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GEM RESEARCH PLAN  

 
I.  NEED FOR THE PROJECT 
 
A. Statement of Problem 
 
Although most of the oil spilled from the T/V Exxon Valdez in 1989 dispersed or was 
biodegraded by 1992, the remaining oil has proven surprisingly persistent.  A study 
conducted during 2001 estimated on the order of 100 m3 of Exxon Valdez oil remaining 
in Prince William Sound (Short et al., in prep.), with much of the oil buried in shallow 
intertidal sediments and only moderately weathered.  These results imply loss rates on the 
order of 25% per year since 1992, suggesting that Exxon Valdez oil will remain readily 
encountered on the most heavily impacted beaches in the region on time spans of one to a 
few decades.   
 
Other sources of hydrocarbons have been invoked as important in this region, including 
asphalt released from storage tanks during the 1964 Alaska earthquake (Kvenvolden et 
al., 1993), natural oil seeps (Page et al., 1997), native coal (Short et al., 1999), erosion of 
organic rich shales (Boehm et al., 2002), fallout from forest fires (Page et al., 1999), and 
other human industrial and habitation sites (Page et al, 1996).  The extent of 
hydrocarbons oil from asphalt patches released during the 1964 earthquake is estimated 
as less than 5% of the beach area affected by Exxon Valdez oil by 2001 (Short et al., 
2003), but the extent and intensity of hydrocarbons from the other sources is not clear.   
 
Monitoring the persistence of remaining Exxon Valdez oil is necessary to evaluate the 
extent to which biota in the affected region are still exposed to toxic hydrocarbons from 
the oil.  Monitoring hydrocarbons from other potentially confounding sources provides 
context necessary to evaluate the scale of likely impacts from exposure to Exxon Valdez 
oil.  A relatively precise estimate of Exxon Valdez oil was provided by the 2001 survey 
(Short et al., 2003), but how this compares quantitatively to inputs from other sources, 
and especially other anthropogenic sources such as current and abandoned industrial and 
habitation sites is currently unknown. 
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B.  Relevance to GEM Program Goals and Scientific Priorities 
 
The project proposed here will recommend a long-term sampling strategy to efficiently 
monitor the persistence of the remaining Exxon Valdez oil, as well as changes in 
hydrocarbons from the 1964 earthquake, from other anthropogenic sources, and from 
natural sources on the beaches of western Prince William Sound.  Implementation of the 
recommended sampling strategy will permit a quantitative comparison of hydrocarbon 
contributions from each of these classes of sources to the region within Prince William 
Sound impacted by the Exxon Valdez oil spill and an assessment of temporal changes of 
these contributions.  The significance of likely effects of exposure to hydrocarbons from 
these sources may then be more rigorously compared with other factors affecting biota 
using the intertidal zone, including harlequin ducks and sea otters, two species that show 
evidence of continuing exposure to hydrocarbons.   
 
Ultimately, monitoring results using the recommended strategy will indicate the time 
when the amount of Exxon Valdez oil remaining on beaches of Prince William Sound is 
no longer a significant factor for the biota there and will signal the end of the spill's direct 
impacts.  Results from monitoring hydrocarbons from other sources will directly address 
two GEM goals: detection of changes of hydrocarbon insults to the intertidal of the 
region and understanding the quantitative relationships among sources inputs of these 
hydrocarbons.  The specific results we expect from this project include a set of 
recommendations for monitoring hydrocarbon inputs from categorically distinct sources 
efficiently with explicit recognition and incorporation of the hydrocarbon monitoring 
currently conducted by the Prince William Sound Regional Citizens' Advisory 
Committee's Long Term Environmental Monitoring Program.  We anticipate these results 
will allow core objectives of the GEM plan regarding lingering oil effects to be 
rigorously and efficiently addressed. 
 
 
II. PROJECT DESIGN 
 
A. Objectives 



 
The main objective is to develop and “ground-truth” a strategy for monitoring persistence 
of residual oil from the Exxon Valdez oil spill in the context of hydrocarbon 
contamination from other sources and any natural sources. 
 
 Subsidiary objectives are: 
•   to maximize efficiency in routine sampling (“monitoring”), i.e. sensitivity and 

discrimination in relation to time and cost. 
•   to ensure unbiased estimation of hydrocarbon contaminants on the shores of Prince 

William Sound (PWS), as to (a) amount and (b) source. 
•   building on work already done by one of us (JS), sample the oiled (western) part of 

PWS to verify the present distribution of contaminants by source (e.g. the Exxon 
Valdez spill), and modify the sampling design accordingly (e.g. weighting the 
sampling effort by strata:  shoreline by region, tidal height, substrate type, etc.). 

•   to plan the temporal dimension of the monitoring design e.g. frequency, duration, 
consistency.    

 
There has been much dispute about the amount and source of oil and other hydrocarbon 
contamination in PWS.  At one extreme there is a belief that little Exxon Valdez oil 
remains, that what does remain is mostly refractory (without biological impact), and that 
it is a small portion of the hydrocarbon contaminants (i.e. from anthropogenic sources) 
on or in the shores of PWS.  At the other extreme there is a belief that substantial 
amounts of Exxon Valdez oil remain on PWS shorelines (especially subsurface in gravel 
at mid to low tide levels in the most heavily impacted western Sound), that it remains 
toxic (having mostly sublethal effects e.g. developmental, genetic, growth), and that 
biologically important contaminants from other sources are not in such large amounts as 
to make residual Exxon Valdez oil unimportant by comparison.  Thus it is important to 
make a rigorous and fair assessment of this question and to set in place an ongoing 
scheme for future monitoring of persistent residual Exxon Valdez oil and other 
hydrocarbon contaminants in PWS.  As it is applied year to year, the baseline established 
by previous and ongoing monitoring efforts (e.g. the Prince William Sound Regional 
Citizens' Advisory Committee's Long Term Environmental Monitoring Program) will be 
broadened, with an ongoing protocol for detection of changes in distribution of oil from 
various sources over time. 
 
B. Procedural and Scientific Methods  
 
The main objective - -    See subsidiary objectives following: 
 
 Maximize efficiency - -   This requires an optimum allocation of sampling effort to  
  various levels in the design e.g. shoreline by region, shoreline segments, transects  
  within shoreline segments, samples along transects, - -   Time and cost for any  
  particular allocation can be evaluated, and power analysis re. given hypotheses (e.g.  
  how much oil from each source) will assess sensitivity and discrimination.  
 
 Ensure unbiased estimation - -   It must be ensured that the allocation of sampling effort  



  gives a fair and equal (proportional) chance to the detection of oil from different  
  sources.  In other words, sampling effort mus t not be disproportionally allocated to  
  beaches, tide levels, etc., which tend to have oil from a particular source, or which  
  tend not to have oil from a particular source.  This would be based on the following: 
 
 Sample to verify present distribution of contaminants by source - -  Sampling programs  

sponsored by the Exxon Valdez Trustee Council provide assessments of  the present 
distribution of oil, by source, on beaches of western PWS.  These programs are based 
on stratified random samples at two spatial scales.  Beaches were selected for intensive 
field sampling from categories of beaches that were oiled by the Exxon Valdez spill.  
The selected beaches were evaluated for oil contamination examining randomly placed 
0.25 m2 quadrats for evidence of oil.  Results from these studies provide a good basis 
for estimating statistical sampling power of related sampling designs.  Based on this 
information we can sample with good efficiency and minimal bias, and then use the 
results to fine-tune (re-weight) the sampling design for optimal efficiency and 
unbiased estimation.    

 
 Plan temporal dimension of monitoring design - -   Up to this point the emphasis has  
  been on an optimal strategy for assessment of distribution of EV (and other) oil at any  
  given time (e.g. in a given year).  However we want a strategy for monitoring  
  persistence of oil which implies sampling in some fashion over time.  This gets into  
  other issues:  

•  Should units be re-sampled each time (e.g. beaches) or randomly selected each 
time? 

• If the former then a repeated measures design and statistical analysis is implied.  
The specifics of this have to be worked out, including power analysis re. testing 
hypotheses about changes of distribution of oil from various sources over time. 

• Frequency of sampling has to be determined.  Every year?  Less frequently?  
Simulation of power (changes detected or missed) in different frequency of 
sampling scenarios has been done by one of us (RG, for Ontario Ministry of 
Environment re. monitoring discharges) and the procedure is applicable here. 

• All of this would be put into a context of benefit/cost i.e. sensitivity (power) in 
relation to costs in time & effort.    

 
C. Data Analysis and Statistical Methods  
 

 Since this proposal is to create and describe a strategy for monitoring persistence of EV 
oil and its relationship to other sources of contamination in PWS, this is mostly not 
applicable.  Assessment of power for different amounts and allocation of sampling effort 
in space and time is key to what we propose to do.  Initial values will be based on 
previous marine intertidal studies in general (of which there are many including quite a 
few by RG and JS), and PWS intertidal studies in particular.  Since the EV oil spill there 
have been many, done by various companies and agencies, and much of the data are in 
the public domain.  In addition, JS was involved in some of these, and RG was chair of 
the Design and Statistics Working Group for EVOS, which dealt with many of the (non-
Exxon) projects.  The methods are in standard references (including RG’s book and his 



new one in prep), and appropriate statistical software is widely available or can be 
written.  In effect, JS will provide the first-hand PWS shoreline sampling experience and 
the chemistry expertise, and RG will provide the study design and statistical analysis 
expertise, and the experience in determining optimal design re. power, robustness and 
efficiency for monitoring studies similar to the one proposed here.    

 
D. Description of Study Area 
 
The study area includes the spill-affected portion of western PWS, in particular the 
islands from the Naked Island complex to the islands forming the southwestern passages 
(i.e. Evans, LaTouche, Bainbridge, etc.). 
 
 
E. Coordination and Collaboration with Other Efforts 
 
This project will affect all other Trustee funded projects relating to lingering oil, and it 
will complement the Prince William Sound Regional Citizens' Advisory Committee's 
Long Term Environmental Monitoring Program (LTEMP).  The project proposed here 
will furnish the basis for deciding how the oil remaining in PWS should be monitored, 
with respect to location, frequency and duration.  It will also provide a basis for 
evaluating the impacts of other hydrocarbon pollution sources relative to the Exxon 
Valdez, and will complement the LTEMP by showing how the trend information from 
repeated sampling at fixed stations under the LTEMP can be integrated with random 
sampling methods that permit inferences regarding the sampled region as a whole. 
 
 
III.  SCHEDULE 
 
A. Project Milestones 
 
This project will begin with a field examination of the study region in spring 2004 by RG 
guided by JS.  Following examination of the range of field situations where lingering 
Exxon and "earthquake" oil is still found, we will develop alternative sampling designs 
and test their statistical power to detect change.  This development will occur from May 
2004 through August 2004, and a report of our findings will be prepared and submitted 
by September 30, 2004. 
 
 
B. Measurable Project Tasks 
 
FY 04, 1st quarter (October 1, 2003-December 31, 2003) 
October:  Project funding approved by Trustee Council 
 
FY 04, 2nd quarter (January 1, 2004-March 31, 2004) 
  Perform a literature and data review to establish a set of 

resources for performing statistical power calculations  



 
FY 04, 3rd quarter (April 1, 2004-June 30, 2004) 
April 15 - April 30: Overfly PWS to examine the range of beach types, 

followed by 5-day cruise to examine locations where 
lingering oil persists. 

 
May1 - June 30: Construct feasible sampling design alternatives and begin 

power assessments.   
 
FY 04, 4th quarter (July 1, 2004-September 30, 2004) 
July1 - August 31:  Continue power assessments 
 
September 1 - September 30: Prepare and submit final report 
 
FY 05, 2nd quarter (January 1, 2005-March 31, 2005) 
January 12-16:  Present results at the annual workshop 
 
 
IV.  RESPONSIVENESS TO KEY TRUSTEE COUNCIL STRATEGIES  
 
A.  Community Involvement and Traditional Ecological Knowledge (TEK) 
 
There is little opportunity for this project to interact directly with communities in the 
region.  The primary product will be a set of sampling design alternatives, and an 
assessment of the advantages of each.  These results will be presented to the public at the 
annual workshop. 
 
 
B. Resource Management Applications  
 
This project will generate efficient sampling strategies that facilitate monitoring the oil 
remaining from the Exxon Valdez, as well as hydrocarbons from other major prospective 
sources.  These strategies will allow resource managers to assess the long-term impacts of 
the lingering oil, and of hydrocarbons from other sources, on the valued marine resources 
of the region.  This will directly address public concerns regarding the long-term impacts 
of the lingering oil. 
 
V.   PUBLICATIONS AND REPORTS 
 
In addition to the required final report, we anticipate presentation of our findings in a 
refereed scientific journal, to be identified at a later date. 
 
VI.   PROFESSIONAL CONFERENCES 
 
None 
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DETAILED PROJECT BUDGET FORM 
 
BUDGET JUSTIFICATION 
 
Sampling costs include a trip to  Prince William Sound to examine the range of beach 
types  that the model would include. This trip involves examining the different types of 
beaches (topography)  where lingering oil persists. 
 
Dr. Green’s salary covers his time and effort to develop a model for long-term oil 
monitoring.   
 
DATA MANAGEMENT QA/QC STATEMENT INCLUDING MetaLite file. 
This project involves developing a model and the specific parameters have not been 
established yet. A MetaLife  file is attached in electronic form. The file is named: lingerin 
oil.mdb. 
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

Proposed Proposed Proposed TOTAL
Budget Category: FY 04 FY 05 FY 06 PROPOSED

Personnel $0.0 $0.0 $0.0 $0.0
Travel $7.6 $0.0 $0.0 $7.6
Contractual $29.5 $0.0 $0.0 $29.5
Commodities $5.0 $0.0 $0.0 $5.0
Equipment $0.0 $0.0 $0.0 $0.0

Subtotal $42.1 $0.0 $0.0 $42.1
General Administration (9% of Subtotal) $3.8 $0.0 $0.0 $3.8

Project Total $45.9 $0.0 $0.0 $45.9

Date Prepared: 6/11/2003

Cost-share Funds:

This project is designed to  evaluate alternative sampling designs and stragegies for oil monitoring in PWS. NOAA will contribute all of Jeff 
Short's labor  for project management and field planning 1.5 mo  for a total of 18K. 
.
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Project Number:  
Project Title:Development of a strategy for monitoring 
Exxon Valdez oil  & contamination in PWS
Agency:  NOAA - Auke Bay Laboratory

1 of 10



EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

Personnel Costs: GS/Range/ Months Monthly Personnel
Name Description Step Budgeted Costs Overtime Sum

0.0
Jeff Short Analytical Chemist GS-13 12.0 0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Subtotal 0.0 12.0 0.0
Personnel Total $0.0

Travel Costs: Ticket Round Total Daily Travel
Description Price Trips Days Per Diem Sum

0.0
EVOS Workshop - Jan. 2004 JNU-ANC 0.5 1 3 0.3 1.4

0.0
Roger Green to Juneau from Ontario JNU-London, Ont 2.0 1 7 0.4 4.8

0.0
0.0

Site Analysis JNU-CDV 0.5 2 4 0.1 1.4
0.0
0.0
0.0
0.0
0.0

Travel Total $7.6
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FY 04
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Project Title:Development of a strategy for monitoring 
Exxon Valdez oil  & contamination in PWS
Agency:  NOAA - Auke Bay Laboratory
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

Contractual Costs: Contract
Description Sum

Temporary labor (NOAA) - 3.0
Data entry and verification

Vessel Charter to collect samples 5 days 1.3k/day 6.5

David Green 20.0
Model Development

If a component of the project will be performed under contract, the 4A and 4B forms are required. Contractual Total $29.5
Commodities Costs: Commodity
Description Sum

Software 5.0

Commodities Total $5.0

FORM 3B
Contractual 

& 
Commoditie

s

FY 04
Project Number:
Project Title:Development of a strategy for monitoring 
Exxon Valdez oil  & contamination in PWS
Agency:  NOAA - Auke Bay LaboratoryProject 
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

New Equipment Purchases: Number Unit Equipment
Description of Units Price Sum

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

New Equipment Total $0.0
Existing Equipment Usage: Number Inventory
Description of Units Agency

FORM 3B
Equipment 

DETAIL
FY 04

Project Number:
Project Title:Development of a strategy for monitoring 
Exxon Valdez oil  & contamination in PWS
Agency:  NOAA - Auke Bay LaboratoryProject   
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

Personnel Costs: GS/Range/ Months Monthly Personnel
Name Description Step Budgeted Costs Overtime Sum

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Subtotal 0.0 0.0 0.0
Personnel Total $0.0

Travel Costs: Ticket Round Total Daily Travel
Description Price Trips Days Per Diem Sum

0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

Travel Total $0.0

FORM 3B
Personnel 
& Travel 
DETAIL

FY 05
Project Number: 04290 
Project Title:  Hydrocarbon Database
Agency:  NOAA- Auke Bay Laboratory
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

Contractual Costs: Contract
Description Sum

If a component of the project will be performed under contract, the 4A and 4B forms are required. Contractual Total $0.0
Commodities Costs: Commodity
Description Sum

Commodities Total $0.0

FORM 3B
Contractual 

& 
Commoditie

s

FY 05
Project Number:  05290
Project Title:  Hydrocarbon Database
Agency:  NOAA-Auke Bay Laboratory
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

New Equipment Purchases: Number Unit Equipment
Description of Units Price Sum

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

New Equipment Total $0.0
Existing Equipment Usage: Number Inventory
Description of Units Agency

FORM 3B
Equipment 

DETAIL
FY 05

Project Number:  
Project Title:  
Agency:  
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

Personnel Costs: GS/Range/ Months Monthly Personnel
Name Description Step Budgeted Costs Overtime Sum

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Subtotal 0.0 0.0 0.0
Personnel Total $0.0

Travel Costs: Ticket Round Total Daily Travel
Description Price Trips Days Per Diem Sum

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Travel Total $0.0

FORM 3B
Personnel 
& Travel 
DETAIL

FY 06
Project Number:  
Project Title:  
Agency:  
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

Contractual Costs: Contract
Description Sum

Contractual Total $0.0
Commodities Costs: Commodity
Description Sum

Commodities Total $0.0

FORM 3B
Contractual 

& 
Commoditie

s

FY 06
Project Number:  
Project Title:  
Agency:  
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EXXON VALDEZ OIL SPILL TRUSTEE COUNCIL 
DETAILED BUDGET FORM FY 04 - FY 06

New Equipment Purchases: Number Unit Equipment
Description of Units Price Sum

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

New Equipment Total $0.0
Existing Equipment Usage: Number Inventory
Description of Units Agency

FORM 3B
Equipment 

DETAIL
FY 06

Project Number:  
Project Title:  
Agency:
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