to complete and cost. Groups were
also asked to complete a description of each topic they proposed so that their thoughts
could be captured for further NOAA use after the workshop (e.g., D7 — Better
Understanding and Estimates of Non-Market Value of Resources/Use Loss from Spills).
At the conclusion of the workshop, a total of 84 topics had been discussed during the
small group meetings (see Appendix 3 for the list of generated topics), a portion of which
had also been the focus of whole group discussions. Some topic titles listed in Appendix
3 have been modified to better reflect the topic descriptions provided.

Research Topic Synthesis

Although topic prioritization was a key point of discussion during the workshop, post
workshop topic reviews have focused on evaluating the topics without regard to their
initial ranking. As many of the topics overlap or are similar, they have been grouped
into themes (see Appendix 4 for the workshop themes and relevant topics). The themes
include:

Physical Transport Forecasting

Oil Weathering: Data Development and Modeling

Ecosystem Services: Identification and Valuation

Communication: Public and Stakeholder Participation in Response and
Restoration

Restoration Review

Chronic Effects of Oil:



1. Individual

2. Habitat
e Methods and Techniques
e New Tools for Restoration and Recovery
e Others

A synthesis has been prepared for each theme. Each synthesis includes a statement
regarding the theme, some specific research needs identified during the workshop,
potential R&D outcomes, and a list of the relevant topic titles. These syntheses were
developed to help in redefining areas of need. Syntheses are provided in Appendix 5.

Workshop Outcome

The Workshop offered a rare opportunity for the people involved in spill response to
discuss the state of this art with their colleagues in an informal setting. The formation of
new partnerships in areas of shared interest is already underway. NOAA will use the
research areas and topics identified in this Workshop as the framework for a cooperative
strategy to meet R&D needs in spill response and restoration and will continue to foster
partnerships with other Federal agencies, industry, non-governmental organizations
(NGOs) and other interested parties.



Appendix 1

Workshop Attendance List
Group Assignments
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Appendix 2

Background Material



NOAA/UNH R&D Workshop
Background Material

NOAA and the University of New Hampshire (UNH) will convene an oil spill R&D
workshop in Durham, NH, November 4 — 6, 2003. The workshop will bring together
thirty experts from academia, federal and state government, and industry to identify
applied research needs and priorities to improve decision making throughout the oil spill
continuum, i.e., preparedness, active response, and subsequent restoration activities.

The following information is provided as a starting point for workshop dialogue.

Background

Eight thousand oil and chemical spills were reported in the U.S. during 2001. Spills into
our coastal waters, whether catastrophic or chronic, can have major environmental
impacts and cause substantial disruption of recreational and commercial activities. As
people have seen from recent events like the 7/V Erika in France and the 7/ V Prestige in
Spain, marine spills are difficult to prevent, contain, and clean up. The impacts of these
spills are economic and social as well as environmental. For example, it is estimated that
the losses to fishing and aquaculture resulting from the 7/ Prestige spill will total
between $87 and $272 million.

NOAA has conducted spill research since the 7/, V Argo Merchant sank off the Nantucket
shoals in 1976. Under the National Oil and Hazardous Substances Pollution Contingency
Plan, NOAA provides technical and scientific support to the Coast Guard for spill
prevention, preparedness and response to mitigate the effects of spills on the
environment. NOAA is also identified as a trustee for living marine resources in the Oil
Pollution Act of 1990 (OPA). As such, NOAA is required to act for the protection of
those resources threatened or injured by the release of oil or other hazardous substances,
and to restore injured resources to their state in the absence of the release.

Fulfillment of NOAA’s responsibilities requires information on the characteristics of the
interaction between the released material and natural resources. NOAA’s primary areas
of interest include coastal and marine regions and extend to estuaries, rivers and lakes
that provide habitat for trust resources. OPA directs NOAA, among other federal
agencies, to conduct research in these areas to mitigate the impact of releases on the
NOAA trust resources. The Office of Response and Restoration (OR&R) has actively
developed operationally relevant data and information to forecast the movement of
surface and subsurface oil and chemical spills, as well as the physical, chemical and
toxicological changes in the released material. OR&R monitors the influence of various
response options, (e.g., mechanical, in situ burning, dispersant use, and bioremediation)
on the rate of recovery of impacted resources to their state prior to the release and
subsequent response. Currently, OR&R uses this information to evaluate short- and long-
term effects on resources and to develop response strategies that increase the rate and
magnitude of recovery. Other areas of research interest include metrics to quantify injury
and restoration in oiled habitats and restoration scaling.



Historically, funding for oil spill R&D has resembled a “feast or famine” cycle. After a
major incident, public interest results in a short-term infusion of cash. This cyclical
nature of funding seems to hold true for the private as well as the public sectors. The last
major funding cycle in the US followed the grounding of the 7/V Exxon Valdez and
resulted in the passage of OPA and a comprehensive program of oil pollution research,
technology development and implementation among the Federal agencies. While the
actual funding appropriated for this ambitious effort never approached the authorized
levels, NOAA, the Minerals Management Service, U.S. Coast Guard, and the
Environmental Protection Agency continue to support limited research activities.

The private sector responded similarly with the formation of the Marine Spill Response
Corporation (MSRC), which funded approximately $30 million worth of R&D activities
from 1990 to 1995 then discontinued funding as research money declined. The American
Petroleum Institute continues to conduct some private sector funded research.

In early 2003, the National Research Council (NRC) published “Oil in the Sea: Inputs,
Fates and Effects” which identified specific research, development and monitoring needs
relevant to NOAA responsibilities, and provided a catalyst for comprehensively
examining NOAA’s R&D requirements. To help establish R&D priorities, NOAA and
the University of New Hampshire are hosting a workshop to identify applied science
needs that will improve decision making across the continuum of oil spill preparedness,
response and recovery. The initial focus of this work is on oil spills due to their
frequency and effects on NOAA resources. We anticipate that many aspects of this work
will be applicable to spills of other hazards in similar environments. The emphasis will be
on research that could change response and restoration practices and improve protection
strategies and recovery trajectories for NOAA trust resources.

We have identified six general topic areas for consideration during the workshop. These
topics, and potentially others, will provide an initial point of discussion.

Fate and Transport of Released Materials. Understanding fate and transport of oil

allows a more precise evaluation of the consequences of response alternatives.

Specific needs include:
* Resolving uncertainties about the short and long-term processes and rates
affecting the properties of spilled oil in coastal environments. This includes the
effect of physical and chemical weathering on transport and biological impacts.
* Improving our abilities to understand, measure, and model oil spill processes
(including evaporation, emulsification and dispersion) in real-time or near real-
time during oil spills. For example investigating the fate of naturally or
chemically dispersed oil in shallow or poorly mixed waters, including estuaries
and embayments.

Effects of Spills and Spill Response on Organisms. The short and long-term effects
that environmentally realistic exposures and response activities may have on
organisms remain a topic of primary importance. Questions of relative sensitivity,
acute and chronic endpoints, exposure regimes, and chemically and naturally



dispersed oil are some of the topics of interest. Metrics below the organismal level
must have a direct link to individual level endpoints such as growth, reproduction,
and mortality. Such parameters will improve our ability to recommend response
strategies, minimize future impacts, reduce restoration requirements and quantify
performance.

Effects of Spills and Spill Response on Habitats. Oil and response impacts can
occur at larger scales than the organism level. They can also affect functional aspects
at the habitat level. For example, an oil spill may affect marsh plants by either killing
them outright or impairing growth or reproduction. An oil spill may also affect marsh
habitat by reducing cover or food items for wildlife and other occupants or by
changing the structure of the plant community in such a fashion as to make it less
desirable.

Habitats defined in other NOAA programs include:
Salt marshes, tidal flats, mangroves, sand beaches, gravel shorelines rocky
shorelines, seagrass beds, algal beds, muddy bottoms, oyster reefs, sand bottoms,
coral reefs, hard/live bottoms, coastal shelf, estuaries.

Social and Economic Concerns and Needs. In spills affecting areas and habitats
with high associated human use, it is not uncommon for the value of lost use to
exceed the values/restoration costs associated with ecological injuries. Thus, it is
critical to develop sound estimates of human use values (e.g. beach-going, hunting,
recreational fishing, etc.) that can be adapted for spills of differing extent, severity
and location. R&D efforts should also address the development of values and scaling
approaches for regionally critical but less-studied human uses, such as wildlife and
scenic viewing. Efforts should not focus exclusively on development of monetary
values, but also address development of stated preference methodologies that allow
direct tradeoffs across differing attributes of restoration projects. Another priority
research area is quantifying users’ value tradeoffs between different types of habitats,
in order to better understand when cross-habitat restoration alternatives may be
acceptable in addressing the effects of a spill.

Quantitative Metrics for Use in Injury Determination and Restoration. The
metric used to quantify changes in the environment after a spill fundamentally affects
the bottom line of whether impact and recovery have occurred. The ideal metric
would be ecologically relevant, sensitive; cost-effective to implement; widely
available and provide information of statistical significance and known uncertainty
suitable for scaling and monitoring restoration. That is, this metric would be capable
not only of clearly indicating a change from baseline but would also provide
defensible, numerical information about magnitude of this change. In addition, it
would be sufficiently sensitive that it could also be used to monitor recovery after
restoration or remediation and indicate the success (or lack thereof) of these actions.

Current metrics used for injury identification and quantification are a varied lot,
ranging from mortality counts to rates of nutrient cycling. Some are more useful for

10



some types of injuries and resources than others. For example, in a marsh impacted
by an oil spill a metric such as change in percent vegetative cover can be easily and
consistently measured and correlated with both visual and chemical measurements of
oil concentration. If the impact is not too severe, the metric will return to baseline in a
reasonable time frame. However, oil may remain buried in the sediments for decades
and other metrics, e.g. rate of nutrient cycling and percent underground biomass, may
still be depressed, leading to questions as to whether or not the resource has
completely recovered.

Restoration Methods. OPA requires NOAA to restore resources injured or lost due
to oil spills, including impacts from response technologies, to what they would have
been in the absence of the release. Methods to do this, however, have only been
considered since the passage of OPA. A primary goal for restoration is to minimize
the need for dramatic restoration methods by improving predictive capabilities in
correlating response technologies with restoration costs. The lack of reasonable and
cost-effective methods for the restoration of an injured resource can impact our ability
to justify the inclusion of that resource in the damage assessment. Therefore,
preventative approaches and primary restoration techniques are of interest. R&D
topics should focus on the most vulnerable habitat types (e.g., mangroves, corals, salt
marsh, and other quiescent environments). All restoration methods or technologies
need to prescribe scientifically defensible and measurable metrics to assess the
success of the research methods.

Workshop Outcomes:

Insights gained during the UNH/NOAA workshop will be the foundation for NOAA’s
Spill Response R&D strategic plan and a road map for funding decisions for the next five
years. To take advantage of everyone’s expertise during the workshop, small groups will
be formed to identify the R&D needs within each of the above categories. The groups
will be asked to consider approaches to meet these needs, and then prioritize needs in
terms of short- and long-term research objectives, cost effectiveness and ability to apply
the results in response and restoration actions.

In early 2004, we will provide the first draft of the R&D strategy to workshop
participants for review and comment. We will solicit input from stakeholders including
Federal and state governments, industry and non-governmental organizations. We will
consider input through a variety of peer-review mechanisms including hosting future
workshops, participating in appropriate conferences, and other venues. The final strategy
will provide the basis for future research funded through our cooperative relationship
with the University of New Hampshire Environmental Research Group.

Definitions:
To provide a common and consistent basis for discussions, the definitions used

throughout the workshop will be those from the OPA Natural Resource Damage
Assessment regulations. That is:

11



Baseline means the condition of the natural resources and services that would have
existed had the incident not occurred.

Damages mean the value in dollars of the restoration needed to restore the injured or
lost resources and services.

Injury means an observable or measurable adverse change in a natural resource or
impairment of a natural resource service, Injury may occur directly or indirectly to a
natural resource and/or service. Injury incorporates the terms “destruction,” “loss,”
and “loss of use’ as provided in OPA.

Recovery means the return of injured natural resources and services to baseline.
Restoration means any action (or alternative), or combination of actions (or
alternatives), to restore, rehabilitate, replace, or acquire the equivalent of injured
natural resources and services.

Services mean the functions performed by a natural resource for the benefit of
another natural resource and/or the public.

12



Appendix 3

Workshop Topics
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Appendix 4

Workshop Themes
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Workshop Themes

1. Physical Transport Forecasting

o

00000 O0OO0OO0OO

Al — Protocols for Modeling (2D/3D, integration of real time data)

B1 — Deep Water Blowout Models

B2 - Circulation Models for Convergence/Divergence Processes

B3 — Near Real Time Tactical Forecasting

C1 — Model Enhancements (Shoreline and near shore interaction, 3D models)
C2 - Forecasting Oil Transport and Fate, Including Stranding

C4 — Practical Approaches to Detect Oil

El —Fate and Transport of Chemically Dispersed Oil

E3 — Synthesis of Fate/Transport Processes

E4 - Develop Linkages to Incorporate Observing System Data

2. Oil Weathering: Data Development and Modeling

Q00000000 O0OO0OCDO

A2 — Emulsification Models

A3 — Evaporation Models

C3 — Life History of an Oil Spill Droplet in the Water Column
C5 — Life History of an Oil in Shoreline Habitats

C11 - Source-Sink Info for Different Habitats

DI - Long Term Fate of Oil in Water Column and Subtidal Environments
D2 — Emulsification Process Studies

D6 — Long Term Fate of Oil in Key Habitats of Concern

E2 — Effect of Habitat Type on Fate and Transport Processes
E10 — Effect of Habitat Type on Fate and Transformation

E12 — Synthesis of Oil in Ice Habitats

E18 — Metrics for Trophic Modification and Augmentation

3. Ecosystem Services: Identification and Valuation

o
O
(¢}

¢}
o]
o

B12 — Developing Estimates of Human Use Values

B15 - Out of Kind Tradeoffs for Restoration Actions

D3 - Classification and Understanding Initial Loss of Services and Process of
Recovery of Key Habitats

D7 - Non-Market Value of Resources/Use Loss from Spills

E13 — Ecosystem Services Evaluation

E15 — Subsistence Use Valuation

4. Communication: Public and Stakeholder Participation in Response and Restoration

e}

0

0 0 0 O

B13 — Applying Performance Metrics to Evaluate Response Effectiveness
(“Metric Vetting”)

C13 — Communicating Tradeoffs of Dispersants and other Alternative
Technologies

C14 — Understanding Tolerance of Ecological Risk

C15 — Graphic Communication of Spill Tradeoffs

C16 — Communication Plans for Differing Audiences

D8 — Informing Public and Decision Makers about the Consequences of Spills
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o E14 - Communication

5. Restoration Review
o AlO - Post Auditing of Marsh Restoration — As a Pilot Project

B14 — Evaluation and Forecasting of Restoration Success

B16 — Comparative Analysis of Restoration Technology

C20 — Metrics for Restoration Performance

C21 - Bivalve Restoration: Removal, Holding, Replanting

(22 - Past Restoration Retrospective: Case Studies in Different Habitats

D10 — Evaluating Success, Potential Negative Impact, Total Cost of Restoration
Projects

o [E21 —Restoration Lessons Learned

0 00000

6. Chronic Effects of Qil
Part 1: Individual
» A7 - Low-Level Residual Oil Across Species and Habitats

B6 — Chronic Effects of Low Oil Concentrations

C6 — Long-Term Effects of Short-Term and Long-Term Exposures

C23 — Species and Life Stage Sensitivities

D3 — Quantitative Sublethal Effects on Organisms (Indicators, Definition of
Injury)

E7 — Effects of Oil on Reptiles

o E8 - Effects of Oil on Foraminifera and Other Microbenthic Indicator Species

0 0 0O

0

Part 2: Habitat

o A8 - Validate Habitat-Specific Cleanup Endpoints and Recommendations (J.
Michel & B. Benggio paper)

B7 — Cascading System Effects as a Result of Organism Impacts

B9 — Mangrove Restoration and Recovery Rates

B10 — Washing Agent Effects on Habitats

B11 — Habitat Recovery Rates

C12 — Retrospective Analysis of Response Actions in Sensitive Habitats

D5 — Classification and Understanding Initial Loss of Services and Process of
Recovery of Key Habitats

E10 - Effect of Habitat Type on Fate and Transformation

Ell - Ecosystem-Based Approach to Understanding Oil Ecotoxicology

E20 — Non-Point Source Pollution Policy Issue

E22 — Characterization of Recovery Trajectories/Curves in Various Habitats

0 0 0O0O0O0

0 0 O0O0

7. Methods and Techniques

© A5 —Metrics of Effects (Biomarkers, Impacts of Response Actions)
A13 - Identifying Toxicologically-Relevant Analytes by Habitat and Organism
C18 — Research into Robust Markers Diagnostic of Petroleum Impacts, Validated
C19 — In Situ Instrumentation and Materials for Defining Exposure Over Time
E9 — Analytical Methods and Identification of Specific Compounds of Interest

0O 00oO0
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8. New Tools for Restoration and Recovery

(O]

OO0 0O0OO0OO0OO0

@)

9. Others

A9 - Advanced Response Technologies

A14 —Methods to Differentiate Between Spill Effects and Natural
Variability/Stressors

C7 — Defining Baseline of Natural Variability in Organisms and Communities

C9 — Spatial and Temporal Scale Differences

C17 - Develop Conceptual Models of Ecosystems

D9 — Defining and Measuring the Endpoint of Recovery

D11 - Investigating Non-Traditional Restoration Methods

E17 — Sensitive Indicator Species for Injury and Recovery

E19 — Synergistic Restoration (Multiple Restoration Methods and Pairing
Habitats)

E23 — Keystone Species

Dispersed Oil: The upcoming NAS publication on dispersed oil should help in defining

need(s) for data and information on the transport, fate and effects of chemically
dispersed oil, as opposed to naturally dispersed oil. This topic would include:

o A4 - Effects of Dispersed Oil on Species of Concern

o C8 - Physical Effects of Dispersed Oil in Biological Matrices (Feathers, Fur,
Epidermis, Algal Surfaces)

o CI10 - Effect of Dispersed and Undispersed Qil on Different Habitats in Different
Regions

o EI —Fate and Transport of Chemically Dispersed Oil

o E6 - Data Synthesis of Short Term Acute Exposure to Dispersed Oil or
Dispersant

Additional Topics:
o Al2 - Wildlife Multipliers
© B8 —Natural Seeps
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Appendix 5

Workshop Theme Syntheses
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Physical Transport Forecasting
R&D Statement:

During major spills in U.S. waters, NOAA is responsible for providing spill fate and transport
modeling expertise to the U.S. Coast Guard. In addition, NOAA is often called to participate in
modeling efforts in regions outside U.S. waters. The successful improvement, development and
application of physical transport models are NOAA priorities.

The ability to accurately forecast the trajectory of spilled oil and other hazardous materials is a
vital tool in spill response. This ability both guides the spill response and provides data and
information to update the restoration. Consequently, there is a clear need to tie forecasting in
with systems of observation, including real time observations from platforms such as in situ
sensors and satellites. Transport models will increasingly become site specific and require
enhancements to improve sensitivity to oil type, oil interactions and transformation, 3D spatial
resolution and scaling (especially under ice and in energetic near shore environs), and refinement
by calibration and validation. Finally, the coupling of transport forecasting requires proper
coupling with the myriad fate processes that affect oil (see for example the synthesis on Oil
Weathering).

Some specific research needs, as identified during the Workshop include: sensitivity analyses of
fate and transport processes, validation of current models, deep water releases, 3-dimensional
capabilities, improved circulation information, use of innovative technologies to improve
forecasting, improved access to real time data for fate and transport modelers, improved
understanding of near shore/shoreline processes and better oil detection methods.

Possible NOAA Outcomes:

NOAA is interested in applying advances in 2D/3D process capabilities to the General NOAA
Oil Modeling Environment (GNOME) and Automated Data Inquiry for Oil Spills (ADIOS2)
models. Improved strategic planning, tactical planning, and post-spill assessment will be made
possible with such advancements.

R&D Workshop Topic References:

Al — Protocols for Modeling (2D/3D, Integration of Real Time Data)

B1 - Deep Water Blowout Models

B2 — Circulation Models for Convergence/Divergence Processes

B3 — Near Real Time Tactical Forecasting

C1 - Model Enhancements (Shoreline and Near Shore Interaction, 3D Models)
C2 — Forecasting Oil Transport and Fate Including Stranding

C4 — Practical Approaches to Detect Oil

El — Fate and Transport of Chemically Dispersed Oil

E3 — Synthesis of Fate/Transport Processes

E4 — Develop Linkages to Incorporate Observing System Data
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Oil Weathering: Data Development and Modeling
R&D Statement:

Following the release of oil into the marine environment, physical, chemical, and biological
processes begin transforming (i.e. weathering) the released material. Weathering will change the
physical and chemical characteristics of the oil and determine the kind and magnitude of the oil’s
impact on natural resources. The rate of weathering depends on the characteristics of the
released material and the specific environmental conditions at the time and place of release (e.g.,
temperature, wind speed, hydraulic energy, suspended particulate material). The weathering
work done to date has focused on floating oil in an open water environment, leaving questions as
to the effects of nearshore processes, e.g. turbulence, interaction with suspended particulate
material, on these processes. In addition, once the oil comes ashore or is deposited, weathering
processes and rates may be profoundly affected. Developing a better understanding of oil
weathering processes and rates and improving the ability to model and predict them are NOAA
priorities.

Research needs identified during the Workshop include: examination of the affects of a
grounding site on oil degradation, persistence and toxicity; development of a response and
restoration synthesis for oil in ice habitats; examination of the chemical, physical and biological
weathering of oil in structurally vulnerable habitats, including mangroves, sand beaches, mud
flats, salt marshes, sea grass beds, tundra shorelines, and coral reefs; examination of stranded,
buried, and particle-associated oil, including adhesive properties, grain size, and potential for re-
exposure; examination of trophic modification using carbon tracers; and improved model
performance with regard to weathering activity, to include extended ranges of temperature, wind
speed, etc., for a variety of habitats and released materials.

Because controlled releases of petroleum products are not practicable under most circumstances,
fate and weathering studies are generally restricted to spills of opportunity and laboratory-scaled
studies. Natural seeps and sites of historical spills, such as Prince William Sound, AK, also offer
opportunities for research, specifically of the long term fate and weathering of released
petroleum.

Possible NOAA Outcomes:

Advances in modeling capabilities of weathering may be applied to NOAA’s Automated Data
Inquiry for Oil Spills (ADIOS2) model, as appropriate. There is interest in habitat-specific fate
modeling. Improved predictions will enable NOAA and U.S. Coast Guard to more precisely
determine appropriate response actions in order to reduce the overall impact to natural resources.

R&D Workshop Topic References:
A2 — Emulsification Models
A3 — Evaporation Models

C3 — Life History of an Oil Spill Droplet in the Water Column
C5 — Life History of Oil in Shoreline Habitats
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C11 — Source-Sink Info for Different Habitats

D1 - Long Term Fate of Oil in Water Column and Subtidal Environments
D2 — Emulsification Process Studies

D6 — Long-Term Fate of Oil in Key Habitats of Concern

E2 — Effect of Habitat Type on Fate and Transport Processes

E10 — Effect of Habitat Type on Fate and Transformation

E12 - Synthesis of Oil in Ice Habitats

E18 — Metrics for Trophic Modification and Augmentation
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Ecosystem Services: Identification and Valuation
R&D Statement:

The value of the goods and services provided to society by healthy ecosystems is just becoming
realized. A spill may disrupt the flow of those services through injury to the ecosystem
components. For example, the 1996 North Cape oil spill at Moonstone Beach, Rhode Island
resulted in the release of more than 800,000 gallons of home heating oil and a significant
reduction in the number of lobster, clams, fish, seabirds and other invertebrates. This spill closed
the commercial fin fishery and shellfish fishery for months with severe effects on the local
economy.

In order to initiate the recovery process following a spill, it is important to understand not only
what has been lost, but also what can be regained through the different response/restoration
options. Conceptual models for services lost are needed. Parameterized services recovery
models can be used in decision making. Human use valuation estimation (both market and non-
market assessments), including subsistence use impacts, can help define recovery models.
Wildlife injury assessment multipliers are needed for service loss estimations. Assessing the
tradeoffs of various response plans will be the first step in the recovery process. The assessment
of lost values and the consideration of viable recovery options in response to environmental
spills are NOAA priorities.

Some specific research needs identified during the Workshop include: evaluation of out-of-kind
tradeofts for restoration actions (e.g., the cost/benefit of measures that prevent subsequent events
vs. direct application of resources to injuries); examination of how value is assigned to important
services (e.g., human as well as non-human use services) in loss assessments; development of
conceptual models for service loss and recovery from a variety of habitats; quantification of
values of lost services; and examination of how the public trades off restoration attributes.

Possible NOAA QOutcomes:

NOAA is interested in developing a greater understanding of assessing the values of lost
services, both human and non-human use, as well as the myriad of restoration tradeoffs. One
potential product of this research might be the development of a protocol for assessing loss
values based on a range of spill scenarios in a variety of habitats or locations.

R&D Workshop Topic References:

B12 - Developing Estimates of Human Use Value

B15 - Out-of-Kind Tradeoffs for Restoration Actions

D5 — Classification and Understanding Initial Loss of Services and Process of Recovery of Key
Habitats

D7 — Better Understanding and Estimates of Non-Market Value of Resources/Use Loss from
Spills

E13 — Ecosystem Services Evaluation

E15 — Subsistence Use Valuation
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Communication: Public and Stakeholder Participation in Response and Restoration
R&D Statement:

Effective communication with the public, private industry and stakeholders prior to and in the
aftermath of an environmental incident is an important part of a successful response and
restoration. Growing realization of the importance of communication in meeting trustee
responsibilities during and after spill response reveals a need for developing better tools and
techniques for this process. The promotion of effective communication before, during and after
a spill is considered a NOAA priority.

Public and stakeholder expectations and concerns are very high during any environmental
disturbance. However, the level of public understanding of the risk, response and outcome
varies widely. Effective dialogue about spill prevention, first response planning efforts, response
strategies, relative risks and trade-offs of response strategies, injury assessments, and subsequent
restoration alternatives requires an informed public and an iterative dialogue. Techniques are
needed to identify and initiate this dialogue. Techniques are also needed to communicate
outcomes from this involvement.

Some specific research needs, as identified during the Workshop include: an examination of
factors that shape public understanding, especially of ecological disturbances: development of an
array of scientifically defensible metrics that include public and stakeholder input and
understanding for use during a response; development of a public and stakeholder metric
assessment protocol; assessment of information needs during environmental events to assess
impacts, tradeoffs, etc.; examination and assessment of various regional perspectives; and
examination of public understanding regarding alternative remedial technologies (e.g.,
dispersants, in-situ burning, bioremediation).

Possible R&D Qutcomes:

NOAA is interested in developing tools to engage the public and stakeholders in the planning
and decision-making process, assess factors that shape their opinions and preferred decisions,
and quantify their input. Strategies for effective outreach and education about planning and
decision making are needed. Procedures for engagement, particularly to regional audiences or
targeted stakeholder groups, are also needed. New ways of information depiction and portrayal
will be required.

R&D Workshop Topic References:

B13 — Applying Performance Metrics to Evaluate Response Effectiveness

C13 — Communicating Tradeoffs of Dispersants and Other Alternative Technologies
C14 — Understanding Tolerance of Ecological Risk

C15 — Graphic Communication of Spill Tradeoffs

C16 — Communication Plans for Differing Audiences

D8 — Informing Public and Decision Makers about the Consequences of Spills

E14 — Communication
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Restoration Review
R&D Statement:

The Oil Pollution Act of 1990 (OPA) requires that designated natural resource trustees restore
natural resources injured as a result of a release of oil or a hazardous substance to what it would
be but for the release. Since 1990, NOAA has settled more than two dozen damage assessment
cases and initiated restoration for a wide variety of injured resources. Interest in the restoration
method(s) used and the success of these methods is high.

NOAA recognizes the importance of learning from past restoration experiences. The review and
evaluation of past restoration projects and the advancement of metrics to evaluate restoration
performances and innovative restoration techniques are NOAA priorities. The return of
ecosystem services must be placed into contextual framework bounded by “do nothing
alternatives” or intrusive restorations. What is the net benefit of restoration versus natural
attenuation? What are the net benefits of restoration schemes? Expert systems involving
causative models for restoration principles and expert knowledge can be used to establish a
Bayesian belief network framework. Inferential methods may be employed in these frameworks
to evaluate various types of habitat loss information and improve restoration decision making.
Pre-injury assessments may also be useful in decision making. Restoration practices by habitat
type may be of benefit, especially for critical and sensitive habitats,

Some specific research needs identified during the Workshop include: evaluation of restoration
projects already in progress or completed (compare successes, adverse effects, and total cost for
each habitat type) and confirmation that the restoration improved on the “no action” alternative;
development of a decision protocol to match sites in need of restoration with methods deemed
viable for those specific habitats and site characteristics; application and comparison of multiple
restoration techniques at the same test site; development of a success/failure metric for
restoration performance; and evaluation and application of innovative restoration approaches
(e.g., intrusive restoration approach for bivalve community).

Possible NOAA Outcomes:

NOAA is interested in the continued application and assessment of restoration techniques
suitable for use in areas impacted by petroleum (or petroleum products). With continued
examination of innovative restoration methods, more effective techniques of habitat renewal will
continue to be discovered. NOAA is interested in the development of a matrix or protocol which
would identify potential restoration methods for a variety of habitats and site characteristics.
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R&D Workshop Topic References:

A10 — Post Auditing of Marsh Restoration — As a Pilot Project

B14 — Evaluation and Forecasting of Restoration Success

B16 — Comparative Analysis of Restoration Technology

C20 — Metrics for Restoration Performance

C21 - Bivalve Restoration: Removal, Holding, Replanting

C22 — Past Restoration Retrospective: Case Studies in Different Habitats

D10 — Evaluating Success, Potential Negative Impact, Total Cost of Restoration Projects
E21 — Restoration Lessons Learned
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Chronic Effects of Qil: Part 1 — Individual
R&D Statement:

Early studies on the effects of oil released into the marine environment were standard, short term
(96 hour), acute exposures, examining the effects of different compounds and oils on marine
organisms. While these data provided information on the relative toxicity of various oils and
their components, as well as the sensitivity of various test species, it provides little information
on the results of non-standard exposure regimes (e.g. greater than 96 hours or varying
concentrations over this period or end points other than mortality). Measurements of the
concentrations of oil in the water column during field, laboratory and mesocosm experiments
indicate that most water column organisms will not be exposed to a constant concentration for 96
hours but to varying concentrations over a shorter period of time. There is little information
available on either lethal or sublethal effects of this sort of exposure regime. In addition, the
long term monitoring performed in Prince William Sound after the Exxon Valdez supports a
hypothesis that oil, as mixture of compounds, may have multiple modes of action. That is, not
Just acute mortality as a result of narcosis but also hormonal disruption, and perhaps
genotoxicity, modulated through the Ah receptor. This second mechanism would operate at
exposure levels orders of magnitude lower than the presently accepted clean up levels. Data and
information from these non-standard exposures are needed to set protective cleanup levels and
make responsible decisions regarding cleanup. NOAA recognizes the need to develop this
information and has set this as a research priority.

Research focused at the individual level should utilize non-standard exposures with both fresh
and weathered oil and consider sublethal as well as lethal endpoints. Relevant end points may
include hormonal changes, inhibition of reproduction, changes in fertility or fecundity,
hatching/swim up success, etc. Part of this research should be to determine if the current focus
on the most sensitive species and the most sensitive life stages provides a basis to characterize
potential ecological impact of exposure to oil spills. An examination of the effects of oil on
indicator species as well as special species of interest (e.g., endangered species, reptiles) is also
encouraged.

Some specific research needs identified during the Workshop include: evaluation of the chronic
effects of low concentrations (parts per billion) of oil; evaluation and validation of 1 ppb for
sublethal effects across a variety of species; evaluation of long-term effects (e.g., survival,
growth, and reproductive end points) of both short- and long-term exposure scenarios; evaluation
of species and life stage sensitivities and quantitative examination of sublethal effects on
organisms,

Possible NOAA Outcomes:
NOAA is interested in the development of a database containing information from a range of
exposure scenarios for species of interest over a variety of geographic regions. Such a database

would become a valuable reference in the aftermath of a petroleum spill. In addition, assays and
methodologies and their assessments that provide better understanding of the low level, chronic,
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and sublethal effects of spilled oil on organisms and biogenically structured habitats will aid in
the establishment future clean up endpoints.

R&D Workshop Topic References:

A7~ Low Level Residual Oil across Species and Habitats

B6 — Chronic Effects of Low Oil Concentrations

C6 — Long-Term Effects of Short-Term and Long-Term Exposures

C23 - Species and Life Stage Sensitivities

D3 — Quantitative Sublethal Effects on Organisms (Indicators, Definition of Injury)
E7 — Effects of Oil on Reptiles

E8 — Effects of Oil on F oraminifera and Other Microbenthic Indicator Species
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Chronic Effects of Oil: Part 2 — Habitat
R&D Statement:

Oil spills into coastal waters whether acute or chronic, can have major environmental impacts
and cause substantial disruption of recreational and commercial activities through the loss or
change in ecosystem components. Historically, studies on the effects of oil have been to
determine the acute toxicity of oil and its components on single species and their life stages.
With the data coming out of long term studies on the effects of the Exxon Valdez, it is becoming
evident that single species acute toxicity is not the only mechanism by which spilled oil impacts
ecosystems. A loss or change in the structure or function of biogenic habitats such as mussel or
sea grass beds can have cascading effects through suddenly appearing in unexpected components
of the system (e.g., decreased reproduction in harlequin ducks). Alternatively, the acute
mortality of a major predator can also cascade through a system as the result of a change in
predator/prey relationships (e.g. sea urchins, Laminaria and sea otters). These complex
relationships affect both our ability to: assess the extent of a potential or real injury, develop and
implement the most effective restoration, and to predict when the impacted system has recovered
(Peterson et. al., 2003).

Research focused at the habitat level should emphasize the fate of oil in key habitats, the effect
of response actions on various habitats, cascade effects, recovery trajectories and clean up goals.
Research focused on a broad range of habitats, with an emphasis on sensitive and/or vulnerable
habitats is encouraged. Detailed net environmental benefit analysis and cost benefit analysis
should be conducted. Research would benefit from the implementation of long-term monitoring
programs at spill sites and a partnership between experts in remediation/response and recovery
dynamics of injured ecosystems.

Some specific research needs, as identified during the Workshop include: validation of habitat-
specific cleanup endpoints, particularly the guidelines developed by Michel and Benggio (1999);
development of conceptual model of service loss and recovery from key habitats; examination of
how habitat type effects the rate and extent of degradation and transformation; examination of
the effect of washing agents on habitats and ecosystems, especially protected and economically
valuable habitats; examination of cascading system effects; retrospective analysis of response
actions in sensitive habitats; and examination of trophic and habitat linkages among organisms
and incorporation of understanding into models looking at cascading indirect effects.

Possible NOAA Outcomes:

NOAA is interested in the development of a database containing contamination, response and
restoration data for various habitats of interest. This database would become a valuable
reference in the aftermath of a petroleum spill and could be coupled with the database suggested
for exposure scenarios (see Chronic Effects of Oil: Part 1 — Individual). The goal of this work
will be to develop a more comprehensive body of knowledge regarding habitat exposure,
vulnerabilities, recovery, and restoration following an encounter with petroleum.
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R&D Workshop Topic References:

A8 — Validate Habitat-Specific Cleanup Endpoints and Recommendations

B7 — Cascading System Effects as a Result of Organism Impacts

B9 — Mangrove Restoration and Recovery Rates

B10 — Washing Agent Effects on Habitats

~ Bl11 - Habitat Recovery Rates

CI12 - Retrospective Analysis of Response Actions in Sensitive Habitats

D5 — Classification and Understanding Initial Loss of Services and Process of Recovery of Key
Habitats

E10 — Effect of Habitat Type on Fate and Transformation

E11 ~ Ecosystem-Based Approach to Understanding Oil Eco-toxicology

E20 — Non-Point Source Pollution Policy Issue

E22 — Characterization of Recovery Trajectories/Curves in Various Habitats

Reference:

Michel, J. and B. Benggio, 1999. Guidelines for Selecting Appropriate Cleanup Endpoints at Oil
Spills. Presented at the 1999 International Oil Spill Conference, Seattle, USA, 8-11 March
1999,

Peterson, C.H., S.D. Rice, J.W. Short, D. Esler, J.L. Bodkin, B.E.,Ballachey and D. B. Irons,

2003. Long-Term Ecosystem Response to the ExxonValdez Oil Spill. Science 302:2082-
2086.
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Methods and Techniques
R&D Statement:

Increased understanding of the potential impacts of oil on ecosystem structure and function has
highlighted the need for new methods and techniques to quantitatively measure chronic exposure
and indicate both potential and real injury to the exposed organisms. Some of this need may be
met by increased interest in the analytical chemistry of “oil”. Previous work has focused on the
acute toxicity of the water soluble, low molecular weight, volatile compounds. These
compounds however are rapidly lost through evaporation, leaving the less well characterized
higher molecular weight aromatics and other compounds that may be produced by microbial
degradation or photo oxidation. The ability to identify and quantify these compounds, in long-
term field situations as well as controlled laboratory experiments, is a first step in determining
the long term impacts of input of petroleum hydrocarbons in to the environment. A second and
equally necessary step is the development of sensitive, quantitative, early indicators of changes
in metabolic processes in chronically exposed organisms. Together, this information will be a
major factor in determining clean up levels.

Some specific research needs, as identified during the Workshop include: development and field
validation of in situ instrumentation to monitor exposure from specific contamination;
identification of a standard suite of toxicologically-relevant parameters by habitat and organism;
evaluation of the state of knowledge regarding petroleum impact diagnostics; and development
and/or improvement of metrics for injury assessment.

Possible NOAA Outcomes:

NOAA is interested in the development of markers and metrics to be used as diagnostic tools in
evaluating the long-term impacts/effects of response actions and decisions.

R&D Workshop Topic References:

A5 — Metrics of Effects (Biomarkers, Impacts of Response Actions)

A13 - Identifying Toxicologically-Relevant Analytes by Habitat and Organism
C18 — Research into Robust Markers Diagnostic of Petroleum Impacts, Validated
C19 ~ In-Situ Instrumentation and Materials for Defining Exposure Over Time
E9 — Analytical Methods and Identification of Specific Compounds of Interest
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New Tools for Restoration and Recovery
R&D Statement:

NOAA has set as a priority the investigation of innovative approaches to response, restoration,
and recovery from environmental spill events. While there are undoubtedly a wide variety of
approaches to post-spill site response, restoration, and recovery for any given spill scenario, the
need for inventive new ideas remains. Given the opportunity to “think outside the box”
regarding seemingly standard methods, researchers are often able to uncover new facets to their
problems which result in insights and new solutions. Some important questions that might lead
to new discoveries include how do we differentiate between spill effects and natural, baseline
variability in populations that might be induced by natural stressors? What lessons can be
learned by spatial and temporal scaling of restoration methods and recovery assessments? Are
there better conceptual models of ecosystems than the ones that are presently used? How can
further basic research on keystone and sensitive species be translated into practice? How can
non-traditional restoration practices be identified? Are there ways to explore synergistic
restorations that address multiple problems or enhance restoration through syntrophy? What are
the best methods to project recovery trajectories and for defining and measuring recovery end
points?

Some specific research needs, as identified during the Workshop include: investigation of non-
traditional restoration methods; examination and evaluation of innovative response technologies;
evaluation of alternatives to characterize pre-spill conditions; examination of shoreline diversity
using small scale spatial and temporal differences; comparison of natural stressors vs. effects of
petroleum contamination; examination and evaluation of current and innovative tests for damage
assessment; comparison of recovery trajectories for various habitats, considering natural
attenuation vs. restorative actions; evaluation of cost/benefit in using multiple restoration
methods; and examination of past restoration/recovery successes in an effort to define potential
recovery end points for various post-spill circumstances.

Possible NOAA Outcomes:

NOAA is interested in expanding the National Estuary Restoration Inventory (NERI), an online
database of restoration projects, as well as receiving public comments pertaining to the
inventory.

R&D Workshop Topic References:

A9 — Advanced Response Technologies

Al4 — Methods to Differentiate Between Spill Effects and Natural Variability/Stressors
C7 — Defining Baseline of Natural Variability in Organisms and Communities

C9 — Spatial and Temporal Scale Differences

C17 - Develop Conceptual Models of Ecosystems

D9 — Defining and Measuring the End Point of Recovery

D11 — Investigating Non-Traditional Restoration Methods

E17 - Sensitive Indicator Species for Injury and Recovery
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E19 — Synergistic Restoration (Multiple Restoration Methods and Pairing Habitats)
E23 — Keystone Species
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