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on the surface. Monitoring will continue throughout the winter to
determine the toxicity level of the oil in the surface and subsurface
material in the spring of 1990, and the physical and chemical
properties that will influence the effectiveness of various treatment
technologies that will be evaluated in 1990.

Question: Will you be able to compare your results in Prince
William Sound with studies ongoing outside the Sound that are
using similar chemical analyses?

Dr. Michel: Yes, because they are using similar survey methods.
NOAA offered to do the detailed chemistry on samples from
Western Alaska so that we can participate in these programs.

Question: Do you have any studies ongoing at this particular time
to determine the toxicity levels other than in substrata oils?

Dr, Michel: No, but many past studies and literature address that
issue.

Question: Jacqui, because of the variability that you see in the oil,
how many samples provide the data for the graphs that you're
showing us? How many deposits or how much volume did you
sample to get those figures?

Dr. Michel: Those graphs are for individual s: 1iples, but they are
representative of what we have found. We have 18 stations and
collect four samples per station per survey, so we'll have over 500
GC/MS data just in Prince William Sound. I h¢ e that will give us
the kind of broad coverage to extrapolate some ur the more detailed
work that you're doing in some of the EPA bioremediation sites.

Comment: We have 21 samples from within a small plot, and we
have enough variability so that it's hard to tell any trend from
within one small plot, so it's difficult to see how four samples from
the site will indicate trends over time that are extremely dramatic.

Dr. Michel: It's going to be complicated, but we've seen a big
difference so far if you look at all the surface and the subsurface
samples.
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Dr. Erich Gundiach

Dr. Gundlach's slide presentation compared the METULA spill in
Patagonia with the studies being done in Alaska. The METULA spill
was about twice the size of the EXXON VALDEZ spill. In the views
of the area five years later, Dr. Gundlach observed that a subsurface
band of oil still remained, indicating the longevity potential of
substrata oil in the sediment itself even though the surface looks
clean. The formation of asphalt or pavement slabs, where the oil and
cobble have mixed and formed a hardened crust along the beach, is a
common factor of the METULA spill, the AMOCO CADIZ spill, and
what is now appearing in impact areas of the EXXON VALDEZ spill.

Slide views of the EXXON VALDEZ spill were shown, beginning in
April with the heavy oiling; in September, which showed the areas
to be cleaner, but stained; and in October at one of the salmon
streams that had no cleanup activity and no wave energy to remove
the oil from the sediments. Virtually no change could be detected at
this site.

Dr. Gundlach discussed ADEC's program of identifying the oil
locations. In September, after the cleanup activities ceased, the
primary focus of attention was a detailed walking survey composed
of three vessels and a crew of about 20 people. This survey
concentrated primarily in Prince William Sound over a five-week
period, and covered approximately 700 miles of shoreline. Detailed
segment maps were produced noting oil concentrations, geomorphic
beach types, and oil penetration within the sediments.

This information will be published as a map showing the oil
concentrations and as a tabular summary of the observations (type of
oil and depth of penetration) to delineate the areas of highest
penetration for consideration of work to be done next spring. These
maps, and surveys consisting of over 1,100 pages, are expected to be
available in December 1989.

Another continuing ADEC survey is a detailed analysis of 22 stations
within Prince William Sound. This is done by helicopter and a 30-
day vessel cruise, as well as monitoring by way of biological transect,
collecting chemical samples, and a diving survey. This will continue
until approximately December 10, 1989. In mid-January 1990, these
stations will again be observed by helicopter. Other areas of focus are
Seward, Homer, and Kodiak.
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information to address the variability of the sample data and create
an accurate picture of present conditions. This averages out to
approximately eleven transects per site for the "A" Program. Other
ke are the surface oil coverage, subsurface observations, and
test pits to determine the amount and depth of penetration. Work
includes subsurface and surface sediment samples being taken for
analysis of total petroleum hydrocarbons (TPH), detailed elevation
profiles showing the elevation changes on the shoreline, biological
surveys to evaluate the macrobiological changes and conditions,
photographic and video documentation, and other general
observations to help fill out the database for these sites.

"B" Program: This is a similar evaluation, although it does not
include the biological component, detailed elevation, or sediment
samples. The sites selected for this program do not involve as much
time, and cover a broad range of energy exposures and changing
conditions, with an emphasis on low-energy locations.

These teams are achieving an 80% success rate for site access on a
monthly basis and are monitoring 316 transects (A and B) at this
time. This creates a broad database from which to draw conclusions.

Mr. Teal continued with a slide presentation showing different
aspects of the observation sites. He noted that the data sharing
agreement with the State of Alaska and other agencies is not yet
finalized. This agreement would enable a free exchange of data
between the agencies to better reach conclusions and gain a better
appreciation of changing conditions throughout the Sound.

Exxon's winter program sites are located in Prince William Sound,
Kenai Peninsula, Kodiak, and Alaska Peninsula regions. Mr. Teal
described some of the field observations of the high- and low energy
activity sites currently being monitored.

High energy areas have shown the greatest amount of change; for
example, substantial oil removal in the surface and subsurface
conditions has been observed. Erosion activity is a key element in
exposing and removing the subsurface oil. Some examples of total
removal of visible oil in both surface and subsurface materials are in
the northeast section of Little Smith Island, the north side of Smith
Island, and Badger Cove and Gore Point in the Gulf of Alaska.
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but there did seem to be quite a difference of opinion about what is
happening in the subsurface. Is the difference in opinion based on
the November sampling and the fact that you were in different
locations? Do any of you have an explanation to offer that might
help tie these three presentations together?

Mr. Teal: One of the key things that we're seeing is a high degree of
variability. When you compare one transect to the next, you're going
to get variability, so you need to have a series of transects in a
particular area to get a good, broad perspective as to what's really
happening on that shoreline. @ More importantly, the November
storm activity did create significant change. Jacqui Michel had
information tor Smith Island prior to the erosion taking place on
that particular site. So, the potential for variability and the
November storms are keys to remember when we're comparing data.

Dr. Gundlach: I haven't got the data from November. But I think
it's a very optimistic overview of what the problem will be out there
in the springtime. I'd say that there are areas that are being cleaned.
Smith Island was explained as a very positive and, in fact, a very high
energy environment. On the other hand, I would state that there are
going to be problem areas going into the springtime, and we should
ocus on those problem areas. A little optimism from the November
survey may be warranted, but the likelihood is that there will be
problem areas within Prince William Sound and other areas that we
should focus on.

Comment: I've been back to some of the NOAA sites after the
storm. I noticed a difference in the slides, in particular, Sleepy Bay,
where I was right on the middle transect. There was a dramatic
difference between her slides and what I saw last week. Obviously,
the storm had a fairly major effect on the high energy areas. I visited
about eight different sites in the Sound. The high energy areas,
Smith most noticeably, Sleepy Bay, and the next bay over the creek,
showed dramatic changes from what the slide was showing;
incredible changes. It was obvious that the storm did very good

work. The low energy areas, though, still showed oiling.

Question: Can you correlate the behavior of the oil and the degree
of cleanup of the beaches, with the amount of treatment that was


















Cleanup Technology Workshop 19

oil is frozen, but is not gouged or otherwise reworked. Other beaches
around the Canadian and Alaskan Arctic have ice push ridges, ice
scour marks, ice gouge marks, and there you would have this sort of
mechanical ice reworking. There was none of this at BIOS because of
the cementation effect.

Question: To what level does the presence of oil affect the rate of
erosion?

Dr. Owens: There tends to be a faster wave run-up. This is true of
at least one site that I'm monitoring in our "B" Program. We're
getting more reworking in the upper part of the inner tidal zone
because the wave is no longer permeating as it runs up into the
beaches, so it has a faster velocity on the higher part of the beach.
This causes more reworking in the upper beach and speeding up
erosion slightly on a small scale. We're only talking about sheltered
environments, but it is helping.

Question: The BIOS study looks very good in that the oil has been
removed from a particular beach. Do you know where the oil is
going? It is my understanding that oil can be trapped either in
subsurface sediments or in wind and wave action only to show up
oiling another area as much as a year later. Do you have a response
to that?

Dr, Owens: I only showed you one small asper of the BIOS study,
which was a very large, multi-agency international study. At times
the BIOS study looked like north Smith Island in the early parts of
this spill, but we did collect subtidal samples on transects out into the
main part of the bay. We've taken some subtidal samples this last
year as well, but I haven't got the data back from them. The 1983 and
1985 BIOS data show that, out of 18 samples in 1983, the mean
concentration was 15 mg/kg (15 fparts per million). The highest
value was about 70 mg/kg, and of 34 samples that we collected in
1985, the mean concentration was 15 mg/kg. It was concentrated in a
zone out to about the three-meter water depth, with the highest
concentration at the three-meter subtidal contour line. The further
out we went, the more significant the decrease in concentration
levels. At a couple of hundred meters, levels were below detection
limits for our methodology.
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a slightly lighter oil than the Prudhoe Bay crude, but that worked out
of the system very quickly because of the heavier nature of the oil.

222 22 2t 2 it ey

Jim O'Brien is the president of O'Brien Oil Pollution Services, Inc. of
New Orleans. He has been working in oil spill response since 1971,
and has been involved in over 100 significant spills during that
period. Mr. O'Brien is a past commanding officer of the Pacific Area
Strike Team. His experience has been enhanced by response
operations inside and outside the United States and includes tanker
spills, pipeline ruptures, well blowouts, barge sinkings, and facility
leaks. He has been the cleanup manager for numerous spill
incidents that entailed shoreline cleanup and nearshore oil recovery,
and has been involved in spill incidents in Alaska, including the
GLACIER BAY spill.

Jim O'Brien

Following detailed literature search and interviews with other
experts, Mr. O'Brien concluded that no technology, other than that
which has already been considered, is available to facilitate
mechanical recovery and cleanup of oiled shorelines. There is no
single mechanical concept that will satisfy every situation
confronting this spill or any other spill.

Mr. O'Brien discussed the necessary consi ‘:ration of natural
recovery when preparing a mechanical cleanup strategy. Inputs of
energy and the properties of oil are critical in any type of mechanical
application or physical cleanup methodology that might be
approached.

Cleanup methodologies must minimize damage to the
environment. The types of treatment methods that are presently
available include:

. manual removal

o cold water flooding, although this method becomes
impractical after time and weathering

. a combination of cold-water flooding with low pressure
application to move the oil
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Dr. Erich Gundlach

Dr. Gundlach gave a slide presentation depicting scenes from the
AMOCO CADIZ spill in 1978 (seven times larger than the EXXON
VALDEZ spill), which heavily impacted the village of Portsall,
France. Trenches and pits dug to collect the oil and cart it away still
show collections of oil eleven years later, and heavy use of
equipment on the beach surface ground the oil deeper into the
sediments. Views of Prince William Sound were shown to compare
the two shoreline spill areas.

ADEC is looking at technologies and cleanup strategies for possible
use in the spring, including

. reviewing types of equipment used—water pressures being
used with the maxi-booms, temperatures, performance
specifications, and effectiveness of the equipment;

. identifying areas where efforts should be concentrated and,
once established, putting that reviewed technology to work
and recommending the types of equipment to be used.

. considering appropriate treatments for these sites; and

. reviewing unsolicited proposals.

Some generalized guidelines to be considered:

. Focus on location of oil and determine areas of greatest
volume.

. Determine methods for removing and capturing oil.

e Cleanup should not increase the persistence of oil.

. Review cautiously the possibility of trenching the beach or use
of equipment; try to avoid mistakes made in the past.

. Try to avoid causing more biological damage than might occur
if left to natural recovery.

. Removal of asphalt pavement with priority in the high
recreational use areas in Prince William Sound.
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Scott Nauman

It is important to look back at the work accomplished this summer
and put it in its proper perspective. His discussion and slide
presentation focused on Exxon's experience in physical cleaning
techniques as used on the EXXON VALDEZ spill.

Manual methods were applied predominantly in the Gulf of Alaska
where the impact was primarily tar balls, mousse, and oil debris.
This was very labor-intensive, concentrating on hand-cleaning with
rakes and shovels. The debris was bagged and hauled away.
Mechanical methods were also primarily used near the source of the
spill in Prince William Sound.

Innovation and evolution played major roles in the use of cleanup
equipment. The variety of mechanical cleanup techniques used to
remove oil produced versatile equipment that very effective in the
environment encountered. The integration of techniques led to the
development of tools responsible for the effectiveness of three
fundamental steps in the cleanup: removal, containment, and
collection of the oil.

Four types of physical cleaning and equipment were used:

1. Cold water landing craft (LCV) -- Early in the shoreline

cleanup, while the oil was still mobile, the first priority was to
get water onto the beach and flush off the oil. This required
vessels that could carry pumps, hoses, auxiliary equipment,
and a 20-person crew. Because the shoreline in the Sound is
rocky and often shallow, shallow-draft vessels were required.
This craft permitted access to small coves, bays, and hard-to-
reach areas. Over 60 civilian and military landing craft were
used for this purpose.

The deluge system was accomplished by pumps, hoses, and
manifolds that flushed high volumes of water down the face
of the beach. A perforated, flexible header, placed at the top of
the shoreline, distributed water down across the beach. Crews
worked down the beach with hoses, loosening the oil adhered
to the rock and pushing it down to the water's edge. Self-
contained pressure wash units provided low volume, high
pressure water capability. This unit consisted of a generator,
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15; there is a large number of people here and at other locations who
are currently studying shoreline conditions.

It is difficult to match the tools to the job until you know what the
job entails. There is a lot of work being done to assess changes in
shoreline conditions. While there are some general trends that can
be seen, it's evident that there's still a lot of studying that needs to be
done to assess spring conditions. We've said all along that the
culmination of that process will tell us what, if anything, needs to be
done in terms of shoreline cleanup in the spring. I will say that there
are Exxon operations people here in Alaska for the winter and I'm
one of them.

We are looking at the techniques that were used in the summer. The
State is studying these techniques; Exxon is trying to develop a better
understanding of equipment efficiency, sorting out what was
effective, and what will be effective given different circumstances.
We currently have a staff here in Anchorage that is studying what
we've done, and is spending time in the field looking not only at the
tools I've just described, but also any technology that might be
applicable. The key is to find out what's going to be there in the
spring and that's something we're watching very carefully. We're
encouraged by what we've seen. I don't foresee an effort like last
summer.

We do have an extensive effort looking at biological impacts. We're
trying to study all of the techniques that are available to us.

Questlon: Could you give us the name of someone at Exxon who
might know more about ecological damage associated with cleanup
techniques?

Mr. Nauman: I would call Al Maki.

Question: Did you have a chance to see the gravel washes that
Exxon financed?

Mr. Nauman: Yes. I went into the field nearly every day. There are
varied opinions on the rock washer. We didn't use rock-washing
technology much in the Sound because of the physical nature of the
shorelines. Perhaps the rock washer concept would be applicable to a
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appropriate committees for evaluation, separating those with
engineering and scientific merit. Originally, the R&D Center
expected to receive approximately 200 proposals. However, as of
November 14, 1989, 625 proposals, letters, and suggestions on how to
handle oil spills have been received, and the database is not yet
complete since information is still being received.

Each proposal received a control sheet that contained the address
information, the originating point, the agency from which it was
received, date received, category assigned, and a brief description of
the proposal.

The different categories for response were:

Category A:

* A-1 letter. Review by interagency team for possible application
to the EXXON VALDEZ. A letter was sent to the author
advising where the proposal would be routed.

* A-2 letter. Review by interagency team for future research and
development work; short term and long term.

. A-3 letter. All bioremediation or bio-related work went to the
U.S. Environmental Protection Agency.

* B letter. Letters or proposals received that did not contain
enough information for evaluation.

* C letter. Indicating a previous research application involving
methods of research not feasible for the EXXON VALDEZ spill.

Category B:

* Forward to Exxon for action.

ategory C:
* Letters of general concern.

Of the 625 proposals that have been received, 25% of the database (160
proposals) went into committee for future government investigation
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Dr. Hiitabrand: As far as the Exxon proposals were concerned, they
involved engineering and commercial capabilities that could be
applied in a short period of time. Exxon may have had a need for it
over the last three or four months. It wasn't a product that might
require testing or an R&D effort. As far as the other agencies are
concerned, it was quite evident that the bioreview and
bioremediation-related proposals would go to the EPA. The long-
range R&D and possibly even short-range R&D committee or agency
would be composed of EPA, NOAA, the Minerals Management
Service, and the Coast Guard, to review a wide description of those
proposals that you see up there. A cross-section of interagency
scientists will review the proposals.
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CDR Gary Reiter is currently the Commanding Officer of the Coast
Guard Pacific Strike Team, his second assignment with the Strike
Team (his first position was as Executive Officer). He was also
Assistant Chief of the Coast Guard Pollution Response Branch in
Washington, D.C. CDR Reiter holds a Master's degree in Marine
Affairs from the University of Rhode Island.

Gary Reiter

CDR Reiter discussed the Coast Guard's perspective on the
technology used during the cleanup. He began with a chronology
and review of the use of equipment as the cleanup progressed.

Offloading from the EXXON VALDEZ. The offloading from the
EXXON VALDEZ was handled in an excellent manner, although this
was mostly overlooked in the total picture, as was the entire salvage
project. The size of the spill was greatly reduced due to the efforts in
offloading the remaining oil from the EXXON VALDEZ and the
subsequent salvage operation.

Offshore skimming operations. During the actual event, skimming

operations were highly criticized. CDR Reiter spent most of the first
week after the spill occurred deploying the skimmers and getting the
operation underway. The Coast Guard operated a barge that serviced
other skimmers in the area by offloading oil they had gathered. The
skimmers' efforts in maximizing the recovery greatly decreased the
volume of oil that eventually came ashore. The actual recovery of
approximately 15-20% was substantial compared to other spills with
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CDR Reijter: That's a figure used during the oil spill. I think that's
Exxon's figure. You recovered 15-20%?

Mr. Nauman: That was asked earlier and I don't have the exact
figures, but I know it was over 10% early in June.

CDR_Reiter: I think even at 10% it would be a lot better than the
norm for most spills.

Comment: I just wanted to say that I appreciate that you praised the
people involved in the salvage. It certainly was a mess, but they kept
three times as much oil out of the Sound as there was in the Sound.
I think they deserve a lot of praise.

PR RS EEEEREERERERES SRS RLES)

Gary Sergy is the manager of the Western Regional Office of the
Environmental Emergencies Technology Division of Environment
Canada. Mr. Sergy has been in oil spill research and development for
the past ten years, and managed the Baffin Island Oil Spill project.

He is now working in the area of effects of 0il on shorelines, and was
involved in the EXXON VALDEZ spill in April and in August in the
SCAT office.

Gary Sergy

Mr. Sergy gave a slide presentation on activities in Canada related to
further developing shoreline cleanup and spill response techniques,
and suggestions for further activities for Prince William Sound.

Environmental issues have a very high profile in Canada right now.
Oil spills were in the limelight in the spring of 1989, at which time
the Prime Minister appointed a public review panel on tanker safety
and marine spill response capability. There is also an ongoing
internal review léy the Canadian Coast Guard, Departments of
Environment and Fisheries and Oceans. A great deal of effort is
being expended on these activities to come up with
reconémendations to improve oil spill response capabilities in
Canada.
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Shoreline cleanup cannot be viewed in terms of a dominant
technique; there is no single solution;

Need for shoreline cleanup manuals based on recent
experiences which detail the effect of the application of
ditferent techniques and their limitations with respect to
environmental problems;

Lack of knowledge of shoreline cleanup effectiveness;

Need for better data on relative ecosystem recovery rates with
different cleanup techniques, including the no cleanup option;

Problems with shipping and disposal of oil cleanup debris;
Interim storage;

Need for practical incineration units that can be transported to
remote sites and can remove significant vc imes of oily debris
with acceptable levels of air emissions;

Concern over lack of agreement among various levels of
government on location and nature of acceptable disposal sites
and techniques;

Need of studies to assess and compare the most effective
cleanup techniques for different settings with emphasis on
measuring net environmental damage;

The study recommended:

Exploring the merit of burning heavily oiled shorelines within
the first ten days;

Looking at commercial vacuum systemg

Developing and testing techniques for removal of subsurface
oil, such as those of the "remove and replace” variety.

Studying mechanical mixing.

Determining the true effectiveness of bioremediation.
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Mr, Sergy: No.
Question: For treating it?

Mr. Sergy: Cleaning the oil? The first step in what we're doing was
to gather some opinions on the types of techniques that might be
looked at.

Question: I thought that the focus of your presentation was about a
year one-type problem. What would you try to look at in year two
cleanup problems?

Mr., Sergy: We looked at trying to identify techniques that we feel
need further evaluation in the field. It could be year one or year two.
We really didn't get that many suggestions as to what you would call
your year two-type cleaning up old residual oil. That's not to say that
we aren't open to investigating those if we can come up with some
ideas. Perhaps Prince William Sound is the better proving ground

for those types of experiments.
Question: Did I hear you recognize burning oiled shorelines?

¢ Yes. Several suggestions were made that it may be
feasible to burn oil on the shorelines when it is still fresh.

Question: What about the biological effects?

Mr. Sergy: Well, obviously, burning is going to kill anything that's
living on the shorelines, but then it's probably already dead if it's
been smothered with oil. Certainly, the heavily oiled shorelines that
I observed on Prince William Sound last year had very few
remaining living organisms. You want to select the option that
causes the least environmental damage in the long run.
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Dr. Bernard Fichaut has a Ph.D. in shoreline morphology. He was
born in Brittany, France, and was living there when the AMOCO
CADIZ spill came ashore. From 1982 to 1987, e worked with the
French parties to the lawsuit with Amoco to prepare a statement on
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removing any residual contamination. Some of the steps taken and
conclusions made were: In January 1982, Dr. Fichaut walked the 200
miles of oiled coastline, taking over 2,500 photographs. He
transferred the information gained on the walking survey to large
scale aerial view maps to represent the extent and concentrations of
oil throughout the involved areas. Files were created for each site
giving the characterization of the pollution and the recommended
operations for cleanup. This study was conducted over a period of
five months in preparation for presentation to the court, however,
was not entered into evidence until 1987.

During this time, a second survey was conducted in 1986 to update
the information from 1982, culminating in a new report. Based on
the findings of this report, the lawsuit claim amount was decreased
from $31,000,000 in 1982 to $11,000,000 in 1986. This reduction was
due to the decrease over time by natural removal in oil
contaminating the beaches.

Long-term effects: High-energy cobble beaches had oil permeated
down to 50 cm or more in the upper portions of the intertidal zone.
In 1982 (four years after the spill), most of these beaches were clean;
however, some have never been completely cleaned.

In Alaska, if the high energy beaches are not naturally cleaned this
winter, it will occur in following years. Oil trapped in the beach will
become more sticky and asphalt-like, and will break up with wave
action. Dr. Fichaut's opinion on the treatment of this type of beach is
avoid further treatment and let the natural cleaning process proceed
on its own.

Low-energz, sheltered areas create a different set of considerations. In
Brittany, the most important residual oil problem remaining is in
the form of pavements. There are several acres of pavement after 11
years, some in blocks of several square meters. Pavements form
when the oil reaches an impenetrable layer and no wave activity is
present, combine with the sediment and solidify. Cleanup
operations can often contribute to the forming of pavements. In
Brittany, the flushing of the shoreline with high pressure hoses
"glued” the oil to the gravel, enhancing the pavement effect. Where
pavements occur, erosion is heightened around and underneath
them, creating a small cliff effect.
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Dr. Fichaut: There were many solutions; some were good, but
some were really bad. I can discuss some of them. As I said, there
was some panic. For instance, of the oil that was removed from the
inland marsh, 7,000 tons entered the marsh and 6,000 tons were
removed by mechanical processes. They built a riprap on one part of
the marsh, put all the trash behind it, and then left it there. I mean
they just killed a few acres of marshes to get rid of the oil. This is not
very smart, of course. Most of the oil that was on the western point
of Brittany was picked up on the coast and then dumped in huge gas
trucks and transported to the harbor at the Port of Brest where it was
treated—there are industries that treat the ballasting from boats.
Some of the oil was dumped in sites at Brest, and covered with
quicklime on it, which neutralized the effects of the oil. Some
marshes were probably destroyed, but most of the oil came to Brest
and was treated there.

Question: Do you still find any unweathered oil underneath the
crust or the asphalt?

Dr. Fichaut: The last unweathered oil I found in gravel or cobble
beach, was in 1984, and that was under a berm on top of the beach.
The oil was still liquid and was leaking from underneath a pavement
that was in the berm of the cobble beach. But, as I said, I dug
thousands of oil samples even in the cobble beaches and by 1984,
whatever the oil was, either AMOCO or other, underneath the crust
there was almost no fresh oil left.

Question: So what you're saying is that in a period of a year or two
years from now, we could have a pavement layer four inches under
the beach?

Dr. Fichaut: Yes. Still, I do not know the effects of the cold weather
on the hardening process. I'm not good in that, but I think that, yes,
if the natural removal of the oil goes slowly, there is a competition
which is going on which is the hardening process of the oil. It turns
into stained rocks in some places or into a crust in other places if you
have enough oil to fill up the space which is left between each of the
grains of the beach. And I think some time, I don't know if next year
or the year after, you shall have crusts in a number of places.
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Question: For how many years did sheen come off the beaches?

Dr, Fichaut: I cannot answer that precisely. I said that there was a
study of different sites from 1978 to 1981. The studies mentioned
sheens several times, but since I started the study myself in 1982, two
years after the TANIO spill, I have never seen a sheen coming out of
the beaches. I was spending all day on the beaches, even when it was
very windy and stormy, and I have seen the process of cobbles being
turned over on beaches. I was there to check it and I had seen no
sheens coming out. To be more precise, we could say that there will
be sheens coming out until the oil becomes tar and thus, pavement.
But I think this process of becoming tar is rapid. You should have
sheens coming out all winter long here if there are enough storms,
but next year I would doubt that you would have sheens coming out
of your beaches. Let's say in two or three years there should not be
sheens coming out.

: Bernard, there were still sheens coming out of the salt
marsh by Ile de Grande when we were there in October.

Dr. Fichaut: Yes. But this is a very particular instance. We have
seen that on Erich Gundlach's slides yesterday. In Brittany, the beach
very often has two kinds of slopes. The upper part of the beach has a
steep slope and then you have the intertidal flats and the low tide
flats or low tide terrace. At the meeting between this low tide terrace
and the upper part of the face of the beach, they used to dig trenches
and pits. They used to push the oil down in the pits and then pump
it into honey wagons. Plenty of these pits and trenches were left like
this once the cleanup ended and then some sand coming from the
upper part of the beach, some silty sediment, came into the trenches
and covered the oil that was still in it. In these very localized areas,
you can still find very, very fresh oil because oil was in the pit and
water and this was slowly buried by sediments which are kind of
airproof, so this is an anaerobic environment and there is no
bicl)logical long-term effect of oxygenation of the sediment and of the
oil.

It is true that, one month ago, we were able to dig in the trench and
get some oil that was still smelly. Since I have been working on the
coast, I have never seen this kind of problem on a beach that was not
treated. This was in sandy and silty sediment, not at all the same
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Mr. Kennedy described the areas visited on the trip. He was
encouraged by what they saw, albeit there were problems and
mistakes made from which Alaska can learn.

Question: Were there any beaches that you saw that had been
recovered and were going through a restoration phase? It might not
be a restoration to what it originally was. You said that cleanup
basically stopped in liiht of legal aspects of the spill, but I was just
curious if anything had gone through to a recovery stage or
restoration.

Dr. Fichaut: You mean by itself, after the stop of the cleanup
operations?

Question: Either by itself or if it had been helped along before
people were told to stop?

Dr, Fichaut: We have plenty of beaches that are completely
restored in Brittany now. I mean that most of the entire coast can be
considered clean. I do not have in mind the exact number of acres of
this that is left on the coast, but I would say that, apart from the
crusts, which is quite an important problem, some collection pits and
trenches that are still more or less containing fresh oil, and some
muddy, silty sediments in coastal marshes in some areas, all the rest
is literally clean. Cobble beaches with a very high energy level are
clean, except some places on the ridge on top of the beach because of
the splashing; otherwise they are completely restored. I think that
there is not much left. As I said, in 1986 we were claiming $11,000,000
to get rid of the oil left. I think that, compared to the input that you
have, this is not much. There is some left from the second spill and
there is more that came from another spill two years ago because we
are near the most important merchant ship route in the world. But
from the AMOCO, there is not much left now. Many people would
not be able to find what is left.

Question: Would you consider, or is it a consensus, that those areas
that are clean are biologically restored also?

Dr. Fichaut: Again, I don't like to go into areas that I don't know
very well. I'm trying to think of my last meeting with others. It can












Cleanup Technology Workshop 51

Mr. Tom Newbury added that he felt the winter should be considered
as a time to research the possibility of removing frozen or
encapsulated oil from the beach by mechanical means to prevent any
further penetration into the subsurface.

Mr. O'Brien stated that consideration of safety factors must be
considered in an operation of this nature.

Mr. Stylianos Plakakis described a process used in Greece in a 1961
spill. Here, salt was removed from seawater and a formula of one
part vinegar to 2,000 parts hot water was mixed. This solution was
then applied to the shoreline in a flushing process which was very
successful.

Ms. Trisha Gartland from Kodiak commented that she felt a walking
survey was needed in order to make a responsible decision for spring
cleanup in the Kodiak area.

Ms. Joanna Fugimoto commented that she was disappointed in this
conference because she has not learned any new technological
information.

Mr. Kennedy responded that, generally, it is true that no new
technologies have been implemented. However, in preparation for
this conference, all available resources were explored to obtain new
information on techniques being developed or that had been
developed in response to other spills throughout the world. The
consensus of this research was that any viable technique that had
been tried elsewhere had been tried here as well. However, another
function of this meeting is to provide a forum so that a wide cross-
section of individuals who may not have the benefit of the inside
information being considered by all the groups involved, would get a
better understanding of their purposes as this information is shared
between them.

Ms. Fugimoto asked whether other techniques for removing oil from
the water other than booming and skimming had be considered.

Mr. O'Brien responded that techniques such as burning and use of
chemical or biological agents had been considered, but the dominant
consideration in reviewing these techniques is the environmental
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Mr. Newbury requested any input on experience with underwater
blasting, and possible consideration of this technique to prevent the
formation of pavements in those areas with subsurface layers of oil.

Mr. Kennedy commented on one experience with this technique in
Puget Sound that was very successful.

Mr. Nauman stated that Exxon has experimented with this process
with limited success. Consideration must be given to the consistency
of the subsurface strata. One of the problems with the Prince
William Sound and the Gulf of Alaska is the region's rocky coastline.
Also, electrical problems in developing a boom that can control the
conductivity of salt water were a major consideration.

Ms. Nancy Lethcoe from the Prince William Sound Conservation
Alliance commented that they are most concerned with the
conceptual approach to physical cleanup of the shoreline, such as the
limitation of efforts to spring, summer, and fall and the lack of
emphasis on lightly oiled areas.

Mr. Bud Rice with the National Park Service discussed the possibility
of enhancing the freeze-thaw process for breaking up and removing
oil, keeping beaches in a flooded state throughout the winter which
might remove oil particles.

Mr. Alex Eskandor from the Cold Region Research Laboratory in
Hanover, New Hampshire, described a technique they have been
working on with EPA over the last five years. The technique deals
with slow soil freezing to decontaminate the soil, uses liquid
nitrogen to stop the migration of the contamination, and then slow
freezing to contain it.

In response to a question about the effects of freezing on the oil, Mr.
Hans Jahns of Exxon responded that field crews have not found any
evidence that oil consistency changes dramatically with freezing,
such as becoming brittle or cracking.

Mr. Provant commented that the State's survey has shown that the
oil tends to cement itself to the sediments as opposed to separating.
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condition it was in prior to the spill as opposed to a chemical
treatment that will not be completely effective.

Negative -- From a geologic standpoint, it is almost impossible to
find grain size similar to that of the material removed from the
beach. Disturbance of cultural resources, archaeological sites, and
biological impacts on wildlife and habitats may occur.

Procedures — Consideration of the variety of shoreline compositions
is imperative to determine the capacity to deliver the cleanup devices
as well as the transport of replacement materials.

Alternatives — Disposal problems generated by this type of operation
could involve use of a rock washer could minimize the amount of
solid waste. The waste material could possibly be used in building
roads.

Dr. Fichaut noted that, during the AMOCO CADIZ spill, it was
recommended that removal and replacement be limited to localized
areas, such as trenches and pits that were dug as oil gathering sites.
He does not feel that there are areas in Prince William Sound where
the removal and replacement technique should take place.

Discussion -- Setting environmental limitations on the removal and
replacement technique. Ranking of habitat based on sensitivity of
environment. Timing of the work with respect to habitat, e.g.,
spawning grounds, archaeological sites, was suggested. Setting
priorities and generating criteria was stressed.

Tilling and Reworking Sediments

Description — This is commonly referred to as land farming and
involves the use of agricultural equipment to break the surface of the
shoreline.

Positive -- Would allow the aerating of the sediments to prevent
anaerobic conditions and would allow natural degradation by
exposing sediments, enabling oil removal by the flushing system.
This would also break apart pavement layers.

Negative — Would mainly involve the culture resource problem and
biological impacts.
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Procedures —~ Two-pack concept would be the best option to keep
manpower requirements to a minimum.

Discussion — Use of rods and placement in areas of possible
pavement formation. Concern over biological effects of disturbing
subsurface strata, and if it is necessary to continue subsurface work;
let natural processes remove residual subsurface oil. Releasing and
recapturing oil problems and concerns.

Summary

Removal of asphalt pavement can be accomplished by pickup and
removal and rototilling to break up the pavements, which allows
wave action and biological degradation to occur. Surface oiling of
boulders, rocks, and vertical cliff walls would have to be
accomplished by a washing and flushing operation combined with
temperature and biological considerations.

Chemical Technologies

Dr. Bob Fiocco is a Senior Engineering Associate with Exxon Research
and Engineering Co. His background is in chemical engineering and
surface chemistry. He has a Ph.D. from Stevens Institute of
Technology.

Dr. Bob Filocco

Dr. Fiocco's presentation described the laboratory and field-testing
work on shoreline chemical cleaners carried out over the summer in
Alaska and the Lower 48.

A chemical shoreline cleaner is usually comprised of surfactant
materials based in either a water or solvent carrier. This reduces the
adhesion forces between the oil and the water surface, and allows the
oil to be flushed away with water. The disposition of the oil in the
flush water depends to a large extent on the surfactant system. In
some cases, dispersant systems promote breakup of the oil into fine
droplets that disperse into the water column, become diluted, and
biodegrade. However, shoreline cleaners do not necessarily have to
act as dispersants; they can also be used in a manner to avoid
dispersion. Shoreline cleaners and dispersants are not the same.
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Alex Viteri

Mr. Viteri discussed the current activities of ADEC's Treatment
Technology Division in Valdez and presented a new protocol
advocating the State's method for approving different mechanical,
chemical, and bioremediative enhancement agents, or any
combination thereof. The Division's function is to identify and
document effective, cost-efficient, and environmentally safe methods
for shoreline cleanup next year.

The protocol is established to facilitate an understanding of the
effectiveness and the toxicological consequences of using a newly
proposed method. The outline of the protocol is as follows:

* Tier 1: Preliminary information—evaluating and identifying
the characteristics and toxicity of the agent by literature review
and laboratory bioassay tests.

* Tier 2: Small-scale field testing—determine ethical nature of
the product by applying agent to small beach plot and
conducting laboratory bioassays.

* Tier 3: Full-scale toxicity and field testing—final phase before
approval. Use of liquid and solid toxicity tests. Large-scale
field-testing involves:

O collecting intertidal water samples prior to the
application of the agent;

[0  establishing transects along the shoreline where the area
is to be treated which will be measure both pre and post-
application for determination of the chemical changes
in the oil, as well as any potential toxic effects;

O applying the agent in a prescribed manner, and
collecting the effluent water and sediment samples for
analysis;

00  monitoring and collection of oil off the beach and
monitoring test species; and

O monitoring treatment of the area for up to six weeks.
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The oil solubility versus water solubility (hydrophilic lipophilic
balance, or HLB) of the products are different, of course. So actually,
you can also have quite different surfactants in both cases.

Question: How does the chemistry of surfactants work? Are those
surfactants different in the way they work?

: Surfactants are different in the way they work; there
are about 20 different mechanisms by which a surfactant can work,
and some of those mechanisms are actually in competition with each
other.

Question: Can you try the solvents without the surfactants?

Mr. Fingas: Oh, yes. We tried several of your solvents, as a matter
of fact, but they had little effect. They were one of the first things we
tried. We use Isopar a lot in our laboratory for the simple reason that
it's got a very low aquatic toxicity. It's a kerosene solvent with
essentially all the aromatics removed. And it, by itself, had zero
effectiveness.

Question: I'd like to make something clear. When you say 42% of
the surface oil was removed, 42% of what?

Mr. Fingas: The test is on the surface. It removed 42% of the oil
that was put on that trough.

Question: Can one use treating agents in Canada once they pass the
tests?

Mr. Fingas: Once you get your product on our list, you still have to
ask to use it.

Question: Do you think that a surface-washing agent would also be
effective in keeping oil off the pom-poms and the skimmers?

Mr., Fingas: Yes, in some cases, such as if you're involving a
surface that is non-absorbent. We found, for example, that the
reason a lot of these surfaces didn't work before was that there's a bit
of a competition between taking it off and actually putting it deeper
into the interface.
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There was discussion regarding the effectiveness of dispersants in the
recovery of oil and its biological and ecological effects. In compiling
data, it was suggested there should be a way to factor in public review.

Panel Discussion
Members: Sharon Christopherson, NOAA
Alex Viteri, State of Alaska DEC
Hans Jahns, Exxon
Royal Nadeau, U.S. EPA
Jeft Short, National Marine Fisheries
Service
Bela James, Continental Shelf
Associates, Inc.
Gary Reiter, U.S. Coast Guard
Merv Fingas, Environment Canada

Dr. Christopherson explained that this panel would expand on the
physical technologies panel because the use of chemicals should only
be considered as an adjunct to the physical methods available. There
has not been a chemical method proposed in this conference that can
be used strictly by itself. The panel will concentrate on possibilities
for chemical enhancement of the physical processes already
proposed.

Pickup and Removal

Description -- Use of chemical agents to aid in recovery of oil,
especially as it enters the water. Products considered included
elastizers, gelling agents, and herders.

Positive -- May enhance the recovery efficiency of the skimmers and
other collection methods.

Negative — These would be new chemicals added to other agents
already applied in other types of treatment.

Procedures -- Initial physical recovery limited to mechanical means,
with chemical agents added to facilitate recovery of the oil as it
reenters the water after physical shoreline treatment.

Excavation and Replacement
Description — Use of chemical agents to enhance cleaning of substrate
that has been excavated.
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Water Injection
Description -- Adding chemical to water and forcing it through
piping into the substrate. Water-soluble products most promising.

Positive — Treatment makes oil more mobile and easier to remove.

Negative — Possible retention of treating agent in the beach material;
potential toxicity of chemical agent; potential for increase in erosion
of beach material due to the physical process. Lengthy approval
process; no product to propose at this time.

Procedure - Chemical agent is added to water and injected into
subsurface areas of contamination through injection probes pounded
down into the substrate; very labor-intensive, requiring large
volumes of water and/or source of hot water; placement of injection
probes may be complicated by uncertainty in location of subsurface
oil.

Summary

Overall advantage of using chemical enhancers is that they increase
the mobility of oil and effectiveness, decreasing either the time or
mechanical energy required in accomplishing generally accepted
physical processes. Disadvantages are added risk of using a chemical,
possible residual retention of agents, and the lengthy approval
process required for any new chemicals that might be proposed.
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There was extended discussion during the question and answer
session on the consequences of leaving the oil in the subsurface to be
removed naturally. This is being studied by many agencies but no
conclusion has yet been reached.

The controversy on the use of dispersants was addressed, and
concern expressed over the new proposed testing protocol being an
excuse to avoid making decisions. Opposing argument was that risk
to the environment is too great to apply unproven and untested
theories and products without knowing the consequences.






© ampw o am ey

Cleanup Technology Workshop 69

shown success in removing residual oil from beaches by
biodegradation processes.

In res‘fonse to a question regarding whether other methods are being
considered, Dr. Pritchard said that they are open to reviewing other
kinds of products to help in the cleanup effort.

It was suggested that further experiments be conducted to determine
what exactly is happening to the oil that is not biodegraded; that it
might be returning to the water column in a different form.

There was discussion on the depth of sampling, checking for
accumulation of hydrocarbons in offshore areas, and studies of rates
of carbon dioxide production with the application of the fertilizers.
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Mr. Fred Kaiser is Engineering Advisor to Exxon Research and
Engineering in New Jersey. He is a chemical engineer from Lafayette
College and has been responsible this past summer for transfer of the
bioremediation technology from the EPA tests to the large-scale field
application.

Fred Kaiser

Mr. Kaiser discussed the properties of the fertilizers applied to the
beaches, the application criteria and techniques developed,
purchasing, transport to Alaska, and the success achieved in meeting
the application targets.

He described the physical and chemical properties of the two products
used, EAP-22 and Customblen. The application criteria for the
fertilizers was an important consideration. Test work was done on
porous-type beach structures, i.e., sand, gravel and cobble, and lightly
oiled or previously treated areas. Special consideration was given to
poorly flushed bays, fish streams, and other sensitive areas.

Over 500 metric tons of EAP-22 were purchased, airlifted to
Anchorage from France, and then trucked to Valdez, where the
material was shipped by supply boat to the treatment site.
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safeguards they had in the first place, Alaska wouldn't have these
kinds of problems.

: The purpose for talking about the costs was to indicate
how effective a treatment like this might be relative to the
tremendous cost that was spent in mechanical cleaning of the
beaches. That was really the intent.
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Dr. Jon Lindstrom is a chemist with ADEC at their oil spill center in
Valdez. He has been working on chemistry and microbiological
studies, and has Bachelor degrees in chemistry and philosc hy from
the University of California and a Master's Degree in Environmental
Science from the University of Alaska.

Dr. Jon Lindstrom

Dr. Lindstrom's presentation focused on the results of the study
funded by NOAA to enumerate hydrocarbon-degrading bacteria.

He described the procedures involved in taking samples, such as
transect sites on beaches, water and sediment samples, and subtidal
samples collected by divers. Microbiological tests were then
conducted and a direct bacteria count made. Two factors in the tests
were considered: (1) changes in the proportion of hydrocarbon-
degraded bacteria to the total bacteria population, and (2) the state of
acclimation. Dr. Lindstrom egave a detailed description of the testing
statistics and results achieved.

In conclusion, the number of hydrocarbon-degrading bacteria make
up a small proportion of total bacteria, even for heavily oiled sites.
Half the beaches sampled had microbial populations that were
acclimated to linear alkanes. One-quarter of the beaches sampled had
microbial populations that were acclimated to polynuclear aromatic
hydrocarbons (PAHs), such as naphthalene.

Essentially, pore water populations seemed to acclimate to
hydrocarbons more quickly than sediment populations. All beach
populations became acclimated to linear alkanes within ten days,
which suggests that they are easily degraded and were acclimated in
culture. Microbial populations in pore water acclimate more quickly
2s a function of the sediment content, and in fact, there may be a
physical effect of the interaction between the hydrocarbons and the
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Judy Kitagawa, ADEC

Bioremediation methods were reviewed and brief analysis of their
potential was addressed.

Oleophilic Fertilizers

Positive -- EAP-22 is available, has been tested in the field, holds
nutrients in the oil, possibly acts to soften the oil and change its
consistency slightly (allowing the bacteria to more quickly degrade
the oil), and provides a visual improvement of the beaches.
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There was discussion regarding nutrient penetration into the
substrate.

Inoculation

ription — Different choices available, such as mixed or pure
cultures of bacteria, fungi and yeast cultures, and possibly, enzymes.
Other products, such as chemicals, surfactants, and dispersants, or
powders, absorbents, and particulate material to increase the amount
of surface area; or mechanical agitation of beach material, may have
to be used in conjunction with inoculation.

Positive -- Increased biomass, can focus activities, decreased
acclimation time, and specialized cultures to increase bacteria
tolerance of different environmental conditions.

Negative —~ Becomes competitive with natural populations, selecting
application procedure, and public acceptance.

Comments -- Must consider when there is an actual need to
inoculate, when to use foreign bacteria relative to indigenous
bacteria, use of genetically engineered organisms. Public acceptance
and education is a critical area to consider.

There was further discussion on genetically engineered organisms
and the EPA testing methods and regulations being developed.

Bio-availability
Description -- Increase availability of oil to bacteria through use of
chemicals and surface area-increasing materials.

Positive — Enhances degradation rates, could be very effective on
weathered oil, and can incorporates nutrients into the chemicals.

ative -- Potential side effects, requires a lot of research and
development, particularly in application to the intertidal zone, and
concern over chemicals releasing the oil into the environment.

Comments — Once oil has reached a particular weathered stage, it
may be ecologically insignificant in terms of possible toxic effects.
Decisions on the use of chemicals would reside possibly with a
shoreline committee working in conjunction with the Coast Guard
or a multi-agency, multi-public forum. Additional testing that might
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Workshop Summary

Hap Pritchard

I think we agree that bioremediation has a high potential for
application next spring. There are a number of research questions
that have to be answered as a result of the bioremediation experience
this past summer. That research is definitely going to take place this
winter and will be available for use with further decisions next

spring.

Bioremediation, of course, is going on naturally at a very significant
rate in Prince William Sound. I think it is definitely a legitimate
question to ask, Can compete with Mother Na re? This question
must be evaluated within the context of the environmental
situations facing us next summer. Is man's involvement really
going to do any better than nature is going to do?

Oil contamination will 1p:;obably be localized and could present fairly
unique situations. We have all talked about the su ace and how
to get to the oil there. Conceptually, bioremediation potentially is
one of the best options for removing that oil. The question is still
out, however. There are still a lot of data to be analyzed before we
make any final decision.

In terms of the restoration process, I think that biodegradation will
continue, to some extent, this winter. Once the waters begin to warm
up this spring, accelerated degradation can be expected. By the end of
next summer, there is probably not going to be too much more that
can be done in terms of bioremediation. The oil may be weathered to
such an extent that doing bioremediation is unreasonable. We heard
discussion about the potential crusting and tar >rmations that will
eventually occur, and it is not clear how soon these processes will
cause the oil to become completely unavailable for biological
degradation.

I appreciate the opportunity of being able to present our results on
the oil spill bioremediation project and I hope everyone gained
further insight into our operations and successes. This has been a
timely workshop and it looks like, based on the discussions we have
had, that we need a lot more discussion in the future.
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approval process and develop criteria to measure quantitatively
effectiveness, the panel felt that chemical treatment might be a
valuable tool in our response arsenal The reason for this being that
we are going into the second year of the spill. The oil is either more
weathered or it is in inaccessible areas, such as the subsurface.

The question we need to address before deciding to use any treatment
method is, How well is natural recovery occurring? To remove
surface oil, given the increased weathering and the difficulty we had
getting it off in the past, we will have to use very aggressive means,
going to higher pressures and higher temperatures. We will,
therefore, physically disturb environments that may or may not be
recovering. If the use of a chemical to enhance that process can result
in less physical disruption of the environment while we are trying to
get that oil out, it should possibly be considered.

In the case of the subsurface contamination, we really do not have a
chemical enhancement that we think would work in situ. In order
to get at the subsurface with physical methods, we are talking about
either tilling and reworking; or excavating, treating the contaminated
substrate, and returning it. As long as you are going to disturb the
environment that much to get at that oil, you may want to use a
chemical to maximize the amount of oil that you are going to be able
to get off that system. We do not have any specific chemicals to
recommend, but they are options to keep in mind.

I would like to look at where we are at right now in reference to both
chemical and physical technologies. Through this workshop, we
have tried to list the methods that we think are going to be available
in the spring. If there are others under development, we can only
hope that we will be able to add them as the process goes forward.

We need to review what is going on out in the field. We need to
review the natural cleaning that is going on, the monitoring results
that are coming in, and we have to review the available data; we
cannot wait until the end. We have to then look at these data with
reference to what we can learn from historical spills in similar
environments. By comparing the rate of natural cleaning in both
protected and exposed areas with similar spills, where at all possible,
can we begin to predict how long natural cleaning will take for this
spill? We need to look at our methods and at how we perceive these
methods as being able to increase the rate of cleanup and recovery.
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There was discussion on the need for pollution centers to treat
recovered oil. An Exxon representative stated that it does not
support any State-sponsored or individually-sponsored programs to
recover oil spill related debris. Exxon retains responsibility for this
type of recovery due to the safety hazards involved. He invited
rgports on locations of this debris for Exxon to begin the recovery
ettort.

Pamela Bergmann of the U.S. Department of the Interior stated that
the U.S. Coast Guard should take the lead over the next few weeks to
develop a detailed schedule and work plan that delineates how
decisions will be made on additional cleanup activities. The work
plan should identify the Federal and state agencies and interest
groups to be involved in the deaslon-makmg process, and how they
will be involved.
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Name Affiliation

Dinnel, Paul.........cccceceucueuenne University of Washington Fisheries
Research Institute

Doherty, Dick .......ccccereerencunnee U.S. Coast Guard

Dooley, Dennis........ccceusnnee Alaska Oil Spill Commission

Drucker, Barry Minerals Management Service

DulLac, Dalton ........cceceeceeeneee U.S. Forest Service

Dubsky, Paul...........ccccevvernenee Minerals Management Service

Ehler, Charles National Oceanic and Atmospheric
Administration

Elder, Cille America North

Eldridge, Barry .........ccoereueeee. Cook Inlet Resource Agency

Elgie, Stewart Sierra Club Legal Defense Fund

Ethelbah, Larry.......ccoceveueunee Bureau of Indian Affairs

Evans, Mei Mei Oil Reform Alliance

Ewing, Alvin ....U.S. Environmental Protection Agency

Fabing, Keith Tryck Nyman and Hayes

Farlow, Jack.......ccceournunurunncnnes U.S . Environmental Protection Agency

Farnham, Ed Alaska Technical Environmental
Services

Fichaut, Bernard................... Nature Conservancy

Fingas, Merv .......ceeeeuecee Environment Canada

Fiocco, Bob Exxon Research and Engineering

Flodin, Steven........ccccecvurerene Chemtrack Environmental Services

Fugimoto, Joanna................ Kodiak Island Borough

Gartland, Patricia.......ccceeuuc. Kodiak Environmental Clean-up Effort

Giordano, Tony ........ceeeeeees Minerals Management Service

Glaser, John U.S. Environmental Protection Agency

Gleason, Karon........ccceeeeeeee National Oceanic and Atmospheric
Administration

Glenn, L.P. Alaska Department of Fish and Game

Gosink, Dr. T.A......couceucuene University of Alaska Institute of Marine
Science

Gould, Jack. American Petroleum Institute

Gundlach, Erich.................... E-Tech, Inc.

Hamson, Dan.........ccceereernne National Park Service Office of Oil Spill
Coordination

Harris, Lori National Oceanic and Atmospheric

Administration
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Name Affillation

Kruse, Amy Alaska Department of Environmental
Conservation

Kuwada, Mark.......cceeeeeennee Alaska Department of Fish and Game

Lamb, Jack Cordova District Fishermen United

Lamoreaux, Bill.................... Alaska Department of Environmental
Conservation

Lane, Jan U.S. Department of Energy

Lautenberger, Carl................ U.S. Environmental Protection Agency

Lavache, Mark ......cccereceescenes Lavache Associates

Lehman, Jake Minerals Management Service

Lentsch, Douglas.................. U.S. Coast Guard Pollution Response
Branch

Lethcoe, Nancy .......cceceseeeenee Prince William Sound Conservation
Alliance

Lindstrom, Jon Alaska Department of Environmental
Conservation

Lively, O.A Sky Blue Chems

Loggie, Chipper..........ccccceeuue Exxon

Madden, LCDR. ......ccceeceereenne U.S. Coast Guard

Maiero, Dave MarTech Construction, Inc.

Maki, Al Exxon

Manen, Carol-Ann.............. National Oceanic and Atmospheric
Administration

Marcuson, Pat........ccccccereeeee TUPFA

Marshbank, Ken................... N.W. Processing

Martin, Hudson.........ccccueeee. International Resear« and Development

McBurney, Mary...........cceeee Alaska State Senate

McCrea, Maureen................. Mineral Management Service

McGillivary, Dave................ U.S. Fish and Wildlife Service

Meggert, Ed Alaska Department of Environmental
Conservation

Meldrum, Janis.......cccceerueeece. Katmai National Park and Preserve

Meyer, Bo| Minerals Management Service

Michel, Jacqui Rescrch Planning Institute
International

Milligan, Bridget........ccunee.. Kodiak Island Borough

Mitchell, Michael................. Preston, Thorgrimson

Monarch, John...................... Chevron Corp.
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Sheets, Arthur M. Jr............
Shields, Stan
Skinner, John........cccceecvecrveee
Slater, Claudia......ccc.cceoreeerunee
Smelley, Curt.......ccccceereeuncne

Smith, Caryn
Smith, Perry
Spear, Andrew..........cccceueureee

Swanton, Nancy.........ccceeeseae
Tait, Russell..
Talbott, Joe

Tapscott, James A.................
Taylor, Monte.........cccoeusueeucnes
Teal, ANAY ....ccceeuvururcuencnsenenes
Tetreau, Mike
Thompson, CDR Ed.............
Thompson, Rick.......c.cceueueee
Tornfelt, Evert......cccecececeennee
Treadwell, Mead...................

Tucker, Joe
Valentinetti, Richard..........
Viteri, AleX.....ccceeeereereesveracee

Walker, Bill

Wolf Holderstein Adler Freeman and
Herz

.SESI

Kodiak Island Borough

Environment Canada

Exxon

Transport Adjusting

U.S. Coast Guard

U.S. Environmental Protection Agency
Alaska Department of Fish and Game
U.S. Department of Health and Human
Services

Minerals Management Service

Exxon

Office of the Governor (Alaska)
Kodiak Environmental Clean-up Effort
UAA Mining and Petroleum Training
Service '
UAA Mining and Petroleum Training
Service

Minerals Management Service

Exxon

National Oceanic and Atmospheric
Administration

Wasilla Planning Commission

Exxcon

Exxon

National Park Service

U.S. Coast Guard

Alaska Department of Natural Resources
Minerals Management Service
Cordova Qil Spill Disaster Response
Office

Exxon

U.S.Environmental Protection Agency
Alaska Department of Environmental
Conservation

Naval Sea Systems Command

Weiner, Art

Alaska Department ¢ Environmental
Conservation






