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The Plant Materials Center (PMC) continues to struggle with a mainte­
nance budget but still accomplishes its objectives and goals. Recent­
ly, the PMC has received authority to use program receipts and grant 
money. This new source of revenue was granted by the Alaska Legisla­
ture in 1989 and has enabled the PMC to use self-generated funds to 
fill gaps left by reductions in general fund allocations. 

While these external monies have 
cessful operation of the PMC is 
ance of the PMC staff . Their 
state government. 

helped, the true force behind the sue­
the continued dedication and persever­
tireless efforts are unparalleled in 

The PMC has exceeded the goals established in the 1988 annual report, 
and we expect 1990 to bring further advances in public contact and 
interagency, national and international cooperation. 

Last year, two PMC staff members were invited and travelled at their 
own expense to the Soviet Far East. These contacts led to discussions 
regarding the mutual exchange of plant material and information in the 
fields of agriculture and natural resource management. 

The PMC also led the state in contacts with the Yukon Territory 
regarding agricultural development and land reclamation. 

These international efforts give all the more credence to the Plant 
Introduction Station at the PMC, which will be operational by 1991. 
The division will attempt to secure funding to operate the station as 
soon as possible. 

The Plant Materials Center will continue to be a shining star in the 
Division of Agriculture, provided acceptable funding levels are main­
tained. 

The PMC staff prepared this annual report to inform you of its programs 
and contributions to the public in 1989 and also shares findings with 
farmers, horticulture and private industry in Alaska and other northern 
regions. 

As Director of the Division of Agriculture, I take great pride in the 
PMC staff and what they have accomplished. 

Frank Mielke, Director 
Division of Agriculture 
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Introduction 

The Alaska Plant Materials Center (PMC) is a section of the Division of 
Agriculture within the Department of Natural Resources. The Plant 
Materials Center's work furthers applied plant research for northern 
latitudes through two major programs: Revegetation and Seed Production, 
and Vegetable and Landscape Crop Improvement. Each of these programs 
will be addressed in this report. 

Funding for the Plant Materials Center comes from the state's general 
fund. Additionally, the center brings in small amounts of revenue 
through cooperative projects with other agencies and the private sector 
and through the sale of plant materials. 
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History 

Early attempts to establish a federal Plant Materials Center in Alaska 
were unsuccessful because the U. S. Department of Agriculture believed 
that the centers at Pullman, Washington and Corvallis, Oregon could 
serve the needs of Alaska. 

The Alaska Legislature was not discouraged, and, at the urging of the 
University of Alaska, conservation groups and farmers, prepared 
legislation that would establish the Alaska Plant Materials Center. 

In 1972, Governor Bill Egan signed into law a bill creating the Alaska 
Plant Materials Center. This legislation directed the Plant Materials 
Center to fulfill several traditional agricultural responsibilities and 
to develop plant varieties and techniques for revegetation and erosion 
control and provide technical reclamation assistance to industry. 

Soon after the Plant Materials Center bill was enacted, 285 acres near 
Palmer were selected for the center's site. An additional 120 acres 
were acquired through a land exchange with the Matanuska-Susitna 
Borough in 1982. This gave the PMC a total of 405 acres to accomplish 
its mandated duties which now included revegetation work, horticultural 
development, foundation seed production and disease-free potato seed 
stock production. 

Within a dozen years after its founding, the program grew to include 
horticultural development and disease-free potato seed production 
projects. In 1987, the PMC's programs were consolidated into the two 
programs it carries out today: the North Latitude Revegetation and Seed 
Production Project and the North Latitude Vegetable and Landscape Crop 
Improvement Project. 
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North Latitude Revegetation & 
Seed Production Project 
The Revegetation and Seed Production Pro j ect's products and methods are 
used to encourage a healthy seed industry and develop new plant materi­
als and methods for land reclamation and erosion control. These two 
functions are complementary. 

Revegetation & Reclamation Efforts 
The construction of the Trans Alaska Pipeline in the 70s triggered the 
current reclamation research activity in Alaska, however, since the 
pipeline, ideas associated with revegetation have changed. Continued 
oil development, renewed interest in surface and placer mining , as well 
as new federal, state and local regulations have caused applied 
research activities to address "reclamation" as defined by regulations, 
which in some cases has precluded the use of "traditional" plant 
material and planting technology. 

The Alaska Plant Materials Center continues to lead Alaska in 
reclamation and erosion control. The use of dormant seedings to extend 
planting seasons, cost-effective and successful methods in willow 
planting, and wetland and coastal restoration are priorities for the 
Plant Materials Center. 

The project follows seven basic steps to establish a resource of 
conservation plants for use in land reclamation, wildlife habitat 
improvement and erosion control. They are: l) Define and anticipate 
conservation problems and establish priorities; 2) research and 
assemble candidate plant materials; 3) conduct initial evaluations; 4) 
establish small scale seed or vegetative increases; 5 ) advanced and 
final testing and field evaluation plantings; 6) establish large scale 
seed or vegetative increases; and, 7) release of a variety or cultivar. 

To date, this program has gathered 162 plot years of information 
collected from sites around the state (Figure l), developed 7 new 
cultivars for revegetation and reclamation and assisted scores of 
agencies and private companies in reclamation, erosion control and 
revegetation. Figure 2 represents a typical plot layout used in 
off-site evaluations. 

This report outlines some of the present revegetation and reclamation 
research being conducted by the PMC and summarizes current activities 
at sites around the state. Additional information can be found in the 
individual reports that are listed elsewhere in this report. Copies of 
the reports are available from the Alaska Plant Materials Center. 
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Figure 1 

Map of Alaska Plant Materials Center Plot Locations 
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Alaska Plant Materials Center Advanced Evaluation 

and Demonstration Plot Network Representing 

184 Plot Years as of 1989 
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Figure 2 - Typical Plot Layout 

Nugget Kentucky Bluegrass Merion Kentucky Bluegrass 

Park Kentucky Bluegrass Banff Kentucky Bluegrass 

Sydsport Kentucky Bluegrass Fylking Kentucky Bluegrass 

Poa Ampla Troy Kentucky Bluegrass 

Sherman Big Bluegrass Canbar Canby Bluegrass 

Tundra Bluegrass Reubans Canada Bluegrass 

Poa Glauca T08867 Poa Alpina 

Agropyron Subsecundum 371698 Sodar Streambank Wheatgrass 

Nordan Crested Wheatgrass Agropyron Subsecundum 

Fairway Crested Wheatgrass Agropyron Violaceum 

Summit Crested Wheatgrass Agropyron Boreal 

Critana Thickspike Wheatgrass Agropyron Yukonese 

Fults Alkaligrass Vantage Reed Canarygrass 

Climax Timothy Engmo Timothy 

Elymus Arenarius Elymus Sibiricus 34560 

Elymus Sibiricus 1966 Elymus Sibiricus 2144 

Norcoast Bering Hairgrass Tufted Hairgrass 

Sourdough Bluejoint Calamagrostis Canadensis 

Meadow Foxtail Alopecurus Geniculatus 

Garrison Creeping Foxtail Arctared Red Fescue 

Boreal Red Fescue Festuca Scabrella 

Beckmannia Pennlawn Red Fescue 

Durar Hard Fescue Highlight Red Fescue 

Covar Sheep Fescue Manchar Smooth Brome 

Alyeska Carlton Smooth Brome 

Tilesy Sage Polar Brome 
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Adak Naval Air Station Erosion Control & Reclamation Project 

As a result of the successful Shemya Air Force Base Beach Wildrye 
project, the U. S. Navy asked the PMC to assist in developing a Natural 
Resource Management Plan for Adak Naval Air Station. 

The Navy project involved all aspects of sand erosion control, lawn 
establishment, mine restoration and base landscaping. 

As a result, several plots were established to evaluate species for the 
following purposes: 

1. Beach stabilization using transplanted Beach Wildrye sprigs and 
the enhancement of natural stands of Beach Wildrye through the use 
of fertilizer. 

2. Landfill, quarry and World War II structure site restoration and 
land rehabilitation using seeded species. 

3. Landscaping for beautification and morale purposes using hardy 

4. 
species. 
Additional plots 
developed by the 
forbs and grass. 
the base. 

were established to test new plant material being 
PMC. These plots include native trees, shrubs, 

The plots are located on a variety of sites on 

This project started in May 1988 and will continue through 1990. The 
Navy will reimburse the PMC $ 27,100.00 by 1990 for personal services, 
transportation and supplies. 

The first years's work was successful, and the Navy expanded the PMC's 
role in 1989. In 1989, selected sites within the housing areas were 
seeded to control sand erosion and enhance the appearance of the base. 
Also in September, 1989, additional PMC services were requested in the 
area of horticultural landscaping. These 1989 efforts were successful 
and have led to possible expanded roles for the PMC on Adak through 
1992. 

A complete report will be prepared in October, 1990 covering the 
initial program at Adak NAS. 
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Red Dog Mine Revegetation & Demonstration Plots 

This project grew out of a mutual need for information . The PMC 
required revegetation data from northwestern Alaska, and Cominco needed 
information on species that would perform well in future mine 
revegetation programs. In 1987, Cominco agreed to provide the PMC with 
a site to establish evaluation and demonstration plots. 

In order to provide the best information for both the PMC and Cominco, 
three plot sites, representing different conditions were selected. A 
site was selected near the Port Site. This site was a sandy-gravel 
beach area common to the region. The second site was at the original 
camp site fuel bladder containment area. The third plot was similar to 
the camp area, but provided a site to compare spring and fall seedings. 

This combination of plots is intended to supply data for revegetation 
species selection and time of seeding. The Port Site plot was planted 
on July 6, 1987. This site will provide information regarding 
revegetation in the coastal portion of the mine project. 

A dormant plot was seeded at the Camp Area on September 8, 1987. 
Because of space limitations, the plot dimensions were slightly reduced 
and 12 accessions were dropped from the plot. The accessions that were 
eliminated are species that have failed elsewhere in Alaska. Their 
elimination from the plantings should not compromise the value of the 
information obtained from these plots. The third plot, planted on June 
15, 1988, was placed on gravely soil similar to the surface that will 
exist when construction is complete. 

The evaluation process for these plots will be continued for a period 
of four growing seasons after planting. 

A major demonstration planting was established on June 14, 1988. This 
plot, an abandoned disposal site north of the Port Site, was 
recontoured and seeded entirely with native species. It will also be 
evaluated for four growing seasons. The completion of the evaluation 
program is scheduled for September, 1990, at which time a final 
comprehensive report will be prepared for Cominco. 

In 1989, the PMC assisted Cominco in a project intended to revegetate 
all the major stream crossings on the Access Corridor. Initial results 
of this project, which used a seed mix composed entirely of native 
species, is promising. 
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Steese - White Mountan Mining District 

In June, 1988, the Plant Materials Center (PMC) in cooperation with the 
Bureau of Land Management (BLM) Steese-White Mountain Mining District, 
established revegetation test plots on recontoured mining tailings. 
Each plot consisted of 50 smaller plots containing 49 grasses and one 
forb. 

The BLM selected three sites in the district that had been recontoured 
and should not be disturbed for several years. A total of four 
evaluation plots were planted; two replicates of the plots were planted 
at the Birch Creek site, Mile 98 of the Steese Highway. This site is 
visible and readily accessible from the highway and hopefully will 
serve to inform others of the possibilities for revegetation. Other 
plots were planted at Nome Creek and Hope Creek, both of which were 
several miles off the Steese Highway. Staff from the Fairbanks BLM 
office volunteered their time to help layout, seed and fertilize the 
plots. 

All of the plots looked relatively good after the first winter and 
second growing season except for the Birch Creek #1 plot. This plot 
was planted on a bench approximately four feet above the mean water 
level in a small side channel of Birch Creek. During high water, the 
creek changed its course and the side channel became the main channel. 
As a result, 75 percent of the plot was lost due to erosion. 

The performance of the accessions varied between varieties and sites. 
However, the following accessions performed the best: 'Nugget' Kentucky 
Bluegrass, Big Bluegrass 387931, two native wheatgrasses, Agropyron 
boreal and~· yukonese, 'Nortran' Tufted Hairgrass and 'Arctared' and 
'Boreal' Red Fescue. The plots will be evaluated on an annual basis 
through 1991 at which time a final report will be prepared describing 
the performance of the plots and making recommendations for 
revegetation of mine tailings for the area. 

A cooperative agreement was signed with BLM for additional mine site 
revegetation work for the 1989 season. BLM staff selected mine 
tailings left from the 1930s in the Maze area along Nome Creek for the 
test site. Three treatments were tested and each treatment was 
replicated three times. Ten different revegetation species were 
planted in adjacent plots for one treatment. Another treatment 
consisted of seeding a site with a mix of the ten species. All sites 
were fertilized and the final treatment consisted of an application of 
fertilizer only. 
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Plant establishment varied considerably and was very localized . The 
seeded species appeared to grow best at sites that contained some 
fines, in depressions where a more favorable moisture regime would 
exist, and also at those sites where the native vegetation had already 
become established. Performance of the seeded species cannot be 
effectively evaluated until the plantings have gone through at least 
one winter and preferably two to three growing seasons. 

The native vegetation responded favorably to the fertilizer. Plants 
receiving fertilizer were greener than those plants growing nearby that 
did not receive fertilizer. Seed production may have been increased in 
some of the forbs and some of the willows showed a current annual 
growth of 20-24 inches compared to 2-4 inches for the previous year. 

Although these sites need to be evaluated for a couple of years before 
any conclusions can be drawn, the plants do appear to benefit from 
fertilizer by increased growth and also possibly by increased seed 
production. The best treatment for these sites may be to periodically 
apply fertilizer to enhance native plant cover. 

Nome Mine Site Revegetation Plots 

In 1989, the Soil Conservation Service (SCS) requested the PMC's 
assistance to establish evaluation plots at various mine sites in the 
Nome area. On June 21 and 22, 1989, three diverse sites were planted 
with 44-47 varieties that have been planted in other evaluation plots 
around the state. The sites varied in moisture regimes as well as 
substrate characteristics. One site contained a highly organic 
substrate, while the other two sites contained a more mineral 
substrate. All sites contained adequate fine material for plant 
establshment. 

The plots were evaluated on September 14, 1989. All plots had become 
well established. The plot containing high organic content supported a 
65 percent moss and vascular plant cover in addition to the seeded 
grass species. 

These plots will continue to be monitored for three more growing 
seasons. After the final evaluation, a final report will be prepared. 
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Fairbanks Division Of Mining Demonstration Plantings 

The Plant Materials Center and the Fairbanks Office of the Division of 
Mining (DOM) established demonstration revegetation plantings on recon­
toured mining tailings in the Fairbanks area. Division of Mining 
selected two sites each with four to five acres that would be left 
undisturbed for several years for the demonstration plantings. 

The A. J. Taylor mine site was naturally divided into two segments by a 
creek. Most of the site was scarified and then each segment was divid­
ed into three plots. Each plot received one of the following treat­
ments: seed and fertilizer, fertilizer only, or no treatment at all. 
The unscarified area was divided into two plots, one of which was fer­
tilized; the other was untreated. 

At the end of the growing season, the scarified plots that received 
seed and fertilizer exhibited the highest plant cover. The existing 
vegetation in the unscarified plot which received fertilizer showed a 
pronounced increase in growth compared to the vegetation in the unfer­
tilized plot. 

The second site provided several diverse areas for the revegetation 
demonstration. The remnants of the settling pond contained a broad 
area of moisture-saturated mineral soil which was seeded with Egan 
Sloughgrass. Floods that occurred in midsummer before the grass became 
well established, eliminated any trace of the planting. 

Another area planted was composed primarily of overburden. The area 
was divided into six plots, two were unscarified, one of which was 
fertilized, the other was left untreated. The remaining four plots 
were scarified, one was seeded with no fertilizer, one was seeded with 
fertilizer, another was not seeded but fertilized and the fourth plot 
was a control. 

Additional isolated areas that consisted primarily of mine tailings 
were seeded and fertilized. 

The seed mix that was used for all of the plantings consisted of 
Arctared Red Fescue, Gruening Alpine Bluegrass, Norcoast Bering Hair­
grass, Alyeska Polargrass, Sourdough Bluejoint and Caiggluk Tilesy 
Sage. The plots were fertilized with 20-20-10 fertilizer which was 
applied at a rate of 450 pounds to the acre. 
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Both native vegetation and the seeded grasses benefited from the fer­
tilizer. The plots that exhibited the highest plant cover were those 
that had been seeded and fertilized. 

The plantings at these two sites demonstrate that a wide variety of 
substrates can support seeded grasses. As these sites are observed 
over the next few years, hopefully people will recognize that placer 
mine revegetation is possible with minimal effort. 

Interior Alaska Evaluation & Demonstration Planting 

Over the years, a variety of efforts have been made to establish an 
Interior Plant Materials Center (FMC). In lieu of developing an 
Interior FMC, the FMC, in cooperation with the Fairbanks Soil and Water 
Conservation District, decided to establish an evaluation and demon­
stration plot in the Eielson Agricultural Development. A farmer has 
provided up to five acres of newly cleared and prepared land for a 
variety of plots which will evaluate revegetation plant materials, 
grains and horticultural plants. 

In 1989, three revegetation evaluation plots and one demonstration plot 
were planted. The site was in excellent condition. By fall, the 
plantings had grown very well. The only areas that showed poor vigor 
were the edges of the plots where the fertilizer was probably applied 
at a lower rate. 

Evidently, the soils in the Eielson Agricultural Project are nutrient 
poor and crops are heavily dependent on fertilizer. Since our plots 
are fertilized at the time they are planted and then left without any 
further fertilizer applications, it will be very interesting to watch 
how these plots perform over the next few years. No trends in perfor­
mance can be reported for the firs t year's growth. Evaluations will 
need to be conducted over the next several years before any recommenda­
tions can be made. 
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Branching Out Into Southeast Alaska 

After trying for many years to establish evaluation plots in Southeast, 
the North Latitude Revegetation and Seed Production Project finally was 
able to develop a cooperative agreement with two mining companies in 
the Juneau area. Green's Creek Mine on Admiralty Island, and Echo Bay 
Mining Company in Juneau agreed to pay travel and per diem for PMC 
staff to come to their sites and establish spring and fall evaluation 
plots. The PMC provided seed and labor. 

Green's Creek Mine 

Because Green's Creek Mine is within the boundaries of Admiralty 
National Monument, the U. s. Forest Service limited the species that 
could be planted to those that were known to occur on the island. As a 
result, the plots contained only 15 accessions compared to 48 to 50 
accessions that are normally planted. Two spring plantings were 
established at one site. In the fall, two more plantings were 
established at two different elevations. All plantings were fertilized 
with 20-20-10 fertilizer at a rate of 450 pounds per acre. 

The spring plantings were evaluated at the same time that the fall 
plantings were planted. One of the spring plots had been disturbed 
during the summer and some of the plantings were completely destroyed. 
Data collected from the undisturbed plot indicated that the best 
performing accessions after one growing season were 'Boreal' and 
'Pennlawn' Red Fescue. Evaluations will need to continue over the next 
three years before any recommendations can be made based on these 
plantings. A complete report will be prepared at the end of the 
evaluation period. 
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Echo Bay Mines 

During the summer of 1989, a total of three plots, each containing 40 
to 46 taxa, were established at Echo Bay Mine sites. Two spring plots 
and one fall plot were planted. One of the spring plots was planted at 
a sandy location near the office building. The other spring plot and 
the fall plot were planted near the mine portal in the Sheep Creek 
Valley. The Sheep Creek site was more gravelly than the office site. 

Numerous accessions performed very well at both sites. It will be 
necessary to continue evaluating the plots to determine the best 
accessions for these sites. 

Valdez Oil Spill Grant 

On April 20, 1989, the PMC was notified that Governor Cowper accepted 
its proposal to assess oil spill damage to Beach Wildrye communities in 
Prince William Sound. The proposed study would have identified damage 
communities, rated damage and potential natural recovery, and if neces­
sary, developed reclamation plans to restore these impacted communi­
ties. 

Unfortunately, money was not released by the responsible state agency 
in a timely manner and the study was not attempted. Other unwarranted 
policies developed by the lead state agency, along with a significant 
reduction in the available funds, made the study unattractive to the 
PMC. 

Perhaps in 1990 the study can proceed in a timely and acceptable 
manner. 

- 13 -



Upper Susitna Demonstration & Evaluation Plots 

The Plant Materials Center (PMC) and the Upper Susitna Soil and Water 
Conservation District established demonstration and evaluation plots 
near Trapper Creek in June, 1987. The former hay field was plowed and 
cultivated by the landowner and the plots were seeded and fertilized by 
staff from the PMC and the Palmer Soil Conservation Service. 

The evaluation plots, consisting of 50 grasses and 1 forb planted in 
4 x 10 foot areas, were replicated three times; a fourth plot contained 
rod rows, 20 feet long, of the same collection of plants as the 
broadcast plots. The demonstration plot consisted of 18 plant 
varieties recommended for the area by The Revegetative Guide for 
Alaska. These plantings were made in 20 x 60 foot plots; each 20 foot 
section received different fertilizer applications. 

The plants germinated and became well established, but in many cases 
the plants were obscured by timothy and hemp nettle. In the spring of 
1988, the plots were sprayed with 2,4,D, which was relatively 
ineffective in killing the broadleaf weeds. In July, the PMC decided 
to spray the entire plot with a broad spectrum herbicide and replant in 
June, 1989. 

Prior to planting in June, 1989, the site was sprayed again with a 
broad spectrum herbicide and allowed to stand for one week before 
planting. The site was disked and large clumps of vegetation were 
removed by hand from each of the plots before planting. We were 
concerned that if the herbicide had not effectively killed the weeds, 
we would lose our plantings again. 

Staff from the Palmer Soil Conservation Service and the PHC reseeded 
the site. Three evaluation plots and one demonstration plot were 
planted. The rod row plot (1987) was eliminated. The plots were 
evaluated in September. Although one plot was quite weedy, the plots 
overall were much cleaner than the 1987 planting. Evaluations were 
made and will continue over the next three years. Another broadleaf 
herbicide treatment may be necessary to sufficiently control weeds over 
the evaluation period. 

Our test sites are not irrigated and the lack of precipitation 
prevented germination from occurring in any of the plots for at least 
one month after planting. Even so, most of the accessions performed 
quite well during the first growing season. We will be able to make 
seeding recommendations based on the results from these plots in a 
couple of years. 
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Kuparuk Arctic Pendant Grass Study 

In 1985, the Plant Materials Center and ARCO Alaska , Inc., established 
a cooperative agreement to evaluate revegetation techniques with an 
emergent grass species, Arctophila fulva. During the past four field 
seasons, two PMC staff have spent two to three weeks each season in the 
Kuparuk Field wetlands, transplanting Arctophila and evaluating the 
success of the plantings. Various planting locations and planting 
techniques have been tested and have met with a wide range of success. 

During 1987 and 1988, general laborers conducted the plantings while 
being supervised by PMC staff. An ARCO contractor supplied laborers 
the first year, and the PMC supplied four laborers from their staff 
during 1988. This phase of the study evaluated the ability of general 
laborers to harvest and transplant Arctophila. The primary focus of 
the investigation has centered on the issue that if Arctophila can be 
transplanted successfully, then is it economically feasible, and/or 
what is the cost of transplanting Arctophila with an unskilled labor 
force? 

No new plantings were conducted during the 1989 season. However, data 
was collected on the survival of the various plantings conducted over 
the years. Analysis of the data should begin to answer some of the 
questions, and will be presented in a final report that will be 
completed in early 1990. 

Kenai Wetland Restoration Plots 

In April, 1989, the PHC was contacted by an engineering company and 
requested to restore an area of illegal fill on a wetland. The PMC 
responded with a plan acceptable to both the Corps of Engineers and the 
Alaska Department of Fish and Game. 

The plan utilized a seed mix containing native species adapted for wet 
sites. The mix relied heavily on 'Egan' American Sloughgrass, a 
cultivar released by the PMC. Initial results appear promising. 
Unfortunately, during the scheduled evaluation in September, 1989, the 
Kenai River was running high and was covering the plots. The flooding 
prevented the plots from being evaluated satisfactorily. 

An effort will be made to evaluate the site in 1990 and again in 1991. 
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Fort Richardson Off-Road Vehicle Trail Restoration Project 

This project, initiated in June 1988, was requested and funded by the 
U. s. Army at Fort Richardson and the Corps of Engineers Cold Regions 
Research Laboratory at Hanover, New Hampshire. Its basic purpose is to 
demonstrate alpine restoration of the trail system damaged by unauthor­
ized civilian off-road vehicles (ORV), and to develop techniques for 
large-scale alpine revegetation. 

The results of this study will be useful as Southcentral Alaska expands 
its winter recreation areas. 

This project will provide results on alpine streambank revegetation, 
alpine wetland revegetation and revegetation of extremely dry, gravely, 
alpine sites. Off-road vehicle use continued during the first year of 
this project and damaged a portion of the plot area, however, the study 
has not been severely impacted at this time. 

Although an occasional ORV passes through the sites, very little addi­
tional damage has occurred to the plots. Evaluations occurred in 
September, 1989 and some trends in performance of the grasses appear to 
be emerging. 'Norcoast' Bering Hairgrass and 'Arctared' Red Fescue 
have been the most consistent and best performing varieties at all of 
the sites. 'Gruening' Alpine Bluegrass has also performed reasonably 
well, but it has received lower ratings because the grass blade tips 
have been chlorotic. Results from the evaluation plot, which was 
planted with SO different varieties, suggest that there is another 
species, 'Nortran' Tufted Hairgrass, that should be included in future 
trials. 

The plots will continue to be evaluated for two more growing seasons, 
and at that time a final report will be prepared. 
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Foundation Seed Program 

This section of the North Latitude Revegetation and Seed Production 
Project increases and preserves cereal grain and grass varieties 
developed especially for the growing conditions prevalent in Alaska and 
other northern latitude countries. 

Small amounts of "breeder" seed are obtained from the University of 
Alaska, Agricultural and Forestry Experiment Station, PMC breeder 
plots, or other northern latitude sources. This seed is planted, 
grown, and processed at the PMC according to standards and procedures 
that ensure genetic purity, absence of noxious weed seeds, and freedom 
from injurious plant diseases. 

The progeny of breeder seed, designated "foundation" seed, is made 
available to the industry through the state's seed certifying 
organization, the Alaska Seed Growers, Inc., in conjunction with the 
state Division of Agriculture. This process ensures that farmers 
growing "registered" (progeny of foundation) and "certified" (progeny 
of registered) classes of seed meet all requirements of genetic purity 
and cleanliness, and are in compliance with state seed regulations and 
the Federal Seed Act. 

Figure 3 - Seed Increase Pyramid 

57,600 lbs. 

2,160 lbs. 

80 lbs. 

Certified - Will 
plant 1,440 acres 

of erosion control or 
revegetation projects. 

Registered - Will plant 720 
acres certified (seed pro~uction) 

Foundation - Will plant 27 acres 
registered (seed production). 

Will plant a one-acre 
foundation field. 

This illustrates the increase of three pounds of breeder seed to a 
commercially useable quantity. Clean seed yield is based on 80 
lbs./acre. The planting rate is based on 3 lbs./acre for seed produc­
tion and 40 lbs./acre for reclamation purposes. 
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Table 1 -Revegetation and Turf Varieties in Production in 1989 

Variety Class Acres 

'Nugget' Kentucky Bluegrass Foundation 5.0 

'Arctared' Fescue Foundation 5.0 

'Norcoast' Bering Hairgrass Foundation 3.0 

'Polar' Brame Foundation 2.9 

'Tundra' Glaucous Bluegrass Foundation 0.1 

'Kenai' Polargrass Foundation 2.0 

'Sourdough' Bluejoint Foundation 1 • 4 

'Gruening' Alpine Bluegrass Foundation 1 • 0 

'Egan' American Sloughgrass Foundation 1 • 0 

'Nortran' Tufted Hairgrass Foundation 1 • 0 

'Alyeska' Polargrass Foundation 1 • 0 

'Egan' American Sloughgrass Breeder 1 • 0 

'Gruening' Alpine Bluegrass Breeder 1 • 0 

'Service' Big Bluegrass Breeder 1 • 0 

'Caiggluk' Tilesy Sage Breeder 1 • 0 
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Table 2 -Cereal grain seed & oil seed varieties in storage at the Plant Materials Center, 
December, 1989 

Barley Wheat Oats Rye Rapeseed Buckwheat 

Variety Tons Variety Tons Variety Tons Variety Tons Variety Tons Variety Tons 

Lldal 15.0 Chen a 9.2 Toral 6.3 Bebral 0.9 Candle 3.0 Oly 0 . 1 

Otal 8.4 lnga I 4.7 Cea I 2.1 

Thua I 5.4 VI ga I 1.9 Nip 2.3 

Wea I 5.2 Nogal 1. 4 Golden Rain o. 1 

Datal 4.3 1397 0.5 Freedom .05 

Flnnaska 1.0 66116243344 0.3 Total 10.9 

Pokko 0.6 Nor star 0.07 

Arra 0.4 Gasser 0.04 

Eero 0.3 Froid 0.03 

Edda 0.05 Roughr I der 0.03 

Paavo 0.03 Total 18.3 

Tibet Hulless 0.03 

GaIt 0.01 

Otra trace 

Steptoe trace 

Total 40.7 



Table 3 - Grass Varieties in Storage at the Plant Materials Center 
December, 1989 

Variety Pounds 

'Engmo' Timothy 1,836 

'Arctared' Fescue 1,118 

'Nugget' Kentucky Bluegrass 475 

'Polar' Brome 528 

'Norcoast' Bering Hairgrass 260 

'Alyeska' Polargrass 422 

'Egan' American Sloughgrass 175 

'Gruening' Alpine Bluegrass 346 

'Sourdough' Blue joint 63 

'Nortran' Tufted Hairgrass 100 

'Tundra' Glaucous Bluegrass 36 

'Kenai' Polar grass 87 

'Service' Big Bluegrass 183 

Total 5,689 
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Table 4 - Cereal Grains Sales & Receipts, 1987-1989 

Type 1989 1988 1987 

2,100 lbs 3,750 lbs 12,750 l bs 
Barley 

$ 653.24 $1,074 .09 $2,478.28 

1,600 lbs 1, 200 lbs 7,978 lbs 
Oats 

$ 486.1 5 $ 355 .40 $2,097.37 

275 lbs 300 lbs 150 lbs 
Wheat 

$ 75.16 $ 70.82 $ 24.1 3 

134 lbs -0- 320 lbs 
Rye 

$ 30.72 -0- $ 51 • 1 5 

180 lbs -0- 119 lbs 
Rapeseed 

-0- -0- -0-

300 lbs -0- -0-
Buckwheat 

$ 57 .00 - 0- -0-

4,589 lbs 5,250 lbs 21 , 317 lbs 
Total 

$1,302.27 $1,500.31 $4,650.93 
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Table 5 - Grass Seed Sales & Receipts, 1987- 1989 

Variety 1989 1988 1987 

505 lbs 550 lbs 855 lbs 
'Nugget' Kentucky Bluegrass 

$4,543.70 $4,547.60 $6,840.00 

60 lbs 100 lbs 200 lbs 
'Arctared' Red Fescue 

$ 205.60 $ 936.00 $2,000.00 

30 lbs 6 lbs -0-
'Sourdough' Blue joint 

$ 810.70 $ 209.94 $ -0-

25 lbs 50 lbs 50 lbs 
'Engmo' Timothy 

$ 75.50 $ 151.00 $ 225.00 

-0- -0- 95 lbs 
'Alyeska' Polargrass 

-0- -0- $1,000.00 

30 lbs 10 lbs Not Available 
'Gruening' Alpine Bluegrass 

$ 400 .so $ 130.20 

21 lbs 2 lbs 10 lbs 
'Egan' American Sloughgrass 

$ 181.20 $ 17.58 $ 80.00 

20 lbs -0- -0-
'Norcoast' Bering Hairgrass 

$ 221.80 -0- -0-

133 lbs -0- -0-
'Nortran' Tufted Hairgrass 

$2,169.23 -0- -0-

160 lbs -0- -0-
'Polar' Brome 

$ 466.40 -0- -0-

984 lbs 718 lbs 1,210 lbs 
Total 

$ 9,074.63 $5,992.32 $10,145.00 
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Three new grass . fields were established during the 1989 growing season; 
Foundation-class 'Gruening' alpine bluegrass, and new breeder blocks of 
'Egan' American sloughrass and Beach Wildrye. Except for 'Tundra' 
glaucous bluegrass, yields were good on fields two or more years old. 
Over 28 acres were devoted to grass seed production at the PMC for 
1989, the highest acreage in the PMC's history. 

Cereal grains increased for 1989 included 'Thual' hulless barley and 
'Freedom' hulless oats. Foundation seed stocks of most other grain 
varieties has remained high. 

Spring and early summer weather was generally favorable for crop 
growth. Irrigation was necessary for newly sown fields due to dry, 
sunny days. The early maturing grasses were harvested under favorable 
conditions; however, after August 18, nearly constant cloudy, moist 
weather caused deterioration in grain quality, with the growth of late 
tillers, and with the appearance of ergot in the barley and rust in the 
grasses. A short break in the wet weather allowed the barley to be 
harvested on September 19, and although the moisture content was high, 
the crop was dried with little damage. Results from pre-clean testing 
indicate an 81% germination rate. 

Flooding from the Matanuska River became a growing problem in 1989. 
Fields two and five were unuseable and portions of fields three and six 
were saturated so that they would not support farm machinery. This 
seasonal flooding began in the summer of 1986, and has repeated each 
year, eliminating approximately 100 acres from agricultural produc­
tion. 

Foundation seed sales for 1989 were mixed. Cereal grain sales totaled 
4,589 pounds; down slightly f rom 5,250 pounds in 1988. Grass seed 
sales for 1989 totaled 984 pounds; up from 718 pounds in 1988. Re­
ceipts for all 1989 seed sales totaled $10,376.90; up from $7,492.63 in 
1988. 
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North Latitude Vegetable & 
Landscape Crop Improvement Project 
The North Latitude Vegetable and Landscape Crop Improvement Project is 
comprised of two programs. They are the Horticulture Development 
Program and the Potato Disease Control Program. The combination was 
made in an effort to streamline PMC operations. For clarity, the 
activities of each project are reported separately in this report. 

Horticulture Development Project 

This project is responsible for trials of vegetable, small fruit, and 
ornamental plants. Both introduced and native plants are evaluated in 
the trials. Cultural and production techniques may also be evaluated. 
The project co-sponsored the Alaska Greenhouse and Nursery Conference 
and Polar Grower Trade Show with the University of Alaska Cooperative 
Extension Service and Alaska Horticultural Association. 
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Strawberry Plant Production Trial 

In 1988, the PMC and University of Alaska Fairbanks began a joint study 
on the potential of strawberry plant production in Alaska. Six 
California strawberry varieties were grown in this study. The effects 
of Alaska's cool temperatures in August and September, and the l ong 
summer photoperiod were evaluated. 

Mother plants were heeled in peat moss and greened up in a lathhouse 
before being transplanted t o the field. The mother plants were trans­
planted on 1 and 2 June, and were irr igated with a sprinkler sys tem , 
cultivated and dis budded as required. 

Daughter plants were harvested on 15 September and 27 September. Three 
of the varieties were expected to produce fif teen daughter plants per 
mother plant. At the PMC, these varieties produced an average of 4 . 4 
plants/mother plant . The o ther three variet i es were expected to pro­
duce ten daught er plants per mother plant; at the PMC they produced an 
average of 4 .02 plants / mother plant. The 1988 Annual Report indicated 
that the study would continue in 1989, but since the production of 
daughter plants was lower than expected, the project was terminated. 

- 25 -



Blueberry Applied Agricultural Research Account {AARA}Grant 
Study 

Several growers have requested information on techniques to improve the 
fruit production of native stands of blueberries. In 1988, the project 
received an AARA Grant to investigate cultural techniques to increase 
the fruit production in wild stands of blueberries. Three trials, each 
consisting of four 10-meter by 10-meter plots were established. One 
trial is located in the Bartlett Hills Agricultural Project and two are 
located on a farm in the Montana Creek area. 

All of the plots, plus a 1-meter band around the perimeter of each 
plot, were cleared of trees and other shrubs. One plot of each trial 
was used as a control and received no additional treatment. The other 
three plots received a combination of different fertilizer and pruning 
treatments. Ten grams of elemental nitrogen, phosphorus and potassium 
per meter square were applied to the fertilized plots. A weed whip 
modified with a triangular sawblade was used to prune the plots. Data 
was collected on cover, density and current annual growth. 

In 1989, no additional fertilizer was applied and no additional pruning 
occurred to control the regrowth of competing vegetation in the plots. 
Observations made in 1989, indicated that the fertilized, pruned plots 
set less fruit than any of the unpruned plots. In 1989, the ferti­
lized, pruned plots set more flower buds than any of the unpruned 
plots. The first reliable harvest to determine the effects of the 
pruning and fertilization treatments will be the 1990 harvest. 

Due to circumstances beyond our control, 1989 yield data was collected 
for only one of the plots. Yield data will be collected on all plots 
for at least the 1990 and 1991 seasons. 

The results of the study will help to determine the length of time 
these treatments have an effect on stands of native Alaska blue­
berries. Interim reports will be available in 1990 and 1991. The 
final report will be prepared upon completion of the study. 
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Small Fruit Applied Agricultural Research Account {AARA) Grant 
Study 

The Small Fruit AARA grant is a cooperative project with the University 
of Alaska Fairbanks Agriculture and Forestry Experiment Station. This 
study's goal is to systematically evaluate small fruit varieties in 13 
locations in the railbelt area. Fruit types planted in the trials in 
1988 include four varieties of amelanchier or serviceberry, four black 
currant varieties, two red currant varieties, six raspberry varieties 
and three half-high blueberry varieties. In 1989, seven raspberry 
varieties and two amelanchier varieties were planted in the plots. One 
raspberry variety, 'Heritage', did not perform well in 1988 and was 
replanted in 1989, with replacement plants from the supplier. 

Information to be collected in this study includes winter hardiness 
rating, date of bud break, bloom dates and harvest dates and yields. A 
summary report of winter hardiness, 1989 fruit production and harvest 
dates is being compiled. The plants in this study will be observed for 
five years. A final report will be prepared upon completion of the 
study. 

Vegetable Variety Trials 

The 1989 vegetable variety trials were a cooperative effort between the 
Plant Materials Center, University of Alaska Fairbanks Cooperative 
Extension Service, and Agriculture and Forestry Experiment Station. 
Vegetable crops and varieties for commercial production were emphasized 
in the trials. All trials were grown at the Matanuska Farm in Palmer. 
Varieties of broccoli, cabbage, carrots, lettuce and potatoes were 
planted in the trials. 
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The Plant Materials Center was responsible for the storage cabbage and 
the fresh market cabbage trials. Transpalnts for both cabbage trials 
were grown by Paul Giauque, Gold Nugget Farm, Palmer, Alaska. Ten 
storage cabbage varieties were seeded on 17 April 1989, and hand­
transplanted to the field on 12 May 1989. Three of the varieties pro­
duced marketable-size heads which were harvested between 22 September 
and 6 October 1989. Twelve fresh market cabbage varieties were seeded 
on 24 April and hand transplanted on 18 and 19 May 1989 to the field. 
Eleven of these varieties produced marketable-size heads that were 
harvested between 17 July and 6 October 1989. 

The complete report of the cooperative trials is available in Vegetable 
Variety Trials, Matanuska Vallev, Alaska 1989, published by the 
University of Alaska Fairbanks Agriculture and Forestry Experiment 
Station. 

Off-site Plant Trials 

The PMC has established plant trials throughout Alaska. Trials are 
located in Fairbanks, Delta, Kenai, Kodiak, Trapper Creek and in the 
Manillaq area. Cooperators assisting with the trials include the 
Cooperative Extension Service, individual cooperators, local govern­
ments and native corporations. Ornamental trees and shrubs and small 
fruits have been planted at these sites. 

In 1989, two new sites were established. One is located in Nenana and 
the other in Unalaska. The Unalaska site could not have been estab­
lished without the assistance of Markair, which shipped the plants for 
no charge to Unalaska. The trial is a cooperative effort with the 
Unalaska Pride organization. The Nenana trial is a cooperative effort 
with the Cooperative Extension Service and individual cooperators. 

The Kodiak site was reestablished at the Kodiak fairgrounds. 
mental trees and shrubs and small fruits were also planted at 
sites. Evaluation lists of the plants on each site are being 
pared. 
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Alaska Greenhouse & Nursery Conference 

The 8th Annual Alaska Greenhouse and Nursery Conference was held 
February 23 and 24, 1989 in Fairbanks at the Westmark Hotel. The Polar 
Grower Trade Show, held in conjunction with the conference, had thir­
teen commercial exhibits and three non-profit exhibits. The commercial 
exhibitors came from Alaska, California, Illinois, Minnesota, Montana 
and Canada. One hundred fifty people attended the conference. 

The conference was sponsored by the Alaska Plant Materials Center 
(PMC), the University of Alaska Cooperative Extension Service and the 
Alaska Horticultural Association (AHA). Guest speakers at the confer­
ence included Tom Haught, a Technical Sales Representative for Ethyl 
Corporation, Orange, California; and Erric Ross, a Technical Represen­
tative for W. R. Grace, Portland, Oregon. Mr. Haught discussed 
"Plastic Culture in Horticulture" and Mr. Ross's presentation was on 
"Diagnosing Ornamental Plant Problems". 

Alaska speakers were also featured at the conference. University of 
Alaska Fairbanks staff made presentations on the "Effects of Mulches on 
Ornamentals in Fairbanks'' by Dr. Pat Holloway, Assistant Professor of 
Horticulture; "How Light and Temperature Affect Plant Growth and Devel­
opment" by Dr. Meriam Karlsson, Assistant Professor of Horticulture; 
"The Marketing of Products" by Dr. Laura M. Milner, Assistant Professor 
of Marketing; and "The Role of Palmer AFES Laboratory in Soil Testing 
and Plant Tissue Analysis" by Dr. Rudy Candler, Laboratory Supervisor. 
Mr. Ken Childress, Senior Sales Engineer with Transalaska Data Systems 
spoke on "Bar Coding Horticultural Products''; Molly McCafferty, City 
Gardener, City of Ketchikan, discussed "Ketchikan's Beautification 
Program"; and Susan Miller, supervisor of the Anchorage Beautification 
Program, presented "Flower Bed Design with Annuals". Many other 
speakers from Alaska made informative presentations. 
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Plant Sales & Distribution 

In order to develop commercial horticulture production, several types 
of plants have been sold by the P;-IC to commercial growers since 1979. 
Plant materials for both horticultural and revegetation uses are sold. 
These plants have been promoted for use in Alaska by the University of 
Alaska Agriculture and Forestry Experiment Station and the PMC. Grow­
ers purchasing plants must use them as stock plants or for food produc­
tion. As growers propagate these plant materials, the demand on the 
PMC to supply them has decreased. 

The 1989 plant sales were: 

'Holland Long Bunch' Currant 
'Swedish Black' Currant 
'Friedrichsenii' Potentilla 
'Pioneer' Strawberry 
'Sitka' Strawberry 
'Skwenta' Strawberry 
'Talkeetna' Strawberry 
'Long' Barclay Willow 
'Oliver' Barrenground Willow 
'Rhode' Feltleaf Willow 
'Roland' Pacific Willow 
'Wilson' Bebb Willow 
Feltleaf Willow 
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Potato Disease Control Program 

Potatoes have been grown and sold in Alaska since prior to the estab­
lishment of the Matanuska Colony. Alaska grown potatoes have had an 
average annual value exceeding$ 2,000,000 through the last decade. 
Alaska's production of quality potatoes has kept over S 20,000,000 from 
being exported during the last ten years. 

Commercial potato production is highly capital intensive. High yields 
of good quality potatoes are required to assure a fair return on 
investment. ~any production problems that would limit yield, such as 
untimely frost or rain, are beyond grower control. A successful grower 
manages the production factors which are under his control. Planting 
high quality seed can make the difference between a good harvest and a 
poor one. 

Diseases are capable of causing severe losses. Many of the diseases 
affecting the potato are carried in or on the potatoes themselves. The 
use of seed in which diseases are absent or at low levels, has been 
proven to greatly re~uce the risk of losses caused by disease. Inspec­
tions for disease incidence are the function of the certification 
program. 

Seed quality is based primarily on the amount and types of diseases 
present. Seed-borne diseases were significantly reducing the Alaskan 
growers' yields during the late 1970s. Good seed of the varieties of 
potatoes grown in Alaska were not available locally. Importing seed 
from outside the state carries with it the potential to introduce pests 
and diseases not now known to occur in Alaska. The Potato Disease 
Control Project was initiated to help overcome these problems. The 
project assists the industry by producing seed potatoes free from 
diseases and monitoring the health of the seed and commercial fields. 
The maintenance of a prosperous potato industry is accomplished by 
providing quality seed, monitoring disease incidence and education. 
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Disease-Tested Seed Potato Production 

In 1989, the project produced 9,000 disease-tested plants of 36 varie­
ties. Six varieties accounted for 60% of this total. The varieties 
most in demand were Shepody, Bake-King, Iditared, Superior, Alaska 114 
and Green Mountain. 

Approximately 1,000 plants were made available to ten growers for pro­
duction of Generation 1 (G1) seed. The remaining plants were grown in 
greenhouses at the Plant Materials Center (PMC), and produced 1,200 
pounds of G1 seed to meet the orders placed in 1988. 

Disease-tested seed amounting to 3,000 pounds of nine russet-skinned 
varieties were field grown to provide seed for trials to be conducted 
by the Cooperative Extension Service in 1990. 

The potato project performed over 8,000 tests to ascertain the health 
of the materials produced. Each tuber or mother plant was tested for 
Bacterial Rinq Rot, six potato viruses (X, S, Y, A, M, LR) and Potato 
Spindle Tuber Viroid prior to propagation. Tests for virus infection 
were also conducted at harvest. 
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Alaska Seed Potato Production & Disease Testing 
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Seed Potato Certification 

Potato seed certification programs are important to the health of the 
potato industry. Disease-free seed can quickly become infected with 
disease when exposed to pathogens. Growers manage their seed produc­
tion to limit possible exposure to diseases, but reinfection from soil 
or other sources can occur. Certification is designed to identify and 
remove from use as seed those seed lots which have become diseased, or 
otherwise are of reduced value for use as seed. This is accomplished 
by inspection for diseases in potato fields. 

Diseased plants typically appear different from healthy plants, however 
the symptoms of some diseases can be masked or obscured by growing con­
ditions such as physiological maturity, fertility levels, and cool tem­
perature. The particular variety's resistance to a disease also plays 
a part in symptom expression. 

The term "latent" is used to describe the situation where a disease is 
present, but symptoms are not expressed. The idea that a disease can 
be present and go undetected is cause for concern. The use of labora­
tory tests for the detection of Potato Virus X, which can be latent, 
has been shown to be an effective procedure for indicating the relative 
infection level of the disease. Laboratory procedures which would 
allow the detection of latent Bacterial Ring Rot are being developed 
but are not commonly being used. 

Alaska's Certified Seed Program is administered by the Alaska Seed 
Growers, Inc. The inspections are conducted by the Potato Disease 
Control Project. Inspections were performed during the 1989 growing 
season on 119 lots planted to 48 acres. There were 27 varieties grown 
as certified seed. Certified seed potatoes were grown in the Matanuska 
Valley, Tanana Valley, Fairbanks and Bartlett Hills area near 
Talkeetna. Each lot was inspected according to certification standards 
for disease and varietal purity. 
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Educational Program 

Dr. Ed Jones, retired Potato Certification Specialist from Cornell 
University, was brought to Alaska in mid-August to instruct growers and 
inspectors on the finer points of finding Bacterial Ring Rot (BRR) 
symptoms in potato fields. The Division of Agriculture, in cooperation 
with the Alaska Seed Growers, Inc., provided travel funds for his 
visit. Dr. Jones and his wife Barbara, who is a potato specialist in 
her own right, inspected all seed fields as well as some of the table 
stock production fields. No BRR was found in any seed. Observation of 
an innoculated plot on a table stock farm indicated that the disease 
was more difficult to find in the variety Green Mountain than in the 
variety Bake-King. Symptom expression was not as readily observed. 

Dr. Jones also presented information to growers on the Seed Production 
Program at Cornell's Uihlein Farm which is located in upstate New York, 
at a meeting held in Palmer. 

Matanuska Valley Demonstration Plot 

A demonstration planting of 48 varieties was planted at Nugen's Ranch 
on May 19, 1989. This planting was made to allow growers the oppor­
tunity to observe the growth characteristics and tubers of the varie­
ties on a side by side basis. The plot was comprised of 16 russet, 13 
red, and 19 white/buff skinnned cultivars. Local growers were invited 
to observe the planting prior to harvest on September 26. Tuber de­
fects and disease were noted. Total yield was recorded. Time from 
planting to harvest was 126 days. 

Skin set, shape and yield appeared acceptable for seven of the russeted 
varieties; Alaska Russet, Allagash, Belrus, Hilite, Lemhi, AF465-2 and 
Norgold "M". The red-skinned varieties were all relatively equal in 
regard to feathering. Red Pontiac and Sangre were a bit tougher. 
Redsen had the brightest color and uniformly smaller size. The 
white/buff were a mix of early and processing varieties. Sable, 
Jemseg, Conestoga, Avon and Cherokee were uniform in size. Carlton had 
excessive hollow heart. Monona produced only small tubers. Mirton 
Pearl yielded well but had deep eyes and poor shape. 
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Copper River Native Association Trials 

Seed of 12 varieties was planted at the Copper River Native Association 
plots in Copper Center. Observations of quality and total production 
were recorded by the Copper River Agricul ture Specialist. The varie­
ties Green Mountain, Yukon Gold, Kennebec, and Chieftain produced the 
largest total yields . Approximately 40 people in the Copper Center 
area benefited from this program. 

Alaska State Fairground Educational Plot 

A small plot was established at the fairground near Palmer for educa­
tional use during the annual State Fair. The common Alaska cultivars, 
as well as some novelty potatoes, were planted in twenty-foot long 
rows. Hills were dug and displayed at the end of the rows during the 
fair. 

Cooperative National Plant Pest Survey 

The Potato Disease Control Project joined the National Plant Pest 
Survey Program in 1984. The project assists the survey program by 
reporting the incidence of potato diseases found during inspections. 
The program is designed to promote disease surveys and improve methods 
used in the dete ction of important plant pests . The inspection data is 
entered into a computer system and is accessible by program partici­
pants. The information will facilitate research, extension and regula­
tory agencies in making decisions concerning plant pests. 
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Appendix A 

Current & Historical Budget Information 



Calendar Year 1989 Authorizations, Expenditures 
& Program Receipts 

Authorizations 

Au thorization FY 89 PMC Total 
North Latitude Revegetation 

Project Total 
Personal Services 
Travel 
Contractual 
Supplies 
Equipment 

North Latitude Vege table & 
Project Total 

Personal Se rvices 
Travel 
Contractual 
Supplies 
Equipment 

$ 556,100 . 00 
& Seed Production 

314,200.00 
25 1,100 . 00 

4,100.00 
48,400.00 
10,600.00 

- 0-

Project 

Landscape Crop 
24 1,900 . 00 
214,700.00 

4,400 .00 
19,600. 00 
3,200.00 

-0-

Improvement Project 

Special Appropriations FY 89 
PMC Flood Control Project 50,000.00 

Authorization FY 90 PMC Total 
North Latitude Revegetation 

Project Total 
Personal Services 
Travel 
Contractual 
Supplies 
Equipment 

North Latitude Vegetable & 
Project Total 

Personal Services 
Travel 
Contractual 
Supplies 
Equipment 

$ 566,600.00 
& Seed Production Project 

320,800.00 
260,400.00 

2,600.00 
47,200.00 
10,600.00 

-0-

Landscape Crop 
245,800.00 
219,600.00 

3,900.00 
19,100.00 
3,200.00 

-0-

Improvement Project 
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General PMC Operating Budgets for the Past Ten Fiscal Years 

FY FY FY FY FY FY FY FY FY FY FY 
80 81 82 83 84 85 86 87 88 89 90 

--- ------
Authorization 343,000 361,900 743,100 725,900 912,300 863,400 888,500 733,700 596,700 556, 100 566,600 

---- 1-------- '------· 

Personnel 13 13 21 21 25 19 21 17 16 16 16 

1-- f-- -

Full Time 7 7 10 10 12 10 10 9 7 7 7 

------f--· 

Part Time 6 6 11 11 13 9 9 8 9 9 9 

When comparing personnel figures listed for FY 89 and FY 90 to those in FY 80, bear in mind that the 
Potato Disease Control Project and the Horticultural Development Project were added in FY 85 and FY 82 
respectively. Total FY 80 allotted man hours equalled 112 man month. FY 89 and FY 90 man months only 
totalled 121 as many of the seasonal positions are two to three month assignments. 



1989 Calendar Year Monthly Expenditures to the Nearest Dollar 

Jan. Feb. Harch April May June July Aug. Sep. Oct. Nov. Dec. 

PMC Totals 35' 17 4 41,265 47,328 50,799 24,799 58,755 30,145 70,370 55,444 49,949 39,363 36 '506 
Personal Services 31,421 34 '188 36,423 39,291 18,043 51,133 29,388 59,472 50,572 38,201 34,581 32,080 
Travel -0- -0- 453 431 274 -0- 720 911 1 '155 1,956 62 7 338 
Contractual 3,040 4,806 8,011 7,878 5,566 5,237 37 6,826 2,834 4,834 3' 153 4,024 
Supplies 712 2,271 2,441 3' 199 916 2,385 -0- 3' 161 883 4,944 1 ,002 64 

North Latitude Revegetation and Seed Production Project 
Totals 15,939 24,075 24,538 19,203 5, 183 27,561 14,971 39,256 27, 7H6 27,530 2Lm390 20,750 
Personal Services 13,650 22,063 17,335 13,222 928 24,034 14,934 31,259 25, 170 21 '0 24 18,930 18,751 
Travel -0- -0- -0- 329 274 -0- -0- -0- 381 860 627 125 
Contractual l ,809 1 '681 5,223 4,236 3,238 2,050 37 3,135 1 '987 3,139 2' 166 1 '810 

-1>-
Supplies 480 331 1,980 1 '416 743 1,477 -0- 2,862 248 2,507 667 64 

,_. 

North Latitude Vegetable and Landscape Crop Improvement Project 
Totals 19,235 17 '190 22,790 31,596 19,616 31,194 15, 17 4 31,114 27,658 22,419 16,973 15,7 56 
Personal Services 17,771 12,125 19,088 26,069 17,115 27,099 14,454 26,213 25,402 17,177 15,651 13,329 
Travel -0- -0- 453 102 -0- -0- 720 911 774 1,09 6 -0- 213 
Contractual 1,232 3, 125 2,788 3,642 2,328 3, 187 -0- 3,691 847 1,709 987 2,214 
Supplies 232 1,940 461 1,783 173 908 -0- 299 635 2,437 335 -0-



Program Receipts 

Receipts Calendar Year 89 

Sales 

Technical Assistance 
U. S. Navy 
Greens Creek Mine 
Echo Bay Mine 
Wishbone Hill 
National Park Service 
Bureau of Land Mngmt. 

Grass, Grain, Potato Seed 

Total Receipts 
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10,637.00 
357.00 
821.00 

1,570.00 
8,901.00 
2,047.00 

7,074.00 

31,407.00 





D 

D 

New Crop Cultivars Developed by the Alaska Plant Materials 
Center 

'Long' Barclay Willow - This attractive, fast-growing native willow was 
released for commercial production in 1985. This cultivar will be 
used for reclamation, landscaping and shelter belts. 

'Roland' Pacific Willow- 'Roland' was released in 1985 and is probably 
the most attractive willow selected by the PMC to date. This 
cultivar will be used for landscaping, stream protection and 
revegetation throughout most of Alaska. 

'Wilson' Bebb Willow- This willow has a dense growth form and has many 
potential uses for screening, windbreaks and living fences. 
Because of the the species' wide range of adaptability, it is also 
expected to be utilized for reclamation activities. 'Wilson' is a 
1985 release. 

'Oliver' Barren Ground Willow- 'Oliver' was released 
production in 1985. This cultivar's interesting 
lend itself well for incorporation into hedges. 
range from reclamation to windbreaks. 

for commercial 
growth form will 
Additional uses 

'Rhode' Feltleaf Willow- 'Rhode' was also released for commercial 
production in 1985. This species occurs throughout Alaska and is 
listed as a preferred wildlife species. This cultivar will find 
uses in habitat restoration, reclamation, streambank protection 
and shelter belts. 

'Egan' American Sloughgrass - 'Egan' was released for commercial seed 
production in 1986. This cultivar has performed well at most test 
sites. Its expected uses are wetland restoration and waterfowl 
habitat enhancement. 

'Gruening' Alpine Bluegrass - This selection of Alpine Bluegrass was 
released for production in 1987. A native species, Alpine 
Bluegrass has shown extreme hardiness throughout Alaska and it is 
well adapted to harsh sites such as mine spoil. 

'Caiggluk' Tilesy Sage- 'Caiggluk' Tilesy Sage is a native collection 
of Sagebrush. It was placed in commercial production in 1989. 
The expected uses range from mine reclamation to restoration of 
sites contaminated with toxic metals. The cultivar will allow for 
more species diverse seed mixes. This is the first native 
broadleaf species brought into commercial production in Alaska. 
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'Service' Big Bluegrass -This accession of big bluegrass was derived 
from a collection made in the Yukon Territories. During the PMC 
evaluation process, the collection out-performed 'Sherman' Big 
Bluegrass (the only known cultivar of Big Bluegrass) in all 
categories. 'Service' is expected to find use in dry land 
revegetation projects in Alaska south of the Yukon River. 

Pending Releases 

Beach Wildrye - The Plant Materials Center is presently in the final 
evaluation stages on two collections of Beach wildrye. Both may 
be released for commercial production. The first is a collection 
from Norway that has exhibited hardiness throughout most 
southwestern and southcentral coastal Alaska. This collection is 
capable of producing viable seed in commercial quantities. The 
second collection of Beach wildrye originated on Kodiak Island and 
does not produce seed, a trait common to native stands of the 
species. Commercial production of this collection would be 
limited to vegetative production. 

Release is expected for either or both in 1990 or 1991. 

Violet lfueatgrass - This native accession has undergone evaluation by 
the PMC since 1979. It has exhibited superior hardiness 
throughout Alaska, especially on dry, gravelly sites. 
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AppendixC 

List of Publications & Presentations 



Publications 

Campbell, W. L. 1987. Potatoes Alaska! Spudman. January and February 
1987. 4 PP• 

Campbell, ,<1 . L. 1988 . Potato Disease Control Technical Report 1984 -
1988. State of Alaska, Division of Agriculture, Plant Materials 
Center. 14 pp. 

Moore, N. J. 1986. Recommendations for Reclamation Species and 
Techniques. Alaska Miner. April, 1986. 2 pp. 

Moore, N.J. 1986. Evaluation of Conservation Species at Fort 
Richardson, 1983-1986. State of Alaska, Division of Agriculture, 
Plant Materials Center. 11 pp. 

Moore, N.J., P. Brna, W. Evans, and S. J. Wright. 1986. Field Guide 
for Streambank Revegetation. State of Alaska, Division of 
Agriculture, Plant Materials Center. 15 pp. 

Moore, N.J. 1986. Final Report for the Bank Revegetation Program, 
Bethel Small Boat Harbor. State of Alaska, Division of 
Agriculture, Plant Materials Center. 23 pp. 

Moore, N.J. 1986. Final Report for Evaluation of Conservation 
Species at Fort Richardson, 1983 - 1986. State of Alaska, 
Division of Agriculture, Plant Materials Center. 11 pp. 

Moore, N. J. and P. J. Brna. 1987. Streambank Revegetation With Woody 
19:2. 4pp. Plants. Alaska Fish and Game. 

Moore, N.J. 1987. 
Public Garden. 
Arboreta, Inc. 

Plant Profile 'Roland' Salix lasiandra. The 
The American Association of Botanical Gardens and 
January, 1987. 1 p. 

Moore, N. J. et. al. 1989. Directory of Alaska Native Plant Sources. 
Municipality of Anchorage Coastal Management Program, and Alaska 
Department of Natural Resources, Division of Agriculture, Plant 
Materials Center. 23 pp. 

Moore, N.J. and S. Wright. (in press) Studies on the Techniques for 
Revegetation with Arctophila Fulva (for years 1986, 1987 and 
1988). State of Alaska, Division of Agriculture, Plant Materials 
Center. 53 pp, 30 pp and 16 pp. 

Ross, D. R. 1987. Controlled Release Fertilizer Trials on Four 
Containerized Woody Plants. State of Alaska, Division of 
Agriculture, Plant Materials Center. 9 pp. 
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Ross, D. R. and E. J. Heyward. 1989. Foundation Seed Production 
Technical Reoort. State of Alaska, Division of Agriculture, Plant 
Materials Center. 24 pp. 

Wright, C. I. and K. Eberhardt. 1982. Survev of Greenhouse and Nurserv 
Production in Alaska, 1982. State of Alaska, Division of 
Agriculture, Plant Materials Center. 12 pp. 

Wright, c. I., J. Bunker and K. Eberhardt. 1983. Strawberry Plant 
Market Survev and Production Feasibilitv Study. State of Alaska, 
Division of Agriculture, Plant Materials Center. 53 pp. 

Wright, c. I. 1986. Summary of Vegetable Varietv Trials. State of 
Alaska, Division of Agriculture, Plant Materials Center. 14 PP• 

Wright, C. I. 1987. Pruning Principles for Nurserv Stock. State of 
Alaska, Division of Agriculture, Plant Materials Center. 5 pp. 

Wright, C. I. 1988. Freidrichsenii-Old Alaskan Stand-by That's Got It 
All Together. The Anchorage Times. Gardening Supplement. May 14, 
1988. 

Wright, C. I. 1988. Rhubarb. The Anchorage Times. Gardening 
Supplement. May 14, 1988. 

Wright, C. I. 1988. A Better Mouse Trap? 
Vol. 3. No. 10. 

Alaska NAFEX Newsletter. 
December, 1988. 

Wright, C. I. 1989. Summarv of Vegetable Varietv Observations 1987. 
State of Alaska, Division of Agriculture, Plant Materials Center. 
5 pp. 

Wright, C. I. 1989. Rhubarb Variety Trials. State of Alaska, 
Division of Agriculture, Plant Materials Center. 1 pp. 

Wright, C. I. 1989. Summarv of Vegetable Varietv Observations, 
Palmer, Alaska, 1988. State of Alaska, Division of Agriculture, 
Plant Materials Center. 10 pp. 

Wright, s. J. 1985. Willow Varieties for Alaska. State of Alaska, 
Division of Agriculture, Plant Materials Center and USDA Soil 
Conservation Service. 7 pp. 

Wright, s. J. 1986. Release Notice 'Egan' American Sloughgrass. 
State of Alaska, Division of Agriculture, Plant Materials Center. 
2 PP• 

Wright, s. J. 1986. Release Notice 'Gruening' AlEine Bluegrass. 
State of Alaska, Division of Agriculture, Plant Materials Center. 
2 PP• 
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Wright, S. J . and N. J . Moore . 1986. 1986 Progress Report for the 
Conservation Plant Project. State of Alaska, Division of 
Agriculture, Plant Materials Center. 87 pp. 

Wright, S. J. 1986. Initial Data and Observations Obtained From the 
2C Access Spur and Mine Site D Herbaceous Evaluation Plots Located 
in the Kuoaruk Unit. State of Alaska, Division of Agriculture, 
Plant Materials Center. 10 pp. 

Wright, s. J. 1986. Beach Wildrve (Elvmus arenarius) Sprigging on 
Shemya Air Force Base, Lateral Clear Zone - A Qualitative Study in 
Response to Questions Arising From Contract DACA 85-86-C-0042. 
State of Alaska, Division of Agriculture, Plant Materials Center. 
37 PP• 

Wright, S. J. 1987. Final Report on Demonstration and Advanced 
Conservation Plantings at Kalsin Bay, Kodiak, Alaska 1982-1986. 
State of Alaska, Division of Agriculture, Plant Materials Center. 
16 pp. 

Wright, S. J. 1987. Final Report on Evaluation of Advanced Herbaceous 
Conservation Species at Usibelli Coal Mine, Healy, Alaska 1983 -
1986. State of Alaska, Division of Agriculture, Plant Materials 
Center. 11 pp. 

Wright, s. J. 1987. Final Report of Initial and Advanced Conservation 
Plantings at Ruby, Alaska 1984 - 1986. State of Alaska, Division 
of Agriculture, Plant Materials Center. 16 pp. 

Wright, s. J. 1987. Evaluation of Conservation Species at Premier 
Coal Mine Near Palmer, Alaska 1983 - 1986. State of Alaska, 
Division of Agriculture, Plant Materials Center. 14 pp. 

Hright, S. J. 1987. Final Report on Evaluations of Advanced 
Herbaceous Conservation Species at Diamond Alaska Test Pits 
Near Tyonek, Alaska 1983- 1987. State of Alaska, Division of 
Agriculture, Plant Materials Center. 13 pp. 

\vright, S, J. 1987. Reclamation In Alaska, 1987 Annual Meeting of 
the Alaska Miners Association Technology Short Course. State of 
Alaska, Division of Agriculture, Plant Materials Center. 13 pp. 

Wright, S. J., L. H. Fanter, and J. M. Ikeda. 1987. Sand 
Stabilization Within the Lateral Clear Zone at Shemva Air Force 
Base, Alaska Using Beach Wildrve, Elymus arenarius. State of 
Alaska, Division of Agriculture, Plant Materials Center and U. S. 
Army Corps of Engineers, Alaska District. 16 pp. 
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Wright, S. J. 1988. Final Renort of Advanced Conservation Grasses at 
Terror Lake Hvdro Electric Project, Kodiak, Alaska. State of 
Alaska, Division of Agriculture, Plant Materials Center. 13 pp. 

Wright, S. J. 1988. Final Report on Evaluation of Conservation 
Species at Valdez Creek Mine Near the Susitna River off the Denali 
Highway 1985- 1987. State of Alaska, Division of Agriculture, 
Plant Materials Center. 12 pp. 

Wright, S. J. 1988. Initial Demonstration and Advanced Conservation 
Plantings at the Citv of Kenai Evaluation Plot 1984- 1987. State 
of Alaska, Division of Agriculture, Plant Materials Center. 
12 PP• 

Wright, s. J. 1988. Initial Demonstration and Advanced Conservation 
Plantings at Mile Post 1408 Near Delta. Alaska 1983- 1987. 
State of Alaska, Division of Agriculture, Plant Materials 
Center. 15 PP• 

Wright, s. J. 1988. Advances in Plant Material and Revegetation 
Technology in Alaska. Proceedings of the High Altitude 
Revegetation Conference. Colorado State University. Fort 
Collins, Colorado. 38 pp. 

Wright, S. J. 1988. Advances in Revegetation Technology Following the 
Completion of TAPS. Renergv- Alaska Oil and Industry. Vol. 7. 
No. 6. June, 1988. 

Wright, S. J. 1989. Final Renort of Data and Observations Obtained 
From the 2C Access Snur and Mine Site D Herbaceous Evaluation 
Plots Located in the Kuparuk Unit. State of Alaska, Division of 
Agriculture, Plant Materials Center. 13 pp. 

Wright, S. J. 1989. 1988 Interim Report of Initial Data and 
Observations Obtained From the Red Dog Mine Evaluation and 
Demonstration Plots. State of Alaska, Division of Agriculture, 
Plant Materials Center. 16 pp. 

Wright, s. J. 1989. Final Report of Data and Observations Obtained 
From the Chena Flood Control Project Evaluation Plots Located Near 
North Pole, Alaska. State of Alaska, Division of Agriculture, 
Plant Materials Center. 14 pp. 

Wright, s. J. 1989. Final Report of Data Obtained From the Fairbanks 
Evaluation and Demonstration Plots. State of Alaska, Division of 
Agriculture, Plant Materials Center. 12 pp. 
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Wright, S. J. 1989. Advances in Plant Materials Technology and 
Revegetation Technology in Alaska. Reclamation, a Global 
Perspective. American Society for Surface Mining and 
Reclamation. Calgary , Alberta Canada. 10 pp. 

Wright, S. J. 1989. Release Notice - 'Caiggluk' Tilesy Sage. 
of Alaska, Division of Agriculture, Plant Materials Center. 

State 
2 PP• 

Wright, S. J. 1989. Release Notice- 'Service' Big Bluegrass. State 
of Alaska, Division of Alaska, Plant Materials Center. 2 pp. 
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Presentations During 1989 

Campbell, w. Seed Certification/Sources 11th Annual Potato Growers 
Conference, Matanuska Susitna Community College, Palmer, Alaska. 
March 8, 1989. 

Moore, N.J. Revegetation Plant Materials: Techniques for Handling, 
Processing and Planting Seed and Revegetative Material. Course 
lecture for ALRF 393 Ecology of Disturbed Lands, 1989. 

Wright, c. I. Cabbage and Broccoli Variety Trials in Palmer. 1989 
Vegetable Growers Conference, Palmer, Alaska. March 9, 1989. 

Wright, C. I. Small Fruit and Ornamentals for the Talkeetna Area. 
Cooperative Extension Service Talkeetna Winter Workshops. Susitna 
Valley High School. March 29, 1989. 

Wright, c. I. Horticulture and Agriculture in Alaska. Problems of 
Horticulture in the U. S. S. R. North-East Conference. Institute 
of Biological Problems of the North, Magadan, U.S.S.R. 
November 28-31, 1989. 

Wright, C. I. Lawn Establishment and Maintenance in Alaska.· Problems 
of Horticulture in the U. S. S. R. North-East Conference. 
Institute of Biological Problems of the North, Magadan, U.S.S.R. 
November 28-31, 1989. 

1-lright, c. I. Ornamental Plants for Alaska. 
in the U. S. S. R. North-East Conference. 
Problems of the North, Magadan, U.S.S.R. 

Problems of Horticulture 
Institute of Biological 

November 28-30, 1989. 

Wright, C. I. Pruning Practices. University of Alaska Anchorage. 
Grounds Crew Lecture. Anchorage, Alaska. December 19, 1989. 

Wright, S. J. Developing Reclamation Plans. 
Mines/University of Alaska Anchorage. 
14, 1989. 

U. S. Bureau of 
Anchorage, Alaska. March 

Wright, s. J. Certified Seed Production in Alaska. 
Agriculture Association. Whitehorse, Yukon. 

Yukon Livestock and 
March 18, 1988. 

Wright, s. J. Mine Reclamation and Revegetation. Alaska Miners 
Association. Fairbanks, Alaska. March 30, 1989. 

Wright, s. J. Commercial Use of Native Plant Material. University of 
Alaska Cooperative Extension Service. Talkeetna, Alaska. April 
12, 1989. 

Wright, S. J. Mine Revegetation Using Native Species. Bureau of Land 
Management. Fairbanks, Alaska. April 27, 1989. 
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Presentations During 1989 

Wright, S. J. Revegetation in the Arctic. U. s. Army Corps of 
Engineers. Anchorage, Alaska. May 19, 1989. 

Wright, S. J. Sand Control on Adak Naval Air Station. American 
Society of Agronomy, Annual Meeting. Las Vegas, Nevada. October 
17, 1989. 

Wright, S. J. The Plant Haterials Center- Who We Are and What We Do. 
University of Alaska Agricultural and Forestry Experiment 
Station. Palmer, Alaska. December 6, 1989. 

Tours- Field Days 

Moore, N.J. and C. I. Wright. Interpretive Walk for 4th Grade Class. 
Anchorage School District. Johnson Creek Trail. 

Moore, N.J., C. I. Wright,~.;. L. Campbell, D. R. Ross. PMC Programs: 
Presentations and Tour for 6th Grade Participants of Outdoor 
School. 

Campbell, w. L., N. J. Moore, D. R. Ross, D. Sheaver, K. Vanzant, C. 
I. Wright, S. J. Wright. Annual PMC Open House. August 12, 1989. 

Plant Materials Center Staff, Division of Agriculture, T. Pyrah. 
Picnic and Tour of PMC Operations .for A. Nesterenko, Deputy 
Director, Institute for Arable Lands. A. Yuzhakov, Head of 
Agrochemistry Laboratory, and I. Sharkov, Head of Plant Nutrition 
Cycle Laboratory. July 31, 1989. 

Plant Materials Center Staff. Tour of Plant Materials Center. Murray, 
D. F., Curator, U. of A. Fairbanks Herbarium, and Argus, G., 
Taxonomist, Museum of Natural Sciences, A. Galanin, Taxonomist, 
Main Botanical Garden, A. C. Skvortsov, Moscow, I. M. Krasnoborov, 
Vice Director of Central Siberian Botanical Garden, Novosibirsk, 
I. C. Koropachinsky, Director, Central Siberian Botanical Garden, 
Novosibirsk. August, 9, 1989. 
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This annual report is composed of activities undertaken by the Plant 
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agencies often assisted in these activities. The implementation of 
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There are many people other than the industry and government agencies 
mentioned in the text, who the authors wish to thank for their 
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Restoring the 

Environment 
After the 

Exxon Valdez 
Oil Spill 

Spring 1990 

The Exxon Valdez oil spill has received an enormous 
amount of attention since that fateful Good Friday, 
March 24, 1989. Most of the attention has concerned the 
fate and clean-up of the oil and its impacts on wildlife, 
the environment, and the people who live, work, and play 
in Prince William Sound and the western Gulf of Alaska. 
The stories about clean-up and damages are important 
and still unfolding, but there is a new subject that deserves 
attention-RESTORATION. 

How can we work together to restore natural resources 
affected by the oil spill? The State of Alaska and the 
United States Government are cooperating to identify dif­
ferent needs, alternatives, and priorities for environmen­
tal restoration, and we need your help. The purpose of 
this brochure is to describe the restoration planning pro­
cess and how you can participate. 

How You an Hlp 



Oil Spill Damages 
In the weeks and months after the 

spilling of 11 million gallons of crude oil 
at Bligh Reef, the oil left Prince William 
Sound and traveled south and west, far 
down the Alaska Peninsula. More than 
1,000 miles of shoreline were oiled, and 
the oil spread over at least 3,000 square 
miles of ocean. 

The oil left a disaster in its wake. Car­
casses of about 36,000 birds were found; 
many more birds are thought to have 
died. At least 1,000 sea otters were kill­
ed. Injury to coastal and marine 
habitats, fish and shellfish, birds, and 
mammals and loss of other natural 
resources are still being documented and 
quantified through scientific studies as 

Bay 

j 
I 

BRISTOL BAY 

part of a formal Natural Resources 
Damage Assessment. 

Commercial herring and salmon 
fisheries were closed in major areas, 
disrupting the lives and livelihoods of 
thousands of Alaskans. Beach set-net 
fishing sites were made unusable by oil. 
Native Alaskans who depend on sub­
sistence resources, such as salmon and 
clams, were afraid to eat what they 
caught and gathered. 

The wilderness experience-so valued 
by recreational users, visitors, and arm­
chair travelers around the world-has 
been deeply altered. Tour- and charter­
boat operators have seen their businesses 
sharply decline. Cultural heritage infor-

0 100 Miles 
HHHHt:=1 1 

SCALE 

mation has been damaged or lost, both 
through direct oiling and disturbance. 
Communities and villages in Prince 
William Sound, the Kenai Peninsula, 
and on Kodiak Island experienced high 
levels of stress. Uncertainty about the 
future remains at high levels. 

All of these are real impacts on the en­
vironment and people during the first 
year following the spill. But the effects 
of the spill are not over-and may not 
be over for a long time-as people liv­
ing in the affected communities know all 
to well. 

GULF OF ALASKA 

This brochure is published by the Oil 
Spill Restoration Planning Work 
Group: 

State of Alaska 
Department of Environmental 

Conservation 
Department of Fish and Game 
Department of Natural Resources 

United States Government 
Department of Agriculture 
Department of Commerce 
Department of the Interior 
Environmental Protection Agency 

Printed on Recycled Paper 



The Law and Restoration 
Federal and State laws have establish­

ed a framework for assessing damages 
to natural resources and submitting 
financial claims to potentially responsi­
ble parties. It is expected-and it is our 
goal-that there will be a significant 
sum of money available for restoration 
of the environment. Funds recovered 
under Federal law, must be spent to 
restore, replace, or acquire the 
equivalent of injured natural resources. 

Natural resources include land and 
water vegetation, fish, wildlife and other 
biota. Such cultural resources as 
historical and archaeological sites also 
may be considered for purposes of the 
restoration program. Human uses of the 
natural environment include recreation 
and subsistence activities, and these ser­
vices too are appropriate subjects for 
restoration activities. 

Fishing, tourism, and some other 
commercial enterprises are based on a 
healthy and esthetically pleasing en-

What is Restoration 1 
Experience with environmental 

restoration following oil spills, especially 
in northern environments, is limited, but 
a broad array of activities may be ap­
propriate to help correct the en­
vironmental damage caused by the oil 
spill. The following descriptions of the 
terms "restore, replace, or acquire the 
equivalent resources" illustrate some 
possibilities. 

"Restoration" includes direct at­
tempts to return an injured resource to 
its pre-oil spill condition or function. An 
example would be to rehabilitate an oil­
ed marsh ecosystem by supplementing 
natural plant and animal populations 
after removal of the oil. Restoration in 
this sense is a direct, on-site activity. 

"Replacement" includes substitution 
of a new resource for an injured 
resource. An example is to use hatch­
ery I aquaculture techniques to establish 
an entirely new fishery stock in place of 
one that has been severely damaged. 
Replacement may or may not be limited 
to the specific site or area where damage 

vironment. Restoring the natural 
resources on which businesses depend is 
appropriate for the restoration program. 
However, direct damages to commercial 
businesses, such as losses of income, are 

·not appropriately compensated under 
the environmental restoration program. 

The Natural Resources Damage 
Assessment, including planning for the 
restoration of the areas affected by the 
oil spill, is being coordinated by the 

occurred. 
"Acquisition of equivalent resources" 

means to purchase or otherwise protect 
resources that are similar or related to 
the injured resources in terms of 
ecological value, functions, or uses. An 
example is to purchase or protect un­
damaged wildlife habitats as alternatives 
to direct restoration of injured habitats. 

natural-resource Trustees, which at this 
time consist of the Secretaries of the 
Federal departments of Agriculture, 
Commerce, and Interior and the Com­
missioner of the Alaska Department of 
Fish and Game. Although the process 
is still taking shape, it is our goal that 
decisions to allocate funds for specific 
restoration projects will be made joint­
ly by Federal and State officials, with 
guidance from the public. 

Equivalent resources need not be con­
fined to specific damaged sites or to the 
direct spill area. 

As you can see, there are many dif­
ferent possibilities to environmental 
restoration. The Restoration Planning 
Process will help identify those alter­
natives that are scientifically and 
economically feasible. 



What is the Restoration Planning Process1 
Representatives of Federal and State 

agencies are participating in a Restora­
tion Planning Work Group for the pur­
pose of identifying restoration alter­
natives and making recommendations to 
the Trustees and the public. This pro­
cess will involve consultations with the 
public and the scientific community. 

Public participation in this process 

began with a public Restoration Sym­
posium on March 26 and 27 in Anchor­
age. A series of public Scoping Meetings 
has been scheduled for some of the com­
munities directly affected by the oil spill. 
Several progress reports will be publish­
ed to update the public on the results of 
the restoration planning and to invite 
additional comments. 

How Can You Participate1 
You are invited to share your ideas 

and comments with the Restoration 
Planning Work Group. Please use the 
space below to present your comments 

and ideas or send additional comments 
by letter. We appreciate and value your 
assistance. 

You may mail your response to: Oil 

The Restoration Planning Work 
Group wants to consider a wide range 
of restoration. alternatives. To that end, 
the work group is committed to active 
public participation throughout the pro­
cess. The public will be given the oppor­
tunity for formal review and comment 
on any final recommendations about 
restoration alternatives. 

Spill Restroation Planning Office, 437 
"E" Street; Suite 301, Anchorage, AK 
99501, (907) 271-2461. 

What natural resources need the most attention? Do you have suggestions for restoration, replacement, or acquisition 
projects? 

May we contact you for additional information? Yes ____________ No ___________ _ 

Name ---------------------------
Organization (if any) ___________________________________ _ 

Mailing Address, ______________________________________ _ 

City ____________ State ____ Zip ___ _ 



Alaska Department of Fish and Game 
Oil Spill Impact Assessment & Restoration 
333 Raspberry Road 
Anchorage, Alaska 99518-1599 

Restoring the 

Environment 
After the 

Exxon Valdez 
Oil Spill 



PRT17 Ir~CIDENT 34 ~ T/l..J EXXON \lAL.DEZ ~ 1'1AJ()f=;· CJIL ·:;:;FILL 
F:EPOF:T 383: POLREP236 EXXON \..IALDE:Z 
EhlTEF.ED 01/17/90 9:::· BY C:GDi-7 
THE FOLLOWING I NFOF!·1ATI ON IS BASED 01'~ THE MOST CURF:ENT DATA PPOI./ IDED TO NCh~A. 

BT 
UNCLAS !'N16465// 
'3UBJ: POLREP 236 ~1A.JOR CFIUDE OIL t::PILL, TN EXXON '-/ALDEZ, 
FF I NCE WILL I AM SOUND , Af::: , t1P89002004 • FPN 33-1 7'=?007 
1. SITUATION: DAH; PF\O'·,JIDED IS THRU 15.JAN UNLESS OTHER\~ISE 

N!JTED .. 
A. PP I NCE l•JI LLI Ai1 SOUND AREA: THEF:E HAS BEEN 1 FLIGHT FOF: 

THIS PEhiOD ~\ND 10 '!ESSEL OPEF:ATI0!6 .. 
t::. \IIESTERN AU1SKA AF:EA: THERE HAVE BEEN 2 FLIGHTS FOR THIS 

PERIOD AND NO VES:3EL OF'EF:ATIONS. 
C. WX 1 '5.JAN90: 

1 • FF; I NCE ~JI LLI Ar1 SOUND : ~ii NDS S\•J AT 50 f:::TS , A I R TEMP 28 ~ 
SEAS 14 FT, VIS 1 MILE. 

~. KODIAk ISU~ND WATERS/Bf;RF~EN ISLANDS: ~JINDS Sl'J AT 45 KTS, 
AIP TEMP 44, SEAS 21FT, VIS 15 MILES. 
2. ACTION: 

A. PfUNCE WILLIAM SOUND AREA: M/V ADELE CAI'WIES CONDUCTED 
THE FOLUJ\~ING SCAT A AND B SHORELINE ASSESSt·1ENTS: (f<N-£:4 I 
KN H3HT I SL AND NOTED NO 0 I L ON THE UPPER TIDAL ZONE OR IN THE 
'3!JBSUF:FAC::E ~ ( CH--1 0) CHENEGA I SL AND NOTED A LIGHT I !'1F'ACT ON 
THE UF'F'ER i;ND INTERMEDIATE TIDAL ZONES WITH A 1/2 IN TiJ 1 IN 
PENETRATION OF THE SUB'3UF:FACE: (5!'1-6) S!'1ITH ISL AND NOTED 
ONLY A LIGHT IMPACT IN THE UPPER TIDAL ZONE WITH NO IMPACT 
Ih! THE INTERt1EDIATE OR UJl~ER TIDAL ZONES, THIS SEGMENT IS 
REMARkABLY CLEAN CONSIDERING INITIAL IMPACT • M / V DON 
BOLLINGEh: P/U DEBRU3 ALONG (EL-·':·5) , (EL-:;g) AND ?\LONG THE 
EAST SIDE OF ELEANOR ISL. THE VESSEL ALSO FOUND/RETF~IEVED A 
DEAD SEA OTTER ON (EL-111 ELEANOR ISL. THE OTTER HAD BEEN 
DEAD FOR 2 TO 3 DAYS AND WAS HEAVILY OILED. THERE WAS ONLY 
A LIGHT SHEENING NOTED OFF <EL-11) , OVEFWLIC1HT INDICATED 
RAINBOW SHEENS IN THE FOLLOliJING LOCATIONS: SEGt1ENT (LS--46) 
LITTLE S!'1ITH ISL <20 · FT l 200 FTl , <SM-6) SI'1ITH ISL 
( 100 FT X 20 FT), (EL-107) ELE?'1NOR ISL \40 FT X 1 '30 p··, AND 
iEL-105) ELEA!~OF: ISL ( 10 FT X lC10 FTJ • 

B. \•lESTEF:N ALASf:::A AF\:EA: ONE SCAT B FLIGHT OF \F.:E --1Bl 
DF: I r--nJOOD COVE f;ND <811-6 1 TAF:OKA AF:t1 NOTED r-m VI 3 I BLE SHEEI'L 
A SHORELINE !~SSESSr1ENT SUF:VEY FLIGHT OF 0:::3-3} f:::ITDI BAY, 
f:::fJDIAf:: ISL NOTED ONE t1DUSSE PATTIE (6 IN X 3 IN X 1 Ct1> i~ITH 

NO OTHEP SIGNS OF OILING. THE USCGC t·1USTANG IS SUF'F'OFTING THE 
~~ It-1P PFDGR?'i!'i IN SEl•JAFW • \!.JI\1F' FF:OGRAM LIABILITY ISSUE RESOL'·/ED 
!AIITH STATE AGENCIES. ONLY AGENCY F:EFUSING TO SIGN EXXON 
LIABILITY \!JA I \JER RELEASE F:E!'1A INS THE NATI DNAL PAF.:f,. SEF:V I C:E. 
3. FUTURE PLANS AND RECOMMENDATIONS: FADM CIANCAGLINI 
Ai.:;:F\'Iv'ED FOSC ON 16JAN90 FOR MEETINGS AND BRIEFINGS, l~ILL ATTHm 
EXXON STf':ATEG'i 1•1EETING \!JITH CAF'TAIN ZA\,JADZf:::I IN SAN FRANCISCO 
1 ·=t.JAN90 AND !~ETUF:N TO FOSC 23J~iN90, 

4. CASE STATUS: PENDING. 
BT 
#5141 
NNNN 

RRU 7 INCIDENT 34 : T/\1 EXXON 1/?'1LDEZ, ~1AJOR OIL SPILL 
F:EF'ORT 3:39: FOLREP 237 EXXON VALDEZ 
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DRAFT 

NOAA Recommendation for 1990 Cleanup of the 
EXXON VALDEZ Oil Spill 

p 1 3 

Developing a strategy for continued cleanup of the Alaskan coast from the 
EXXON VALDEZ oil spill will be a complex process involving 
consideration of a variety of often conflicting objectives. In all major oil 
spills the question ''How clean is clean?" has proven difficult to answer; 
seldom can a simplistic endpoint be specified that will meet all resource 
management objectives. Despite the apparent desirability of intervening 
mechanically or chemically to rid the environment of all traces of oil 
pollution, the actions required to reach the literal definition of "clean" often 
in themselves are capable of inflicting more injury to the environment than 
most in society would find acceptable. 

In this paper we will discuss the role of natural forces in the cleanup of the 
EXXON VALDEZ oil spill, defme the key issues that bear on the 
appropriateness of human intervention in the cleanup process, and lay out 
procedures to allow us to resolve remaining questions on the strategy for 
cleanup in 1990. 

The Role of Natural Cleanup Processes 

Past oil spills provide a good indication of the role of natural processes in the 
removal of oil from the environment. Regardless of further human 
intervention in the EXXON VALDEZ spill, most of the surface oil(< 10 em 
deep) remaining on high-energy segments of the Alaskan coast will be 
removed within the next year or two, based on observations of the AMOCO 
CADIZ spill in Brittany and the NESTUCCA spill along the Washington and 
British Columbia coasts. However, without further cleanup activity, oil 
could remain in sheltered, low-energy areas for a period of twenty years or 
longer, as evidenced by the METULA spill in Tierra Del Fuego and the 
ARROW spill in Chedabucto Bay, Nova Scotia. While a wide range of 
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shoreline types in Alaska fall between these two extremes (Table 1), the 
majority of the shoreline affected by the EXXON VALDEZ spill can be 
classified as moderate- to high-energy, indicating relatively short persistence 
of surface oil on the average. 

Table 1. Approximate Distribution of Wave Exposure in Oil Impact Areas 

Prince William Sound 
Gulf of Alaska 

I.&w Ener2;.Y MQderate Energ~ Hi ill Energy 

34% 
12% 

40% 
27% 

26% 
61% 

Analysis of past spills also indicates that oil buried deeply in subsurface 
sediments, even in high~energy areas, will prove much less amenable to 
natural removal processes. Nonetheless, even in the absence of further 
cleanup, some progress in the removal of subsurface oil should be evident 
from year to year as major st01ms contribute to sediment reworking along 
the coast. 

Consistent with this historical perspective, field studies in Alaska this fall 
indicate that natural cleansing of the shoreline is proceeding at a significant 
rate in most moderate- to high-energy areas, especially those facing in a 
northeasterly to southeasterly direction (the prevailing storm direction). 
However, after three months of fall storms, significant contamination 
remains in most sheltered areas. It is important to note that the depth of 
original oil penetration in the more sheltered locations tends to be 
considerably less than that along high-energy sections of the coast. 

Chemical analysis of surface samples this fall indicates significant removal of 
the oil's most toxic components, primarily as a result of the action of oil­
degrading microorganis·ms and photo-oxidation. Subsurface oil, both 
physically and biologically isolated from natural removal processes, shows 
much less degradation. 
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Oil Contamination Expected to Remain by Spring 1990 

In summary, the following levels of oil contamination are expected by spring 
1990: 

• ModerateM to High-energy areas of the Alaska coast should be 
relatively free of swface oil(< 10 em depth) with the exception of 
residual staining and thin patches of viscous oil in wave shadows. 
There will be isolated cases of subsurface oil deposits where well¥ 
sorted (high porosity) sediments resulted in oil penetration below 
the depth that reworking will occur this fall and winter. In these 
instances, oil may be encountered below 15 em and range in depth to 
60cm. 

• Low energy areas will show little change in oil coverage and 
distribution from the last surveys conducted in September, 1989. 
Some reduction may occur in surface oiling, however subsutface oil 
deposits. while generally shallow (<10 em), will not reflect 
significant improvement. Only very isolated patches of deep oil 
deposits occur in the more sheltered areas, due to the hard-packed 
nature of the substrate. 

Cleanup Objectives and Limitations 

It is clear from the above discussion that most cleanup attention should be 
directed to sheltered areas of the Alaska coast. However, past experience 
dictates caution when approaching cleanup in sheltered areas - it is in these 
areas the ecosystem is most fragile and vulnerable to long~term damage from 
overly aggressive action. Thus the strategy for cleanup should clearly be one 
of enhancing natural processes where opportunities exist that pose no undue 
risk to the environment or its use. 

In evaluating cleanup options, the benefit to be derived from each action 
should be weighed carefully against the ecological or aesthetic implications 
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of leaving the oil to be dealt with by natural processes. Further cleanup 
should thus be guided by the following general principles: 

p 1 0 

• Within the framework of the "zero tolerance" policy, a major 
objective should be the preservation of as much of the 1990 
commercial and subsistence fishing season as is possible. Removal 
of oily debris will clearly contribute to this objective, however 
considerable care should be taken to avoid any unnecessary 
disturbance to subsurface sediments that would contribute to the 
release of sheens from shoreline areas. 

• No greater human stresses should be placed on the area than are 
necessary to achieve the desired level of clear;up. All cleanup efforts 
should be scaled to a minimum consistent with the problem being 
addressed. 

• Nothing should be done that would risk further disturbance of 
archaeological deposits. 

• The chronic health hazard associated with oil leaching into 
important subsistence shellfishing areas should be eliminated. While 
this problem appears to be limited to Windy Bay, the magnitude and 
extent of the problem should be further investigated. 

• An extremely conservative approach should be taken in the use of 
solvents, beach cleaners or other chemical agents. Chemicals should 
not be used that involve significant toxicity or would be likely to 
aggravate recovery of oil released from the shoreline. 

• Sheltered areas supporting major populations of birds and marine 
mammals should be sufficiently cleaned to prevent the transfer of oil 
to fur or feathers, if means can be found that are consistent with the 
limitations cited above. 
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• The aesthetic character of recreational sites fouled by oil 
contamination should, to the extent feasible, be restored to pre-spill 
conditions. 

Proposed Cleanup Program for 1990 

Based on the considerations outlined above, the following cleanup actions are 
recommended for 1990: 

• If current questions regarding the effectiveness of nutrient 
augmentation can be resolved, bioremediation technology should be 
used to improve surface conditions at recreational sites and in 
sheltered areas supporting major bird and marine mammal 
populations. Limitations on the application of nutrients should be 
established by resource and land management agencies. Use of this 
technology should be suspended when the addition of nutrients fails 
to significantly increase degradation over that which occurs 
naturally. 

• To prevent further contamination of the water surface during the 
fishing season, cleanup debris and unattached oily vegetation 
remaining at or above the high tide line should be collected and 
removed as early in the year as possible. Small work parties and 
hand tools should be utilized. Oiled logs should only be removed if 
necessary to improve the aesthetic appearance of significant public 
use areas. 

• To eliminate the chronic health threat due to contamination of 
shellfish at ·Windy Bay, subsutface oil deposits in this area should be 
removed. Sediments should either be cleaned on-site or replaced 
with clean material. Monitoring of hydrocarbon levels in shellfish 
tissue should be continued in all areas that historically provide a 
significant quantity of shellfish for Native subsistence. If other 
areas are identified by the Oil Spill Health Task Force that pose 
health risks, similar treatment should be undertaken. 
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• Surface tar mats remaining in areas of high recreational or 
biological value should be removed or broken up. Small work 
parties and hand tools should be utilized. Periodic monitoring 
should be undertaken to identify additional accumulations that may 
become exposed after major stonns. 

• Following the close of the 1990 fishing season, sheltered areas of the 
coast containing high concentrations of oil should be mechanically 
tilled to improve the exposure of subsurface oil to winter storms and 
microbial degradation. This action should be taken with due 
consideration for the preservation of archaeological sites. 

Proposed process to clarify and resolve rem,ining issues 

Following Regional Response Team approval or modification of the general 
strategy for continued shoreline cleanup outlined in this document, NOAA 
should continue to work with resource and land management agencies 
(including private landowners) to identify the nature, location, and timing of 
sensitive resource issues that will constrain response activities. Special use 
areas (e.g., subsistence shellfisheries, recreational areas, set net sites, etc.) 
not thoroughly specified during the 1989 planning process should be 
identified. The result of these planning steps should be a complete statement 
of the objectives and limitations of each cleanup method to be applied in 1990 
(elaborating as necessary on the material included in Attachment A), 
including overall restrictions on the size of the labor force and extent of 
supporting aircraft and vessel traffic. 

In late March, the shoreline should be resurveyed to detennine the full extent of 
surface and subsurface oil contamination, including oily vegetation and cleanup 
debris, and to complete work on the identification of archaeological sites. This 
survey should be jointly conducted by Federal and State agencies together with 

Exxon. Based on this survey, and the previous planning material, a cleanup plan 
for the entire affected area should be prepared by the Coast Guard and submitted to 

the Regional Response Team for review and comment. Following action by the 
RRT, the Coast Guard should prepare the necessary work orders to implement the 
f>L~N . 
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Attachment A 
Further Definition of Proposed Cleanup Methods 

Bioremediation 

Recommendation: 
If current questions regarding the effectiveness of nutrient augmentation can be 
resolved, bioremediation technology should be used to improve surface conditions 
at recreational sites and in sheltered areas supporting major bird and marine 
mammal populations. Limitations on the application of nutrients should be 
established by resource and land management agencies. Use of this technology 
should be suspended when the addition of nutrients fails to significantly increase 
degradation over that which occurs naturally. 

Three methods of nutrient augmentation are recommended: 

1) Water-soluble- This method consists of applying nutrients dissolved in 
sea water by means of sprinklers, trickle irrigation, and spray hoses. For 
subsurface application, oxygen may be added if necessary. Application 
concentrations and frequencies will be detennined to minimize ammonia levels in 
adjacent nearshore waters. 

2) Oleophilic • Inipol is likely to be the only oleophilic fertilizer to have been 
sufficiently well tested to be acceptable for use in 1990. Because of the its ability to 
cling to oil-coated substrate, Inipol will be best applied on rocky shores (which 
were not treated with the substance in 1989). 

3) Granule- The method consists of broadcasting a solid-form blend of slow~ 
release fertilizer. It may be used alone or in conjunction with the two other nutrient 
formulations discussed above. 

Limitations: 
• Anunonia levels must not exceed that which would cause sublethal 

impact to sahnon fry during outmigration 
• No application within 50 m of anadromous fish streams 
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• No application adjacent to herring spawning areas for the period one 
week before and after spawning periods 

• No application in tidal pools or other sensitive intertidal habitats 
• No granule application adjacent to bird nesting colonies 
• No application in areas likely to have wooden artifacts 
• No application to haulout areas during marine mammal pupping 

season 

Termination: 
Use of this technology should be suspended when the addition of nutrients fails to 
increase degradation over that which occurs naturally. Establishing the point of 
termination will require monitoring of control and treated plots representative of a 
variety of shoreline type/degree of oiling combinations. A defmitive measure of 
degradation rate will need to be specified by EPA. Comparisons will have to be 
made throughout the summer to determine the need for multiple applications, 
particularly for the water-soluble fertilizer which may need to be frequently Je­
applied. 
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Tilling of Shoreline Sediments 

Recommendation: 
Following the close of the 1990 fishing season, sheltered areas of the coast 
containing high concentrations of oil should be mechanically tilled to improve the 
exposure of subsurface oil to winter storms and microbial degradation. This action 
should be taken with due consideration for the preservation of archaeological sites. 

Tilling can be combined with nutrient addition to speed microbial degradation. 
Mechanical mixing of the sediments will increase physical and chemical weathering 
as the oil is brought to the surface, and it will prevent the formation of tar mats. 
This procedure may include some degree of relocation of sediment to the surf zone 
in the fall to enhance physical removal of oil by waves during transport of 
sediments up the beach face. 

Limitations: 
• Should only be used in sheltered areas containing heavy ·subsurface 

oiling 
• Should be limited to shoreline areas with relatively small sediment 

size 
• Activity should not occur until fall, after the close of the fishing 

season 
• No sediment disturbance should occur within 50 m of anadromous 

streams, unless specifically approved by ADF&G 
• No tilling is to be conducted near archaeological sites 

Termination: 
This technique will be applied only once within the limitations specified above. 
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Removal of Oily Vegetation and Cleanup Debris 

Recomm~dation: 

To prevent further contamination of the water surface during the fishing season, 
cleanup debris and unattached oily vegetation remaining at or above the high tide 
line should be collected and removed as early in the year as possible. Small work 
parties and hand tools should be utilized. Oiled logs should only be removed if 
necessary to improve the aesthetic appearance of significant public use areas. 

Limitations: 
• Removal should be limited to swface accumulations 
• No live vegetation should be removed 
• Debris removal should occur no more than twice during the spring 

and srunmer season 
• No removal activities are to be conducted within 100 m of active 

bird nesting sites 
• No removal activities at marine mammal haulouts during pupping 

season 
• Activity must be closely monitored by archaeologists 

Teonination: 
Debris removal should continue until significant accumulations of material with 
more than 10% oil coverage bas been removed (with the exception of oiled logs as 
indicated above). 
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Removal of Tar Mats 

Recommendation: 
Surface tar mats remaining in areas of high recreational or biological value should 
be removed or broken up. Small work parties and hand tools should be utilized. 
Periodic monitoring should be undertaken to identify additional accumulations that 
may become exposed after major stonns. 

Complete removal of tar mats is appropriate for all areas except relatively 
inaccessible, high energy shorelines. 

Limitations: 
• No activity is to be conducted within 100m of active bird nesting 

sites 
• No activity at marine mammal haulouts during pupping season 
• Activity must be closely monitored by archaeologists 
• Removal should be limited to surface accumulations 

TerminatiQo: 
Removal activities should continue until all tar mats 6 inches or greater in 

size have been broken up and/or removed. 
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Removal of Oil Deposits Near Subsistence Shellfish Areas 

Recommendation: 
To eliminate the chronic health threat due to contamination of shellfish at \Vindy 
Bay, subsurface oil deposits in this area should be removed. Sediments should 
either be cleaned onwsite or replaced with clean material. Monitoring of 
hydrocarbon levels in shellfish tissue should be continued in all areas that 
historically provide a significant quantity of shellfish for Native subsistence. If 
other areas are identified by the Oil Spill Health Task Force that pose health risks, 
similar treatment should be undertaken. 

Limitations; 
• Should be used only at areas identified by the Oil Spill Health Task 

Force 
• No seJitHeultewoval should be undertaken within 50 m of nn 

anadromous stream unless approved by ADF&G 
• Sediment excavation must be closely monitored by archaeologists 

Termination: 
All contaminated sediments are to be removed, using the bucket sheen test on 

samples collected from the bottom of the excavation trench to determine the depth 
of excavation. Samples for sheen test should be collected every five meters of 
shoreline length or width, or 25 square meter area. Only completely clean 
sediments are to be replaced into the excavation area. Monitoring of hydrocarbon 
levels in shellfish tissue should be continued until reductions to levels safe for 
human consumption are observed. 
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January 1990 ARRT Meeting Anchorage Alaska 

Tuesday ,Jan 30th 
10:30-10:45 

10:45-11 :30 

11:30-12:00 

12:00-1:15 

1:15-2:00 

2:00-2:30 

2:30-2:45 

2:45-3:15 

3:15-3:30 

3:30-4:00 

4:00 

Opening remarks and welcome 
{Co Chairs EPA/USCG) 

NRT/RRT Co Chairs Dec89 Meeting Debrief 
{EPA/USCG) 

ARRT FY 90 Workplan Review & approval 
{EPA/DOI/USCG) 

Lunch 

Working Group Reports 
Dispersants {EPA/ADEC) 
Wildlife Protection {DOl) 
Preparedness {EPA/FE MAl AD ES/ AD EC) 

Unfinished Business {review of prior 
commitments EPA) 

Break 

Contingency Planning, National Report to 
the President {USCG) 

Outer Continental Shelf Activities 
(001-MMS) 

Pipeline Monitoring Office/TAPS 
Contingency Planning (DOI-BLM) 

Adjourn 



January 1990 ARRT Meeting Anchorage Alaska 

Wedensday, Jan 31st 
8:30-9:30 

9:30-10:30 

10:30-10:45 

10:45-11:15 

11:15-11:30 

11 :30-11 :45 

11 :45-12:00 

12:00 

OSC Reports 
USCG MSO's 
EPA AOO 
ADEC 

Exxon Valdez 1990 Cleanup Plans 
(USCG-RRT Member Agencies) 

Break 

Prince William Sound Restoration 
Overview of Planning (EPA) 

NOAA Technology Conference 

ADEC Testing Protocols 

New Business 

Adjourn 



RRT17 INCIDENT 34 : T/ V E:V.XON VALDEZ. MAJOR OIL SPILL 
REPORT 336: OSC PWS EXXON VALDEZ POLREP 239 
ENTERED 0 1/26/90 1 0 :58 BY CGD 1 7 
THE FOLLOWING INFORMATION IS BASED ON THE MOST CURRENT DATA PROVIDED TO NOAA. 

1. SITUATION: DATA PROVIDED IS THRU 24JAN UNLESS OTHERWISE 
NOTED. 

A. PRINCE WILLIAM SOUND AREA: THERE HAVE BEEN 3 FLIGHTS FOR 
THIS PERIOD AND 1 VESSEL OPERATION. 

B. WESTERN ALASKA AREA: THERE HAVE BEEN 4 FLIGHTS FOR THIS 
PERIOD AND 0 VESSEL OPERATIONS. 

C. WX 24JAN90: 
1. PRINCE WILLIAM SOUND: WINDS NE AT 35 KTS, AIR TEMP 20, 

SEAS 3 FT, VIS 5 MILE. 
2. KODIAK ISLAND WATERS/BARREN ISLANDS: WINDS NW AT 15 KTS, 

AIR TEMP 25, SEAS 4 FT, VIS 15 MILES. 
2. ACTION: 

A. PRINCE WILLIAM SOUND AREA: M/ V ~DELE CANDIES CONDUCTED 
SHORELINE ASSESSMENT SURVEYS, <SAS), OF <KN-4), <KN-5), <KN-14). 
<KN-134), <KN-1 35), <KN-203) AND <KN-206). ALL OF THESE SEGMENTS 
REPRESENT LOW ENERGY BEACH ENVIRONMENTS ON KNIGHT ISLAND. 0 I L 
IMPACT IN THESE AREAS VARIED FROM VERY LIGHT TO MODERATE. 
TWO ADEC FLIGHTS CONDUCTED SAS ' S OF SEGMENTS <MA-6) MAIN ISL, 
CEB-8) ESHAMY BAY, AND CEV-56) EVANS ISL. VERY LIGHT TO NO OIL 
IMPACT WAS OBSERVED ON THESE LOW ENERGY BEACHES. BOTH FLIGHTS 
ALSO OBSERVED SHEENS OV-ER THE WATERS OF PRINCE WILLI AM SOUND. 
CG H-3 OVERFLIGHT WITH NBC NEWS CREW ABOARD OVERFLEW SEAL 
ISLAND AND PWS WITH NO OIL SIGHTINGS NOTED. 

B. WESTERN ALASKA AREA: USCGC MUSTANG, IN SUPPORT OF WINTER 
INTERAGENCY MONITORING PROGRAM OPERATIONS, CONDUCTED SAS ' S OF 
SEGMENTS <BM-5) TAROKA ARM, <PY-8) MORNING COVE AND Cr'G-2) YALIK 
GLACIER BEACH THRU 19JAN90. THE HIGH ENERGY BEACHES 
VISITED CONTINUE TO SHOW IMPROVEMENT. THE LOW ENERGY BEACH 
SURVEYED SHOWED NO SIGNIFICANT IMPROVEMENT. OVERFLIGHT TO 
KITOI HATCHERY AREA SIGHTED NO OIL. SAS' S WERE CONDUCTED ON 
SEGMENTS CK9-08) CAPE DOUGLAS, <K9-19) HALLO BAY, CK10-7) 
PUALE BAY AND <Kll-10) WIDE BAY. THESE SURVEYS INDICATED VERY 
LIGHT TO LIGHT OIL IMPACT ON THESE SHORELINES. TWO OTHER 
FLIGHTS CONDUCTED SAS 1 S ON SEGMENTS · <WA-1) WEST AMATULI. 
<NK-1) NUKA BAY AND <GP-1002 ) GORE POINT, AND NOTED IMPACT 
WHICH VARIED FROM VERY LIGHT TO MODERATE. 
3. FUTURE PLANS AND RECOMMENDATIONS: 

A. CAPT ZAWADZKI WILL ATTEND OPS METTING WITH NOAA, ADEC , EPA 
AND EXXON REPS IN LOS ANGELES ON 01 TO 02FEB90. 

B. THE USCGC MUSTANG IS TENTATIVELY SCHEDULED TO SUPPORT THE -
WINTER INTERAGENCY MONITORING PROGRAM AGAIN IN FEBRUARY DUE TO 
IT ' S OVERWHELMING SUCCESS THIS MONTH. 

C. THE AGREEMENT TO SET ASIDE SPECIFIED OILED BEACHES FOR 
SCIENTIFIC STUDY HAS BEEN EXECUTED. 

D. A COMPREHENSIVE SCAT OF LOW ENERGY, MODERATE TO HEAVILY 
OILED BEACHES IN PWS AND GOA IS SCHEDULED FOR 28JAN TO 05FEB90. 
SCAT TEAM WILL BE MADE UP COAST GUARD, ADEC AND EXXON PERSONNEL. 
4. c 



... 

U.S. Fish and Wildlife Service 
Beached Bird and Sea Otter Retrieval 

PROTOCOL 
S pring\S ummer 1990 

REVISED APRIL 3, 1990 

The following revised protocol for retrieving birds and sea otters is designed to provide 
guidance to all personnel (federal, state, borough and private) who will be in the 1\ V 
Exxon Valdez oil spill zone during the spring and summer of 1990. 

CARCASS RETRIEVAL-BIRDS 

1) Dried or scavenged, non-oiled bird carcasses should be left on the beach to become 
part of the natural food chain. All other bird carcasses should be retrieved, especially 
fresh non-oiled and oiled carcasses. If in doubt, pick it up. 

2) Fill out a separate U.S. Fish and Wildlife Service Beached Bird\Sea Otter Retrieval 
form (retrieval form) for each bird carcass, even if a dried or scavenged. non-oiled carcass 
is left on the beach. If more retrieval forms are needed, please make copies of the 
attached form or obtain copies from the contacts listed below. If retrieval forms are not 
available, please provide, on sturdy paper, the following information: date, location of 
bird, name of observer, degree of bird oiling, degree of beach oiling, and condition of bird. 

3) To avoid double-counting the dried or scavenged, non-oiled bird carcasses left on the 
beach, toss the carcasses far above high tide line. Complete a separate retrieval form for 
each of these bird carcasses. If a retrieval form is not completed to account for the bird 
carcass, leave the carcass where found so others may count it. 

4) If a bird carcass is retrieved, bag it individually (double bag). Complete a retrieval 
form and place the form in a ziplock bag for protection. Put the ziplock-protected retrieval 
form in the bag with the bird carcass. Return the bagged bird carcass to the nearest 
contact site listed at the bottom of each form and at the end of this protocol. Keep 
carcass cool, not frozen. 

5) Even if a bird carcass is NOT retrieved, please complete a retrieval form. Return 
the completed retrieval form to the nearest contact site listed at the bottom of each form 
and at the end of this protocol. Alternately, return the completed retrieval form to the U.S. 
Fish and Wildlife Service, Attn. Tina Odenbaugh, 1011 E. Tudor Road, Anchorage, Alaska 
99503, 
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CARCASS RETRIEVAL-SEA OTTERS 

1) All sea otter carcasses should be retrieved. EXCEPTION: All sea otters found on 
Green Island, Little Green Island, or Channel Island before May 15, 1990 are to remain on 
the beach to avoid interference with an on-going U.S. Fish and Wildlife Service research 
project. After May 15, retrieve all sea otter carcasses. 

2) Complete a separate U.S. Fish and Wildlife Service Beached Bird\Sea Otter Retrieval 
form (retrieval form) for each sea otter carcass, even if the carcass is left on the beach. If 
more retrieval forms are needed, please make copies of the attached form or obtain copies 
from the contacts listed below. If retrieval forms are not available, please provide, on 
sturdy paper, the following information: date, location of sea otter, name of observer, 
degree of sea otter oiling, degree of beach oiling, and condition of sea otter. 

3) If a sea otter carcass is retrieved, please bag individually (double bag). Complete a 
retrieval form and place the form in a ziplock bag for protection. Put the ziplock-protected 
form in the bag with the carcass. Return the bagged sea otter carcass to the nearest 
contact site listed on the bottom of each retrieval form and at the end of this protocol. 
Keep cool, not frozen. 

4) Even if a sea otter carcass is NOT retrieved, please complete a retrieval form. 
Return the completed retrieval form to the nearest contact site listed on the bottom of each 
form and at the end of this protocal. Alternately, return the completed retrieval form to 
the U.S. Fish and Wildlife Service, Attn. Tina Odenbaugh, 1011 E. Tudor Road, 
Anchorage, Alaska 99503. 

LIVE SICK OR INJURED BIRDS 

1) Do not chase, pick-up, or handle sick or injured birds. Complete a separate U.S. 
Fish and Wildlife Beached Bird\Sea Otter Retrieval form (attached) for each sick or injured 
bird observed. If more retrieval forms are needed, please make copies of the attached 
form or obtain copies from the contacts listed below. If retrieval forms are not available, 
please provide, on sturdy paper, the following information: date, location of bird, name of 
observer, degree of bird oiling, degree of beach oiling, and condition of bird. 

2) Call the nearest U.S. Fish and Wildlife Service contact for further instructions. 
Contacts are listed on the bottom of each retrieval form and at the end of this protocol. 

NOTE: DO NOT HANDLE, CHASE, OR FEED CHICKS. Chicks may be found in 
or near the nest while the parents are elsewhere foraging for food; This is normal 
behavior. Handling, chasing, or feeding chicks could lead to injury or death, or 
abandonment by the parents. If the health of the chick is in question, call the nearest U.S. 
Fish and Wildlife Service contact for further instructions. 
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LIVE SICK OR INJURED SEA OTTERS 

1) Do not chase, pick-up, or handle sick or injured sea otters. 
Complete a separate U.S. Fish and Wildlife Service Beached Bin:f\Sea Otter Retrieval form 
(retrieval form) for each sick or injured sea otter observed. If more retrieval forms are 
needed, please make copies of the attached form or obtain copies from the contacts listed 
below. If no retrieval forms are available, please provide, on sturdy paper, the following 
information: date, location of sea otter, name of observer, degree of sea otter oiling, 
degree of beach oiling, and condition of sea otter. 

2) Call the nearest U.S. Fish and Wildlife Service contact for further instructions. 
Contacts are listed on the bottom of each retrieval form and at the end of this protocol. 

NOTE: DO NOT HANDLE, CHASE, OR FEED SEA OTTER PUPS. Pups may be 
found beached or floating while the parents are elsewhere foraging for food. This is 
normal behavior. Handling, chasing, or feeding these lone pups can lead to injury or 
death, or abandonment by the parents. If the health of the pup is in question, call the 
nearest U.S. Fish and Wildlife Service contact for further instructions. 

U.S. FISH AND WILDLIFE SERVICE CONTACTS 

Anchorage: Tina Odenbaugh, U.S. Fish and Wildlife Service (Mon-Fri 8-5 pm) 786-
3479 

Homer: Alaska Maritime National Wildlife Refuge Staff (Mon-Fri 7-5 pm) 235-
6546 

Kodiak: Kodiak National Wildlife Refuge Staff (Mon-Fri 8-4:30 pm) 487-2600 

Seward: National Park Service Staff (Mon-Fri 8-5 pm until Memorial Day, then 8-7 
pm daily) 224-3175 

Valdez: Barbara Ward, Alaska Department of Environmental Conservation (Mon-Fri 
9-11:30 & 1:30-4 pm) 835-5260 

Cordova: Prince William Sound Science Center (Mon-Fri 9-12 & 1-5 pm) 424-5800 

King Salmon: Becharof National Wildlife Refuge Staff (Mon-Fri 8-4:30 pm) 246-3339 

Whittier: Whittier Police Department (Mon-Fri 8-5 pm) 472-2340 

ANSWER MACHINE (24-HR WEEKENDS AND 5pm-7am WEEKDAYS) 786-3479 
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U.S. FISH AND WILDLIFE SERVICE 
BEACHED BIRD/SEA OTTER RETRIEVAL 

T/V EXXON VALDEZ SPILL ZONE 
SPRING AND SUMMER 1990 

REVISED APRIL 3, 1990 

COMPLETE ONE FORM PER ANIMAL EVEN IF ANIMAL IS NOT RETRIEVED. PUT 

COMPLETED FORM IN ZIPLOCK BAG FOR PROTECTION. IMPORT ANT: PLACE ZIPLOCK-PROTECTED FORM IN 
THE BAG WITH THE CARCASS - -ONE CARCASS PER BAG. DOUBLE BAG. RETURN BAGGED CARCASS WITH ENCLOSED 
FORH TO CONTACTS LISTED BELOW. IF CARCASS IS NOT RETRIEVED, OR IF SICK OR IN~URED ANIMAL IS 
OBSERVED, COMPLETE FORM AND GIVE FO&~ TO NEAREST CONTACT PERSON OR SEND FORM TO USFWS-ATTN. T. 
ODEN.aiUGH, 1011 E. TUVOH HD. ANCHORAGE, AK 99503. 

NAME AND ORGANIZATION OF OBSERVER: ________________ _ 

DATE: ________ _ 

DEC BEACH SEGMENT NUMBER: ____________________ _ 
OR 

SPECIFIC LOCATION NAME: (ie, beach, bay, island, lat\long) 

SEA OTTER, BIRD: (circle one) BIRD SPECIES, IF KNOWN _______ _ 

TAG #, IF OBSERVED ON ANIMAL: __________________ _ 

OILED: NONE, LIGHT, MODERATE, HEAVY, UNKNOWN (circle one) 

CONDITION OF ANIMAL: ALIVE, FRESH DEAD, DECOMPOSING, OLD\DRIED, 
SCAVENGED, UNKNOWN (circle one or more) 

DATE AND TIME OF DEATH, IF OBSERVED: 

ANIMAL RETRIEVED: YES, NO (circle one) 

OIL ON BEACH: NONE, LIGHT, MODERATE, HEAVY, UNKNOWN (circle one) 

NOTES: (Please add any information you feel is important) 

DRIED OR SCAVENGED NON-OILED BIRD CARCASSES SHOULD BE LEFT ON THE 
BEACH TO BECOME PART OF THE FOOD CHAIN. FRESH NON-OILED AND ALL OILED 
BIRD CARCASSES SHOULD BE RETRIEVED. ALL SEA OTTER CARCASSES SHOULD 
BE RETRIEVED. 

CONTACTS 

ANCHORAGE: TINA ODENBAUGH 786-3479 
HOMER: REFUGE STAFF 235-6546 
KING SALMON: REFUGE STAFF 246-3339 
SEWARD: NATL. PARK SERVICE 224-3175 

VALDEZ: BARBARA WARD 835-5260 
KODIAK: REFUGE STAFF 487-2600 
CORDOVA: PWS SC. CTR 424-5800 
WHITTIER: POLICE DEPT. 472-2340 

ANSWER MACHINE {24-HR WEEKENDS AND 5pm-7am WEEKDAYS) 786-3479 

ADDITIONAL FORMS ARE AVAILABLE THROUGH YOUR AREA CONTACT PERSON 



U.S. FISH AND WILDLIFE SERVICE 
BEACHED BIRD/SEA OTTER RETRIEVAL 

T/V EXXON VALDEZ SPILL ZONE 
SPRING AND SUMMER 1990 

REVISED APRIL 3, 1990 

COMPLETE ONE FORM PER ANIMAL EVEN IF ANIMAL IS NOT RETRIEVED. PUT 

COMPLETED FORM IN ZIP LOCK BAG FOR PROTECTION. IMPORT ANT: PLACE ZIPLOCK-PROTECTED PORH IN 
THE B~G WITH THE CARCASS--ONE CARCASS PER BAG. DOUBLE BAG. RETURN BAGGED CARCASS WITH ENCLOSED 
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OBSERVED, COMPLETE FORM AND GIVE FO~~ TO NEAREST CONTACT PERSON OR SEND FORM TO USFWS-ATTN. T. 
ODENR~UGH, 1011 E. TUDOR RD. ANCHORAGE, AK 99503. 

NAME AND ORGANIZATION OF OBSERVER: ________________ _ 

DATE: ________ _ 

DEC BEACH SEGMENT NUMBER: ____________________ _ 
OR 

SPECIFIC LOCATION NAME: (ie, beach, bay, island, lat\long) 

SEA OTTER, BIRD: (circle one) BIRD SPECIES, IF KNOWN _______ _ 

TAG #, IF OBSERVED ON ANIMAL: _________________ ......:...._ 

OILED: NONE, LIGHT, MODERATE, HEAVY, UNKNOWN (circle one) 

CONDITION OF ANIMAL: ALIVE, FRESH DEAD, DECOMPOSING, OLD\DRIED, 
SCAVENGED, UNKNOWN (circle one or more) 

DATE AND TIME OF DEATH, IF OBSERVED: 

ANIMAL RETRIEVED: YES, NO (circle one) 

OIL ON BEACH: NONE, LIGHT, MODERATE, HEAVY, UNKNOWN {circle one) 

NOTES: (Please add any information you feel is important) 

DRIED OR SCAVENGED NON-OILED BIRD CARCASSES SHOULD BE LEFT ON THE 
BEACH TO BECOME PART OF THE FOOD CHAIN. FRESH NON-OILED AND ALL OILED 
BIRD CARCASSES SHOULD BE RETRIEVED. ALL SEA OTTER CARCASSES SHOULD 
BE RETRIEVED. 

CONTACTS 

ANCHORAGE: TINA ODENBAUGH 786-3479 
HOMER: REFUGE STAFF 235-6546 
KING SALMON: REFUGE STAFF 246-3339 
SEWARD: NATL. PARK SERVICE 224-3175 

VALDEZ: BARBARA WARD 835-5260 
KODIAK; REFUGE STAFF 487-2600 
CORDOVA: PWS SC. CTR 424-5800 
WHITTIER: POLICE DEPT. 472-2340 

ANSWER MACHINE (24-HR WEEKENDS AND 5pm-7am WEEKDAYS) 786-3479 

ADDITIONAL FORMS ARE AVAILABLE THROUGH YOUR AREA CONTACT PERSON 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

WASHINGTON. D.C. 20460 FEB 12 1990 

FEB - 6 \990 ~-AOO- ANCHORAGE 

OFFI C E OF 
RESEARCH AND DEVELOPMENT 

MEMORANDUM 

SUBJECT: 

FROM: 

THROUGH: 

TO: 

Status of Alaska 

John H. Skinner, 
Deputy Assistant 
Development 

Shorelines and Clean-up Plans for 1990 

Actin~~0.-~~~ 
Admin~rator for Research and 

Eri~h Brettha~e:, ~~n~ 
ASSIStant AdmlnlStL~ ror Research and Development 

William Reilly 
Administrator 

On February 1 and 2, 1990, I attended a planning meeting with 
Exxon, Alaska Department of Environmental Conservation (ADEC), U.s. 
Coast Guard (USCG), and the National Ocean and Atmospheric Agency 
(NOAA) to review the current status of oil contamination on 
Alaska's shorelines and begin to plan clean- up for this year. My 
conclusion is that clean-up in Alaska in 1990 will be very 
different from in 1989. The oil conditions have changed 
dramatically and very different technologies will be used. The 
remainder of this memo explains further. 

Status of Oiled Shorelines 

ADEC just released the results of the shoreline survey 
conducted from August 24 to November 20, 1989. This survey was 
conducted by walking the shorelines where possible and by low 
flying helicopters and boats in areas inaccessible by foot. A 
total of 886 shoreline segments were surveyed covering all areas 
where oiling was previously detected. It is important to note that 
the survey was conducted before the onset of the severe winter 
weather and storms. 
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The results are shown on the next table: 

Prince William 
Sound 

Seward area 

Homer area 

Kodiac area 

Total 

Alaska Shoreline Oil Contamination 
(November 1989) 

Sheltered Exposed 
Shoreline Shoreline 
Heavy or Heavy or 
moderate oil moderate oil 

21 miles 66 miles 

2.6 1.0 

6 .3 6.2 

2.2 12.0 

32.1 miles 85.2 miles 

Total 
Heavy or 

moderate oil 

87 miles 

3.6 

1 2 .5 

14.2 

117.3 miles 

There are 32 miles of moderate tb heavy -oiled sheltered shore­
line (bays , coves, protected areas ). These should show the longest 
persistence of spilled oil. In addition, there are 85 miles of 
moderate to heavy oiled shoreline in areas relatively exposed to 
storms, winds and high energy waves. 

Another critical factor is the penetration of oil into the 
shoreline substrate . The survey team dug pits on each shoreline 
segment to determine penetration. It i s not possible to estimate 
the miles of shoreline with deep oil penetration. Instead the 
number of shoreline segments in which the maximum penetration was 
greater than 15 em (6 inches) is shown below: 

Prince William 

Seward area 

Homer area 

Kodiac area 

. Total 

Oil Penetration 
(Number of Shoreline Segments with 

Oil Deeper than 15 em.) 

Number Mean Penetration 

Sound 164 3 2 em. 

14 45 em. 

25 42 em . 

21 32 em . 

224 

Deoth 
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Of the 886 shoreline segments surveyed 224 had oil penetrated 
greater than 15 em. Oil that has penetrated deeply will tend to 
persist longer. A Spring Shoreline Assessment jointly conducted 
by Exxon and State and Federal agencies is planned to be completed 
by mid-April 1990. 

Clean~up Options for 1990 

NOAA as technical advisor to the USCG has circulated a set of 
recommendations for the 1990 clean-:-up of the Exxon-Valdez oi 1 
spill. These recommendations were very similar to those presented 
by Exxon representatives at the February 1-2, 1990 meeting. The 
recommendations are based on several premises: 

1. Most of the oil in the high- energy segments of the 
_Alaskan coast will be removed by natural activities 
within the next year or two. 

2 . Oil in the sheltered. low-enerov areas could remain 
much longer (e.g. 20 years) in the absence of further 
clean- up. 

3. Oil buried deeply l11 sulJsulface setllmenLs, even in 
high-energy areas, will prove less amenable to natural 
removal processes. 

There seems to be a growing consensus that continued natural 
cleansing and uninterrupted biological activity are the preferred 
clean-up options for the majority of impacted shorelines. In 
addit ion, the NOAA plan stresses that no greater huma n stresses 
should be placed on the area than are necessary to achieve the 
desired level of clean-up. The general conclusions from the 
meeting were as follows: 

1. Non-intrusive, low impact techniques including 
manual pick-up , snare booms, tarmat break- up 
and removal and bioremediation are the preferred 
methods. 

2. High impact techniques such as washing/ flushing, 
chemical beach cleaners and excavation may be 
considered in a site specific basis but will 
probably have very limite d application. 

The NOAA paper states: 

1. If current questions regarding the effect ive ness 
of nutrient addition can b e resolved, bioremediation 
should b e considered a primary option f or the 
removal or reduction o f s hore line oil contami nation. 
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2. An extremely conservative approach should be taken 
in the use of solvents, beach cleaners or other 
chemical agents. (Note that these cleaners require 
a washing/flushing and skimming operation following 
application.) 

In summary, it is .quite possible that bioremediation will be 
wi~y used in Alaska this year. I do not believe that we will see 
a large scale, 10,000 person beach washing operation such as 
occurred in 1989. 

The USCG requested that EPA resolve the current questions 
concerning bioremediation as soon as possible and that we issue a 
statement of the EPA position on bioremediation by early March 
1990. I agreed that we would do this. 

cc: LaJuana Wilcher 
Hank Habicht 
Gordan Binder 
Dan Esty 
Tudor Davies 
Al Ewing 
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COWPER R:t;'[,EASBS 1991 OIL spuJ. 0 BAN UP PLAN 

JUNEAU-Gov. Steve Cowper said today that more than half of 
the sites in Prince William Sound ~d the Kenai Penintula damaaed 
by the Exxon Valdez oil apW have been cleaned to the state's 
satisfaction, and a 1991 cleanup plan prepared by state offl.cWa will 
help bring the operation to a close next aummcr. 

The state'a plan, released today, ia deaianed to Jiv• all partie• 
involved a clear underatandina of what the state will require to 
complete the job. It will be followed up by lite-specific workplana 
developed after the iprlna shoreline aaseaament. due to begin ·in May 
1991 . 

.. It'a aratityina to finally have an end point in siJht," Cowper 
said. "It'a critical that Alukans be the onea to detormino that end 
point. Alaskan• have Uvod with the apill and ita eft'ecu on their 
re•ou:cea, and their voico1 must bo· heard and heeded." 

Tho document make• clear tho 1tate'1 intention to make 
independent judgments and, if neceuary. requiro atatc .. dirccted 
cleanup boyond what the Coast Guard orden. State and federal law 
give Aluka the ability to enact atrictor standards for completion 
than tho•• •mploytd by the federal aovemmtut. 

"Wetn not looldna for diaaareement," Cowper taid. "W• are 
merely makina it clur that atatet aomotimct have dift.,rent 
p.rioritiea, and that we're ready and willina to atep up and make aure 
those prioritiet are met." 

... /12f-
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Tho plan alao includes a summary of conditiona at 757 
shoreline aeamentt in the Sound and the upper Gulf of Alalka, based 
on aurvcy data collected from 1989 through the local reaponse effort 
in October of this year. Of those seaments, the state hu determined 
that 404 need no further treatment. While Cowper aaid some oil 
remains at many of those sitos, crews have done all that is 
technically and environmentally pouible there. 

"We have to be honest with ourselves," said Cowper, "Tho state, 
the Coast Guard. and. Bxxon have made substantial proare11 
throughout tho spill area. Many areas are free of oU. However, there 
are limits to what we can and should do. In this lut seuon it'& 
important · for Ul tO fOCUI Out effortJ, do the beat WO can It tho 
remainins: sites, and move ou." 

The 1991 plan il designed as a 1et of instructions, includina 
state policies, that will auide the development of an actual field 
operation& plan for next sprina and summer. The state utes a similar 
approach, · on a smaller scale, in directing other spills. Ccwper took 

the unuaull step of putting the plan out to public review bocauso of 
the size and scope of the Exxon Valdez a pill. 

Other highliahts of the plan include: 
• A procedurt for aettina prioritie• for cleanup, accordlna to 

state reaouroe uatli 
• A lilt ot approvld cleanup technique• and auidelinea for uae: 
• Standard• addreasina the question, "How clean t• clean?"; 
• T._.kl to be deleaated to Local Reaponto Oroupa. 
Co~e• of the plan arc beina mallod thia week to interelted 

parties a~h u local aovemmer1t, fiabina oraanizationa, tourism and 
recreation, sroupa, private landownera. and ·auhailtence uaen. Other 
copitl ar• available from the Department of BnviroDtDeutal 
Conatrvation. 

:Por 'more information, contact LJ. Ivana, ADBC Public 
Informatidn Offlcer, State on-Scene Coordinator'• Offloe at 563-1126. 

-30· 
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1.0 

The response to the T /V Exxon Valdez 
oil spill of March 24, 1989. Vl1ll enter its 
third field season on or about May 1. 
1991. The response activities under state 
and federal direction have resulted in 
substantial progress 1n improving the 
condition of the shorelines. Continued 
respon~e, under a carefully designed plan 
of action, will be necessary in certain 
areas. 

This plan provides the spiller with 
a clear understanding of the State of 
Alaska's policies, requirements. and 
guidelines for the 1991 response season. 
It explains how the State of Alaska w1ll 
implement existing oil spill statutes and 
regulations. given the specific conditions 
of the T /V Exxon Valdez otl spill. 

The spiller will use this document 
to produce a 1991 workplan that should 
complete cleanup to the satisfaction of 
the State of Alaska. 

The wreck of the Exxon Valdez was 
the largest tanker spill in NorthAmerlcan 
history. resulting in at least 1,285 miles 
of shoreline oiled to some degree. The 
state considers it neither technically 
possible nor environmentally practical to 

remove all remaining contamination. This 
document explains the state's clear pri­
orltles for work. reasonable expectations 
for results, and methods to achieve those 
results. 

1.1 REQUIREMENT FOR PLAN 

Under state regulations, the party 
responsible for an oil or hazardous sub­
stance spill must submit a cleanup 
workplan for approval by the State On~ 
Scene Coordinator. 

Oillng of various kinds continues 
to concern the State of Alaska for a variety 
of ecological. enVironmental. and other 
land and resource management reasons. 
Further, the areas requ1rtng cleanup are 
likely to be more localized than in the 
1989 or 1990 seasons. This allows 
agencies to tailor work plans to highly 
specific areas and conditions. 

The state intends to integrate the 
state and federal workplans to the max­
imum extent possible. consistent with 
state law. Any work under state direc­
tion is a supplement to federal response. 



1.2 SCOPE OF WORK 

This document sets out the author­
ities and responsibilities of the state 
government wit.~ respect to oil spill clean­
up. and how they will be applied to the 
1991 T /V Exxon Valdez response. 

These parameters include: 
• Sources of legal auL~ortty for spill 

response: 
• Definitions of key terms: 
* Matters of state policy: 
• The process for establishing state 

priorities; 
• General operational guidelines for 

cleanup techniques affecting state 
lands, waters. and other 
natural resources; 

* General conditions under which 
the state will determine adequacy or 
limits of cleanup: 

• Other instructions necessary for 
development of a workplanfor 1991 
field operations. 

1.3 PUBLIC REVIEW 

The response to the T /V Exxon 
Valdez oil spill raises critical issues re­
garding publicly owned natural resourc~ 
es. Meaningful public participation in 
decisions about those resources is es­
sential. 

l.3.1 Written comments -Inter­
ested parties should send wrttten com· 
ments to the following address no later 
than the close of business January 31. 
1991: 

State On-Scene Coordinator 
Exxon Valdez 011 Spill Response 
1991 Workplan 
ADEC 
4241 B Street. Suite 304 
Anchorage, Alaska 99503 

1.3.2 Public meetings - State 
officials will conduct public workshops 

f 1991 Rnpow PIM 

d urtng the month of February in the 
communities closest to the Exxon Valdez 
oil spill, and in Juneau, Anchorage, and 
Fairbanks. 

1.4 WORKPLAN DEVELOPMENT 

The state will work with the Coast 
Guard and Exxon to produce an integrated 
1991 field operations plan based on these 

· instructions, on federal requirements, and 
on the results of spring field surveys. 

1 .. 5 STATE-FED COOPERATION 

The state continues to support the 
efforts of the U.S. Coast Guard. The state 
will continue to cooperate fully in helping 
the Coast Guard fulftll its duties and 
responsibilities under the federal Clean 
Water Act and ilie National Contingency 
Plan. 

Supplemental activities under state 
direction are not meant to imply dis­
agreement with, or disapproval of, federal 
activities. 
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The state and federal governments 
direct the spiller to undertake necessary 
and appropriate tasks designed to 
eliminate the pollution caused by the ~T I 
V Exxon Valdez oil spill. 

Exxon accepted responsibility for 
the oil spill after the grounding, and has 
worked directly with the governments or 
hired contractors to do the work. 

2. 1 FEDERAL RESPONSE 

National pollution control statutes 
lay the foundation for otl spill response 
under federal law, including the m1ni~ 
mum requirements for actual cleanup. 

· The U.S Coast Guard is charged With 
enforcing those requirements under the 
direction of the Federal On-Scene Co­
ordinator. 

~.2 STATE RESPONSE 

The State of Alaska holds a concur­
rent authority regarding pollution con­
trol a::1d oil spill response under provi­
sions of the federal Clean Water Act, other 
federal pollution control statutes, and 
Title 46 of the Alaska Statutes (Appendix 
A). 

Federal requirements are a base, 
not an upper llmit Congress preserved 
this structure 1n the OU Pollution Act of 
1990, recognizing the need for states to 
tailor pollution regulations to local needs 
and desires. 

The state retains the option. to 
require Exxon to do more work at a given 
site. or throughout the sptll area. It is 
likely that the SOSC and FOSC will concur 

on a number of decisions regarding 
completeness of cleanup. Where they do 
not concur, the SOSC will work directly 
with Exxon under state authority. 

2.3 FEDERAL TECHNICAL ADVI­
SORY GROUP (TAG) 

The federal government has con· 
vened the TAG to as51st the FOSC in 
making technical decisions regarding 
cleanup. The TAG's recommendations to 
the FOSC are designed to meet the federal 
government's m1nimum requirements for 
cleanup. They do not bind the state to 
the deciSions. policies. or recommenda­
tions of the FOSC or any federal agency. 

2.3.1 State participation - The 
state will continue to offer advice. exper­
tise, and recommendations to the TAG 
and the FOSC. The state's participation 
in TAG does not necessarlly imply con­
currence with federal decisions or poli­
cies. 

2.3.2 Concurrent acttvites under 
state direction - If the state sets stricter 
requirements or requires additional work, 
the state will work directly with Exxon to 
insure full compliance with state pollution 
statutes. regulations. and policies. 

The advisory group to the sese may 
include representatives of the prinCipal 
state resource agenCies, scientific advisors 
as necessary, local landowners. govern­
ments, or other community representa­
tives designated by the mayor or chief 
officer of the applicable local governments. 
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3.0 

The state's response to the Exxon 
Valdez oil spill is conducted primarily 
through the three resources agencies: 
ADEC, the Department of Natural Re-· 
sources, and the Department ofFish and 
Game. 

3.1 ALASKA DEPARTMENT OF 
ENVIRONMENTAL CONSERVATION 

Under Title 46 of the Alaska Stat­
utes, ADEC is the lead agency for oil and 
hazardous substance spill response. The 
department has broad responsibilities to 
"abate and prevent" pollution that may 
affect everything from the public health 
to the economy. State regulations re­
quire the SOSC to continue cleanup of 
a contaminated or polluted site untll he 
or she determines that: 

a) available technology has reached 
its practical limit: 

b) extracting the pollution will cause 
greater hartn than leaving the pollution 
in place. 

In the case of the Exxon Valdez 
response, the SOSC will implement the 
requirements in the context of the re­
sponsibilities and resource values of all 
state agencies. particularly the Depart­
ment of Natural Resources and the 
Department of Fish and Game. Depend­
ing on the situation, the SOSC may place 
more or less weight on a gtven resource 
value when making decisions about a 
specific site or oiling condition. 

3.2 AlASKA DEPARTMENT OF 
NATURAl RESOURCES 

Under Title 38 of the Alaska Stat­
utes. ADNR must provide for the max­
imum use of state resources consistent 
with the public interest. including use by 

. future generations. The Division of Land 
and Water Management (DLWM) over­
sees and encourages a wide variety of 
activities on state lands, including. but 
not limited to, uses defined by economic, 
social, cultural, and aesthetic values. 
State lands continue to be affected by 
pollution from the T /V Exxon Valdez. 

In addition, Title 41 requires the 
DivtsionofParks and Outdoor Recreation 
(DOPOR) to develop and maintain a system 
of parks. recreation facilities, and other 
opportunities with state lands and re­
sources. In the spill area, there are 12 
marine parks in Prince William Sound. 
the Kachemak Bay Wilderness State Park. 
and Shuyak Island State Park in the 
Kodiak archipelago. 

Further. the Office of History and 
Archeology within DOPOR is responsible 
for the protection of historic, prehistortc, 
and archeological resources of the state. 
The spill area conta.ins many important 
archeological and cultw'ally signlllcant 
sites. 

The Exxon Valdez oil spill contin­
ues to affect state lands and waters 
managed by ADNR The law requires the 
resources to be cleaned and restored to 
a condition that allows for the continued 



and future use and enjoyment by the 
public. 

3 .3. ALASKA DEPARTMENT OF 
FISH AND GAME 

Under Title 16 of the Alaska Stat­
utes. ADF&G is required to "manage, 
protect. maintain. improve and extend 
the fish. game and aquatic resources of 
the state." 

The department must ensure that 
fish and wildlife populations. habitats, 
and harvests are given adequate consid­
eration during response and cleanup 
planning. Spectilc permitting authorttles 
for cleanup activities apply to anadro­
mous fish streams and legislatively 
designated special areas (crttlcal habi­
tats. refuges. and game sanctuaries). 

The department has a special 
concern regarding the potential effects of 
hydrocarbon exposure on fish that in­
habit nearshore and intertidal enViron­
ments. Salmon and herring. in partic­
ular, are commercially valuable species 
whose habitats are threatened by residual 
oil. 

3.4 DEFINITIONS 

Following are the definitions of some 
of the key terms for the purpose of this 
document: 

3.4.1 PoUu.tiDn or contamination­
Oil, 1n any form (mousse, asphalt, tar­
balls, fouled debris, oUed sediments, etc.) 
spilled from the T /V Exxon Valdez on and 
after March 24, 1989. 

3.4.2 Harm - The presence of 
pollution or contamination. 

3.4.3 Environment- Any natural 
resource owned or managed by the State 
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of Alaska. and spatial area containing 
such a resource, and, by extension. any 
activity depending on proper manage­
ment of the resources. 

3 .4.4 Technology- Techniques or 
products that have been approved for use 
during the Exxon Valdez response. The 
state is basing its plans on those tech­
niques that have already been employed 
and refined over the course of the spill 
thus far. 

3.5 STATE POLICY: CONTAMINA­
TION AND REMOVAL 

The pollution spilled from the T I 
V Exxon Valdez must be removed from 
state waters and lands. consistent With 
the conditions established in Alaska law 
and regulation. The state requires re­
moval of the most oil over the shortest 
period of time practical, in the judgment 
of the SOSC. The state will base its 
deCisions on a target completion date of 
September 15, 1991. 

It is state policy that a one-year 
commitment to finish shoreline treat­
ment using an active program far out­
weighs a passive, multiyear approach 
that may extend far into the future. The 
oil on the shorelines and under the sur­
face 1s not naturally occurring. and its 
continued presence degrades the natural 
resources and their values. 

Under the regulatory conditions 
explained in this section, the state re­
quires the following: 

3.5.1 Swface otltng- Oiling must 
be reduced to llght cover and stain. Pooled 
oil, mousse, oiled debris, asphalt patches, 
tannats, and tarballs must be removed 
during the 1991 field season. 
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3.5.2 Subswjace oiling - Where 
subsurface oil can. 1n the SOSC's deter­
mination. be reasonably exposed by 
manual effort or light mechanical 
equipment. oil-contaminated sediments, 
mousse, oiled debris, asphalt patches, 
tarmats and tarballs must be removed 
during the 1991 field season. 

3.5.3 Prtorlty excepttons- Certain 
state resource priority areas (e.g., state 
parks. certain flsh or wtldlife habitatt 
may require cleanup beyond conditions 
described elsewhere 1n this section. 

3.5.4 Unrecovered oa- Under the 
crtteria set in Alaska law and the admin­
istrative code, the spiller remains liable 
for damages caused by pollution that is 
not recoverable. 
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The state has established catego­
ries for shoreline segments, according to 
resource or land type. the nature of land 
or resource use, and remain1ng oiling. 
These categories will target spring as· 
sessment efforts, guide development of 
the actual workplan, and establish a 
framework for determ1n1ng proper levels 
of manpower and materiel for the 1991 
field season. 

Tnese classifications are for 1991 
Exxon Valdez oil spill field response only. 
They reflect priorities established within 
the context of speciftc oiling conditions, 
the state of the weathered oil, the size 
of the affected area. status or sensitivity 
of a given population or species, and the 
special logistical considerations for the 
area. 

They do not necessarily reflect the 
relative value of the resources in their 
unoiled state. 

4. 1 CATEGORY A 

4.l.1 Severely oiled sites -
Gener.ally,thesearetheremain1ng~prob­
lem" sites that are heavily oiled at the 
surface, continue to bleed into the water. 
or contain large amounts of subsurface 
oil over a large area. These include "special 
work sites" described 1n section 5. 7. 

4.1.2 Anadromous fish streams 
and herring spawning areas-These areas 
support fish that have high economic. 
recreational and social values for users. 
Fish are known to be particularly vulner­
able to injury from oil contamination. 
espeCially durtng their early life stages. 

In addition. these species have a high 
fidelity to specific and limited habitat 
areas. The loss or other damage to year 
classes of herring and salmon could have 
long-term effects on population recovecy. 

4.1.3 State parks -These areas 
were selected for legisla tlve protections 
because of high recreational, cultural, 
aesthetic, and wilcllife values. Alaska's 
state park system, including the Kache­
mak Bay Wilderness State Park, the 
marine parks of Prtnce William Sound. 
and Shuyak Island, are unique 1n the 
United States. 

4.1.4 Other speciallegtsla.tive d.es­
fgnattons-These include critical habitat 
areas. refuges. game sanctuanes. and 
other special management areas created 
by the Alaska State Legislature. 

4.2 CATEGORY B 

4.2.1 Subsistence- Areas in· 
which the presence of on has a direct 
effect on the ability of local residents to 
gather food, hunt or fish for subsistence 
purposes. 

4.2.2 Shore fishery or leased 
ecorwmic sites - Areas in which .the 
presence of oU has a direct and demon­
strated effect on the ability of a lease 
holder to work. 

4.2.8 Hatchery zones - Tilis in· 
eludes not only the hatchery itself. but 
also rearing and release areas, migratory 
paths of juvenlles and adults, and oiled 
areas that, left untreated 1n 1991. could 
threaten defined hatchery zones. 
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4.2.4 Cammercialflshertes -Areas 
that, leftw1thouttreatmentin 1991, could 
affect 1991 harvests or markets. 

4.2.5 Ptnniped h.aulouts and rook­
eries- Areas used by seals and sea lions 
for functions such as pupping. molting, 
and resting . 

. 4.2.8 Recreation areas - Either 
commercial or private use areas with a 
relatively high level of traffic, including 
sport fishing areas. 

4.2. 7 Commercialtowi.sm-Either 
areas with high scenic values or areas 
actually used for commercial camping, 
fishing, guiding. etc. 

4.2.8 Mariculture sites - Areas 
designated by ADNR as having high po­
tential for commerCial shellftsh site leas­
es. 
4.3 CATEGORY C 

All remaining oUed shorelines. 
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5.0 

The state will ask the FOSC to 
include all State of Alaska requirements 
in a single, integrated workplan. If the 
FOSC is unable to do so, the state will 
prepare wtth the spiller a supplemental 
plan to meet state requirements. Logistical 
efforts Will be combined wherever pos­
sible. The state believes an early and 
cooperative planning process will produce 
a well-integratedjoint logistics plan that 
maximizes worker safety and shoreline 
results. 

5.1 SAFETY 

Worker safety continues to be the 
state's first priority when planning, 
monitoiing, or conducting field opera­
tions. Exxon and its contractors, the 
Coast Guard, the State of Alaska and 
Local Response Groups have established 
and maintained high safety standards 
throughout the cleanup. 

The workplan must contain a safe· 
ty program approved by the state Depart­
ment of Labor. 

5.2 STATE PERMITS 

The workplan must include all 
applicable state permits. 

5.3 ARCHEOLOGICAL SITES 

The workplan must include a pro­
gram, approved by ADNR. for ident::iftca­
tlon, preservation and protection of sig­
nificant cultural and archeological sites. 
To prevent desecration or destruction of 

sites. access to information about the 
locations or descrtptions of the sites may 
be restlicted at the discretion of the 
Commissioner of Natural Resources. 

5.4 PRIVATE lANDOWNERS 

The workplan must contain provi­
sions for consulting private landowners, 
including Alaska Native regional and 
village corporations, before operations 
take place adjacent to private lands. 

5.5 COMPLETION LIST 

The state has prepared a list of 
shoreline segments at which no further 
assessmentw111 be required (Appendix B) 
for the purposes of the 1991 response. 
The state requires neither assessment 
nor work at 404 of 757 segments in 
Prince William Sound and the Kenai 
Peninsula. (Note: Kodiak data will be 
available at a later date. Public review 
may be extended for the purpose of 
commenting on Kodiak shoreline data.) 

5.6 WILDLIFE CONSIDERATIONS 

The workplan will include provi­
sions for m1nlmizing the disruption to 
fish. wildlife and their habitat. The state 
will consult approprtate federal agencies 
to reach agreement on tlm1ng "Windows 
and guidelines for fteld operations. 



6. 7 SPECIA L WORK SITES 

The most heavily contaminated 
sites, or sites With special or Wlique oiling 
conditions. will be designated by the SOSC 
as "special work sites." These sites 
represent the areas that present the most 
obvious and imminent threats to public 
health and resources. They automati­
cally fall into Category A, as defined in 
section 4.0. ·· 

These areas will require special 
commitments of time and resources, 
including detailed workplans that include 
discrete calculations of manpower and 
equipment. It is the state's intention that 
these sites be worked continually until 
finished. Crews and equipment should 
not be diverted from these sites to other 
tasks until the SOSC determines that 
work has reached its practical limit. 

The state will work with Exxon and 
the Coast Guard to establish a realistic 
and practical strategy for special sites, 
including well-defined schedules and end 
points. 

This is intended to be a selective 
d esignatlon. 

5.8 ORDER OF WORK 

Order of work will be determined 
by the classifications 1n section 4.0. tim­
ing "windows" established for reasonable 
resource management reasons (seal 
pupping, salmon spawning. bird nesting, 
etc.). and relevant weather and safety 
considerations. 

Work at Category A sites must be 
completed before the relevant tlming 
Windows close. The state may require 
work to beatn at Category A sites before 
the entire sping shoreline assessment is 
complete. 
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If Category A sites drop out of the 
schedule because of Wildlife or other 
constraints. work crews may be deployed 
at a Category B or C site. When the 
"window'" reopens at the Category A site, 
crews must be on the shoreline. Crews 
may be pulled off a lower category site 
to work a higher category site. Crews 
may not leave an A site 1n favor of another 
site unless it is for wildlife constraints, 
weather, worker safety. or special cases 
approved by th~ SOSC or his field 
designee. (_ V 

The workplan is based on the state 
requirement that all work be completed 
at all sites by September 15, 1991. 

5.9 WASTE MANAGEMENT 

A full waste management program 
will be part of the workplan. The plan 
should assume some removal from oil­
saturated sediments. as well as oiled 
debris and trash generated by workers. 
Waste management should not detract 
from base cleanup efforts. 



.0 

The state's policy of maximum 
removal in the shortest practical time will 
determine choices about techniques, as 
well as levels of manpower and eq~p­
ment required to complete the 1991 
response. The state intends to work with 
the Coast Guard and Exxon to make sure 
plans made this winter accurately reflect 
the type and scope of work the state and 
federal government require, either inde­
pendently or concurrently. 

6.1 REMOVAL 

6.4 STORM BERM ALTERATION 

Sediments under storm berms may 
be exposed by mechanical means for the 
purpose of removing or bioremediating 
the subsurface oil. 

The dumping or spreading of pol­
lution 1n the intertidal areas to be left for 
natural degradation is not a generally 
approved treatment technique, except in 
cases when oiling is light, and only with 
the prior approval of the SOSC or his field 
designee. 

Pooled oil. mousse. tarmats, tar- =6.:.::.5::_.:..TI::.:L:.:L::..:.I N.::..G=---------­
balls, asphalt patches. oil-contaminated Where t:UJ..ing is used, the equip"" 
sediments. and other fonns ofw/~~thered ,\ ment must reach to the depth of the oil 
oil must be removed. or its(prece~~ contained 1n the shoreline. 
minimized. consistent with state-law-and 
regulation. This may be accomplished 6.6 SOLVENTS 
with any combinatl on of treatments =.::.:::~.=..=::..=..:...::::..:._.::..;.,;:...._ _______ _ 

described in this section. Because of logistical and opera­

6.2 TRACKED VEHICLES 

The SOSC may require the use of 
tracked vehicles such as small tractors 
and backhoes. either to remove material 
or to aid manual pickup. 

6.3 MANUAL 

This includes physical removal of 
oiled matertal with conventional hand 
tools. nus type of work should be lim1ted 
to small areas of contamination. Large 
tarmats. asphalt patches, pooled oil, 
contaminated sediments. etc., should be 
removed with mechanical equipment 
wherever possible. 

tional considerations. solvents are not 
anticipated to be approved as a shoreline 
cleanup technique. 

6.7 WASHING 

Hot. warm. and cold seawater 
flooding or flushing will be approved on 
a site-spectftc basts. The plan should 
assume that at least one crew will have 
the capability to conduct washing op­
erations. 

6.8 BIOREMEDIATION 

The use of Inipol EAP 22. Cus­
tomblen or other fertilizers may be ap-
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proved for a third season of conditional 
use. The state will release its preliminary 
finding by February l, 1991, and will 
issue a final decision by March l. 1991, 
after public review. The state's decision, 
as before, will come through the Alaska 
Regional Response Team. 

6.8.1 Type of approval - If ap­
proved. bioremediation may be restricted 
to specific oiling conditions and types of 
sites, rather than the "broadcast" ap-· 
provalin 1990. The state Is currently 
continuing research to determine the field 
efficiency of the technique, particularly 
on older, more weathered oil. The results 
of this research may provide the SOSC 
and the public with L'1e information to 
determine if removal or natural degra­
dation are preferable to continued fer­
tilizer use on weathered oil types. 

6.8.2 Operational guidelines- If 
approved, fertilizers must be applied 
according to state guidelines, which will 
be developed over the winter. (The state 
Will wait until February to wrtte guide­
lines, which may be based on btoreme­
diation research data t.ha t will become 
available in January.) 

Based on existing resean:h, biore· 
mediation is a finishing technique and 
is not appropriate for heavy or moderate 
oiling conditions, tarmats. asphalt, or 
other hardened oil. If this winter's re­
search produces no substantially new 
information about the effectiveness of the 
technique on Alaska shorel1nes, biore­
medtatlon will be applied only 1n cases 
where the contam!natlon level has been 
reduced to predominantly light, residual 
oiling. 

6.8.3 Site sampling - State 
monitors may sample sites randomly 
before bioremedtatlon application to 
ascertain if the .. eyeball'" judgments in the 
field are matching the conditions that 

laboratory tests deem optimal for biore­
mediatlon to complete treatment in a 
year. 

6.9 SKIMMING CAPACITY 

A skimmer and appropriate sup­
port equipment should be available to be 
deployed at sites where recoverable oil 
is llkely to come off of oiled beaches or 
worksites. 
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The state will participate in the 
1991 spring shoreline survey with Exxon 
and the Coast Guard. The shoreline 
segment list in Appendix B and the 
resource classifications 1n section 4.0 of 
this document will form the starting point 
for the assessment plan. 

7. 1 SCOPE OF ASSESSMENT 

The state will require entire segments 
to be covered, not just those subdivisions 
that received treatment. The SOSC or 
his field designee may waive this require­
ment on a site-specific basts. 

8.0 

If the spiller is unable or unwilling 
to conduct work to the state's require­
ments and speCifications, ADEC may hire 
contractors to complete the work under 
the direction of the SOSC. If this situ­
ation occurs, the SOSC will continue to 
work with the Coast Guard to make sure 
the state's supplemental operation in no 
way interferes 'W'lth federally directed 
operations. 

7.2 LOCAL RESPONSE GROUPS 

The state Local Response Groups may 
be included 1n the assessment. If acti­
vated, the LRGs will work under direct 
supervision of trained state personnel, 
and according to approved assessment 
guidelines. 

8.2 REQUEST FOR PROPOSALS 

The state assumes Exxon w1lJ. con· 
tlnue its active and attentive involvement 
1n splll response for 1991. 

However, as a contingency, the state 
is preparing a Request for Proposals for 
spill response and will release it to pro­
spective bidders if it becomes apparent 
that state-contracted response Will be 
necessary. 

8. 1 SOURCE OF FUNDING 
The Oil and Hazardous Substance 8.3 STATE OVERSIGHT 

Release Fund is the source for all re· The successful bidder would work 
sponse activities. under direct supervision of the SOSC. 



8.4 WORKER SAFETY TRAINING 

The successful bidder would have 
a demonstrated ability to conduct remote 
site operations with the special worker 
safety requirements in place under the 
current operations scheme. 

8.6 LOCAL HIRE PROVISIONS 

Bidders may receive bonus points 
for a h1.r1ng plan that maximized employ-.. 
ment of Alaskans, particularly those with 
training and expertence gained 1n oll spill 
response work in Prince Willlam Sound 
and the Gulf of Alaska. 
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EMERGENCY PHONE NUMBERS 
. . 

EXXON CA.LAIS OPERATIONS 

FIRE DEPARTMENT 
POLICE 

-AMBULANCE 
HOSPITAL 

EMERGENCY MEDICAL 

911 
91'1 
911 

~~ 

261-3111 PROVIDENCE ER · . . 

254·-1222. HUMANA ER 

TRANSPORTATION 266-6582 (BY RADIO, EXXON 

BUILDING SECURITY 

TRANSPORTATION 
FOLLOWING) · 

564-3280 DAYS 
564-3200 NIGHTS . . 

564-3627 .DAYS 
244-1178 NIGHTS 
268~8261 PAGER 

SAFETY .FIRST · 
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I. ASSESSMENT 

OVERVIEW OF BABIC FIRST AID 

John Howard, M.D. 
Occupational -Health Center 
University of California 

.Irvine, California 

A. General Principles 

1. Take charqe and instruct someone to obtain medical 
help and others to assist as directed. 

2. Secure the scene. Make the area safe, if necessary. . . 
3. Make a primary survey of the patient for immediately 

life-threatening conditions: 

a. Respiratory arrest (no breathing), initiate CPR 
b. circulatory arrest (no heartbeat or pulse), 

initiate CPR 
c. Severe bleeding (large amounts of visible or hidden 

blood) 

4. Care for life-threatening conditions 

5. Use a tourniquet only under extreme conditions as a 
last resort 

6. If several people have been injured decide on 
priorities in caring for each victim 

7. Make a secondary survey of the victim (medical 
personnel) 

8. Keep injured person lying-·down-
----·- --

9. Loosen all restrictive clothing 

10. cover the victim to keep him/her warm and dry 

11. Cover all wounds completely 

12. Do not attempt to remove· embedded objects 

1 
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2. Secure the scene. Make the area safe, if necessary. . . 
3. Make a primary survey of the patient for immediately 

life-threatening conditions: 

a. Respiratory arrest (no breathing), initiate CPR 
b. Circulatory arrest (no heartbeat or pulse), 

initiate CPR 
c. Severe bleeding (large amounts of visible or hidden 

blood) 

4. Care for life-threatening conditions 

5. Use a tourniquet only under extreme conditions as a 
last resort 

6. If several people have been injured decide on 
priorities in caring for each victim 

7. Make a s econdary survey of the victim (medical 
personnel) 

s. Keep injured person lying·aow.n-
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10. Cover the victim to keep him/her warm and dry 

11. Cover all wounds completely 

12. Do not attempt to remove embedded objects 
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B. Specific Signs and Symptoms of Chemical Exposure and Heat 
Stress that Indicate Potential Medical Emergencies 

1. Chemical Hazards 

a. Irritati~n of eyes, nose, or throat 
b. Sneezing or tearing of eyes 
c. Tightness in chest, breathing difficulties or 

coughing 
d. Headache or Light-headedness 
e. Nausea or diarrhea 
f. Behavioral changes 
g. Changes in complexion or skin color 
h. Fatigue or weakness 
i. Irritability, coordination difficulties or 

dizziness 

2. Heat Exhaustion 

a. Clammy skin 
b. Confusion 
c. Light-headedness, dizziness or fainting 
d. Nausea . 
e. Heat rash 
t. Profuse sweating 
g. Slurred speech 
h. Weak pulse 

3. Heat Stoke 

a. Confusion 
b. Convulsions 
c. Hot skin, high temperature (yet person may feel 

chilled) 
d. Incoherent speech 
e. Convulsions 
t. Staggering gait 
g. Sweating stops . 
h. Unconsciousness 

II. CONTROL OP BLEEDING 

A. Types of Hemorrhaging or Bleeding 

1. Bleeding from an Artery 

(a) Spurting Blood 
(b) Pulsating Flow 
(c) _Bright Red Color 

2 



(-
'. : . 

. -~· 

C. 

2. Bleeding from a Vein 

(a) Steady Flow 
(b) Dark Red Color 

3. Bleeding from Capillaries 

(a) Slow, even flow (oozing) 

B. Methods of Control 

1. Direct pressure with sterile bandage, if available 

2. Elevation 

3. Pressure points (for arterial bleeding) 

3. Tourniquet (last resort) 

c. First Aid for Nosebleeds 

1. Keep victim quietly seated, leaning forward if 
possible. 

2. Gently pinch the nostrils shut 
3. Apply cold compresses to the victim's nose and face 

III. SKIN INJURIES 

A. Burns 

1. Chemical 

a. Remove all clothing containing the chemical agent 

b. Do not use any neutralizing solution, unless 
recommended by a physician 

c. Irrigate with water for al least 15 minutes, use 
potable water if possible 

d. Treat for shock, and transport. 

2. Thermal (Heat) 

a. Minor -- Use cool, moist applications of gauze or 
bandage material to minimize blistering, and treat 
for physical shock if necessary. 

b. Moderate and severe -- Do not use cold applications 
on extensive burns; cold could result in chilling. 
Cover the burn with a clean, dry dressing. Treat 
for shock and transport. 

3 
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B. Open Wounds 

1. Six Categories of Open Wounds 

a. Abrasions 
b. Amputations 
c. Avulsion 
d. Incisions 
e. Lacerations 
f. Punctures 

2. General First Aid for Open Wounds 

a. Carefully cut or tear the clothing so that the 
injury may be seen 

b. If loose foreign particles are around the wound, 
wipe them away with clean material. Always 
wipe away from the wound, not toward it. 

c. Do not attempt to remove an object impaled in 
the wound. Serious bleeding and other damage 
may occur if the object is removed. Stabilize 
the object with a bulky dressing. 

d. Do not touch the wound with your hands, clothing 
or anything that is not clean. 

e. Keep the victim quiet and lying still (any 
movement will increase circulation which 
could start rebleeding) 

f. Reassure the victim to ease emotional reaction. 

g. Dress wound (medical personnel). 

IV. BITES FROM BLOOD-FEEDING ARTBROPODSZ MOSQUITOES 

A. Blood-Feeding Arthropods in General 

1. Of all insects, mosquitoes are the foremost disease 
carriers affecting m~n. · · 

2. They belong to the order Diptera (two-winged flies), 
like blackflies, biting midges, deer flies, horse 
flies, green heads, tsetse flies, stable flies, 
sand flies and snipe flies. 



C. 

B. Mosquitoes (Family CUlcidae) 

1.. More people are bitten by mosquitoes than any other 
blood sucker. On a preference scale from 1 to 10, 
with 1 being the most attractive, humans rank 8 or 
9 as the preferred host of blood-feeding 
arthropods. 

2. Most mosquitoes can be separated into daytime and 
nighttime biters, but most will bite at twilight. 

3. THE BITB -- Blood feeding takes only a few minutes. 
Mosquito saliva is released into the wound which 
causes the capillaries to dilate; blood pools, and 
the mosquito rapidly pumps its stomach full • . 

4. Only female mosquitoes bite and they feed every 3 to 4 
days. Males feed solely on plant juices and 
nectar. 

5. Mosquitoes rely on their sense of smell rather than 
sight to find a blood meal. They can detect the 
presence of a large mammal in darkness at a 
distance of 40 yards. Attractiveness of individual 
persons to mosquitoes varies. Postulated 
attractants: carbon dioxide exhaled from the 
lungs, lactic acid (from exercise) and body heat. 

6. Periodic occurrence of dense mosquito populations 
results from natural and human-induced conditions. 
Natural population fluctuations are associated 
with time of year, weather, habitat, predators, 
disease, and breeding potential. Seasonally,· 
tremendous numbers of mosquitoes are found in 
tidal marshes, the subarctic north, and flooded 
lowlands bordering lakes an~ rivers. 

c. Reaction to Mosquito Bites 

1. Aside from pain, reactions to bites vary, depending on · 
the number of previous bites and individual 
sensitivity. 

2. Sensitivity may develop on initial exposure, but for 
most people, symptoms diminish after subsequent 
encounters •. There are people who manifest no skin 
reactions from mosquito bites--they are said to be 
desensitized. ·· 
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D. Disease Potential 

1. High --· · ·zn tropical and subtropical areas, e. 9. , 
malaria, denque, yellow fever, 
plaque, etc. 

2. Moderate-- encephalitis (entire mainland u.s.), Rock 
Mountain Spotted Fever (South 
Atlantic, West Coast Central), Lyme 
Disease (Northeast), etc. 

3. Low subarctic region 

E. Protection 

1. Personal Protection 

a. Avoidance of infested areas 

b. Use of physical barriers 

Clothing should prevent all access to the skin. 

c. Use of chemical protection 

(1) Repellents 

(a) Best repellant: N,N-diethyl-meta-toluamide, 
recently renamed N,N-diethyl-3-
methylbenzamide, commonly referred to as 
deet. 

(b) Deet is major active ingredient in 90t of 
commercial repellant formulations 
marketed worldwide. 

(c) Toxicity of Deet is low, but it can 
sensitize the skin and cause severe skin 
reactions 

(2) Insecticides 

Clothing treated with contact insecticide 
(insecticide which kills insects which alight 
upon it, e.g. permethrin). 

F. Firs t Aid for Mosquito Bites is as follows: 

1. Application of ice or ice water to the bite helps to 
slow absorption of toxin into the blood stream • 

• 
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2. Victim should be observed for aiqns of an allergic 
reaction. For those that are allergic, maintain an 
open airway and get the victim to medical help as 
quickly as possible. 

V. KUSCULOSDLBTAL INJORIIS 

A. Four Categories of Injuries 

1. strains 

a. Definition injury to a muscle or a tendon caused 
by overexertion. 

b. Symptoms 

(1) Intense pain 
(2) Moderate swelling 
(3) Painful and difficult movement 
(4) Discoloration (sometimes) 

c. First Aid 

(1) Place victim in comfortable position 
(2) Apply a hot, wet towel 
(3) Keep the injured area at rest 
(4) Seek Medical Help 

2. Sprains 

a. Definition -- injury due to stretching or tearing 
ligaments or other tissues at a particular point. 

b. Symptoms 

(1) Pain on movement 
(2) swelling 
(3) Tenderness 
(4) Discoloration 

c. First Aid . 

(1) Elevate injured area 
(2) Apply ice 
(3) If ankle is injured, untie show, but do not 

remove it 
(3) Obtain Medical Help 

7 
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3. Fractures 

a. Definition -- broken or cracked bone 

b. Symptoms 

(1) Pain or tenderness in region of fracture 
(2) Deformity or irregularity of the affected area 
(3) Loss of function of the affected area 
(4) Moderate or severe swelling 
(5) Discoloration . 
(6) Victim may have heard the bone "snap" 

c. First Aid -- Obtain Medical Help 

4. Dislocations 

a. Definition -- when one or more of the bone$ forming 
a joint slip out of normal position. 

b. Symptoms 

(1) Rigidity and loss of function 
(2) Deformity 
(3) Pain 
(4) swelling 
(5) Tenderness 
(6) Discoloration 

c. First Aid -- Obtain Medical Help 

VI:. HANDLING AND TRANSPORTATION 

A. Unless absolutely necessary, never move a victim until 
fractures have been immobilized. 

B. Test a stretch before use, and carefully place an injured 
person on the stretcher. 

c. Carry the victim on a stretcher without any unnecessary 
rough movements. 
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~'\ORANGE -SOt INC. \:..._V"' Post Office Box 306 Chandler, Arizona 85244 (602) 961.0975 

DE-SOI.Y-IT t 
Mult1-Purpoa. Solvent 

Form 29002 

For Information oall: (602) ~97-8822 
Form is es5ent1ally 81~lar to OSHA-174 

Date ot Preparation 
December 1, 1969 

AE.CTION ~ • IDENTIFICATION 

PRODUCT NAME: DE-SOLV -IT I, Mul U .. Purpose Sol vent 
CHEMICAL NAME & SYNONYMS: Technical &rade mineral oil and orange 

oil mixture. ,.J'1\Q/,b; 
- CHEMICAL FAMn.Y: Hydrocarbon ~ f"( Q,~, 

-;..P-RO~ DOT SHIPPING NAME: The combuet1ble mixture rf. o. aS label i:s 
(_ e_~ in containers under 110 galloCS: Re~atlon 49 CFR 173. 118A. 

SECTION.. II - HAZAROOUS alM~NfiNTSIIDENTITX INFORMATION 

PRODUCT MIXTURE (U.S. PAT 3,933,674; RE 129,649): The product baa 
a tlaab point ot 205° F (C

1
o.c. ). No. other hazards as per OSHA 

1910:1200. See SECTION VI or test results. . 
c..lo~~ ~ 

WASTE CLASSIFICATION: ·· Produot hu been evaluated tor RCRA 
oharaoteriatioa and does not meet criteria ot a hazardous waste it 
discarded in its purchased rorm. ... - . - - .. .. . . 

The product in ita purchased torm is not rerulated under the SARA 
hazard categories aa per the EPA WH~ard Categorieaw undtr sections 
311 and 312 or the ·Superfund Amendment and the Reauthoritation Aot 
ot 1986 (SARA Title III). 

SECTION III .. PHXSICAL/QIEMICAI. CHARACTERisTICS 

APPEARANCE: A liquid ot oranae color - o1trus odor 
BOILING POINT& (Initi&l) 367° F; 50J- Jl164 r; 90S- .1!~1• F. 
VAPOR PRESSURE: O. 15 psi t 20• C !.If. 7-~ Lkf_ 1:\ 

- VAPOR DENSITY (AIRa1): .~.5 · .J ~T~ "P 
SOLUBILITY IN VATER: Lesa than 0.001 
SPECIFIC GRAVITY (H20=1): 0.8011 6.69 lbs./U.S. Gal. 
EVAPORATION RATE (BUTYL ACETATE=1)a 0.06 
POUR POINT: M6o• F (ASTM D-97). There is no true freezing point 

. ror this mixture or hydrocarbons. 
DIELECTRIC STRENGTH: 50,000 volta. 

SECTIQN IV - FIRE 1 EXPLOSION HAZARD DAtA 

FLAsH POINT:' 205° F C. 0. :C, Teet Method 
AUTO IGNITION TEMPERATURE: 675° F 
FLAMMABLE LIMITS: Unknown 
COMBUSTIBLE LIMITS: 205° P . 
EXTINGUISHING MEDIA: Water rog, carbon diodda, dry ohem., or toam. 
SPECIAL FIREFIGHTINO -PROCEDURES: Do not uae streams ot water. Thia 

. . • .. __ .. ____ ,, _,. 1\,..,...,.., .. _Q,~;"i . Tn~. Jli1... 



Form 29002 

may cause the scattor or burning liquid and thus 8pread1ng a tire. 
~NUSUAL FIRE & EXPLOSION HAZARD: May produce denae, black _ 3m~ke~-- (. 
~~ Stay upwind or a tire. . 

SEC'IION V - JtEACTIVIII DAIA 

STABILITYs · Stable. 
~INCOMPATmiLITY: Strong oxidizing agenta. 

HAZARDOUS DECOMPOSITION PRODUCTS z As with any· other organic 
material, combustion will produoe oarbon dioxide. 

MATERIALS TO AVOID: Strong oxidit1ng agents. 
HAZARDOOS POLYMERIZATION: Will not ooour, 

~WION :ii - HEALTH & l'OXICIIX DAIA 

/ PRIMARY ROOTES OF· PNTRY: Oral, inhalation and ekin ab11orption. 
CARCINOGEN: NTP: Hone, IARC: None. OSHA: None. 

-? MEDICAL CONDITIONS AGORAVATED BY EXPOSURE: Dermatitis may be 
aggravated by overe~posure or eensitive individuals. 

EMERGENCY & FIRST AID PROCEDURES: In case or swallovi·ng, <1o_no.t_ 
induce v~iting. HarmM or fatal it ingested into the lungs. 
Call a pbydoan. It contacted externallJ, tluah eyee or akin with 
waterJ remove soiled clothing. 

TOXICITY TESTS • ALL T!ST DATA AVAILABLE OPOH REQUESt'. 
ORALz LDSO Greater than 17,750 msJkg (>16 al/ks) 
INHALATION z Ho toxic lll&nifesta tiona. 
DRAIZE Ell IRRITATION: Score O. 00 
PRIMlRY SkiN IRRITATION: Irritation index 0.2 (lov) 
MUSCLE TISSOE: Ho deleterious ttteots. 

SBCTION YII • PRECAJlliQRS E.QB SAFE HAHIXcDm & USE 

STEPS TO BE TAmH IN ·CASE OF MATERIAL RELEASE OR SPD.L: Abaorb with 
dry und or oil absorbent. Dispose in a waste container. 

WASTE DISPOSAL t£THOD: Product ia biodoll"adable. Landtill or 
incineration at any approved tao11ity oontorming to looal, etate 
and tederal regulatio~ 

SPECIAL HANDLING & STORAQE PRECAUTIONS& teep aw&J trom OPeD flue 
or other ignition aourotsi otherwise no special re~uirementa beyond 
adequate seneral ventilation and sood hand11ns practices. 

Thia product, aa vitb all chemicals, ~hould be kept out or reach 
or children, 

SECIION VIII • PSBSQHAL PBOTECIION & CQNTBOL 

SKIN & EYE PROTECTION: Ho special controls are required beyond good 
handling pra~ticea. : 

The information contained herein is furnished without warranty ot ariy 
kind, u~era should consider this data only as a aupple=ent to other 
information &atberad by them and must make independent dete~ination~ 
ot suitability and completeness or information tram all aouroea to 
assure proper uae and disposal ot these materials and the earety and 
health ot employees and customers. 
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· ·A "tv L ';) 1 uN Of E.AJ..vN CORPuRA r ION 
<PRODUCTION DEPARTMENT> DATE ISSUED: 05/15/88 

EXXON COMPANY, U.S.A. 

NCE D ODOR 
Dark. quid 
Strong hydrocarbon solvent odor 

EMERGENCY TELEPHONE NUMBER 
<713) 656-3424 

MAltRIAL SAftTY DATA SHtEi 
P. 0. BOX 2180 

CAS NUMBER 
8002-05-9 

B. COMPONfNTS AND HAZARD INfORMATION 

COMPONENTS CAS NO. OF 
COMPONENTS 

Crude 011 -a naturally occurring 8002-05-9 

HOUSTON, TEXAS 77252-2180 

APPROXIMATE 
CONCENTRATION 

lOOt 
combination of hydrocarbons with 

( .· ;ases, sulfur and nttrogen compounds 

• See Section E for health and hazard Information 
i 
i 

I EXPOSURE LIMIT FOR TOTAL PRODUCT 
Not established for total product 

If hot product ts splashed tnto eyes, flush with clear water and contact phystctan 
1mmedtately. If splashed into the eyes, flush wtth clear water for 15 mtnutes or 
unttl trrttatton subsides. If irritation persists,. call a phystctan • . 

' SKIN CONTACT 
Immediately contact a physic1an for treatment of thermal burns. In case of sk.ln 
contact wtth product under other condit1ons, wash thoroughly with soap and water. 
Removal of product from sk.in may be ai~ed by use of waterless handcleaner. 

INHALATION . . , 
If overcome by vapor, remove from exposure and call a physician immediately. If 
breathing Is irregular or has stopped, start resuscitation, administer oxygen, if 
·vatlable. · · · · 

c:,· ~·G.EST I ON 
Ifmtng~sted, DO NOT Induce vomttfng; call a phys1cfan Immediately. 



1 0. FIRE AND EXPLOSION HAZARD INfORMAliON 

~· \SH POlNT (MINIMUM) 
.ss than 16°C <60°F) to greater 

than 93°C <200°F) PMCC 

AUTOIGNITION TEMPERATURE 
Not Determined 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) - HAZARD IDENTIFICATION 
Health Flammab111ty Reactlv\ty BASIS 

1 3 0 Not Determl ned 

HANDLING PRECAUTIONS 
Keep product away from heat sparks, pilot lights, static electricity, and open flame. 

FLAMMABLE OR EXPLOSIVE LIMITS (APPROXIMATE PERCENT BY VOLUME IN AIR) 
Estimated Values: Lower Flammable Limit: 0.6X Upper Flammable Limit 1St 

HOT CRUDE FLASH WARNING 
Studtes have shown that relatively low flash point substances, such as low boiling 
hydrocarbons, may accumulate in the vapor space of crude tanks and bulk transport 
compartments. Such vapors may exhibit flammability characteristics of a significantly 
lower flash product than would be 1nd1cated by the flash test. As a precaution, keep 
ign1t1on sources away from vents and openings, including prevent1on of accumulat1on 
of ~or~'.,//£su}Eje. 

EXTINGUISHING MEDIA AND FIRE FIGHTING PROCEDURES 
Foam, water spray (fog>, dry chem1cal, carbon dioxide and vaporizing liquid type extin­
guishing agents may all be suitable for extinguishing fires involving this type of 
product, depending on size or potential size of fire and circumstances related to the 
situation. Plan fire protection and response strategy through consultation with local 
f1re protection authorities or appropriate specialists. 

The following procedures for this type of product are based on the recommendations 1n 
the National Fire Protection Association's "Fire Protection Guide on Hazardous 
M.a.terials", Eighth Edition <1984>: 

Use water spray, dry chemical, foam, or carbon dtoxtde. · Hater or foam may cause forth­
tog. Use water to keep fire-exposed containers cool. Hater spray may be used to flush 
Sp111s away from exposures. H1n1m1ze breathing gases, vapor, fumes or decomposition 
products. Use supplied-air breathing equipment for enclosed or confined spaces or as 
otherwise needed. 

DECOMPOSITION PRODUCTS UNDER FIRE CONDITIONS 
Fumes, smoke, carbon monoxide, aldehydes and other decomposition products, tn the 
case of Incomplete combustion. • 

~o''"'"'''z or ' 
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"EMPTY" CONTAINER WARNING 
"Empty" containers retain residue <liquid and/or vapor> and can be dangerous. 00 NOT 
PRESSURIZE, CUT, WELD, BRAZE, SOLDER, DRILL, GRIND OR EXPOSE SUCH CONTAINERS TO HEAT, 
FLAME, SPARKS, STATIC ELECTRICITY, OR OTHER SOURCES OF IGNITION; THEY MAY EXPLODE AND 

r-A\USE INJURY OR DEATH. Do not attempt to clean since residue Is difficult to remove. 
\ .mpty" .drums should be completely drained, properly bunged and promptly returned to a 

·wrum recondltloner. All other containers should be disposed of In an environmentally 
safe manner and In accordance with governmental regulations. For work on tanks refer 
to Occupational Safety and Health Administration regulations, ANSI Z49. 1, and other 
governmental and Industrial references pertaining to cleaning repairing, welding, or 
other contemplated operations. 

t. HtALTH AND HAlARD INfORMATION 

VARIABILITY AMONG INDIVIDUALS 
Health studies have shown that many petroleum hydrocarbons pose potential human health 
risks which may vary from person to person. As a precaution, exposure to liquids, 
vapors, mists or fumes should be minimized. 

EFFECTS OF OVEREXPOSURE (SIGHS AND SYMPTOMS OF EXPOSURE) 
High vapor c I n Irritating to the eyes and the respiratory tract, may 
cause aches and dlzztn e anesthetic, may cause unconsciousness, and may have 
other centra nervous system ef cts Including death. CAUTION: Product sometimes 
shipped hot: protect against burnhi~ 

. .-."URE OF HAZARD AND TOXICITY I HFORMA T I ON 
-~~In contact with hot product may cause thermal burns. Prolonged or repeated contact 
with this product at warm or ambient temperatures tends to remove skin oils, possibly 
leading to Irritation and dermatitis. 

Eye contact with hot product may cause thermal burns. Contact wtth this product at 
warm or ambient temperatures may cause eye Irritation but will not damage eye tissue. 

This product may contain benzene, CAS #71-43-2, as a natural constituent. Benzene can 
cause anemia and other blood·dlseases. Including leukemia <cancer of the blood-forming 
system>, after prolonged or repeated exposures at high concentrations <e.g., 50-500 
ppm>. It has also caused fetal defects tn _tests on laboratory animals. 

OSHA Regulation 29 CFR1910.1028 establishes an action level for benzene of 0.5 ppm·as 
an 8-hour time weighted average, and permissible exposure limits of 1 ppm as an 8-hour 
ttme weighted average, and a short-term exposure ltmlt of 5 ppm as averaged over any 
15 minute period. 

The American Conference of Government Industrial Hygienists <ACGIH> has adopted a 
threshold ltmtt value for benzene of 10 ppm In air <30 mg/m'> as a time weighted 
aver age for an 8-hour workday wIth 2 5 ppm <75 mg I m' l J~~· /ouw.. ZJr· . ~ ·-f 

•Ot4m/pg,) 0' ' 



'"'' vv'l:" v•, .. a~ IJ~:~:•• l••u"" ~v ~oo.u).: )~In cancer In animal tests. In such lifetime sit. In 
painting tests the substance was applied to the shaved backs of mice at regular 
Intervals without cleanup between applications. In view of these findings, there may 
be a potential risk of sk1n cancer In humans from prolonged and repeated skin contact 
with this product In the absence of good personal hygiene. 

Limited studies on otls that are very active carcinogens have shown that washing the 
the animals' skin wtth soap and water between applications greatly reduces tumor forma­
tion. These studies demonstrate the effectiveness of cleansing the skin after contact. 

Potential risks to humans can be minimized by observing good work practices and per­
sonal hygiene procedures generally recommended for petroleum products. See Section I 
for recommended protection and precautions. 

PRE-EXISTING MEDICAL CONDITIONS WHICH MAY BE AGGRAVATED BY EXPOSURE 
Benzene - Individuals with liver disease may be more susceptible to toxic effects. 

Petroleum Solvents/Petroleum Hydrocarbons - Skin contact may aggravate an existing 
de r mat It I s . 

F. PHYSICAL DATA 

THE FOLLOWING DATA ARE APPROXIMATE OR TYPICAL VALUES AND SHOULD NOT BE USED ~OR 
PRECISE DESIGN PURPOSES 

D~ILING POINT 
~as to 550°C (1000°F +> 

SPECIFIC GRAVITY (HzO = 1) 
Greater than or equal to 0.7 

MOLECULAR WEIGHT 
Not Ava 11 a b 1 e 

pH 
Essentially Neutral 

POUR, CONGEALING OR MElTING PO I HT 
Not Ava 11 ab 1e 

VISCOSITY 
Not Ava 11 ab 1 e 

J'4m/ps.• o' ' 

VAPOR PRESSURE 
Not Ava 1 lab 1e 

VAPOR DENSITY (AIR = 1) 
Not Available 

PERCENT VOLATILE BY VOLUME 
Up to SOt 

EVAPORATION RATE @ ATM. AND 25°c 
(77°F) (n-BUTYL ACETATE = 1) 

Not Available 

SOLUBILITY IN WATER 
Negltglble 

.. 
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G I RtACTIVIiY 

( 
This pr9duct Is stable. Hazardous polymerization will not occur. Avoid contact with 
trong oxidants such as liquid chlorine, concentrated oxygen, sodium hypochlorite or 

~alclum hypochlorite. Hot product In contact with water can cause foaming or sudden 
evolution of steam which could cause pressure build-up and possibly rupture a tank or 
vessel. 

Hydrogen sulfide from the product can react with the Iron In Crude storage tank to form 
ferrous sulfide which Is pyrophorlc. 

H. tNVIRONMtNTAL INfORMAiiO~ 

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED 

. . 

Shut off and eliminate all Ignition sources. Keep people away. Recover free liquid. 
Add sand, earth or other suitable absorbent to spill area. Minimize breathing vapors. 
Minimize skin contact. Ventilate confined spaces. Hot product may solidify when 
cooled. Keep product out of sewers and watercourses by diking or Impounding. Advise 
authorities If product has entered or may enter sewers or watercourses. 

Assure conformity with applicable governmental regulations. Continue to observe pre­
cautions for volatile, flammable vapors from absorbed material . 

. >.1A HAZARD CLASSIFICATION COOE: 

ACUTE 
HAZARD 

XXX 

I. PROTtCTION AND PR~CAUTIONS 

VENTILATION 

CHRONIC FIRE PRESSURE REACTIVE 
HAZARD HAZARD HAZARD HAZARD NOT APPLICABLE 

XXX XXX 

Provide ventilation sufflchnt to prevent exceeding reconvnended exposure 1tm1t or 
build-up of explosive concentrations of vapor In air. Use explosion-proof equipment 

RESPIRATORY PROTECTION 
Use supplied-air respiratory protection In confined or enclosed spaces, If needed. 

PROTECTIVE GLOVES 
Protect against hot liquid. Use chemtcal-resistant gloves to avoid skin contact. 

EYE PROTECTION · · 
Use splash goggles or fact shl~ld when eye contact may occur • 

.,. . ( . :___ _________________ _ 
•o••'"/" 9 .s o' ' 



IOTHER PROTECTIVE EQUIPMENT 
i Use chemical-resistant apron or other Impervious clothing, If needed, to protect 

against hot liquid and to avoid skin contact. 

'RK PRACTICES I ENGINEERING CONTROLS 
Jse explosion-proof equipment. No smoking or open lights. 

PERSONAL HYGIENE 
Minimize breathing vapor, mist or fumes. Avoid prolonged or repeated contact with 
skin. Remove contaminated clothing; launder or dry-clean reuse. Remove contaminated 
shoes and thoroughly clean before reuse: discard If oil-soaked. Cleanse skin 
thoroughly after contact. before breaks and meals, and at end of work period. Product 
Is readily removed from skin by waterless hand clean~rs. followed )y washing thoroughly 
with soap and water. 

J. TRANSPORTATION INfORMATION 

TRANSPORTATION INCIDENT INFORMATION 
For further Information relative to spills resulting from transportation Incidents, 
refer to latest Department of Transportation Emergency Response Guidebook for Hazardous 
Materials Incidents, DOT P 5800.3. 

DOT IDENTIFICATION NUMBER 
UN 1267 

DOT CLASS I FICATIOH 
Hot regulated If flash point Is 1200°F 
Flammable Liquid (flash point <100°F> c~ 
ombustlble Liquid (flash point 100 to <200°f) 

DOT SHIPPING NAME , 
Crude 011 Petroleum 
The Information and recommendations contained herein are, to the best of Exxon's 
knowledge and belief, accurate and reliable as of the date Issued. Exxon does not 
warrant or guarantee their accuracy or reliability. and Exxon shall not be liable for 
any loss or damage arising out of use thereof. 

The Information and recommendations are offered for the user•s consideration and 
examination, and It Is the user•s responsibility to satisfy Itself that they are 
spltable and complete for Its particular use. 

The Environmental Information Included under Section H hereof as well as the National 
Fire Protection Assoc1at1on <NFPA> ratings have be~n Included by Exxon Company, U.S.A. 
tn order to provide additional health and hazard classification Information. The 
ratings recommended are based upon the criteria supplied by the developers of these 
rating system, together with Exxon•s Interpretation of the available data. 

FOR ADDITIONAL INFORMATION ON HEALTH 
EFFECTS CONTACT: 

Director of Industrial Hygiene 
Exxon Company, U.S.A. 
P. 0. Box 2180 - Room 3157 
. ouston, Texas 77252-2180 

1 <713) 656-2443 

.. 
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Miloitaa CA 95035 

&; &.mtl 
~ Compol•~t~ISoecilc 0wm1c:11 ~ r~ ~_, OSJ-I~ Pe. 1:;;c:.:·'r"'1· - · '-'tim••~ "'(~ 

Thia roduct ia classified &I an OXIDIZER for ahippin& purpoaea. Each prill 
is a mixture of: ammonium nitrate 

coating made from vegetable oil reacted vith cyclic 
diene. ., . 

. . 
-------------------------'-----~-------------------------------------------­• ·-~-

c:· -------:------------------..:..·~··-· -----
, -

~'* ~'""'" lpdc ~ f¥). t) . . . 
Decoaspoaea on beatiq. Xnow . -·-~-.... .. 1.2 

Vf~P:W ,_... .._. ~ Not ~.-.. . ··.~ . Not . . . ... . ··P-VItti« Dlnlly ~ • 1) pou• ~· .... . . . -·-··· .. 
volitale ......AI:.-.. t) volitalt -~In w.. SG-851 

~wa..SOdar 
No odor. PrUla ·are apberical in 1bape and a.ix.c! li&ht aD4 c!ark tan~{:': ' ... 

· Dt r !'DPO"" on buUna , I A::•wtlll Ulllll . . • . .. -·. (LU6o- I UB. HOD-
- !f_ -!!e-•ble · ,. · · ···-lf~eble fla~~~~ahle 

. .......... . ... . - . . .. . .......... -~-{ __ ~ :-_ .--,~·;·:~ - -
. •• • • • •• • •• -~ ·::· · i ---:7'= 

Spedltfh~~ 
Flood vith.vater to cool container•• . · ... - . -- ... _.,.._..- .. -~ ; . •- ..; . · .. 

··-' 
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deeoapolition to nitroa~ oxtdu. 

= -~==~~~~~~~b;~----------~'~!d~u~s~in~&~·~~~~~t•~·~---------------------------. ·~ ~·. i;?a•• '( 
~~~=~=.=~~-~-,~~:;~~~~~-----lr-x~~~e;=~~=.~.~~:wN-~-:-:-o~a~•o~o-x_t_d_••-·--------------------------~( 

~Uo 

ltat oral t.DSO areater than 20pa/q 

None 
&ia~·t 

No 

sq. rd ~ ol ~ lead Ingeation can to gaatro-inteatinal dieturbane ... 

Ingeation could aggravate ca•tro-inteltinal probleae. 

Emergetq end~ /tid~ ln&eation: dela;-ablorptioa o! nitT&tc..a by ~~vi~ water 1 ailk 
· ot acuvaeilS tnneot and etta i810Ve by toreed ,•oaiUq or aaatrie 

• ~ VI - PrtcautSonl tot life HlldiiQ lnd UM · . · 1~ 
IC'e »e. T-.n ~c..~ 11 'hm ~ or ll5*d ' 

Sveeo up • 
• 

w...--~ Apply to fielcl u feTtilber, ot' tTan.poTt to m appTOYec! huardoua vute 

diapoaal facility. 
~ •Be T-.n ~ Hlldl,n--. 

Protect froa but ·and aoiatuTe. 

. ... 

r~ ' t "":. 

-- · .. ; . ....... . 

........ Lee~~ e... 
None 
requiTecl llltlc::fwllcll ~ 

·. · · •, 

"*~~-_.,..u 
~~· ( ~~~K~~;~~------~~----------------------------~~~---- : 

Adequate peTIODal bzaiene • .... 
. .... ~- - -· · · 

.r' · - . \· 
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E)}( ON MATERIAL SAFETY DATA SHEET PAGE 1 ..,_ .... __ 
CHEMICAL 

EXXON CHEMICAL AMERICAS • 1'.0. BOX 3272, HOUSTON. TEXAS 77001 
A Ooviaion of EXXON CHEMICAL COMPANY, A Ooviaoon of EXXON CORPORATION 

08/01/89 NO. 795800 

~~~ PRODUCT IDENTIFICATION & EMERGENCY INFORMATION 
PrOUCT NAME " ) Corexit 9580 7-9580 

C~AL NAME~I ot applic e: Blend 

CHEMICAL FAMILY / Shoreline Cleaner 
PRODUCT APPEARANCE/DESCRIPTION ( Clear Straw Colored Liquid . 

Hydrocarbon Odor 

EMERGENCY TELEPHONE NUMBERS: EXXON CHEMICAL AMERICAS 713-870-6000 
CHEMTREC 800-424-9300 

SECTION 2 HAZARDOUS INGREDIENT INFORMATION 

The composition of this mixture may be proprietary information. In the event of a 
medical emergency, compositional information will be provided to a physician or nurse. 
This product is hazardous as defined in 29 CFR1910 . 1200, based on the following 
compositional information: 

COMPONENT r OSHA HAZARO Paraffinic Solvent Combustible Liquid 
Paraffinic Solvent, Organic Esters Eye and Skin Irritant 
Paraffinic Solvent Vapors Irritant to Eyes 

and Respiratory Tract 

· For add i tiona 1 information see Secti-on 3. 

SECTION 3 HEALTH INFORMATION & PROTECT ION' 

NATURE OF HAZARD 
EYE CONTACT: 

Irritating, but does not injure eye tissue. 
SKIN CONTACT: 
~Low order of toxicity. 

Frequent or prolonged contact may irritate and cause dermatitis. 
INHALATION: 

High vapor concentrations are irritating to the eyes and the respiratory 
tract, may cause .beada~~s and dizziness, are anesthetic and may have 

....-- ~ 
~ber cectrAl nervous sys e~cte. -· INGESTION: --~Small amounts of the liquid aspirated into the respiratory system during 
ingestion, or from vomiting, may cause bronchiopneumonia or pulmonar_y 
edema. 

FIRST AID 
EYE CONTACT: 

Flush eyes with large amounts of water until irritation subsides. If 
irritation persists, get medical attention. 

SKIN CONTACT: 
Flush with large amounts of water: use soap if available. 
Remove grossly contaminated _clothing, including shoes, and launder before 
reuse. . 
If irritation persists, seek medical attention. ·- .. 

' 

THIS INFORMATION RELATES TO THE SPECIFIC MATERIAL DEIICNATED AND MAY NOT ll VALID FOR SUCH MATERIAL USED IN COMIINATION WITH ~ 
OTHER MATERIALS OR IN ANY PROCESS, SUCH INFORMATION II TO THE lEST~ OUR KNOWLEDCE AND llLilF.t ACCURATE AND RELIAILI AI OF THl 
DATI COMPILED, HOWEVEII NO REPRESENTATION WARRANTY OR CUARANTEI II IIADI AI TO ITI ACCURACY, lliiLIAIILITY OR COMPLETENESS, IT IS 
THl USER'S RESPONSIIILfTY TO SATISFY HIMS£LF AS TO THE SUITAIILITY AND COMPLETENESS OF SUCH INFORMATION POR Hll OWN PARTICULAII 
USE, WE DO NOT ACCEPT LIABILITY FOR ANY LOSS OR DAMACl THAT MAY OCCUR FROM THI USE OF THIS INFORMATION NOR DO WE OFFER WARRANTY 
ACAINST PATENT INFRINCEMENT, 
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NO. 7958o0oo 

INHALATION: 
~Using proper respiratory protection, immediately remove the affected 

victim from exposure. Administer artificial respiration 1f breathing 
is stopped. Keep at rest. Call for prompt medical attention, 

INGESTION: 
If swallowed, DO NOT induce vomiting, Keep at rest. Get prompt medical 
attention. 

WORKPLACE EXPOSURE LIMITS 

" EXXON RECOMMENDS THE FOLLOWING OCCUPATIONAL EXPOSURE LIMITS: 
~300 ppm total hydrocarbon based on composition. 

PRECAUTIONS 

PERSONAL PROTECTION 
For open systems where contact fa likely, wear safety glasses with side 
shields, long sleeves, and chemical resistant gloves. 
Where contact may occur, wear safety glasses with side shields. 
Where concentrations in air may exceed the limits given in this 
Section and engineering, wor ractice or other-means ef exposwPe 
redu are not adequate NIOSH/MSHA approved respirators may 

to by inhalation. 

VENTILATION 
The use of mechanical dilution venti 
product is use -, n a conf ned space, 
or is agitated 

CHRONIC EFFECTS 

t_lcm_ts recommended ~ this 
is heated above tent temp.eratures, 

Laboratory animal studies have shown that P-rolonged and repeated_ inhalation 
exposur e to light hydrocarbon vapors in the same naphtha boiling range as 
this product can produce ~dverse kidney effects fn male rats. ~owever, these 
effects were not observed in similar studies with female rata and male and 
female mice and 1n limited studies with other animal species. Additionally, 
1n a number of human studies, there was no clinical evidence of such effects 
at normal occupational levels. It is therefore highly unlikely that the 
kidney effects observed fn male rats have significant implications for humans 
exposed at or below recommended vapor limits in the workplace. 

DATA IS AVAILABLE UPON REQUEST 

~~~~~~~~~~~~~~~n form combustible mixtures at temperatures at 
r a ove the flashpoint. 

Toxic gases will form upon combustion. 
•Empty• containers retain product ·residue (liquid and/or vapor) and can be 
dangerous. DO NOT PRESSURIZE, CUT, WELD, BRAZE, SOLDER, DRILL, GRIND, OR 
EXPOSE SUCH CONTAINERS TO HEAT, FLAME, SPARKS, STATIC ELECTRICITY, OR 
OTHER SOURCES OF IGNITION; THEY MAY EXPLODE AND CAUSE IN~URY OR DEATH. 
Empty drums should be completely drained, properly bunged and promptly re­
turned to a drum reconditioner, or properly disposed of, 

FIRE FIGHTING 
Use water spray to cool fire exposed surfaces and to protect personn 1. 
Isolate 'fue l* s Opp ly f·rlmrf'i 
Use alcohol type foam, dry chemical ~ water SP-ra~to extinguish fire. - CJUt..IIUZ • ._. 

.. 
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. ~ON MATERIAL SAFETY OAT A SHEET 
CHEMICAL 

7-9580 08/01/89 Corexit 9580 

Respir8tory and eye protection required for fire fighting personnel. 
Avoid spraying water directly into storage containers due to danger of 
boi 1 over, 

DECOMPOSITION PRODUCTS UNDER FIRE CONDITIONS 
Smoke , Fumes , Carbon Monoxide , Carbon Dioxide 

SECTION 5 SPILL CONTROL PROCEDURE 

LAND SPILL 
Eliminate sources of ignition. Prevent addi~ional discharge of material, 
if possible to do so without hazard. For small spills implement cleanup 
procedures: for large spills implement cleanup procedures and, if in 
public area, keep public away and advise authorities. Also, if this 
product is subject to CERCLA reporting (see Section VII) notify the 
National Response Center. 
Prevent liquid from entering sewers, watercourses, or low areas. Contain 
spilled liquid with sand or earth. Do not use combustible materials such 
as sawdust. · 
Recover by pumping (use an explosion proof or hand pump) or with a 
suitable absorbent. 
Consult an expert on disposal of recovered material and ensure 
conformity to local disposal regulations. 

WATER SPILL 
Consult an expert on disposal of recovered material and ensure 
conformity to local disposal regulations. 

SECT~ON 6 NOTES 

This product may contain trace amounts of (ethylene oxide / 
(CAS No. 75-21-8), a condition which creates the potential for 
accumulation of ethylene oxide in the head space of shipping 
and storage containers and in enclosed areas where the product 
is being handled or' used, Ethylene oxide is considered by OSHA, 
IARC, and NTP as a potential carcinogen for humans. Ethylene oxide 
may also present reproductive, mutagenic, genotoxic, neurologic 
and sensitization hazards in humans. If this product is handled 
with adequate ventilation, the presence of these trace amounts 
is not expected to result in any short or long ter~ hazards. 

SECTION 7 REGULATORY INFORMATION 

TSCA: ~-r.::::-J 
Components of this product are listed on t~ventory. 

CERCLA: 

). 

( 

PAGE 3 
NO. 7958000< 

If this product is accidentally spilled, it is not subject to any special reporting 
under the requirements of the Comprehensive Response, Compensation, and Liability Act 
(CERCLA). We recommend you contact local authorities to determine if there may be 
other local reporting requirements. 

SARA TITLE III: 
Under the provisions of Title III-, Sections 311/312 of the Superfund Amendments and 
Reauthorization Act, this product is classified into the following hazard categories: 
Immediate .health, Delayed Health, Fire. 
This product does not contain ·section 313 Reportable Ingredients. 

CJ<AJUZ • ' 
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~~~~-----S_E_C_T_I_O_N_a ___ T_Y_P_I_CA_L __ P_H_Y_S_I_CA_L __ & __ c_H_E_M_Ic_A_L __ P_R_O_PE_R_T_I_E_s ________ ~r 
IC GRAVITY: 
t 60 Not available 
y: 6.8 lbs/~al at 60 
~~JY IN WAtER, WT. ~AT •F: 

1spersib 

SP. GRAY. OF VAPOR, at 1 atm (A1r=1): 
5.00 Not available 

EVAPORATION RATE, n-Bu Acetatec1: 
0.0 Calculated 

SECTION 9 

STABILITY: 
Stable 

CONDITIONS TO AVOID INSTABILITY: 

rVAPOR PRESSURE, mmHg at •F: 
2 at 100 Calculated 

VISCOSITY OF LIOUib, CST AT 
3 at 100 Cannon-Fenske 
2 at 150 Cannon-Fenske 
F~EEZING/MELTING POINT, •F: 
-65 Pour Point 

BOILING POINT, •F: 
429 Not available 

REACTIVITY DATA 

HAZARDOUS POLYMERIZATION: 
Will not occur 

COND. TO AVOID HAZARDOUS POLYMERIZATION: 
None Not applicable 

~ MATERIALS AND CONDITIONS TO AVOID INCOMPATIBILITY: 
~Strong Oxidizing Agents 

HAZARDOUS DECOMPOSITION PRODUCTS: 
None 

SECTION 10 TRANSPORT AND STORAGE 

U.S. DOT CLASSIFICATION: UN NUMBER: 
Combustible Liquid U.S. DOT Identification Number: NA 1993 

ELECTROSTATIC ACCUMULATION HAZARD: 
Unknown, use proper grounding procedure 

STORAGE TEMPERATURE, •F: 
Ambient 

STORAGE/TRANSPORT PRESSURE, mmHg: 
Atmospheric 

LOADING/UNLOADING TEMPERATURE, •F: 
Ambient 

VISC. AT LOADING/UNLOADING TEMP., eST: 
Not available 

REFERENCE NUMBER: DATE PREPARED: SUPERCEDES ISSUE DATE: 
HDHA-A-12003 August 1,1989 ~uly 27,1989 l------------------------------------------1'--· 

FOR ADDITIONAL PRODUCT INFORMATION, CONTACT YOUR TECHNICAL SALES REPRESENTATIVE 
FOR ADDITIONAL HEALTH/SAFETY INFORMATION, CALL 713-870-6885 
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l'f<.ON COMPANY. USA 
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$UPIAS[DIS DATI: •••••••••• 

MATERIAL SAFETY DATA SHEET 
IXXON COMPA~Y, U.S.A, ,,0, lOX 2110 HOUSTON, tx 77212•2110 

IDENTIFICATION AND EMERGENCY INFORMATION 

Q1tM%eAL NAMI 
l(o~e~r•datton aee•t•r•t~ng a~nt 

PAODUCT APPIARAHCI AHD ODOR 
Clear 11QYICI 

NIDICAL INl~GENCY TeLt,HDNE NUMIIR 
o t3 > nc-,•2• 

PftOOUCT COOl 
,, .... , .. 84611 

CAS MJNIIIt 
COI'IIt) 1t)C M hcture 
CAS Number net app1 icab1e 

B. COMPONENTS AND HAZARD INFORMATION 

Thll forMUlation oontalna the fo11owlno 
hazardOul co~ponent: 

2·1utoxyethano1 (ethylene g1yco1 ~onobuty1 
etrwr) 

/ 
c·--.. See SectfQt'l l for ~a1th end ~Z·"" lnforiiiUf~. 

See Section H for •ddftiOna1 Environmental Jnfor~~~ation. 

. MATUULS JD£NTIFlCATJOH . SYSTtM (tt41S) 
1ammabl11ty R•aatfvlty lASll 

1 0 R•e~na.cr by Exxon 

I LJMlT rtm TOTAL ,~ lAIII 
25 ocm (120 mg/mJ) for Rec~noea Dy the A~rican Conference of Govarnm•nta1 

I 
2-lutoxyeth•not (a~in) Inouatr1a1 Hyg1ent•t• (ACGIH) 

. OSHA •eeu1atton at e'• tlt0.1000 

I c. 

I EY£ CONTACT 
Jf ap1.ahed into the ·~··· f1ua~ With c1aar water for I •inutel 0~ untt1 trritati~ I •uba i ~·. 1 f f rr t ut iOtt per's t at• • . ca11 a phv-1c taft. . 

I St<JN . / 
Jn c•we of 1ktn contact. r~v• any conta~tnated cloth1nQ~ wash •k1ft thOroughly wfth soap 
and water. 

C IL-----~---------____.J 
,. !\. 02 7 ?l/oiWI400, 
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D. FIRE AND EXPLOSION HAZARD INFORMATION 

'LASH POINT (MIN%-..) AUTOIQNITION TtwUATVU 
Qreatar ~han tOO'C Not Otttr~l~ 

\ 

NATIONAL FIRE 'ltOTECTZCN AS$0CZATJOH (N1PA) • HAZJJtD JDCNTIPICATlCN 
Health P hwntb I 11 ty bactt v tty lAS II 

3 1 0 Rec:OfiMnded t)y ExlCOn 

HANDLJNQ ~tc.wTIOHS 
, ~ uae produc~ wtth caution around heat, aparke, pilot 1tghta, ttatic e1ectrtctty, and 

r- open f1a-.. 

c.· .. 

rLAMNAILI OR IXPlOSlV! LIMITS CAP,~XlMATI P!~HT IY VOLUME IN AIR) 
latt~ated valuet: Lover ,1a~~•b1e L1~1t O.t~ U~tr ''•~MAble Lt~lt 11 

UTZNOUISHJNQ MIDU N4D ru1 'JC»irlNG ~ROCIDUR£1 • 
'oa~. water apray (fog), dry cht~tca1, carbon dioxide and va~rlzing 11QU1~ typa extlngUiahing 
a;.nta ~•Y a11 be eutta~1• for exttnguiahtng ftret lnvo1v1~ thtt type of produCt, dtpendtn; on 
t1ze or potent1a1 ttze of fire and clrcumatane•• re1at~ to the tttuatiOft, Plan ftre protection 
and responae atrategy through consultation with 1ooa1 fire protection euthorlttea or approortate 
tpeQ1a1 lata. 

Tn. fo11o~t1n; pr'oeeCNres for tl'lia tYJ)t of prOdUCt are based on tha racQawlle~ttont in the 
National 'Ire Protection A•aoctat1on't .,Ire Pro1eCtlon Qutde on HAzardOus Katerta1a•. ftghth 
Edit ton ( 1SI4): 

use water apray, ~ry c~fca1, foaN or ca~bon ~text~ to extlngufth the f1ro. Ute wate~ to k.-o 
f\re-txoottd contatnert coo1. lf a 1•ak or apt11 hat not ignite~. uat wattr ao~ay to ~t•~•r•• 
the vaoort •~ to provf4t protection fOr ~n atte~tfng to stop a leak. Vattr toray .ay 
be u••~ to flut~ tP111t awey from expoturet. M1n1M1~t breathing of D611t, vapor, fu-.a o~ 
oeeompostt1on orOdVCta. u .. tupp11ed•&fr breatl'ling equt~nt for enc1oaecl or oonftned soace1 
o~ aa otn.rwtae neeoed. 

DECOM,OSZTIOH PRODUCTS UNDER PZRI CONOlTIONI 
Pv~••· amokt, carbon monoxide, al~hydet •~ other deconpoaltton prOduett, tn the catt of 
inQonp1 ett cOflbuat ton. 

•~t~lf~TV • CCHT AINIIl VARNlNQ 
•ErDPty• contatnerl rttaln retfell.le (11QI.Iid an4/or vapor) and can be csanoerout. 00 NOT 
PAESSURJZI, CUT, WELD, IRAZI, SOLDER, DRILL, ORJNO OR IXPQSI SUCH CONTAINERS TO HIAT, 
FLAM&, SPAqKS, STATIC ELICTRJClTY, OR OTHIIl SOURCES 0' IONJTIONt THEY MAY EX'LOOI ANO CAUSE 
tN~URY OR OIATH, Do not att.-ot to cl .. n aiftOI reatdUe ta dtfftcv1t to re-eve. •rMOty• d~umt 
a~1d be ~1tte1y Cfrat~. p~rty bunged •~ proaotly returned to a ~ua recondftfoner. 
A 11 ot,....r· contatnera th01.11d be tftapolecl of tn an env1rOtBenta11y safe aanner ·~ In 
accorcsance wtth gover~nta1 regulattona. Por vork on tanka refer to Cccupatton.1 
Sa,ety anG Hetlth A~tnlttrttion ~1attona, ANSI 1•1.1, •~ other governnental •~ 
f~strta1 reftrencet pertatntng to o1 .. ning, repatf'lf'IO, "41dtng, or ou~e,. conte~aP1tted 
oe>erat iOnt. 

E HEALTH NCJ HAZARD INFORMATION 

! IFFICTS 0' OV~IIt!XPOSURE (Sf~ and sywotees of e~S\IN) 
I : ... M.a J':'Qn ~· I"!•Q!"' vaco!" ~o~e•!"'~ .. •':'o~s 't8'J' nave ~., ... :tt !!'an:;•,; f"';)I'II _CI,ZZ\I'IeSI. "•a~ae~. c· i &"0 -eoO>ratO"Y l•ro•a••o" tO "neons<•OU&<IOU ano oent•'Y oaa•n. 

····017~11 
P4Qlr I 
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HA~ D' HAVJilD ~ 1'0.)(1C1TY 1Nf~TJON ..•. / / 
Pro\o~d or r~oeted tk1n cont•ct ••v cav•• •ktn trrt~on. I 
ProdVct cont•ct1ng the eyee ~v cause •v• 1rrtt•tton. 

%nho1•t1on of hiv" v•oor concentrations ~•Y ceutt u~r rtsptratory tract trrttattOft, 

USI CAUTION WHIN MANCLINQ THIS MATIRIAL. 

Component• of thtl prodvct (2·bvto~yeth•no1) may b9 •bsor~d through the tktn ana could pro~vet 
b1oo~ •nd ~ldney o.~ge. Sympto~• of overexooture 1nc1uO. P•1tntll an4 rtd dllcoloration Of tht 
urt,., 

PRE·EXUtlNQ MEDICAL CON'D1TlONS \MICH MAY IE AOOAAVATEC IY tXI'~t 
PetroteuN So1vents/PetroteUB HydroearbOnt • $k1n contact .ay ag;ravate an oxttttng O.rmatit11. 

Q1yco1 tther1 • Person• with a htttory of blood and/or ktdney disease should avoid exoo1ure to 
tht 1 product. 

F. PHYSICAL OAT A 

T~ following data .,... ~r'O)(fNte or typtca1 vaJues and thou1d not be uted ff>r pNtefs• 
des f ;n pyrpoau. 

~.o-1.1 1 
POUR. ~tALINQ OR MELTJNO POINT 

11' c 
VISCOSITY 

210 ~-S-t) • 20' C 

G. REACTIVITY -· -

VAJtOR PIUSIUQ 
10 I'IWI Hg • 20' c 

VAPOft DENSITY (AIR 
Not deter•fned 

• t) 

PE~M VOLATILE IY VOLUIC 
Not d1Jter111fned 

tVAPORATJON ltATI • 1 ATM. ~ 21 C (77 F) 
(n-IUTYL ACfTATI • 1) 

Not cseteNIItnM 

SOLIJeXLl'tY IN VATD • 1 ATM. 1H:J 21 C (?7 F) 
100J' 

Thts prOduct 11 ttab1e and v111 not ~eact violently with water. Hazaraoua po1yMer1~atton 
w111 not occur. Avot~ contact with atrong o~toantt tuoh ae \1QU1G ch1or1ne. conc.ntratea 
~od1~ hypochtortta or calcfu. hypoch1or1ta. 

H ENVIRONVENT AL INFORMATION 

STEPS TO II TAK!M JN CASI MATE-tAL IS RILIASID Olt SJtlLLED 

-

ShUt off and el illtnata a11 1gnft ton tovrcea. Keep ~ople away. lltacovero frH p~OdUCt. Aesd una. 
aarth or other suttab1e absorbent to ·aot11 area. Mint~ttze cr .. thtng vapors. MintMi2e ekfn 
contact. vent11ate conftnad ·~e••· Open a\1 window• and aoore. K~ prO<Iuet out of aewere and 
w•tercourau by ~1k'ln; or 11ftPOUndtng. AdVtee •uthor1ttet 1f pr~t 1\as anteMtd o~ NY enter 
eewera. watercovrses, or extenstve 1and areaa. 
Aeaure conforatty wtth app11Cab1• gcvar~nta1 regulattont. 

TH[ ~Ol.LOV%HQ INFORtcA'tZOH NAY It US!ftUL IN COMI>LYJNQ WlTH VAJitiOUS STATI AHO ,tDfJtAI. ·LAWS AND 

PAGE: I 
DATE ISSUED: 07/21/81 
SUPlRS!OIS DATI: •••••••• 
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~------------------------------------------------------------------~-------------------~· 
ftiQU\.A T I 0NS UND£~ V AAI out IHV I RQNm(T AL S1' ATVTU: 

IU~AJI...f QUAHTJTY (RQ), IPA RIQU\.ATJDN 40 tnt ~2 (Cl~ s.c1ton 102) 
No ~0 for proouot or any conatuuant greater than t~ _ or- O,J~_(_ca,rotnO~n). 

. ---
THIItUHOLD PLAHNINQ QUAHTITY (TPQ), IIJA IUQUL.ATZDN 40 Cflll 211 (SMA StottOM 201-~) 

No T,O for pr~t or any eonatttuant greattr t~n ~~ o~ O.•K (carcinogen). 

TOXIC CHlMJCAL RILIASI RIPORTJNQ, IPA IUQUUTION &0 C"'- U2 (SW S.Ctton $1t) 
No tOxiC ChemiCal il preaant graattr than ~~or 0~ 1~ (oarotnoo-n). 

I. PROTECTION AND PRECAUTIONS 

I V~JLATION 
~!·· on1y with ventt1atton tufftctant to provont oxete~lng recommended ••coturt 1t•tt or Dutldup 

of exploatve co~antratlona of vapor tn atr. NO tmo~lng , f1•~ or ot~r Ignition aourcaa . 

ilrfS,IUTORY ~ltOUCTJON · 
~V-use tVP01ted·a1r resctratory protection 1n confl~d or tnclot.o tpaott, if ~ed*d. 

\~•• approved or;.ntc vapor respirator for conoantratlonl Of 2-butoxytthtno1 in txceaa of 21 ~-
PAOT!CTIVE QLDVII . 

Ute c~mlca1-raalatant glovtt to avoid proto~ and repeated lk1n contact. 

EYE "ROT!CTJDN I/ Uta ac1aah oo;;let or fact thlt1d when eye contact .ay occu~. 

OTHIR PROTECTIVE £QUlPtCOIT 
J uae che~tca1-reatatant apron or tltCktr tuit and cha~lcalty ~•latant Doetl to avotd 

conta~1natlng re~v1ar c1cth1ng, WhiCh cou1d rea~1t 1n prolongea or repeated tktn contact. 

WRK ftiUCTJCIS I JNQlNEE"lMI COKTRDLI 
Kee~ conta1nera c101ed when not 1n u1e. 00 not atQrt near heat, aparkt, f1a~ or atrong 
oxtdantt. To prtvtnt ft~ or explotion ritk fra- atattc aceuftU1atton and dttcnarga. tffecttvaly 
ground p~odVCt trantf•r tyat~ tn accordance with the National Plrt Protactton Aaaoctatton 
ttandard for patro1•~ producta. 

Jn order to prevent fire or exp1oaton haZardt, utt approprtatt equt~nt. 

Jn,or~atton en electrical eQUipaent apDropr1att for uae with tht1 pr~ct .av be fOuna tn the 
1atatt ·~ttlon of the National lltctrt~.c~ (N,,A•70). Thil ~nt t1 avat1aD1e froa thl 
Nattonat Ptrt Prottctlon Aaaootat1on, latttryaaroh 'ark. Ouincy. MaaaachUaettl 02281. 

ll'lltSONAL HYQIEN! 
N1ni~IZt Creathtng vapor or Nft,. Avotd prolonotd ~ ~•t•~ contact with akin. Reaovt 
contaMit\4lted c1oth1ntl tauncsar or ~y-ctean before re-~••· ROfiOYt contutnatecl anoaa and 
thOroughly C1ean ana dry btfOrt ~-~··· Ct .. ntt tktn thorough1y after contact, btfort Drtakl 
ana,...,.. and at end of work ~rtoct. 'reduCt 11 r .. dt1y reMOVed fr011 tktn Dy wattrt .. s 
hand cleaner• fo1 1oo.ed 1>y w .. htng thorougl"'1y wUh totP and watel', 

J. .TRANSPORTATION AJCJ OSHA RELA TEO LABEL INFORMATION 

TRAHSPOk'tATlON JNCIDINT lNPOfUUTION 
For further information re1ttive to tPt11t reautttng frcn trantoortatton tnciGantt, rtftl' 
to 1ttttt DtDartftant of Trana~ortation l~r;.~y R•tpon•• Qutdeboo~ fo~ ~-·~• Materta1• 
%nc1dant•. OOT P eaoo.3. 
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O$HA RIQUIRID LA!CL INPOfltMAtiON 
~~ e~p1fa~• wtth hazard and rtght•to•know r•qytr~ente, the fo11owfng 
lhOU1d be fou~ on 1 label, bt11 of 1ad1ng or tnvotce acoo~anyt~ thte 

WAAHINOt 

MAT I RJAL MAY BE A8SOR8lD TMROUQH THI S~IH 

,~OLONQlD AND REPEAlED EXPOSUAI MAY CAUSI 
lVI AND SKJN lRAlTATlON ANO MAY CAUSI 

ILOOD AND K20N£Y DAMAGI 

OS H.& Huarcf_....warn f not 
lhipttent ./ / / 

The tnfor"WW.atfon and r.eotlll,..nclatfona conhtr'*:f ,...,...,,. aN, to the beat of lxxon'a knowledfre ancl 
~1 tef, accurate and rel tablt as of the csat• tuu.d. Exxon doet not varf"ant or SPJtrantll their 
accuracy or reHabt 1tty, ana Exxon ahat 1 not be Habt• for any 1osa or da!Up arfltng out of 
the USe thereof, 

The tnfOI"Matton and recOI'I'Inel'ldatfont .,.. offered for the UHf"'l oonstder-atton and exufnatton, 
and tt fl the uttr'• re•ponstbt1tty to tatttfy tt•elf that they aN suftab11 and Complete for 
ttl parttoutar use. U buyar .-.paekagea thll ~t. t-eat oounot1 lhOU1CI 1:14 contult.cr t• 
tnsure proper M.alth, uhty and other necessary fnfo,...uon t• tno1\leled on tM oontatnel". 

The lnvtrot"llllnUt Jnfol"1ftatton fnctuded unoer S.Ctton H hereof p w11 .. the Hazardous Mat•rtal• 
Identtff~tfon Syst• (HMIS) and National Plre l'rotectfon A .. oct,tton (NI'PA) rttfngt have betln 
tnc1uded by lxxon eoep.ny, U.S.A. fn or-cs.r to provtOI ac:tdftfona1 health .,-.1 ~arcS o1utfffettfon 
tnfonMtfon. The rttf~ r.ecanendtld are bu.cr upon thl erfterfa ~1fect ~the devel~rs of 
thes• rattng •r-t-s, t<>vether vlth lxxon't tr'ltarpretatfon of ttw •vat 1ab1e cllta. 
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29 CFR 1910.120 Hazardous Waste 
Operations and Emergency 
Response 

(a) Scope, appHcation, and definitions 

(b) Safety and health proeram 

(c) Site eharacterlmtion and analysis 

(d) Site control 

(e) Training 

(f) Medical surveillance 

~~oontrols 

(h) Monitorinc 

( i ) Informational procrams 

(j ) Handling drums and containers 

( k) Decontamination 

(I) Emergency response by employees at uncontrolled hazardous 
wasie sites . 

(m) llumination 

( n) Sanitation at temporary workplaces 

( o) New technology programs 

( p) Certain operations conducted under the Resource 
Conse_!Vation and Recovery Act of1976 (RCRA) 

(q) Emergency response to hazardous substance releases 

. . . . . . 
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C: 

29 CFR .1910.88 Employee emergency 
plans and fire prevention 
plans 

(a) ~ergency action plan 

(1) Scope and appHcation-~ust be written 

(2) Elements include (as a minimum) 
(i) emergency escape procedures and emergency 

escape route assignments 
(ii) procedures for employees left behind to perform 

critical operations 
(iii) procedure to perform head count after evacuation 
(iv) assignments for rescue and medical duties 
(v) preferred means or reporting fires and other 

• emergenc1es . 
(vi) names_or regular job titles of persons to contact for 

further info on plan 

(3) Alarm system 

(4) Evacuation 

(5) Traini:nr - . 
(i) train a sufficient n~r to respond · . · · ·-
(ii) review With the employee initially, whe11 employees 

responsibility change or when plari is'changed . 
(iii) review parts of the plan which employee must 

know to protect the employee · 

·- .· . . 
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29 CFR 1910.38 Employee emergency 
plans and fire prevention 
plans (continued) 

(b) Fire p-evention plan 

(1) Scope and application-plan in writinr 

(2) Elements 
(i) list of hazards, sources of ignition, control 

procedures 
(ii) names and titles of persons who maintain systems 
(iii) names and titles or persons responsible for control 

of fuel source hazards 

(3) Housek~-eontrol accumulations of waste 

(4) Training 

(i) apprise employees of fire hazards 
(ii) review parts of the fire prevention plan which 

employee must know to protect the employee in 
the event or an emergency 

(5) Maintenance-procedures shaD be added to written 
- Pan 
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C. 

c. 

29 CFR 1910.165 

E:MPLOYEE ALARM SYSTEMS 

• . GENERAL USE 

• SPECIFIC USE- DISTINCTIVE SIGNALS 

• VISIBLE ALARMS AND AUDffiiE 
ALARMS . . 

- :rmsr AID 
-BEAR ALERT 
-ASSEMBLY/EVACUATE 
-OTHER 

• DAILY TEsr OF SYSI'EM 



c 

C: 

PLANNING AND ORGANIZATION 

• Organizational structure 

-On site 

-Off site 

• Work plaa 

• fite Safety Plan 



SITE CONTROL-

• SITE YAP 

• SITE PREPARATION 

• SITE WORK ZONES 

• BUDDY SYSTEM 

• SITE SECURJTY 

• COWWUNCATION SYSTEWS 

• SN=E WOfl< PRACTICES 



. . 
.. . . . .... 

.. 

SITE WORK ZONES 

• Boundary ot contamination 

• Hot nne 

• Contamination control line 

• Support zone 

c. • Contamination reduction corrklor 

C· 



EXXON VALDEZ, Summer 1990 
Shoreline Treatment Decision Chart 

Environmental Priority 
Recommendation 

(RAG) 

Joint Field Assessment 
(SAT) 

Cultural Resources ~ Clean-up Recommendation No Treatment 
Committee 1!!::=::;.,.;1 L;/z.-1/ fD (TAG) 1------1~-. Recommended 

"" , 
"" "" 

Land I Resource A/' 
Manager ' 

Input 

(NTR) 

Land I Resource~~~======' FOSC 
Manager .,. ....._A_p_p ... ro_v_a_l j--------~~~· [No Treatmen~ 

t 
Work Plan Scheduling 
and Implementation 

(FOSC I Exxon ) 

• Treatment 
(Exxon wl USCGIADEC Monitor) 

• •• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

· Final Assessment 

t 
Final Sign-off 

(FOSC) 

•••••• 



ALASKA DEPARTMENT OF ENVIRONMENTAL CONSERVATION 

BIOREMEDIATION AND 1990 EXXON VALDEZ CLEANUP 
ADEC-SPONSORED WORKSHOP FOR REPRESENTATIVES OF 

USER GROUPS, PUBLIC INTEREST GRO~JPS, AND LANDOWNERS 

April 24 , 1990 
Anchorage, AK 

AGENDA 

I. 1:00 PM Introduction 
Gary Hayden - ADEC Director 

Workshop moderator 

II. 1:15 PM State of Alaska: 
Gary Hayden 

III.1:30 PM NOAA 

IV. 2:00 PM EPA 

V. 3:00 PM EXXON 

ADEC's role in decision on use of 
bioremediation and current 
State position 

Joseph Talbott - SSC, Exxon Valdez 

Treatment Decision Matrix 
Status of Treatment Advisory 
Group (TAG) process 

ADEC handouts-shoreline treatment 
recommendations and map 

John Baker - Field Ecologist 
Lockheed Corp. 
EPA, Las Vegas 

John Glaser - Chemist 
EPA Risk Reduction Engineering 
Laboratory 
EPA, Cincinnati 

Presentation of research data 

Russ Chianelli - Exxon Corporate Research 
Clinton, New Jersey 

Presentation of research data 

VI. 4:00 PM QUESTIONS AND GENERAL DISCUSSION 

VII. 5:00 PM Adjourn 

·-.... . 



Bioremediation in 
Prince William Sound 

1989 



Mineralization 

Hydrocarbon--+ 

50% 
/ 

[oxygenates] 
-..... 

50% 

Biomass 

Carbon dioxide 

• Biodegradation is a natural process in which bacteria 
consume petroleum and break it down . to biomass and 
carbon dioxide. 

• Laboratory studies show that the water soluble 
intermediates generated during biodegradation are 
short-lived and low (ppm) in concentration. 



Hydrocarbons 

• On beaches such as those in Prince William 
Sound microbes exist naturally. Less than 
0.1% of these microbes can be classified as 
"Hydrocarbon oxidizing bacteria", which means 
that they break down hydrocarbons such as 
crude oil by adding oxygen to them. 

• After the Valdez oil spill, the percentage 
of oil-degrading bacteria increased to over 
10% of the total microbe population. 

• By adding nutrients such as nitrogen and 
phosphorus the population of these oil­
degraders can be increased even more, which 
increases the rate at which the oil is 
consumed and therefore enhances the natural 
process of biodegradation. 



- --- ------ ---- ·--- ·---

1 • Three types of nutrients were tried m the 
1989 beach tests: 

• Oleophilic Onipol EAP22} 
• Slow Release (Customblen} 
• Soluble Spray 

• In each of these tests every effort was 
made to keep the nutrients out of the water 
during application. 

--- - ----

------~ 



• EPA / Exxon beach and laboratory tests showed 
that all thre e nutr ients were effective in 
enhancing t he natural process of biodegradation, 
but ln ipol EAP22 showed the most dramatic effect. 

• There were no adverse effects observed during 
th ese s tud ies . 

• lnipol EAP 2 ,_ was app lie d to almost 73 miles 
of beaches wi th sim il ar effects on the rate 
of biodegradation. 

- - - - ---·- - -



• lnipol EAP22 was developed in France as a 
result of the AMOCO Cadiz oil spill. 

• lnipol is designed to stick to the oil and 
release nutrients where they are needed. 

• lnipol holds the oil on the rocks; it is 
NOT a rock- washing agent. 



INIPOL COMPOSITION 
MICROEMULSION 
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CHEMICAL 

OLEOPHILIC 
CARRIER 

OLEOPHILIC 
PHOSPHORUS 

VISCOSITY 
· REDUCER 

UREA 
(NITROGEN) 

OTHER COMMON USES 

SALAD OIL 

COSMETICS 

INDUSTRIAL CLEANERS 

AGRICULTURAL 
FERTILIZERS 



• Laboratory studies (EPA/Exxon, French) have 
shown that lnipol-accelerated biodegradation 
can mineralize up to 90o/o of the oil 
approximately five times faster than the 
natural- occurring rate. This rate depends 
on the oil loading and beach surface. 

• Closed system mass balance experiments have 
shown that nearly all the components of crude 
oil are biodegradable. The only exception 
found to date is the asphaltene component, 
which makes up about 2o/o of the to.tal crude oil. 

Biodegraded vs. Nonbiodegraded Fractions 

Nonbiodegraded Fraction Components 

BIODEGRADED 
521F 2e.e .. 

NON-BIODEGRADED 
521F 43.4 .. 

.· 

ASPHALTENES 1.8 .. 

POLARS 8 .Uo 

SATURATES 12.7fo 

AROMATICS 20 .4 .. 



In addition, different molecules will degrade at 
different rates, depending upon their chemistry. 
Larger, more complex molecules will take longer 
to biodegrade than smaller molecules. 

Percent of Whole Crude 
25 ----------------------------------------------------~ 

20 ~ 19.4 

il 

I 
, 5 

10 

5 

0 

Paraffin Naphthene 1 Ring 2 Ring 3 Ring 4+ Ring Polars Asphaltenes 

Component of Crude 

- After Biodegradation DANS 521F 



• The rocks become clean after a period of 
time depending upon oil loading I lnipol 
EAP22 loading. 

• This cleaning occurs exclusively by means 
. of bioaction causing biodegradation. 

• The bioaction proceeds to degrade the 
oil. With wave action small packets of 
oil I microbes are removed from the rocks 
and continue to biodegrade. 



The number of hydrocarbon-degrading microbes 
dramatically increased on the treated beaches. 

Distribution of total (percent) 
I 100~--------------~------------------------------, 

80% PRINCE WilLIAM SOUND a-----___;_ __ _ ---------· 
SEPTEMBER 1989 

eo .. -------------------------

·0~~-------------------------------

20% -+--·-·--------

1 10 100 1000 1 million 1 trillion 

011 Degrading Bacteria per gram se(iiment 

.. B10REMEDIATED ~ NON-BIOREMEDIATED 
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INIPOL TREATMENT EFFECTIVE OVER 
FIVE MONTH PERIOD 

PRINCE WILLIAM SOUNDa Oil-degraders 
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• MFN (MOST FREQUENT NUMBER) OF OIL DEGRADERS 
ON TREATED BEACHES APPROXIMATELY 100X 
GREATER THAN UNTREATED BEACHES 

• HETEROTROPH NUMBERS CONSTANT OVER SAME 
PERIOD 



C0
2

EVOLUTION VS NITROGEN CONCENTRATION 

RATE (G C02 /DAY) 
0.5 .--------:----

0.4 

0.3 
+ 

20% lnipol 
0.2 

0.1 

0 f'----._ 

0 Natural Pws0.1 0.2 0.3 0.4 0.5 0.6 
Concentration 

~: :sm~~~~rgorgar~~~:~~er N CONCENTRATION (G/LITER) 

• INITIAL RATES CALCULATED FOR 16 DAY PERIOD 
• NATURAL RATE TOO SMALL TO MEASURE IN LABORATORY TIMESCALE 
• DURING 16 DAY PERIOD (32 TIDAL CYCLES) 0.003G/LITER 

DELIVERED NATURALLY 
• 20o/o INIPOL TREATMENT APPROXIMATELY 60X 
• - 1000 DAYS TO DELIVER SAME AMOUNT OF NUTRIENT NATURALLY 

0.7 



IN I POL ACCELERATES NATURAL PROCESS 

NATURAL BIODEGRADATION 

INIPOL ENHANCED BIODEGRAPATION 

0 OIL -DEGRADERS 

11NIPOL 

WAVE 
ACTION 

WAV E 
ACTION 



~ . . .. 

In conclusion, by applying an oleophilic nutrient, 
lnipol EAP22, the natural biodegradation process 
can be enhanced which results in a faster 
breakd own of the crude oil components. Once 
these components have finished the biodegradation 
process, the bacterial population ratios will 
return to the pre-spill levels, leaving no 
lasting impact on the coastline. 
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Prince William Sound 
TAG's Bior emediation 
Recommendations for 
1990 Clean- up 
Mop Projection: UTM, Zone 5 

SegMents where bioreMedio.tlon 
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o.s o f 4/20/90 



ADEC TAG REPORT STATUS FOR 04/24/90 

REGION SEGMENT SUBOIV STAGOATE STAGPOS TAGOATE TAGPOS 

PWS BA001 c 04/12/90 A 04!13/90 tarmat removal, 
bio 

PWS BA001 E 04/12/90 M 04!13/90 pickup tar 
patties,bio 

PWS BA002 -0- 04/04/90 M 04/05/90 pickup 
tarmats,debris,bio 

PWS CH001 -0- 04/10/90 M 04!11/90 rake UITZ bio 

PWS CH002 A 04/11/90 A 04/12/90 manual, bio 

PWS CH002 B 04/11/90 M 04/12/90 manual , bio 

PWS CH009 B 04/12/90 M 04/13/90 manual,rake,spot 
wash,bio 

PWS CH012 -0- 04/19/90 A 04/20/90 manual,bio 

PWS CH013 -0- 04/18/90 M 04!19/90 manual,bio,till 

PWS CU007 -0- 04/12/90 A 04!13/90 manual,bio , monitor 
reassess 

PWS CU013 -0- 04/14/90 M 04!15/90 manual,bio 

PWS CU014 -0- 04!12/90 M 04!13/90 manual,spot 
wash,rake,bio 

PWS CU017 -0- 04/13/90 M 04/14/90 manual, bio 

PWS OA001 -0- 04/07/90 M 04/09/90 manual,rework 
under tar, bio 

PWS EB001 A 04/18/90 A 04/19/90 bio 

PWS EB006 -0- 04/16/90 M 04/17/90 manual,bio 

PWS EL010 -0- 04/19/90 M 04/20/90 manual , spot 
wash,till,bio 

PWS EL052 A 04/15/90 M 04/16/90 manual, bi o, rake 

PWS EL052 B 04!15/90 M 04!16/90 manual,bio 

PWS EL053 A 04/15/90 A 04/16/90 rake,bio 

PWS EL054 -0- 04/16/90 M 04/17/90 rake,bio,reassess 
SUTZ 

PWS EL056 A 04!07!90 M 04/09/90 spot wash, bio 

PWS EL056 B 04/07/90 M 04/09/90 spot wash,bio 
w/granular 

PWS EL056 c 04/07/90 M 04/09/90 spot 
wash,manual,till,b 

PWS EL056 0 04/07/90 M 04/09/90 manual, bio 

PWS EL057 -0- 04/18/90 M 04!19/90 till,bio,spot wash 

PWS EL058 A 04/16/90 A 04/17/90 manual,bio 

PWS EL058 B 04/16/90 A 04/17/90 manual,bio 

PWS EL058 c 04/16/90 M 04/17/90 manual,rake,bio 

PWS EL058 0 04/16/90 A 04/17/90 manua l,bio 

PWS EL105 -0- 04/15/90 M 04/16/90 bio 

PWS EL107 A 04/14/90 M 04/15/90 manual, spot wash, 
bio 

PWS EL107 B 04!14/90 M 04/15/90 manual,rake, bio 

NO=NOOil NT=NoTreatment OP=OebrisPickup PP=Pavement Pickup 
TP=TarPickup SW=SpotWash BR=BioRemediate TL=Till EX=EXcavate 

N N 0 P T S B T E 
0 T P P P \.1 R L X 

- - - X - - X - -

- - " - X - X - -

- - X X - - X X -

- - - - - - X X -

- - - X X - X - -

- - - X - - X - -

- -xxxxxx -

- - X X - - X -

- - X X - - X X -

- - X - X - X - -

- - - X X - X - -

- - X X X X X X -

- - X X - - X - -

- - X X - - X X -

- - - - - . X - -

- - - X X - X - -

- - - X - X X X -

- - - - X - X X -

- - - X X - X - -

- - - - - - X X -

- - - - - - X X -

- - - - X X X X -

- - - - X X X X -

- - - - X X X X -

- - X X X X X X -

- - - - - X X X -

- - - - X - X - -

- - X - X - X - -

- - X - X - X X -

- - X - X - X - -

- - - - - - X - -

- - X - - X X - -

- - X - X - X X -

04/24/90 page 



REGION SEGMENT SUBDIV STAGDATE STAGPOS TAGDATE TAGPOS 

PloiS EL107 c 04/14/90 M 04/15/90 manual , spot 
wash,rake,bio 

PloiS EL110 A 04/15/90 A 04/16/90 manual,bio,rake 

PloiS EL110 B 04/15/90 A 04/16/90 bio 

PloiS ER005 -0- 04/11/90 A 04/12/90 manual, bio 

PloiS ER006 -0- 04/16/90 M 04/17/90 manual,bio 

PloiS ER008 -0- 04/15/90 A 04/16/90 manual,bio 

PloiS ER009 -0- 04/18/90 M 04/19/90 manual,bio 

PloiS ER010 -0- 04/11/90 A 04/12/90 manual, bio 

PloiS ER011 -0- 04/12!90 A 04/13/90 manual, bio 

PloiS ER018 -0- 04/11/90 M 04/12/90 bioremediation 

PloiS EV014 -0- 04/15/90 A 04/16/90 manual,bio 

PloiS EV025 -0- 04/19/90 M 04/20/90 manual, bio 

PloiS EV050 B 04/12/90 A 04/13/90 manual , spot 
wash,bio 

PloiS EV050 c 04/12/90 A 04/13/90 bioremediation 

PloiS EV051 -0- 04/14/90 M 04/15/90 manual ,bio 

PloiS EV052 -0- 04/10/90 A 04/11/90 manual,raking,bio 

PloiS EV053 B 04/10/90 M 04!11/90 manual ,bio 

PloiS FL001 -0- 04/18/90 A 04/19/90 manual,bio 

PIJS FL002 -0- 04/19/90 M 04/20/90 manual,bio,relocat 
e UITZ to Ml 

PIJS GR001 A 04/04/90 A 04/05/90 manual, bio, 
monitor sheens 

PIJS GR001 B 04/18/90 M 04/19/90 manual,bio 

PIJS GR002 -0- 04/09/90 A 04/10/90 bio 

PIJS GR007 -0- 04!09!90 A 04/10/90 bio 

PloiS GR008 -0- 04/10/90 M 04!11/90 bio,till 

PIJS GR009 -0- 04/04/90 A 04/05/90 manual, bio 

PIJS GR010 -0- 04!09!90 M 04!10/90 manau l , spot 
wash,bio 

PIJS GR103 A 04/18/90 M 04/19/90 manual,bio 

PloiS GR103 B 04/18/90 M 04/19/90 manual , spot 
wash,bio 

PloiS GR103 c 04/18/90 A 04/19/90 manual,bio 

PloiS IN032 -0· 04/19/90 a 04/20/90 manual,bio 

PloiS KN004 ·0· 04/09/90 M 04/10/90 manual,bio 

PloiS KN005 B 04/16/90 M 04/17/90 manual,bio 

PloiS KN011 ·0· 04/09/90 M 04/10/90 bio,spot wash 

PIJS KN014 ·0· 04/14/90 M 04!15/90 manual,reassess 
SUTZ,bio 

NO=NoOil NT=NoTreatment DP=DebrisPickup PP=PavementPickup 
TP=TarPickup Sloi=Spotlolash BR=BioRemediate TL=Till EX=EXcavate 

N N D P T S B T E 
0 T P P P W R L X 

- - - - X X X X -

- - - X - - X X -

- - - - - - X - -

- - - X X - X - -

- - - X - - X - -

- - - X - - X - -

- - X X X - X - -

- - - X X - X - -

- - X X - - X - -

- - - - - - X - -

- - - X - X - -

- - X X - X - -

- - - X - X X - -

- - - - - - X - -

- - - X - - X - -

- - - - X X X X -

- - - X - - X - -

- - X X - - X - -

- - X X - - X X -

- - X X X X X X -

- - X - X - X - -

------X X-

- - - - - - X X -

- - - - - - X X -

- - X X X X X X -

- - X - - X X - -

- - X X X - X - -

- - X - X X X - -

----X- X - -

- · X X · - X - -
. . . X - - X - -
. - X X X - X - -

- - - . - X X - -

- - - X - - X - -
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REGION SEGMENT SUBDIV STAGDATE STAGPOS TAGDATE TAGPOS 

PWS KN016 -0- 04/07/90 M 04/09/90 manual, bio 

PWS KN024 -0- 04/16/90 M 04/17/90 ·manual ,bi o 

PWS KN102 -0- 04/19/90 M 04/20/90 manual,bio,till 

PWS KN109 -0- 04/14/90 A 04/15/90 manual,bio 

. PWS KN111 -0- 04/18/90 M 04/19/90 manual,bio,spot 
wash , till 

PWS KN115 -0- 04/18/90 M 04/19/90 manual,bio 

PWS KN116 -0- 04/18/90 A 04!19/90 manual ,bio 

PWS KN117 -0- 04/16/90 A 04/17/90 manual,bio 

PWS KN118 -0- 04/16/90 A 04/17/90 bio 

PWS KN119 -0- 04/16/ 90 M 04/17/90 manual ,bio 

PWS KN122 -0- 04!11/90 M 04/ 12/90 manual, spot 
wash,rake,bio 

PWS KN123 B 04/13/90 M 04/14/90 spot wash,bio 

PWS KN124 -0- 04/13/ 90 M 04!14/ 90 bioremediaiton 

PWS KN129 A 04!16/90 M 04/17/90 rake,manua l, bi o 

PWS KN129 B 04/16/ 90 M 04/17/ 90 manual,bio 

PWS KN132 B 04/12/90 M 04/13/90 manual,bio 

PWS KN132 c 04/12/90 A 04/13/90 bioremediation 

PWS KN132 D 04/12/90 M 04/13/90 manual, bio 

PWS KN133 -0- 04/12/90 A 04/13/90 manual , rake,bio 

PWS KN134 -0- 04/05/90 M 04/06/90 pickup, raking,bio, 
spot wash 

PWS KN135 A 04/09/90 M 04!10/90 manual, spot 
wash,bi o, till 

PWS KN135 B 04/ 09/ 90 M 04/10/90 manual,bio,spot 
wash 

PWS KN136 -0- 04/11/90 M 04/12/ 90 manual,bio,spot 
wash 

PWS KN141 A 04/11/90 M 04/12/90 rake,bio 

PWS KN145 -0- 04/ 11/90 M 04/12/90 bioremediation 

PWS KN206 -0- 04/16/90 M 04!17/90 manual,bio 

PWS KN207 B 04/18/90 A 04/19/90 bio 

PWS KN208 -0- 04/05/90 A 04/06/90 spotwash,bio,manua 
l,resurvey 

PWS KN213 B 04/19/90 M 04/20/90 manual,bio 

PWS KN213 E 04/19/90 M 04/20/90 bio 

PWS KN300 -0- 04/18/90 M 04/19/90 manual,bio 

PWS KN301 A 04/12/90 M 04/13/90 manual,bio 

PWS KN301 B 04/12/90 A 04/13/90 manual,bio 

PWS KN401 A 04/18/90 A 04/19/90 manual ,bi o 

NO=NOOil NT=NoTreatment DP=DebrisPickup PP=PavementPickup 
TP=TarPickup SW=SpotWash BR=BioRemediate TL=Till EX=EXcavate 

N N 0 P T S B T E 
0 T P P P \J R L X 

- - - - X X X X 

- - X - X - X - -

- - - X X - X X -

- - X - - - X - -

- - X X - X X X -

- - X X - - X - -

- - X - - - X - -

- - - X - - X - -

- - - - - - X - -

- - X - X - X - -

- - X - - X X X 

- - - - - X X - -

- - - - - - X - -

- - - X - - X X -

- - X - X - X - -

- - - X - - X - -

- - - - - - X - -

- - - X - - X - -

- - X X - - X X -

- - X X X X X X -

- - - X - X X X -

- - - X X X X - -

- - X X - X X - -

- -----XX -

- -----X - -

- - - X X - X - -

- - - - - - X - -

- - - - X X X X -

- - - X X - X - -

- - - - - - X - -

- - X X X - X - -

- - - - X - X - -

- - X - - - X - -

- - - - X - X - -
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REGION SEGMENT SUBDIV STAGDATE STAGPOS TAGDATE TAGPOS 

PWS KN401 B 04/18/90 A 04!19/90 manual ,bio 

PWS KNSOO A 04!19/90 M 04/20/90 manual,bio,till 

PWS KNSOO B 04/19/90 M 04/20/90 manual ,bio, till 

PWS KN506 -0- 04/19/90 A 04/20/90 manual,bio 

PWS KN508 -0- 04/18/90 M 04/19/90 manual,bio,t i ll 

PWS KN576 8 04/16/90 M 04/17/90 bio 

PWS LA01S c 04/14/90 M 04!1S/90 manual,spotwash,ra 
ke,bio 

PIIS LA01S D 04/14/90 M 04/1S/90 manual,bio 

PWS LA01S E 04/14/90 M 04/1S/90 bioremediation 

PWS LA018 -0- 04/19/90 M 04/20/ 90 manual,bio,spot 
wash 

PWS LA036 A 04/18/90 A 04/19/90 bio 

PWS LA038 -0- 04/ 13/90 A 04/14/90 manual,bio 

PWS LN002 -0- 04/12/90 A 04/13/90 manua l,bio 

PWS LN 005 -0- 04/13/90 M 04/ 14/90 manual,bio 

PWS LS048 -0- 04/13/ 90 M 04/14/90 manual,bio 

PWS LS060 -0- 04/12/90 A 04/13/90 manual ,bi o 

PWS MA002 -0- 04/18/ 90 M 04/19/90 manual,bio,till 

PWS NA021 8 04/12/90 M 04/ 13/90 manual,bio 

PWS NA023 -0- 04/13!90 A 04/ 14/90 manual , bio 

PWS PR003 A 04/05/90 A 04/06/90 pi ckup pavement, 
bi o 

PWS PR003 8 04/0S/ 90 A 04/06/ 90 remove tarmat, bio 

PWS PR003 D 04/0S/ 90 A 04/ 06/90 bi oremediate 

PWS PRODS A 04/12/90 A 04/13/90 manual , bi o 

PWS PRODS B 04!12/90 A 04/13!90 manual,bio 

PWS PRODS c 04/12/90 M 04/ 13/ 90 bioremediation 

PWS PR007 -0- 04/09/90 M 04/ 10/90 manual,spot 
wash,bio 

PWS SE041 -0- 04!09!90 M 04/ 10/90 manua l , bi o, spot 
wash, t i ll 

PWS SE042 -0- 04!1S/90 M 04/16/90 manual,rake,spot 
wash,b io 

PWS SMOOS A 04!1S/90 M 04/16/90 manual,till,bio 

PWS SMOOS B 04/1S/90 M 04/16/90 manual, till ,bio 

PWS SQ002 -0- 04/13/90 M 04!14/90 manual,bio 

KOD PI003 -0- 04/13/90 M 04!14/90 manual,bioremediat 
ion 

KOD SB006 -0- 04/09/90 M 04/10/90 spot wash, 
bioremediation 

KOD SI003 -0- 04/13/90 A 04!14/90 manual,bioremediat 
ion 

NO=NoOil NT=NoTreatment DP=DebrisPickup PP=PavementPickup 
TP=TarPickup SW=SpotWash BR=BioRemediate TL=Till EX=EXcavate 

N N D P T S 8 T E 
0 T P P P II R L X 

- - X X X - X - -

- - X X - - X X -

- - X X - - X X -

- - - - X - X - -

- - - X - - X X -

- - - ---x- -

- - - X X X X X -

- - - X - - X - -

- - - - - - X - -

- - X - X X X - -

- - - - - - X - -

- - - X - - X - -

----x-x - -

- - - - X - X - -

- - X - - - X - -

- - - - X - X - -

- - - X - - X X -

- - - - - - X - -

- - - - X - X - -

- - X X - - X X -

- - X X - - X X -

- - .. - - - X X -

- - X - - - X - -

- - - X - - X - -

- - - - - - X - -

- - X X - X X - -

- - X - - X X X -

-----XXX -

- - X - - - X X -

- - X - - - X X -

- - X - - - X - -

- - - - X - X - -

- - - - X X X - -

- - - - X - X - -
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REGION SEGMENT SU8DIV STAGDATE STAGPOS TAGDATE TAGPOS 

KOO SIOOS -0- 04/14/90 M 04/16/90 manual,till,bio 

KOO SI007 8 04/13/90 A 04/14/90 bioremediation 

KOO SL008 -0- 04/13/90 M 04/14/90 manual,bioremediat 
ion 

KOO SS002 8 04/14/90 A 04/16/90 p/u mousse, oil, 
bio 

KEN 8C002 A 04/17/90 M 04/18/90 manual,bioremediat 
ion 

KEN 8C002 8 04/17/90 A 04/18/90 manual , bioremediat 
ion 

KEN HR003 -0- 04/19/90 A 04/20/90 bioremediat i on 

KEN NK001 -0- 04/13/90 M 04/14/90 pickup 
asphalt,reassess u 

KEN NK002 A 04/16/90 M 04/17/90 manual,bioremediat 
e 

KEN PY006 A 04/12/90 M 04/13/90 pickup,bioremediat 
ion 

KEN PY008 8 04!16/90 A 04/17/90 manual,bioremediat 
ion 

KEN PY008 c 04/16/90 M 04/17/ 90 manual,bioremediat 
ion 

KEN PY008 E 04/16/ 90 A 04/17/90 manual,bioremediat 
i on 

KEN PY011 8 04/16/90 M 04!17/90 manual , t i ll , b i o 

KEN PY015 8 04/16/90 A 04/17/90 manual,bioremediat 
ion 

KEN US001 -0- 04/19/90 M 04/20/90 manual,bioremediat 
ion 

KEN US008 -0- 04!17/90 A 04/18/90 manual,bi oremediat 
ion 

KEN 118001 A 04/19/90 M 04/20/ 90 manaul,bioremediat 
ion 

KEN 118002 A 04/18/90 M 04/19/ 90 manual,bio,spot 
wash 

KEN 118002 8 04/18/90 M 04/19/90 manual, bi o, spot 
wash 

KEN 118002 c 04/18/90 M 04!19/90 manual,bio,spot 
wash 

KEN 118002 D 04/18/90 M 04/19/90 manual ,bio 

KEN 118006 -0- 04/18/90 M 04/19/90 manual,bioremediat 
ion 

KEN 118007 -0- 04/18/90 A 04/19/90 manual,bioremediat 
ion 

KEN 118009 -0- 04/17/90 A 04!18/90 manual,bioremediat 
ion 

NO=NoOil NT=NoTreatment DP=DebrisPickup PP=PavementPickup 
TP=TarPickup SII=Spotllash BR=BioRemediate TL=Till EX=EXcavate 

Out of a total of 409 sites that have been through the TAG process: 
Number of sites requiring treatment type of: 
8ioRemediationa160 Tilling= 54 Excavation= 2 Spotllash= 38 

Numer of sites requiring pickup of: 
Pavement=101 Tar/Mousse=105 Debris= 90 

Number of sites with NoOil and requireing no treatment= 94 
Number of sites with Oil but with NoTreatment recommended=158 

., 
N N D p T S B T E 
0 T p p P \J R L X 

- - - - X - X X -

- - - - - - X - -

- - - - X - X - -

- - - - X - X - -

- - X X X - X X -

- - X X X - X - -

- - - - - - X - -

- - - X - - X - -

- - - X X - X - -

- - X - X - X - -

- - - X X - X - -

- - - - X - X - -

- - - - X X - -

- - - - X - X X 

- - - X X - X - -

- - X X X - X - -

- - X X X - X - -

- - X X X - X X -

- - - X X X X - -

- - X X X X X - -

- - X X X X X - -

- - X X X - X - -

- - - X - - X - -

- - - X X - X - -

- - X X X - X - -
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Bioremediation in 
Prince William Sound 

1989 



Mineralization 
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Carbon dioxide 

• Biodegradation is a natural process in which bacteria 
consume petroleum and break it down , to biomass and 
carbon dioxide. 

• Laboratory studies show that the water soluble 
intermediates generated during biodegradation are 
short-lived and low (ppm) in concentration. 



Hydrocarbons 

• On beaches such as those in Prince William 
Sound microbes exist naturally. ~"-Less than 
0.1% of these microbes can be classified as -- --- -

"tiydrocarbon oxidizing~cteria", which means 
that they break down hydrocarbons such as 
crude oil by adding oxygen to them. 

• After the Valdez oil spill, the percentage 
of oil-degrading bacteria increased to over 
~1-0!/o---O f the total microbe population. 

• By adding nutrients such as nitrogen and 
phosphorus the population of these oil­
degraders can be increased even more, which 
increases the rate at which the oil is 
consumed and therefore enhances the natural 
process of biodegradation. 



• Three types of nutrients were tried in the 
1989 beach tests: 

• Oleophilic (lnipol EAP22) 
• Slow Release (Customblen) 
• Soluble Spray 

made to keep the nutrients out of the water ~ 
• In each of these tests every effort was } ~ 

during application. 



• EPA/Exxon beach and laboratory tests showed 
that all three nutrients were effective in 
enhancing the natural process of biodegradation, 
but lnipol EAP22 showed the most dramatic effect. 

• There were no adverse effects observed during 
the se studies. 

' 
• lnipol EAP22 was applied to almost 73 miles 

of beaches with similar effects on the rate 
of biodegradation. 



• lnipol EAP22 was developed in France as a 
result of the AMOCO Cadiz oil spill. 

·\ ( - lnipol is designed to stick to the oil and 
r( . release nutrients where they are needed. 

lnipol ~on the rocks· it is ;? 
NOT a· rock- washing -agent. c:> . _ -- "' 

=------------- ' 
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• Laboratory studies (EPA/Exxon, French) have 
shown that lnipol- accelerated biodegradation 
can mineralize up to 90o/o of the oil 
approximately five times faster than the 
natural- occurring rate. This rate depends 
on the oil loading and beach surface. 

• Closed system mass balance experiments have 
shown that nearly all the components of crude 
oil are biodegradable. The only exception 
found to date is the asphaltene component, 
which makes up about 2o/o of the to,tal crude oil. 

Biodegraded vs. Nonbiodegraded Fractions 

Nonbiodegraded Fraction Components 

BIODEGRADED 
521F 26 .8or. 

NON-BIODEGRADED 
521F 43.4or. 

ASPHALTENES 1.8or. 

POLARS 8.15or. 

SATURATES 12.7or. 

AROMATICS 20.4or. 



In addition, different molecules will degrade at 
different rates, depending upon their chemistry. 
Larger, more complex molecules will take longer 
to biodegrade than smaller molecules. 

Percent of Whole Crude 
25 ~---------------------------------------------------. 

20 1Q.4 

1 5 

10 

5 

0 

Paraffin Naphthene 1 Ring 2 Ring 3 Ring 4+ Ring Polars Asphaltenes 

Component of Crude 

- After Biodegradation DANS 521F 



• The rocks become clean after a period of 
time depending upon . oil loading I lnipol 
EAP22 loading. 

• This cleaning occurs excJusiv_ely: __ Q_y means 
of bioaction causing biodegradation. 

• The bioaction proceeds to degrade the 
oil. With wave action small packets of 
oil I microbes are removed from the rocks 
and continue to biodegrade. 1 // l 

t der-u- /}L{J--1-- ~~ ' 7 
. , {c) ~ /LeJC~ 



The number of hydrocarbon - degrading microbes 
dramatically increased on the treated beaches. 

Distribution of total (percent) 
100~--------------~-------------------------------. 
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INIPOL TREATMENT EFFECTIVE OVER 
FIVE MONTH PERIOD 

PRINCE WILLIAM SOUND: Oil-degraders 

ff~ 
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f·ivl~ 
• MFN (~OST FREQ.UENT NUMBER) OF OIL DEGRADERS 

ON TREATED BEACHES APPROXIMATELY 100X 
GREATER THAN UNTREATED BEACHES 

• HETEROTROPH NUMBERS CONSTANT OVER SAME 
PERIOD 
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EVOLUTION VS NITROGEN CONCENTRATION 

RATE (G C02 /DAY) 
0.5 ~--~----------------------------------------------~ 
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• NATURAL RATE TOO SMALL TO MEASURE IN LABORATORY TIMESCALE 
• DURING 16 DAY PERIOD (32 TIDAL CYCLES) 0.003G/LITER 

DELIVERED NATURALLY 
• 20o/o INIPOL TREATMENT APPROXIMATELY 60X 
• - 1000 DAYS TO DELIVER SAME AMOUNT OF NUTRIENT NATURALLY 
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IN I POL ACCELERATES NATURAL PROCESS . 

NATURAL BIODEGRADATION 
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In conclusion, by applying an oleophilic nutrient, 
lnipol EAP2 2, the natural biodegradation process 
can be enhanced which results in a faster 
breakdown of the crude oil components. Once 
these components have finished the biodegradation 
process, the bacterial population ratios will 
return to the pre-spill levels, leaving no 
lasting impact on the coastline. 



,..,., _,. .. 

Weekly activity report for week of 7/17 - 7/22 
Submitted 7/18/90 

To: Sonny Mayer, ERL/GB 
Hap Pritchard, Bioremediation Project 
Carl Lautenburger, Reg X/AOO 
Tom Baugh , OEET 

From: Jim Clark~~ c_ 
Rod Parrish 

The laboratory tests with NETAC products are underway at 
ERL/GB under Rod~s . guidance. Results will be used to support 
their safe use during demonstration tests in Valdez as part of 
the over-all EPA oil spill bioremediation program. I have 
arranged with MEC, Inc in Tiburon, CA to conduct toxicity tests 
with Rhepoxinia, an benthic amphipod, using sediments treated in 
test plots in Alaska. The amphipod tests are part of a screen 
requested by the State. We have not worked with this west coast 
species at ERL/GB, so we have to rely on a contract lab. Costs 
will be about $10 K if we actually get approval to do the tests 
in Alaska. We do have a microcosm system set up to evaluate them 
and will run microtox tests and nutrient analyses on microcosm 
effluents. 

All the monitoring sites received a second application of 
nutrients last we~k. The 3 to 4 day post-application samples for 
monitoring nutri~nts, microbial activity, oil characteristics, 
and eutrophicatlon effects have been collected and sent for 
analyses. A final sampling is scheduled for July 30 through 
August 1, at which time the control side of the test sites will 
be fertilized as part of the operational clean-up effort. All 
the sites still look heavily oiled in subsurface sediments with 
surface oil in thin, light patches on large cobbles at KN-132 and 
KN-135. I remain confident that the second application of Inipol 
at these two sites will lead to the window-pane effect, the 
noticeable difference between treated and untreated areas before 
the first of August. The differences between treated and 
untreated is noticeable now, but only upon close inspection. 

The EPA bioremediation project received a "notice of 
violation" from Alaska DNR for not having an approved land use 
permit for the research activities at Disk and Elrington Island. 
Clark spent all day Monday and most of Tuesday working with DNR 
and the bioremediation team to obtain the permits. This citation 
may be an embarrassment when Mr. Reilly visits next week. We had 
approval from all parties actively involved in the spill clean-

1 



up, but DNR wanted us to assume legal liability for the site 
through the permit. The permit will say that we are operating 
under Exxon's general permit, and will be included under the 
liability coverage provided by Exxon .for other test sites. I 
really got an education in permitting and paperwork crammed into 
a day. 

Clark will leave Anchorage on 7/18 and be in the office at 
ERL/GB on 7/20. Parrish will travel to Anchorage on 7/31 for the 
final sampling and the winding down things in Anchor age. Clark 
tentatively is scheduled to return for two weeks the end of 
August/early September to review all data with contractors, 
compile final data -tables, and draft the final report on 
Bioremediation Monitoring. 

CCI 
R. Menzer, ERL/GB 
R. Wilhour, ERL/GB 

' --
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Weekly Activity Report for Week of July 1, 
Submitted 7/5/90 

To: Sonny Mayer, ERL/GB 
Hap Pritchard, Bioremediation Projec 
Carl Lautenburger, Reg X, AOO 
Tom Baugh, OEET 

From: Jim Clarkj.R C 
Rod Parrish 
EPA Bioremediation Monitoring Progrc 

The final set of samples (Day 32) was coll 
sites KN-211 and KN-132 on Saturday, 6/30, 
America North crew in charge of the sampli 
for us; there have been only one or two mi 
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field for the entire monitoring program. Results continue to 
roll in to Anchorage. We now have the complete data base for 
toxicity tests, ammonia in nearshore waters to accompany the 
toxicity data, all the chlorophyll data, all the dissolved oxygen 
data from the interstitial wells, microbial activity data through 
Day 16 at all sites, and nutrient concentrations in interstitial 
water through Day 16 at all sites. Oil chemistry and microbial 
abundance data are only now beginning to come in. 

EXXON has agreed to continue to support the monitoring program 
~hrough August 1 if we can get approval to reapply fertilizer at 
the sites. Roger Prince and I put together the attached memo for 
Bob Mastracchio to support EXXON's request for retreatment at the 
sites. We should know by 7/9 if the request will be approved by 
the state. Parrish should plan on coming up to Anchorage the end 
of July to help coordinate the final data package. I'm not sure 
at this time if I'll need to come back the end of August or early 
September to consolidate data for the final report. We should 
know after this interim report has been reviewed. 

ADEC has not yet formalized their plans for reviewing the 
monitoring data. They are trying to put together a panel to 
review a report from the monitoring project, but they will not 
commit to a date or deadline. I am taking the lead for the 
monitoring team to work with ADEC to organize the final review. 
Jon Lindstrum, the ADEC representative on the monitoring program, 
has been working in Fairbanks on our microbial samples and has 
not been involved within ADEC. We are still shooting for having 
the report submitted to ADEC by 7/10, with a panel review on the 
15 or 16. Roger Prince and I met with Hap and Ed Brown of Univ. 

1 



Weekly Activity Report for Week of July 1, 1990 
Submitted 7/5/90 

To: Sonny Mayer, ERL/GB 
Hap Pritchard, Bioremediation Project 
Carl Lautenburger, Reg X, AOO 
Tom Baugh, OEET 

From: Jim Clarkj.RC 
Rod Parrish 
EPA Bioremediation Monitoring Program 

The final set of samples (Day 32) was collected at monitoring 
sites KN-211 and KN-132 on Saturday, 6/30, and Sunday, 7/1. The 
America North crew in charge of the sampling has done a fine job 
for us; there have been only one or two minor problems in the 
field for the entire monitoring program. Results continue to 
roll in to Anchorage. We now have the complete data base for 
toxicity tests, ammonia in nearshore waters to accompany the 
toxicity data, all the chlorophyll data, all the dissolved oxygen 
data from the interstitial wells, microbial activity data through 
Day 16 at all sites, and nutrient concentrations in interstitial 
water through Day 16 at all sites. Oil chemistry and microbial 
abundance data are only now beginning to come in. 

EXXON has agreed to continue to support the monitoring program 
through August 1 if we can get approval to reapply fertilizer at 
the sites. Roger Prince and I put together the attached memo for 
Bob Mastracchio to support EXXON's request for retreatment at the 
sites. We should know by 7/9 if the request will be approved by 
the state. Parrish should plan on coming up to Anchorage the end 
of July to help coordinate the final data package. I'm not sure 
at this time if I'll need to come back the end of August or early 
September to consolidate data for the final report. We should 
know after this interim report has been reviewed. 

ADEC has not yet formalized their plans for reviewing the 
monitoring data. They are trying to put together a panel to 
review a report from the monitoring project, but they will not 
commit to a date or deadline. I am taking the lead for the 
monitoring team to work with ADEC to organize the final review. 
Jon Lindstrum, the ADEC representative on the monitoring program, 
has been working in Fairbanks on our microbial samples and has 
not been involved within ADEC. We are still shooting for having 
the report submitted to ADEC by 7/10, with a panel review on the 
15 or 16. Roger Prince and I met with Hap and Ed Brown of Univ. 
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Alaska while we were in Valdez prior to last weekends's sampling. 
We discussed the monitoring report and the role the research 
program will have in our presentation to ADEC. Everyone has a 
lot to work up and write up . We are shooting for a first draft 
of the report to be ready by COB Friday, 7/6, with internal 
reviews ongoing over the weekend. 

On Tuesday, 7/3, Roger Prince and I accompanied Commander Rome of 
the Coast Guard to Prince William Sound to meet with ADEC, ADF&G, 
EXXON, and USCG monitoring teams to advise them on the degree of 
site clean-up necessary to prepare a site for bioremediation. We 
visited Sleepy Bay, LA15, KN-211, and another anadromous stream 
site. Hap Pritchard and Chuck Costa were there for the 
discussions at Sleepy Bay. State monitors have complained that 
EXXON crews are doing a poor clean-up job, then saying 
bioremediation will get the rest. The ADEC monitors at LA15 were 
adamant as they believed that bioremediation did not work. We 
joined a heated discussion, their view was that they saw where 
Inipol was applied last year and there is still oil there so it 
does not work. Most people came to agree on the proposed plan of 
cleaning up all pooled oil and spreading out heavily oiled 
substrate prior to b i orP.mP.rlintinn . T PXpPrt WP will still hnvP 
trouble with the LA15 crew, they just don't want to believe. 

In the course of the week, I also reviewed a proposal for Brian 
Ross of the Restoration Planning Office submitted to them by NOAA 
for restoration monitoring in PWS. I also will be reviewing a 
-copy of the "Net Environmental Benefit Analysis" report of the 
ADEC endorsed "Rock Washer", their mechanical device to ensure 
cleanup of subsurface oil. We are waiting on delivery of the 
report today, to have comments in by Sunday. 

The plans for the upcoming week will be centered around the 
report and panel review. We have reserved a spot on the 7/10 
operations meeting agenda to review bioremediation monitoring 
results and for Hap to present an overview of the research 
program. I am aware that John Skinner will be in town next week 
and will try to keep him apprized of the ongoing activities. 

There are several attachments to this report that further 
summarize our efforts. 

Attachments 

cc 
R. Menzer - ERL/GB 
R. Wilhour - ERL/GB 
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Bioremediation Monitoring Results for KN-135 as of July 1, 1990 

Summary 

Application of Inipol and Customblen have stimulated and sustained microbial 
activity in surficial and subsurface sediments by a factor of 2 - 3. 
Nutrient concentrations in interstitial water increased to a maximum of 200 uM 
nitrogen from a background of 1 - 3 uM for the first 2 - 4 days after 
treatment, then slowly deceased to pretreatment concentrations over 32 days. 
Dissolved oxygen in interstitial waters decreased by 2 - 3 ppm for the first 
15 days after application, then returned to background concentrations. 
Dissolved oxygen concentrations never approached anoxic conditions. No 
adverse ecological effects were observed following fertilizer application. 
Reapplication is considered a viable option to enhance the cleaning of cobble 
surfaces and provide additional nutrients for microbiota. 

Field Observations - All samples have been collected from this site. Visual 
observations at the site show some relative enhancement in the thinning of 
surface oil on the cobbles on the fertilized side of the monitoring site. 

Interstitial Water Analyses - Results of analyses of interstitial waters for 
dissolved oxygen and nutrients have been completed through Day 32. Dissolved 
oxygen concentrations were decreased 2 - 3 mg/1 on the fertilized side 
relative to the untreated area for Days 4, 8, and 15. There was no 
difference in dissolved oxygen concentrations for fertilized and reference 
areas on Day 32. Nitrogen nutrients were elevated from pretreatment and 
reference concentrations of 1 - 3 micromolar (uM) nitrogen to concentrations 
of 100 - 200 uM in the fertilized area of the monitoring plot on Days 2 and 
4. By day 8, concentrations had decreased to 100 - 150 uM; by Day 15, to 25 

--50 uM, and by Day 32 there was no difference between fertilized and 
reference areas of the shoreline. 

Sediment Analyses - Analyses of the sediments for microbial activity in 
degrading radio-labeled hexadecane and phenanthrene have shown an increase by 
2 - 3 fold in the fertilized side of this site, which has been sustained from 
Day 2 through Day 32. Measurements on the numbers of bacteria and relative 
abundance of hydrocarbon degraders have not been completed. 
Results of quantification of the oil residues in the sediments and 
characterizations of the oil by GC/MS analytical techniques and only now 
becoming available for evaluation. 

Ecological Effects -Toxicity tests conducted with Mysids, a shrimp-like 
crustacean, showed no toxicity in 6 samples of water collected at sites 
immediately over the treated shoreline. These samples were collected over 3 
days following fertilizer application. Quantification of ammonia 
concentrations in neashore waters over the same time period showed a maximum 
of 0.3 ppm, which occurred 57 hours after application. A concentration of 1 
ppm is considered the threshold for acute toxicity to many marine biota. 
Measurements of the chlorophyll content of nearshore waters to detect 
potential algal blooms showed no differences between fertilized and reference 
areas of the site as well as samples from an unfertilized reference site 
remote from the treatment area. Total petroleum hydrocarbons in nearshore 
areas remained at or below detection limits (0.2 ppm) throughout the study. 



Bioremediation Monitoring Results for KN-132 

Summary 

Field Observations - All samples have been collected at this site. Visual 
observations have recorded no extreme differences in treated and control 
areas, as surface oiling has decreased in both areas. However, on the 
fertilized side, surface oiling was more patchy and thin. 

Interstitial Water Analyses - Results of analyses of interstitial waters for 
dissolved oxygen have been completed through Day 29 (the last day of 
sampling. Dissolved oxygen concentrations were decreased 1 - 2 mg/1 on the 
fertilized side relative to the untreated area for Days 0, 2, 4, and 8. 
There was no difference in dissolved oxygen concentrations for fertilized and 
reference areas on Day 16 and 29. Nitrogen nutrients were elevated from 
pretreatment and reference concentrations of 1 - 3 micromolar (uM) nitrogen 
to concentrations of up to 100 uM in the fertilized area of the monitoring 
plot on Days 2 and 4. Data from subsequent samples are not available. 

Sediment Analyses - Microbial activity in surface and subsurface sediments 
was stimulated 2 fold over· the unfertilized area by Day 4 following 
Inipol and Customblen application at this site. No subsequent data on 
microbial activity or abundance of bacteria are available. Analyses of oil 

- residues and characterizations of oil by GC/MS are not yet available. 

Ecological Effects -Toxicity tests conducted with Mysids, a shrimp-like 
crustacean, showed no toxicity in 6 samples of water collected at sites 
immediately over the treated shoreline. These samples were collected over 3 
days following fertilizer application. Quantification of ammonia 
concentrations in nearshore waters over the same time period showed a maximum 
of 0.04 ppm, which occurred 19 hours after application. A concentration of 1 
ppm is considered the threshold for acute toxicity to many marine biota. 
Measurements of the chlorophyll content of nearshore waters to detect 
potential algal blooms showed no differences between fertilized and reference 
areas of the site as well as samples from an unfertilized reference site 
remote from the treatment area. Total petroleum hydrocarbons in nearshore 
areas remained at or below detection limits (0.2 ppm) throughout the study. 



Bioremediation Monitoring Results for KN-211 as of July 1, 1990 

Summary 

Application of Customblen to this subsurface only oiled site has stimulated 
microbial activity in surface and subsurface (30 em) samples. Nutrient 
concentrations were increased following fertilizer addition, although not to 
the extent or duration seen at other sites. No adverse ecological effects 
were observed at this site. Reapplication is considered a viable option 
based on the short duration of sustained nutrient enrichment and the 
beneficial results of enhanced microbial activity 

Field Observations - All samples have been collected at this site. Visual 
observations have recorded no changes in the extent of subsurface oiling, no 
surface oil was present at this site at the beginning of the monitoring 
program. Customblen pellets were observed in the surficial sediments on day 
31. 

Iulerslilial Water Analyses - Dissolved oxygen concentrations of 
interstitial waters at this site have been analyzed through the last day of 
sampling (Day 31). These data show no consistent trends in differences 
between fertilized and untreated areas. Oxygen concentrations have ranged 
between 2 and 5 ppm for the durations of the test. Nutrient concentrations 
were 10 times greater in the treated area for Days 2 and 4. By Days 8 and 

- 16, ammonia approached background concentrations, however, nitrate was still 
elevated by 2 to 5 fold on the fertilized area. 

Sediment Analyses - Microbial activity in surface and subsurface sediments 
was stimulated 2 fold over the unfertilized area by Day 4 following 
Customblen application at this site. No subsequent data on microbial 
activity or abundance of bacteria are available. Analyses of oil residues 
and characterizations of oil by GC/MS are not yet available. 

Ecological Effects - Toxicity tests conducted with Mysids, a shrimp-like 
crustacean, showed no toxicity in 6 samples of water collected at sites 
immediately over the treated shoreline. These samples were collected over 3 
days following fertilizer application. Quantification of ammonia 
concentrations in nearshore waters over the same time period showed a maximum 
of 0.6 ppm, which occurred 7 hours after application. A concentration of 1 
ppm is considered the threshold for acute toxicity to many marine biota. 
Measurements of the chlorophyll content of nearshore waters to detect 
potential algal blooms showed no differences between fertilized and reference 
areas of the site as well as samples from an unfertilized reference site 
remote from the treatment area. Total petroleum hydrocarbons in nearshore 
areas remained at or below detection limits (0.2 ppm) throughout the study. 



EXXON VALDEZ OIL SPILL 
WEEKLY UPDATE 

JUNE 24-30, 1990 

Shoreline Survey Assessments 
Plans continue to be formulated for the post-treatment surveys on 
segments where some form of clean-up occurred this year. Some 
beaches that were not worked on may also be included. The August 
Shoreline Assessment Program should begin by August 15 at the 
latest, with some assessment to begin in July. 

Shoreline Treatment (also see report of June 17-23) 

TREATMENT PROGRESS STATUS AS OF JUNE 24 

Method Total 
to be Treated 

Bioremediation 411 

Manual & Mechanical 559 

Treated 
to Date 

95 

264 

Remaining 

316 

295 

The third Inipol bioremediation squad began work on June 
22, 1990. 

Of the 67 anadramous streams designated as requiring 
treatment, approximately 37 have been completed. 
Anadramous stream clean up has a deadline of July 10, 
1990. 

Heavy equipment is being tested on KN-26 for storm-berm 
relocation. Oily storm berms are being moved by a 
Hitachi track loader to the mid-tidal zone. The material 
is then surrounded by booms (absorbent, snare and then 
harbor types in a triple layer) and washed by hot water. 
The results look promising. The Exxon/USCG/State of 
Alaska Quality Control team will be deciding the extent 
that this technique will be used. 

Manual treatment is being enhanced by the application of 
Customblen after tarmat removal. Efficiency is reported 
to be improving with the addition of this treatment. 

Corexit 9580 Shoreline Chemical Cleaner 

The field demonstration for Corexit was conducted on June 23, 1990. 
Weather conditions precluded the on-time arrival of the aircraft 
which was transporting agency personnel. Exxon videotaped the 
test. ADEC, EPA, NOAA and other agency personnel did not witness 
the test, and could not render judgement based on "visual science". 



Others have reported a significant difference. Videotape by Exxon 
shown at a Corexit meeting showed the rock face the day after 
application (when the rock had dried) and declared the test a 
success. Another test application is scheduled (tentatively) for 
June 30. 

Rock Washer Research and Development Update 

Release of draft NEBA (Net Environmental Benefit 
Analysis) report has been extended to July 5, 1990. The 
FOSC has assured that EPA will receive a copy of the 
draft NEBA report for review and comment before the final 
report is published. 

USF&WS Activities 

Seabird colony restrictions for the Katmai area have been 
relaxed. USF&WS continue to provide wildlife monitors 
at cleanup locations. 

A Bald Eagle nest failure has been reported in Tonsina 
Bay. USF&WS continues to implore aircraft to observe 
restricted areas. It is not conclusive, however, if the 
nest failure is due to oil spill related aircraft. Many 
helicopter and aircraft tours, as well as natural 
factors, could have resulted in this nest failure. 
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Date June 18, 1990 

To: Corexit Advisory Team 

Gary Reiter (USCG) 
Joe Talbott (NOAA) 
Carl Lautenberger (EPA) 
Al Kegler (ADEC} 

From: Hans Jahns ~ 
Subject: Corexit 9580 Field Demonstration 

Exxon Operations is scheduling the first demo of spotwashing with the 
beachcleaner for Tuesday, June 19, 1990, afternoon in the Bay of Isles. The 
selected spot is an oil-coated rock outcrop on the outside portion of KN 136 
(facing the open bay rather than the lagoon). The location is indicated on 
the attached map. For purposes of the demo, one side of the rockface will be 
presoaked with Corexit; both sides will then be washed, using warm water on 
the treated side and hot water on the untreated side. Water temperature will 
be measured at the nozzle. The area to be treated is about 60 square feet -
which calls for about 6/lOth of a gallon of Corexit. 

As you recall, we selected three potential sites for the trials on our field 
trip last Friday: LA 20B in Sleepy Bay, EV 39 on Evans Island, and KN 136 in 
Bay of Isles. We were able to visit only KN 136 yesterday because of bad 
flying weather. However, LA 20 has tentatively been selected as the second 
site for a demo later this week. This test would involve the oil·coated 
seaward facing side of a single large boulder which would require less than a 
quart of the beachcleaner. 

Please give me a call to confirm whether you will be able to attend the 
exercise tomorrow. We are scheduling a Twin Otter to leave here shortly after 
noon - weather permitting. In addition to our group, we hope to have a CAC 
representative present. 

cc: Adm. D. E. Chiancaglini 
Randy Bayliss (ADEC) 
Peter Nagel (CAC) 
Otto Harrison 
Don Carpenter 
Bob Mastracchio 
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Memo to: 

Sonny Maye r , ERL/GB 
Hap Pritch a r d, Valde z 
Tom Baugh, OEET 
Carl Lautenburger, AOO ~ 

Re: Weekly Activity Report, 6/25 - 6/29 

From: Jim Clark _.J1f!c fo /;rt(tto 
Rod Parrish 
Bioremediation Monitoring Team, Anchorage 

Data are beginning to develop an ~ncouraging story on the 
effectiveness of the fertilizer applica~ions to two beach sites 
in PWS, the KN-135 and KN-132 monitoring sites. Both sites had 
surface and subsurface oiling and were treated with Inipol and 
Customblen and are showing microbial activity 2 - 3 times the 
rate of their respective reference sites. Nutrients in 
interstitial water also have been elevated. Dissolved oxygen 
concentrations in the interstitial water have been depressed 2 -

3 mg/1 in the treated areas, reflecting enhanced microbial 
activity, but have not approached anaerobic conditions. At the 
KN-211 site where there was subsurface oil only, microbial 
activity has been stimulated but the nutrient concentrations have 
not remained elevated. This is probably due to the high energy 
nature of the site and the porus nature of the substrate. 
Results of day 32 sampling at KN-135 are beginning to show that 
it may be appropriate to reapply fertilizers at this site. There 
is still oil at the site, but another treatment of Inipol should 
lead to the visual cleaning effect as the surface rocks have only 
a thin layer of oil now. 

All results of toxicity tests with site water and Mysids 
have been reported by the MEC lab in Tiburon, CA. No toxicity 
was seen in any samples taken from the nearshore zone of any of 
the monitoring sites. Measurements of ammonia in water samples 
collected at the same time and analyzed by the University of New 
Hampshire, the contract lab for our nutrient samples, have shown 
maximum concentrations of ammonia at 0.6 mg/1 for both the KN-
135 and KN-211 sites. These concentrations are at the threshold 
of acute toxic effect concentrations for the most sensitive 
species reported in the literature, and are an order of magnitude 
less than acutely toxic concentrations for most fish and 
invertebrates. 

Preliminary results from the Bioremediation Monitoring 
Program were presented to the Operations Steering Committee, 
Chaired by Admiral Ciancaglini, on Tuesday, 6/26, at 5:30 PM. 



. . 

The 20-minute progress report was shared by Roger Prince of 
EXXON, Jon Lindstrom of ADEC, and me. We received few comments 
from the audience, and compliments from the Admiral. I requested 
that the committee inform us as to the e xact nature of the 
expected format of our 6-week report and any panel review. ADEC 
is preparing their response. A tentative date of July 10 had 
been discusse d b e fore, but this is still not firm. I followed up 
my request at the Wednesday morning FOSC briefing with Admiral 
Ciancaglini. ADEC is represented at that meeting as are all 
federal agencies working on the spill clean-up. The ADEC rep 
will inform the admiral and us as soon as the format for 
reviewing the monitoring data has been established. They are 
expecting to put together a panel of experts to review the 
results, so some form of report and oral presentation by the 
bioremediation monitoring team is anticipated. The state has 
said that they would not approve requests for reapplication at 
any sites until a final decision on bioremediation has been made 
upon review of the monitoring data. Admiral Ciancaglini is 
sending a letter to the ADEC Commissioner informing him that they 
intend to continue using bioremediation while the state ponders 
the results of the monitoring program. 

The bioremediation monitoring team has asked EXXON to 
continue to support the monitoring effort past the 32-day 
program, which ends this weekend with the final scheduled 
sampling at KN-211 and KN-132. EXXON is working out the 
logistics and should make a decision soon. We would request that 
the untreated reference sites be left untreated while we continue 
to monitor and retreat at the sites. This may be a problem with 
the state, but will be worked out through normal channels. When 
I informed the staff attending the FOSC briefing of our plans, 
all were highly supportive and saw no real problems. Sites would 
be sampled once every two or three weeks until September 1 under 
our draft plan, but this could change as we analyze the data 
coming in from our current study. 

Roger Prince of EXXON and I will be in Valdez Friday through 
Sunday working with Hap on the research program and visiting the 
monitoring sites as the field crews sample them. We plan to 
travel to Fairbanks to meet with Jon Lindstrom and the Univ. of 
Alaska Fairbanks staff who are processing the microbiology 
samples for the monitoring program. Since all the UAF crew will 
be there processing the weekends samples, we will ask them to 
stay Monday and Tuesday to discuss results to date and to begin 
serious preparation of the document to be reviewed. 

cc 
R. Menzer - ERL/GB 
R. Wilhour - ERL/GB 



DATE: 

TO: 

FROM: 

June 25, 1990 

Rear Admiral D. E. Ciancaglini, FOSC 
R. Bayliss, ADEC 
C. Lautenberger, USEPA 
Otto Harrison, Exxon 
J. Whitney, NOAA 

t ~~~~!~~:!~<t"lf ~fl. 
R. C. Prince'F"':f 
R. A. Major ~(t ~ 

CBHRAL FILE 
~ OFFlClAL COPY -~ 

SUBJECT: Weekly Report, 6/18-24/90, Joint ADEC/EPA/Exxon Bioremediation 
Monitoring Program 

A presentation of the results of data analysis available to date will be made 
on Tuesday, June 26, at the regular bi-weekly Operations Steering Committee 
meeting. The following is a summary of the last week's activities. 

FIELD ACJIVITIES 
KN-132B. Herring Bav 
Day 16 samples were collected on KN-132B, Herring Bay, on M~nday, June 18. 
The high tide. was particularly low, and only some of the wells were submerged 
at high tide. Nevertheless, all wells were essentially full of water. The 
salinity of the interstitial water in all three wells on the reference beach 
was low (0.1-4.5 ppt), indicating the presence of a fresh water lens under 
this portion of the beach. Notwithstanding, the interstitial water was 
aerobic. There is still heterogeneity on both reference and treated beaches, 
with remnants of surface oil on both sides. Large rocks on the treated side 
seem to be cleaned on top where they were coated with Inipol, but still have 
oil stains remaining on their sides. Customblen granules remain evident on 
the treated side, but none have washed over to the reference side. Samples 
were delivered by air through Cordova because the Portage Pass was closed to 
flying. · 

KN-135B. Bay of Isles 
The sampling program was completed on KN-135B, Bay of Isles, with the final 
(day 32) samples taken on Friday, June 22. Sampling began at 4:00 am on a 
falling near-spring tide (range 18ft, high +14.6 ft). A lot of Customblen 
pellets were evident higher on the beach (e.g., well B) while fewer pellets 
were seen at •id-tide (e.g., well C). Very low salinities were noted at well 
B (4 ppt) which may have been due to heavy rain run-off. One of the nine 
surface sediment samples collected on the treated beach showed no visible 
oil. Since this was the last day of sampling under this program, the boom 
dividing the beach into treated and reference sections was removed. Survey 
tapes marking pit locations and the sampling wells were left in place, 
however, in case of the need for further sampling. Time lapse cameras were 
left in place for removal Sunday, July 1, on completion of all sampling. 
Sample pick-up occurred at 12:30 pm. 
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SAMPLE ANALYSES 
Toxicity Tests 
No significant toxicity was associated with the application of fertilizer to 
KN-211 and KN-132. Water samples were collected in the nearshore zone 
immediately before fertilizer application and 1 hour post-application. 
Samples were then collected at the mid-point of the next 1, 2, 3, 5, and 7 
out-going tides; approximately 7, 19, 32, 57, and 82 hours post-application. 
Samples from an untreated site remote from the test beaches were also 
collected and tested. Toxicity tests were conducted with mysids, a 
shrimp-like crustacean which is a standard laboratory test animal. Mysids 
were the most sensitive of 7 marine fish and invertebrate species previously 
tested with Inipol, and thus were selected as a sensitive surrogate for 
indigenous biota. Concentrations of ammonia and nitrates in the nearshore 
waters at the test sites peaked within the first two days following 
application, at concentrations an order of magnitude less than concentrations 
reported to be acutely toxic to marine biota. These test results agree with 
those previously reported for the KN-135 test site. 

Water Quality Measurements 
No evidence of increased algal productivity, which might result in algal 
bloom, has been observed offshore of any of the beaches. Total petroleum 
hydrocarbon levels remain below or near detectable limits (0.2 mg/1) off both 
test and remote reference beaches, indicating no significant effect of 
fertilizer application on total petroleum hydrocarbon release. 

Oil Analysis 
Chromatographic analysis ·of the oil on the three test sites, collected before 
the application of fertilizer, has now been completed. All show significant 
biodegradation, but substantial amounts of biodegradable material remain. 
The presence of significant amounts of paraffins in the oils suggests that 
the mineralization of hexadecane (see below) is an appropriate measure of the 
effect of fertilizer application on these beaches. Gravimetric measurements 
of the initial oil will be complete within the next five days. 

Nutrient Analysis 
Measurements of dissolved nutrients in the interstitial water on the treated 
side of KN-135 indicate that these reached a maximu• between days 2 and 4 at 
approximately 150uM nitrate and 150uM ammonia, and subsequently declined to 
·about 40uM nitrate by day 16. If this trend is repeated on the other 
beaches, it will provide important information on when to reapply fertilizer 
for maximum benefit. Data through day 4 on KN211 and day 2 on KN132 show 
significant increases following fertilizer application. Nutrient levels 
remain at background levels in the unfertilized portions of all three 
monitoring beaches. 
The trend towards lower dissolved oxygen levels in interstitial water on the 
fertilized portions of the test beaches has continued. This trend is 
consistent with increased microbial activity on the treated portions of the 
beach. Nevertheless, the beaches remain aerobic, and there have been no hints 
of anaerobic activity by sulfate reducing bacteria. 

Microbial Hydrocarbon Degradation 
Measurements of hexadecane mineralization have now been completed on all 
beaches through day 16. All show substantially more activity on the 
fertilized portions of the beach when these are compared to the unfertilized 
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portions. The ratio of activities on fertilized compared to unfertilized 
beaches is approximately 3.3 on KN-132, 3.1 on KN-135, and 2.2 on KN-211. 
Consistent with expectations from laboratory experiments, this order 
parallels the levels of soluble nutrients in the interstitial water on the 
three beaches. 

cc: R. E. 
B. 
E. 
E. 
D. 
c. 
l. c. 
M. J. 
H. 0. 
J. 
c. 
R. 
s. 
P. 
P. R. 
P. H. 
B. 
M. 
D. 
A. 
J. B. 

Bare - Exxon 
Beathard - Exxon 
Brown - UAF 
Butler - ANI 
Carpenter - Exxon 
Costa - USEPA 
Dash - Exxon 
Grossman - Exxon 
Jahns - Exxon 
Kennedy - ANI 
Loggie - Exxon 
Mastracchio - Exxon 
McMillen - Exxon 
Nagel - CAC 
Parrish - USEPA 
Pritchard - USEPA 
Rome - USCG 
Smith - Exxon 
Stanczuk - Exxon 
Weiner - ADEC 
Wilkinson - Exxon 
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To: Gary Reiter/ Buzz Rome (USCG) 
Joe Taibot t (NOAA ) 

r u 

Date; June 29, 1990 

Cad Lautenberger/ Ken Gaylord/ Kirsten Bal lard (EPA) 
Al Kegler (ADEC) 

From: Bob Fio~Hans Jahns 

Subject: Second COREXIT 9580 Field Demonstration 

Exxon Operations is scheduling the second field demonstration of spot-washing 
with COREXIT 9580 beach cleaner for Sunday afternoon, July I ; 1990 in Sleepy 
Bay. This is in followup to the init-ial demonstration at the Bay of Isles 
(KN-136) on June 23. The location selected for this demo is a zone on 
LaTouche Island (LA 20C) comprised primarily of oil-coated boulders and large 
cobble. Th e attached maps indicate the specific location. 

Two equivalent areas of up to 1000 square feet each will be mat~ked off in 
this zone. This site is consistent with the upper bound of approximately 33 
feet by 33 feet indicated in the FOSC's May 18 letter to the RRT requesting 
approva 1 for CO REX IT 9580 use. Both areas will be spot~washed at the same 
time, one wi th hot wash water (target temperature 160° F, range 145-175Q F) 
and the other with warm water (target temperature 110° F, range 100-135° F). 
\4ater temperature will be measured at the discharge nozzle. COREXIT 9580 
beach cleaner will be applied 15-30 minutes prior to the warm water wash at a 
rate of 1 gallon per 100 square feet. Sorbent {snare) boom will be used in 
each area to recover released oil. As directed in the FOSC's June 8 approval 
l etter (attached), efficiency in comparison to the hot watel' washed an~a 
vlil 1 be determined by visual science oniy and no sophisticated sampling 
prog·rams are required.. We understand that ADEC wil1 attempt a quantat i ve 
as sessment of each area, such as by extracting oil from snare boom samples 
and count i ng barnacl es. 

We are scheduling a Twin Otter to leave Anchorage at 1:30 PM on Sunday to go 
to Sl eepy Bay. Another flight is scheduled for 2 PM on Monday 1 July 1, to 
bring the team out for follow-up visual determinat ions. Please give Han s 
Jahns or myself a call to confirm your flight plans and passenger names . In 
additi on t o our team, we hope to have representat ives from CAC and CVC 
present, as we ll as those agenc ies also mentioned in the FOSC's June 8 
letter. 

cc: Adm. D. E. Chi ancag1ini 
Colleen Burgh {AD EC) 
Peter Nagel (CAC) 
Gail Evanof f (C VC) 
Paul Gates (DOl) 
Bill Cope1and (ADNR} 
Ott o Hart~ ; son 
Don Carpenter 
Bob Ma stracchio 

A 1)!\'ISIQN OF EXXON C0hP0F:I\'l'i<)N 
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Mr~ Otto Harrison 
Exxon company U.S.A. 
P.O .. Box 240409 
Anchorage~ AK 99524-0409 

Dear Mr. Harrison: 

coord:i.na:tor 
u. S~ Coast Guard 

601 w 5th·Atte. 
Suite 300 
Anchorage, AK 99501 
(907) 277-3833 

16465 
8 June 1990 

Enclosed is the Regional Response Team's repZy to the appLicarion 
o:f corex:it 9580 for spot wash L'f'J.g.. Please no-te that: the following 
cond~rions must be met prior to wide area apptication: 

a. Pi.ve s:Ltes must: be chosen for eest a.ppli.cat:i.on. · 
Selection wil.l be det:erm:Lned by 'EXXon, USCG, JIDEC and EPA. 

, _ . 
b. Opera-tional recover:J measures us:in.g sorbents and lower 

water temperaeures need to be proven affect£ve. 

c. An opportunity wilz· be g1ven for one representative each 
from DOI., DOC~ BPA.,. Nl!S, DNR and CAC to· observe a test. 

•' 

d. Efficiency w~~ be determined by visuai science only and 
no sophist~cated sampling programs are'required. 

I would like to gat this issue resoZved as quickly as possible. 
In doi:n.g so, it is importfu"lt: thae ¥<18 keep the en:t:Lre . testing and 
other processes s:t..m.IJl.e! ! CDR Rei ter o£ mg sta:ff will. contact 
your staff to set up a m~e~Lng and work out the derails. If you 
have ~~Y questions, please con~act me. 

S:incerely, 

~-t-. L~-
D. E. CI .. 'l!NCA LINI 
Rear Adm2ral U.So Coast Guard 
Federal on s ene Coordinator 

Encl: (l) AK RRT ltr of 7 Jun 1990 

cc: ~~EC, Mr~ Randy Bayliss 

l 

.• .' 
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FACSIMILE COVER SHEET 

EXXON COMPANY. ·U.S.A. 
ALASKA OPEr!A TIONS- TECHNICAL DEPT. 

FAX #: (907)564-3260 

Mailing Address: PhysicaJ Address: 
P.O. Box 240409 
Anchorage,AK 99524-Q409 

3301 "C~P Street. 3td Roar 
Anchon~ge,AK 99503 

DATE; • i.-!J{-fl.) 

~_p) in,tifu) 13~ FAX It: _?'71-*)1/(g 7 TO: 

COMPANY~ tf!tt LOCATION: 

FROM: WKI: (907)564-.di I~ . 
COMPANY: Exxon, U.S.A. LOCATION: Anchorage, Alaska 

NUMBER OF PAGES {INCL.UOlNG COVER SHEET): 

MESSAGE.: 

If you have any questions/problems with this transmittai ptea.se contact ~ 

Sent by: 



Shoreline Survey Assessments 

EXXON VALDEZ OIL SPILL 
WEEKLY UPDATE 

JUNE 17-23, 1990 

As reported last week, the spring assessments are complete. Plans are now 
being formulated to conduct post-treatment surveys on those segments where 
some form of clean-up occurred this summer. These assessments may begin as 
early as July, with the majority of surveys occurring in August. 

Shoreline Treatment 

- From the total area surveyed, 1,032 total subdivisions were identified as 
of June 17. Six hundred and one (601) subdivisions have been targeted 
for some type of treatment, while 431 require no further treatment. 

- Out of 95 anadromous streams surveyed, 66 require treatment, leaving a 
balance of 29 streams with no further treatment required. 

TREATMENT PROGRESS STATUS AS OF JUNE 17 

Method Total 
to be Treated 

Bioremediation 

Manual & Mechanical 

410 

540 

Treated 
to Date 

63 

224 

Remaining 

347 

316 

Presently, there are nine squads actively working in the Prince William 
Sound, Kenai Pennisula, and Kodiak/AK Peninsula areas. Two of these 
squads are dedicated to applying fertilizers associated with 
bioremediation. A third squad dedicated to bioremediation is being 
trained and will be activated shortly. 

Corexit 9850 Shoreline Chemical Cleaner 

A scheduled field demonstration designed to test the efficacy of the product · 
on weathered oil remaining this year was canceled on Tuesday, June 19th 
because the land owner adjacent to the test site (Chugach Native Corporation) 
objected to the use of the product. Further demonstrations are on hold until 
an appropriate alternate site can be identified. Exxon has indicated that if 
use of 9580 is approved they plan to use it on only 20-30 of the 70 sites 
targeted for spot washing. 
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Rock Washer Research and Development Update 

- Exxon awarded a contract to Northwest Enviro Services to build a 
full-scale prototype machine for testing in late July. 

- ·· NOAA is scheduled to release a report of the work group evaluating the 
Net Environmental Benefits Analysis of rock washing technology by June 
27th . 

USFWS Activities 

USFWS, in consultation with AK Fish & Game, National Park Service and NMFS, 
continues to review access limitations and constraints. Shorelines located in 
the Barren Islands previously labeled "off limits" due to shore bird colonies 
are now accessible to clean-up crews as a result of USFws•s identification of 
alternate access routes. 



EXXON VALDEZ OIL SPILL 
WEEKLY UPDATE 

June 10-16, 1990 

SHORELINE SURVEY ASSESSMENTS 

Exxon submitted a final status report on June 12 regarding the 
following information on shoreline assessment: 

Segments Assessed 
Subdivisions Assessed 

Wide 
Moderate 
Narrow 
Very Light 
No 'Oil 

Total 

Total Number 
of Segments 

PWS 
492 
710 

KENAI 
106 
154 

OILING LENGTHS 
PWS KENAI 

12.9 1.6 
28.5 4.8 
49.6 9.8 

169.1 53.2 
425.4 180.0 

685.5 249.4 

492 106 

KODIAK 
125 
167 

IN MILES 
KODIAK 

0.3 
3.2 
4.3 

58.9 
213.8 

280.5 

125 

TOTAL 
723 

1031 

TOTAL 

14.8 
36.5 
63.7 

281.2 
819.2 

1215.4 

723 

(For surface oil definitions, refer to the Exxon Valdez Oil Spil.l 
Weekly Update of May 6-12, 1990.) 

There are plans to conduct a post 1990 summer treatment survey in 
Augu~t. 

SHORELINE TREATMENT (As of June 10, 1990) 

PWS: 
Bioremediation - 339 subdivisions require treatment; 
47 subdivisions were treated; 292 remain to be treated. 
Manual & Mechanical Treatment (includes manual pickup, tarmat 
removal & spot washing) - 372 subdivisions require treatment; 
160 subdivisions were treated; 212 remain to be treated. 

KENAI: 
Bioremediation - 58 subdivisions require treatment; no treatment 
has begun to date. 
Manual & Mechanical Treatment (includes manual pickup, . tarmat 
removal & spot washing) - 84 subdivisions require treatment; 
24 subdivision were treated; 60 remain to be treated. 



Exxon Valdez Oil Spill 
Weekly Update 

'KODIAK: 

Page 2 

Bioremediation - 26 subdivisions require treatment; no treatment 
has begun to date. 
Manual & Mechanical Treatment (includes manual pickup, tarmat 
removal & spot washing) - 65 subdivisions require treatment; 
4 subdivision were treated; 61 remain to be treated. 

COREXIT 9580 PROPOSAL 

EPA, ADEC, USCG, NOAA, and Exxon met to discuss procedures and 
determine sites for field testing Corexit 9580 use in conjunction 
with spot washing. The objectives of the field tests are to 
determine if the use of Corexit 9580 improves oil removal 
efficiency and enables spot washing treatment at lower hot water 
temperatures, while not decreasing the ability to recover 
loosened oil. 

No additional toxicity or water column oil concentration testing 
are anticipated. Alaska Regional Response Team agencies agreed 
that the review of last year's data and winter laboratory 
research on Corexit 9580 is sufficient to consider the proposed 
small scale, limited use of the product in this year's treatment 
activities. 

BIOREMEDIATION 

Monitoring of bioremediation sites continues. Concentrations of 
dissolved ammonia in the water column adjacent to treated plots 
are ·below toxic levels. 

To date, the University of Alaska at Fairbanks has processed 
approximately 400 microbiological samples. Results of analyses 
designed to enumerate the number of heterotrophic and oil eating 
bacteria are pending. 

EAGLE SURVEY 

USF&W and ADF&G completed an assessment of all known eagle nests 
located within the spill area. USF&W was able to determine which 
nests were inactive, thus significantly reducing the number of 
locations which were unaccessible due to the 1/2 mile radius 
restriction around active eagle nests. USF&W has also reduced 
access restriction from 1/2 mile to 1/4 mile. 
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EXXON VALDEZ OIL SPILL 
WEEKLY UPDATE 

June 3~9, 1990 

SHORELINE SURVEY ASSESSMENTS 

The spring shoreline assessments are complete. A total of . 
1,008 subdivisions in PWS, Kenai Peninsula, Gulf of Alaska and 
Kodiak areas were surveyed. Of the 1,008 subdivisions surveyed, 
treatment was recommended for 579 subdivisions. 

SHORELINE TREATMENT 

As of June 3, sixty-eight (68) of 579 subdivisions were treated. 
Subdivisions that were bioremediated will be reassessed and 
reevaluated based upon the r .esults of the bioremediation morii toring 
program. Subdivisions wit~ work orders involving manual removal·, · 
spotwashing, etc. will be reassessed in mid-August. 

BIOREMEDIATION 

Application of fertilizers continues. The following observations 
were reported based on preliminary results of the moni tori.!lg 
program regarding Inopol application: ( 1) Level.s of dissolved 
ammonia in near shore waters peak at 19 hours, then fall back to 
background levels; ( 2) Concentrations of ammonia are belm·l toxic. 
levels. Water samples were taken and no harmful effects on oyster 
larvae were observed. 

COREXIT 9580 SHORELINE CLEANER 

RRT members, including EPA and ADEC, provided comments regarding 
the use of Corexit 9580 to the FOSC on June 4. Essentially, the 
Natural Resource Trustee agencies had no objections to the use of 
Corexit 9580 in conjunction with spotwashing at approximately 
70 sites.· EPA and ADEC's approval of Corexit 9580 use are 
contingent upon further testing of · the product, in order to 
demonstrate its effectiveness in increasing oil removal and 
recovery. 

ALASKAN FISHERIES 

No oil/she en have been observed in commercial fishing a r eas t o 
date. The Kodiak s a lmon f isheries a re scheduled to ope n June 7. 



Exxon Valdez Weekly Update 
June 3-9, 1990 

OTHER AGENCY ACTIVITIES 
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ADEC, NOAA, and EXXON are undertaking an engineering study and a 
net environmental benefit analysis study to determine if the use 
of conceptionally designed rock washing treatment should be 
pursued ... Reports regarding this are expected by the end of July. 

EXTERNAL/PUBLIC AFFAIRS 

The Commandant of the Norwegian Coast Guard visit for this June has 
been cancelled. The soviet delegation visit is scheduled for 
mid-June. 
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EXXON VALDEZ OIL-SPILL 
WEEKLY UPDATE 

May 20-26, 1990 

SHORELINE SURVEY ASSESSMENTS 

The spring shoreline assessments are essentially complete. The 
Shoreline survey Assessment Team (SSAT) continues some survey 
work in the Kodiak and Alaska Peninsula areas on National Park 
service and u.s. Fish and Wildlife lands. 

Shoreline treatment was recommended for approximately 
567 segments out of 976 subdivisions surveyed. Similarly, 
approximately 59 anadromous streams, out of 93 streams assessed, 
require treatment. 

SHORELINE TREATMENT 

As of May 20, the following types of treatment are planned: 

Treatment Type Ar ea Segment ii= 

Manual Removal PWS 300 
Kenai 74 
Kodiak 50 

Bioremediation PWS 340 
Ke nai 58 
Kodiak 27 

Tar Mat Removal Phi'S 195 
Kenai 50 
Kodiak 2 

Spot Wash PWS 66 
Kenai 10 
Kodiak 3 

Other/Misc. (To b e PWS 50 
determined, e.g. , Kenai 5 
rock washing or Kodiak 0 
tilling) 

ALASKAN FISHERIES 

No oil/sheen was observed at Alaskan fishing areas to date. The 
salmon gill net drift fishery in the Eshamy District of PWS is 
scheduled t o open on June 11. 
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Exxon Valdez Weekly Update 
. Ma·y 20- 26, 1990 

PAGE 2 

BIOREMEDIATION 

Application of Inipol EAP22 and Custom Blend began this week in 
PWS. The monitoring program (described in last week's update) 
commenced at one site, Bay of Isles, on Knight Island. Two 
additional monitoring sites are required. However, problems 
persist in locating sites with adequate oiling and without use 
restrictions due to wildlife or archaeological restraints. 

COREXIT 9580 PROPOSAL 

The .Alaska Regional Response Team (ARRT) met on May 21 to 
consider Exxon's recommendation, endorsed by the FOSC and NOAA 
Scientific Support Committee (SSC), to use Corexit 9580 chemical 
beach cleaner in conjunction with spot washing shoreline 
treatment. The chemical will be applied in small amounts at_ . 
nominal rates to small ~reas (shoreline segments approximately 
lO'X 10' to 33'X 33') to remove heavy concentrations of oil, in 
order to prepare the oiled surface for application of 
bioremediation nutrients. 

The FOSC and NOAA sse believe use of the chemical will be 
beneficial for the following reasons: 

Use of Corexit 9580 will allow use of lower hot 
water temperatures and smaller volumes of flush 
water. 

Use of Corexit 9580 does not appear to decrease 
the effectiveness of oil recovery by sorbents and 
oleophilic pompoms (the primary means of recovery 
this year). 

Use of Corexit 9580 presents no significant 
increase in the risk to the biological community. 

WASTE MANAGEMENT PLAN 

' 
\ 

Exxon submitted a Waste Management Plan for 1990 operations to 
the FOS<:;. The primary disposal facilities mentioned in the plan 
are: 

Lower 48 landfill for oily solid wastes. 
Alyeska Terminal's Ballast Water Treatment Plant 
for oily waters. 
USCG approved Marine Sanitation Devices for 
sanitary wastes from vessels. 
Lower 48 facilities for hazardous wastes, if any. 
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Exxon Valdez Weekly Update 
May 20-26, 1990 

~GE3 

PWS INTERAGENCY SHORELINE CLEANUP COMMITTEE (ISCC) 

The PWS ISCC visited several cleanup work sites in PWS on 
Wednesday, May 23. Shoreline treatments observed included 
bioremediation, tar mat removal, oily debris removal, and spot 
washing. 
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EXXON VALDEZ OIL SPILL 
WEEKLY UPDATE 

May 13-19, 1990 

SHORELINE SURVEY ASSESSMENTS 

The Shoreline survey Assessment Team (SSATJ continues to assess 
segments in Kodiak. To date, approximately 80% of assessment 
activities in Kodiak have been completed. 

SHORELINE TREATMENT 

Shoreline treatment is in the initial stages. Eight cleanup 
squads, seven in PWS and one in the Gulf of Alaska, continue 
shoreline treatment activities--e.g., manual debris pickup, spot 
washing. 

nLASKAN FISHERIES 

There have been no closures of Alaska fishing areas to date. 
Federal/State agencies continue aerial surveillance and 
monitoring of fishing areas. The Copper River area salmon 
opening occurred without incident. 

COREXI~ 9580 PROPOSAL ME~TING 

A RRT meeting, regarding Exxon's proposal to use Corexit 9580 
bea~h cleaner, is scheduled for May 21. 

BIOREMEDIATION 

The bioremediation, nutrient enhancement fertilizer wi 11 be 
applied on segments of Knight Island in PWS on May 18. 

EPA ORD, in conjunction with ADEC and Exxon, finalized a 
monitoring program that will be carried out as a joint effort 
between these agencies, ~eluding scientists from the University 
of A~aska in Fairbanks. The detailed monitoring program 
proposes to show whether the bioremediation technique enhances 
the biodegradation of oil with minimal environmental risk. The 
effectiveness of bioremediation on surface and subsurface oil 
will be evaluated at low, moderate ana high energy shorelines. 
During the six week program .. water, sediment and oil sall\ples will. 
be analyzed for the presence of fertilizer, microbial populations 
changes in oii loading and chemistry, toxicity, and algal 
chlorophyll. Together, these measurements will be compared to 
control. sites ana will provide a basis to assess the 
effectiveness and safety of bioremediation treatments. 



; 
-- I 

/ 

10:49 FAX 206 442 0175 S R I S 

2 

EPA ORD is also devising a 1990 research plan separate from the 
-operational monitoring plan. The objectives of the research plan 
are: 

To supplement the summer monitoring program by 
demonstrating, through alternative methods and sampling 
designs T the extent of biodegradation enhancement over 
natural rates. 

To ensure fertilizer application rates in the field 
have been optimized. 

To develop further information that will support and 
direct fertilizer application strategies for the 

bioremediation of subsurface oil. 

To examine and apply alternative methods for measuring 
the biodegradation of oil in the field. 

To determine fertilizer application rates to shorelines 
which will effectively accelerate biodegradation 
without adversely affecting the natural biota. 

To field test different methods and approaches for the 
potential bioremediation of weathered oil. 

EXTERNAL/PUBLIC AFFAIRS 

The commandant of the Norwegian Coast Guard and a soviet 
delegation are scheduled to visit in June. 
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EXXON VALDEZ OIL SPILL 
WEEKLY UPDATE 

May 6-12., 1990 

SHORELINE SURVEY ASSESSMENTS 

There are four subdivision& .o£ shoreline survey assessments, 
namely: Prince William Sound (PWs) , .. Ken~i, Kodiak, and 
anadromous fish streams (~SCAT). 

The Shoreline Survey Assessment Team (SSAT) completed surveying 
all segments .in PWS and the Kenai .area, and continues to assess 
segments in Kodiak ( 70% ·comp1eted) -, 

A tota1 of 1,061.9 miles we~e surveyed by SSAT . . A summary o~ 
oiling data in miles·· is as follows: · 

PWS KENAI ·KODI1\K SUBTOTAL 

WIDE 12. .. 8· . 1.7 .3 14.8 
MODERATE 28.4 5.1 1.6 35.1 
NARROW 49 .. ·5 9.8 3.4 62..7 
VERY LIGHT 168.7 9.8 .3.4 245. 7 . 
NO OI.L 425.1 177.6 100.9 703.2, 

TOTALS 684.5 246 •. 8 1.30.6 1,061.9 

Surface Oil Definitions: 

Wide - Greater than 6 meters wide · and 50% or more oil cover •. 
Moderate- Greater than 6 meters. wide and less than 50% Oi1 cover 

·· O_r Widths betwe~ 3-6 meters and greater than 10% Oil 
cover. 

Narrow- Less than 3 meters wide arid great~r than .lO% oil cover. 
Very Light- Less than lO% oil cover, inclu~ing splashes. · 

·SHORELINE TREATMENT 

Shoreline treatment is still in the · .. initial stages and is in 
progress. Cleanup vessels are .. on stand-:--by or underway. 

COREXIT 9580 PROPOSAL MJETING 

A RRT meeting is scb.edu1eO. fo-,; May 21 regarain~ Exxon -t s proposa:\, 
to use Corexit 9580 ~eac~ cleane~. 





DATE: June 25, 1990 

TO: 

FROM: 

Rear Admiral D. E. Ciancaglini, FOSC 
R. Bayliss, ADEC 
C. Lautenberger, USEPA 
Otto Harrison, Exxon 
J. Whitney, NOAA 

J. R: ClarkjJ:.;/.~./ A~J.d/. 
J. L1ndstro ~~~pr-/,r · · 
R. C. Pri nee 'F"-l 
R. A. Major ,f.'f. fl. 

SUBJECT: Weekly .Report, 6/18-24/90, Joint ADEC/EPA/Exxon Bioremediation 
Monitoring Program 

A presentation of the results of data analysis available to date will be made 
on Tuesday, June 26, at the regular bi-weekly Operations Steering Committee 
meeting. The following is a summary of the last week's activities. 

FIELD ACTIVITIES 
KN-132B. Herring Bay 
Day 16 samples were collected on KN-132B, Herring Bay, on Monday, June 18. 
The high tide was particularly low, and only some of the wells were submerged 
at high tide. Nevertheless, all wells were essentially full of water. The 
salinity of the interstitial water in all three wells on the reference beach 
was low (0.1-4.5 ppt), indicating the presence of a fresh water lens under 
this portion of the beach. Notwithstanding, the interstitial water was 
aerobic. There is still heterogeneity on both reference and treated beaches, 
with remnants of surface oil on both sides. Large rocks on the treated side 
seem to be cleaned on top where they were coated with Inipol, but still have 
oil stains remaining on their sides. Customblen granules remain evident on 
the treated side, but none have washed over to the reference side. Samples 
were delivered by air through Cordova because the Portage Pass was closed to 
flying. 

KN-135B, Bay of Isles 
The sampling program was completed on KN-135B, Bay of Isles, with the final 
(day 32) samples taken on Friday, June 22. Sampling began at 4:00am on a 
falling near-spring tide (range 18ft, high +14.6 ft). A lot of Customblen 
pellets were evident higher on the beach (e.g., well B) while fewer pellets 
were seen at mid-tide (e.g., well C). Very low salinities were noted at well 
B (4 ppt) which may have been due to heavy rain run-off. One of the nine 
surface sediment samples collected on the treated beach showed no visible 
oil. Since this was the last day of sampling under this program, the boom 
dividing the beach into treated and reference sections was removed. Survey 
tapes marking pit locations and the sampling wells were left in place, 
however, in case of the need for further sampling. Time lapse cameras were 
left in place for removal Sunday, July 1, on completion of all sampling. 
Sample pick-up occurred at 12:30 pm. 
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SAMPLE ANALYSES 
Toxicity Tests 
No significant toxicity was associated with the application of fertilizer to 
KN-211 and KN-132. Water samples were collected in the nearshore zone 
immediately before fertilizer application and 1 hour post-application. 
Samples were then collected at the mid-point of the next 1, 2, 3, 5, and 7 
out-going tides; approximately 7, 19, 32, 57, and 82 hours post-application. 
Samples from an untreated site remote from the test beaches were also 
collected and tested. Toxicity tests were conducted with mysids, a 
shrimp-like crustacean which is a standard laboratory test animal. Mysids 
were the most sensitive of 7 marine fish and invertebrate species previously 
tested with Inipol, and thus were selected as a sensitive surrogate for 
indigenous biota. Concentrations of ammonia and nitrates in the nearshore 
waters at the test sites peaked within the first two days following 
application, at concentrations an order of magnitude less than concentrations 
reported to be acutely toxic to marine biota. These test results agree with 
those previously reported for the KN-135 test site. 

Water Quality Measurements 
No evidence of increased algal productivity, which might result in algal 
bloom, has been observed offshore of any of the beaches. Total petroleum 
hydrocarbon levels remain below or near detectable limits (0.2 mg/1) off both 
test and remote reference beaches, indicating no significant effect of 
fertilizer application on total petroleum hydrocarbon release. 

Oil Analysis 
Chromatographic analysis of the oil on the three test sites, collected before 
the application of fertilizer, has now been completed. All show significant 
biodegradation, but substantial amounts of biodegradable material remain. 
The presence of significant amounts of paraffins in the oils suggests that 
the mineralization of hexadecane (see below) is an appropriate measure of the 
effect of fertilizer application on these beaches. Gravimetric measurements 
of the initial oil will be complete within the next five days. 

Nutrient Analysis 
Measurements of dissolved nutrients in the interstitial water on the treated 
side of KN-135 indicate that these reached a maximum between days 2 and 4 at 
approximately 150uM nitrate and 150uM ammonia, and subsequently declined to 
about 40uM nitrate by day 16. If this trend is repeated on the other 
beaches, it will provide important information on when to reapply fertilizer 
for maximum benefit. Data through day 4 on KN211 and day 2 on KN132 show 
significant increases following fertilizer application. Nutrient levels 
remain at background levels in the unfertilized portions of all three 
monitoring beaches. 
The trend towards lower dissolved oxygen levels in interstitial water on the 
fertilized portions of the test beaches has continued. This trend is 
consistent with increased microbial activity on the treated portions of the 
beach. Nevertheless, the beaches remain aerobic, and there have been no hints 
of anaerobic activity by sulfate reducing bacteria. 

Microbial Hydrocarbon Degradation 
Measurements of hexadecane mineralization have now been completed on all 
beaches through day 16. All show substantially more activity on the 
fertilized portions of the beach when these are compared to the unfertilized 
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portions. The ratio of activities on fertilized compared to unfertilized 
beaches is approximately 3.3 on KN-132, 3.1 on KN-135, and 2.2 on KN-211. 
Consistent with expectations from laboratory experiments, this order 
parallels the levels of soluble nutrients in the interstitial water on the 
three beaches. 

cc: R. E. Bare - Exxon 
B. Beathard - Exxon 
E. Brown - UAF 
E. Butler - ANI 
D. Carpenter - Exxon 
c. Costa - USEPA 
l. c. Dash - Exxon 
M. J. Grossman - Exxon 
H. 0. Jahns - Exxon 
J. Kennedy - ANI 
c. Loggie - Exxon 
R. Mastracchio - Exxon 
s. McMillen - Exxon 
P. Nagel - CAC 
P. R. Parrish - USEPA 
P. H. Pritchard - USEPA 
B. Rome - USCG 
M. Smith - Exxon 
D. Stanczuk - Exxon 
A. Weiner - ADEC 
J. B. Wilkinson - Exxon 

3 
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U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric 
Administration 
NATIONAL OCEAN SERVICE 
OFFICE OF OCEANOGRAPHY AND MARINE ASSESSMENT 
OCEAN ASSESSMENTS DIVISION 
Hazardous Matetlal Response Branch 
7600 Sand Point Way N.E. · Bin 01!5700 
Seattle, Washington 98115 

16 June 1990 

Capt. David Zawadski 
Federal OnScene Coordinator 
U. S. Coast Guard 
Anchorage, AK 

Re: Repon from ADEC on Corexit Use with Spot Washing 

Dear Capt. Zawadski, 

We have reviewed the letter report from ADEC on their decision to approve limited 
testing of Corexit 9850 at five sites, with the decision for unconditional approval to be 
based on the results of monitoring of the test sites. The test criteria that they require fall 
into three areas: 

I. Effectiveness 
A. Comparison of visual estimates of percent oil removal for selected surfaces 

using Corexit 9580 at 100°F and hot water alone at 160°F 
B. Quantification of the recovery of oil on porn poms with and without use of 

Corexit. The measure they recommend looks very difficult to implement 
and is likely to give poor results. The test will have to be very well planned 
and implemented in the field in order to have defmitive results. 

C. Quantification of the amount of oil penetration into the substrate for hot 
water alone versus with Corexit. This test also will suffer from the 
heterogeneous nature of the sediments and is likely to give poor results 
unless ideal situations are encountered in the field. 

II. Environmentallmpacts 
A. Intertidal videos before, just after, and 10 days later 
B. Intertidal surveys of organisms and selected analysis of tissues for oil 

contamination 
C. Sea urchin tests for fertilization and behavior. This test is not well defined. 

It is not clear whether the urchins are to collected elsewhere and then placed 
on the intertidal zone downstream of the test area, or if indigeneous animals 
are to be used. 

D. Deployment of caged salmon and testing for exposure to hydrocarbons 
through testing for mixed function oxidase. Again, this test will be difficult 
because of problems in survival, as well as how to place the cages to 
differentiate between the different treatments. 
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E. Histopathology of selected animals. The purpose of this test needs to be 
clarified. 

III. Worker Safety Monitoring 

They also require land owner consensus. 

We question the value and likely success of the sea urchin, caged salmon, and 
histopathology monitoring requirements. However, all the other requirements could be 
useful comparisons once the~ have been agreed upon. These requirements are more than 
we would recommend but still within the realm of what would be required under a very 
rigorous monitoring plan. 

Please let me know if you have any other questions. 

2 
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Alaska Department of Environmental Conservation 
Oil Spill Response Center __ __ ---.-< =~~ 
2550 Denali St. <""-: · __ .. \\) 

Suite 705 \- · -~~ \ A \{j(j\J 
Anchorage, Ak. 99503 L,-.:.;.---

Executive Summary 

Decision 

DEC approves limited testing of Corexit 9580 for testing in conjunction 
with spot washing at five sites, to be agreed upon by DEC, the FOSC and Exxon. 
Approval for Corexit 9580 on approximately 67 other sites is contingent on the 
following: 

(1) testing at the five sites demonstrates that Corexit 9580 is significantly 
more effective than hot water; 

~ (2) a serious monitoring program to corroborate laboratory research 
uncovers no significant problems; 

(3) the appropriate land managers concur with application of Corexit 9580 
in conjunction with spot washing as a general principle, or in each spot 
washing subdivision for which the land manager has jurisdiction; and 

(4)all necessary precautions are taken to insure worker health and safety 
during applicatjon. 

Summary of Key Points 

(:

. Exxon's proposal of April 26, 1990 to use Corexit 9580 at an unspecified 
number of sites in conjunction with spot washing was rejected by the state in 
favor of a more limited approval for testing. 

According to DECs TAG status report, spot washing has been approved 
for use in 98 subdivisions at the supervisor's discretion; in requesting RRT 
consideration of Corexit in conjunction with beach cleaning, the Coast Guard said 
spot washing has been approved at 72 sites. 

To demonstrate effectiveness, Exxon must show that: 
(1) Corexit 9580 removes oil more effectively than hot water alone, that is, 

with water at a significantly lower temperature; and 

{
(2) the oil/water mixture can and will be recovered entirely, or at least as 

~ effectively as recovery from hot water washing without Corexit. 

Corexit 9580, a modification of a dispersant whose name it shares, was 
registered with EPA July 21, 1989. The elements of the active ingredient package 

_ ( are not known. The product has not undergone the extensive toxicology testing 
~ associated with most new products. 
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Last year permission to use Corexit 9580 was turned down after scientists 
from state and federal agencies unanimously concluded that tests had failed to 
demonstrate that Corexit 9580 significantly increased oil removal or could be 
effectively boomed and captured by skimmers. 

Experts Consulted in the Decision 

Dr. James Butler, Harvard University, Cambridge, Mass. 
Dr. Judy Capuzzo, Senior Scientist, Biology, Woods Hole Oceanographic 
Institute, Woods Hole, Mass. 
Dr. Merv Fingas, Environmental Emergencies Technology Division, 
Environment Canada, Ottawa, Ontario. 
Julie Jordan, Project Manager for Scientex Corp., Rockville, Md. 
Dr. Pat Lane, President, Pat Lane & Associates, Halifax, Nova Scotia. 

Documents Reviewed in this Decision 

Admiral D.E. Ciancaglini, FOSC, letter to Capt. D.E. Bodron, Co-Chair, 
Alaska Regional Response Team, May 18, 1990 (requesting RRT consideration of 
Exxon's application for permission to use Corexit 9580 in conjunction with spot 
washing during the 1990 cleanup). 

Environmental Protection Agency, Technical Product Bulletin #D-38, 
"Corexit 9580 Shoreline Oeaner," EPA, Emergency Response Division, July 21, 
1989. 

Exxon, "Bioremediation: 1989/90 Winter Studies" 3 volumes, 1990. 

Exxon, "COrexit 9580", 5 volumes, 1990 ("Field Test of Corexit 9580 
Shoreline Oeaner Disk Island, July 17-24, 1989" [vol. 1]; "Large Scale Field Test 
of Corexit 9580 Smith Island, August 89-14, 1989" [vol. 2]; "Operational Field Test 
of Corexit 9580 Smith Island, August 29-September 6, 1989" [vol. 3]; "Corexit 
9580 Beachcleaner 1989/90 Winter Studies" [vol. 4]; "Corexit 9580 Toxicity 
Evaluation" [vol. 5]). 

Merv Fingas, Gord Stoodley, Gary Harris and Ariane Hsia, "Evaluation of 
Chemical Beach aeaners" (Environment Canada, Ottowa [undated; circa 
November 1989]) 
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Otto Harrison, General Manager of Alaska Operations, Exxon Co. USA, 
letter to Admiral D.E. Ciancaglini, March 17, 1990 ("SUBJECf: Beachcleaner 
Spot Applications"). 

Otto Harrison, General Manager of Alaska Operations, Exxon Co. USA, 
letter to Admiral D.E. Ciancaglini, April 26, 1990 ("SUBJECf: Corexit 9580 
Beachcleaner"). 

Patricia A Lane, Ph.D., letter to Eric P. Jorgensen, Staff Attorney, Sierra 
Club Legal Defense Fund, June 3, 1990 (with 10 pages of comments on Exxon's 
pending application to use Corexit 9580 in conjunction with spot washing). 

J.A Nichols and H.D. Parker, "Dispersants: Comparison of Laboratory 
Tests and Field Trials with Practical Experience at Spills," 1985 Oil Spill 
Conference, pp. 421-427. 

Wayne K. Seim and Lawrence R. Curtis, "Toxicities to Larval Pink 
Salmon Associated with the Use of a Chemical Shoreline aeaner on Aged 
Prudhoe Bay Crude Oil," Report to Alaska Department of Environmental 
Conservation, May 1, 1990 (Oregon State University). 

Alex Viteri, "Review of Corexit Toxicity Data," Memorandum to: Steve 
Provant, OSC, August 12, 1989. 

(N.A), "Talking Notes - Subject: Corexit, August 14," State of Alaska, 
August 14, 1989. 

(N.A), "Approval Criteria for Use of Corexit 9580M2," State of Alaska, 
July 19, 1989. 

Corexit 9580: Report and Recommendation 

Authority 

Under Federal regulations (40 CFR 300.84), the Regional Response 
Team cannot approve the use of chemical agents for oil spill cleanup without 
DEC approval. State statutes (AS 46.03.020) and regulations (18 AAC 75.140[a] 
and 18 AAC 75.145) grant DEC the authority to insure the adequacy of cleanup 
efforts, and to insure appropriate deployment of containment equipment and 
appropriate removal efforts. 

·. 
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Proposal 

Exxon formally requested approval from the Regional Respo.nse Team 
and the Federal On Scene Coordinator to use Corexit 9580 in the EXXON 
VALDEZ cleanup in connection with spot washing of specific shoreline areas in 
Prince William Sound and Gulf of Alaska on April 26, 1990. The proposal 
stressed that, unlike the large-scale, unsuccessful test applications last year, the 
proposed spot washing will cover areas "typically no more than several hundred 
square feet on any given shoreline subdivision," resulting in application of a 
maximum of "several gallons of beachcleaner in a given area" at the nominal 
application of one gallon per 100 square feet. 

In a March 17, 1990 letter proposing the use of Corexit 9S80, Exxon 
described spot washing as a technique for removing heavier concentrations of oil 
in isolated areas, notably in wave shadows on and behind large boulders on low 
energy beaches in preparation for bioremediation. In its April 26 formal request, 
Exxon said that by presoaking certain spot wash areas with Corexit 9580, wash 
water temperature could be reduced from 160 degrees fahrenheit to 100 degrees. 

In Exxon's 1990 General Plan, the hardware associated with spot washing 
includes a landing craft with two Landa hot water units, each capable of 
producing 10 gallons per minute via high-pressure hose leading to a manually­
operated hot water wand. Exxon's March 17 letter indicates that sorbent 
materials will be laid at the base of spot wash treatment areas, but that "[i]n view 
of the small quantities of oil and beachcleaner involved, skimming and booming 
equipment are not required." 

According to the FOSCs May 18 letter requesting RRT consideration of 
Exxon's request, spot washing was recommended for use in parts of 72 
subdivisions of 974 reviewed by the TAG. By June 6, DECs TAG status report 
listed 98 subdivisions currently approved for spotwashing. 

Issues 

There are three basic issues to be decided: Would the application of 
Corexit 9580 do any good? Would the application of Corexit 9580 do any harm? 
Would the good outweigh the harm? 

The answer to this set of questions depends, in turn, on three operational 
issues. The first is whether Corexit 9580 can remove oil from the shoreline more 
effectively and at a lower temperature than hot water alone. 
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An ancillary issue of effectiveness is this: The proposed application 
asserts that the proposal to use Corexit 9580 on small, predesignated segments 
with manual hot water units is an effective method of removing oil. Individuals 
using hot water spray units will have to le~o work with the Corexit 9580. In 
order to insure thaV this substan~th i unknown active ingredients 'Is not 
used to excess in ce'rrain areas due to uns or over-zealous applic(tion, it will 
be necessary to divert cleanup personnel from the relatively small number of 
operating teams for training in the proper application of Corexit 9580. Since 
there were only about eight cleanup teams and eight persons per team working 
directly on cleanup in each team during the first week of June, this could result in 
a significant decrease in work accomplished. 

The second critical issue is whether Corexit 9580 and the oil it separates 
from the shoreline can be contained. Last year permission to use Corexit 9580 
was turned down by scientists from all state and federal agencies unanimously 
concluded that extensive tests failed to demonstrate that the oil loosened from 
the shoreline by large-scale applications could be boomed and captured by 
skimmers. 

The final issue concerns the possible effects on the environment 
immediately adjacent to the sites at which Corexit 9580 would be applied. Unlike 
last year, the proposed usage is in relatively small quantities - one gallon per 100 
square feet with no more than "several gallons" at any one of less than 100 sites, 
according to the letters requesting approval. Nevertheless, Corexit 9580 is a 
relatively untested chemical whose active ingredients are held secret by Exxon 
and are not known to DEC. Moreover, the sites where Corexit might be used 
are unspecified, having been identified only as "parts of 72 subdivisions" where 
spot washing has been recommended (May 18 letter to Coast Guard Captain D.E. 
Bodron, Co-Chair of the Regional Response Team, from Adm. David Ciancaglini, 
FOSC). In view of this unusual situation, monitoring of the environmental 
impacts of the test application is warranted. 

Back~ound 

Corexit 9580 (identified last summer as Corexit 9580M2) was listed on the 
EPA's Technical Products Bulletin July 21, 1989. Although the surface active 
agents of Corexit 9580 are listed in the bulletin as a trade secret, the active 
package has been described by Exxon scientists as comparable to a "cake mix." 
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In August 1989, extensive testing of this product was abandoned after 
state and federal scientists unanimously agreed, over Exxon's vociferous objection, 
that the tests had failed to demonstrate that the 9580/oil mixture could be 
contained by booms and captured by skimmers after widespread application. 

Exxon and DEC have separately completed laboratory tests that were still 
in preliminary stages in mid-August 1989, when the science committee 
unanimously decided to reject Exxon's application for widespread use of Corexit 
9580. Highlights of these research efforts and suggestions for research necessary 
to ensure full protection of Prince William Sound and the Gulf of Alaska are 
discussed below. 

Reports of respiratory problems associated with use of Corexit 9580 last 
summer were received and workers' compensation claims were filed in this 
connection. 

Alternatives 

For this report, a range of alternative responses to Exxon's renewed 
application to use Corexit 9580 were developed for consideration. These are: 

(1) Reject the use of Corexit 9580 outright 

(2) Approve use of Corexit 9580 for spot washing unconditionally, as 
requested. 

(3) Approve use of Corexit 9580 for spot washing conditionally for all spot 
washing sites, with continued use dependent on the presumed demonstrated 
success of the outcome of initial usage. 

(4) Approve use of Corexit 9580 for test spot washing at a specific 
number of sites, withholdina approval for use on the remainin& sites until the · 
results of the test demonstrate that the gain from using Corexit 9580 will 
outweigh the harm of introducing a relatively new and unknown chemical agent 
into specific areas of Prince William Sound and other oil spill-contaminated 
areas. 
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(5) Approve use of Corexit 9580 for test spot washing at a specific 
number of sites, &rantin& conditional approval for use on the remainin& sites in 
sta&es as · soon as the results of the test demonstrate efficiency of using Corexit 
9580. Unconditional approval will be granted only after monitoring data 
demonstrate that the gain from using Corexit 9580 will outweigh the harm of 
introducing a relatively new and unknown chemical agent into the specific areas 
of Prince William Sound and other oil spill-contaminated areas. 

Interviews 

Dr. James Butler, Harvard University marine pollution specialist and the 
lead author of the National Academy of Sciences 1989 dispersant reference 
book, Usin& Oil Spill Dispersants on the Sea. provided general background. 
Butler has focused primarily on open-water dispersants and bad no substantive 
information on Corexit 9580. 

Dr. Judy Capuzzo. Senior Scientist, Biology, Woods Hole Oceanographic 
Institute, is a zoologist with background in environmental toxicology and 
biological oceanography who has been at Woods Hole for 15 years. She reviewed 
the first four volumes of Exxon's data and concluded that: 

(1) Studies of the responses of intertidal and subtidal communities 
following application with Corexit 9580 are inconclusive due to lack of 
comparable reference and test study sites. 

(2) From a toxicological perspective limited use of Corexit 9580 would be 
warranted if it provided improved efficiency in cleanup operation. 

(3) Application of Corexit 9580 should be field tested for assessment of its 
efficiency prior to approval because its success is highly dependent on 
weather conditions, field experience and the condition of the 
weathered crude oil with which we are dealing. 

( 4) Field testing should include a pilot program of perhaps two weeks of 
monitoring intertidal and tidal areas in the test area to determine 
whether the Corexit/oil mixture is washing into those areas. 

Dr. Merv Fin&as. Environmental Emergencies Technology Division, 
Environment Canada, Ottawa, Ontario, is widely recognized for his work in 
laboratory and field testing of dispersants. The oil industry has funded some of 
Fingas' research for Environment Canada. Such associations are not uncommon 
in the Canadian scientific community because government-industry relations are 
generally less adversarial, and respected scientists feel that such occasional 
funding should not affect their objectivity. 
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With a team from Environment Canada, Fingas recently developed a test 
to measure the effectiveness of 100 products as beachcleaners. On the basis of 
that study, he said "I feel fairly comfortable using 9580, as opposed to most other 
chemical measures, which I am opposed to." Of 21 possible beachcleaners, 
Corexit 9580 was the most effective and least toxic. While Fingas did find that 
some surface washing agents were more effective, in his estimation the extreme 
toxicity of these agents eliminated them as possible candidates for shoreline use. 

Of particular significance were these findings: 
(1)Corexit 9580 removed 45% of the oil in saltwater, compared with 20 

other products that removed from one percent to 36%. 
(2) Corexit 9580's toxicity on rainbow trout (96-hour l..C 50) was > 5600 

mg/1, compared with 20 other products whose toxicity ranged from 9 to 
1500 mg/1. This means it took more than 5,600 milligrams per liter of 
Corexit 9580 to kill one-half of the rainbow trout exposed to Corexit 
9580 for 96 hours, compared to a range of 9 to 1500 mg/1 for 20 other 
products. In other words, Corexit 9580 was significantly less toxic to 
the test organism than other beachcleaners. 

(3) Corexit 9580 was significantly more effective than other possible 
beachcleaners at lower wash water temperatures. · 

Fingas suggested that the following requirements should be attached to 
approval of Corexit 9580: 

(1)The site should be set up for optimal recovery of the Corexit/oil run­
off, including, where the Corexit/oil run-off enters the water, several 
layers of booming; 

(2) The stipulations should state clearly that the user will use only as much 
as necessary, and only on specifically approved sites; and 

(3) The only formulation that can be used is Corexit 9580 (precluding the 
temptation to experiment with different versions of the beachcleaner 
that might have different characteristics and different effects). 

Julie Jordan. Project Manager for Scientex Corp., Rockville, Md., reviews 
product applications for the Environmental Protection Agency. Ms. Jordan was 
familiar with Exxon's product application to EPA and discussions regarding 
Corexit 9580 - generally favorable - in the testing community. However, she had 
no first-hand information and provided references to some of the persons 
conducting those tests, including Fingas. 
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Dr. Pat Lane of Halifax, Nova Scotia, is an aquatic ecologist specializing 
in risk analysis, marine modeling and environmental effects of oil production and 
development. She and her associates have done research on the effects of the 
dispersant Corexit 9527 on East Coast salt marshes for the last four years. After 
a cursory review of the five volumes submitted by Exxon and the three major 
application letters for the Sierra Club Legal Defense Fund, Dr. Lane remains 
unconvinced that Exxon has presented sufficient information to justify even 
limited use on the basis of effectiveness or the absence of adverse environmental 
effects. 

Dr. Lane also expressed concern about the lack of rigorously designed 
field experiments. According to Dr. Lane, regulators are being asked to approve 
this product without the standard scientific and statistical research data necessary 
to validate hypotheses involving both the efficacy and the environmental effects of 
this formulation. H Corexit 9580 is going to be used on the limited scale 
proposed by Exxon and the Coast Guard, Dr. Lane advocates preliminary, site­
specific testing, much of which can and should be done on a short tum-around 
basis prior to approval of the remaining 67 sites. 

In addition, numerous contacts were made with persons with DEC, other 
spill-related state and federal agencies, Exxon and the environmental community. 
A listing of the principal contacts follows. 

Viteri. 
~ J. Bauer, R. Grabbe, M. Kendziorek, J. Kitagawa, R. Morris, A. 

Other aiencies: 
M. Kuwada, Alaska Department of Fish & Game 
W. Copeland, Alaska Department of Natural Resources 
J. Talbot, NOAA 
C. Lautenberger, Environmental Protection Agency 
Cdr. B. Rome, U.S. Coast Guard 

Exxon USA: John Wilkenson, Exxon USA 

Other individuals interviewed: 

David Hall, Exec. Director, Prince William Sound Conservation 
Alliance 
Eric Jorgensen and Tom Waldo, Sierra Club Legal Defense Fund 
R. Ott, Ph. D., President, Oil Reform Alliance, Cordova 
Mike Wenig, Trustees for Alaska 
G. Zemansky, Ph. D., environmental consultant, Lawrence, Kansas 
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With the exception of John Wilkenson (Exxon) and Cdr. Rome (Coast Guard), 
none of the individuals listed above viewed the use of Corexit 9580 with great 
enthusiasm at this stage of the cleanup. Positions ranged from firm opposition 
to an attitude near neutrality, with most DEC personnel opposed. Mark 
Kuwada, Alaska Department of Fish & Game habitat biologist assigned to the 
EXXON VALDEZ cleanup, summarized his department's opposition in these 
words. 

''The department does not support approval of Corexit 9580 with the 
limited information that is currently available. Although data appear to indicate 
that Corexit is of low toxicity for several marine species that were tested, it still 
could be toxic in concentrated applications and in all likelihood will cause 
contact-related mortalities to recolonizing organisms (similar to Inipol). 
Moreover, it has not been shown to be effective in making oil easier to remove 
and/or recover, and may in fact cause oil to penetrate deeper into beach 
substrates. We also question whether it is really needed for the applications that 
Exxon seems to be promoting (coated oil in rocky/boulder habitats). At a 
minimu~ further tests should be required to demonstrate that Corexit is needed 
in the first place, and that it is an effective agent for both removing .aru1 
recovering oil." 

Document Review 

The documents identified on Page 2 of the Executive Summary of this 
report were reviewed. With one exception (Zemansky), the individuals 
interviewed were familiar with some portions of these documents. Due to the 
recent completion of the Exxon and DEC laboratory tests, however, few of the 
persons interviewed had reviewed all of the listed documents. 

Decision 

Based on the record assembled for this report, it is recommended that 
DEC approve limited testing of Corexit 9580 for test spot washing at five sites, 
to be agreed upon by DEC, the FOSC and Exxon. Conditional approval for use 
on the remaining sites will be granted in stages, beginning as soon as the results 
of the test applications demonstrate the efficiency of using Corexit 9580. 
Unconditional approval will not be granted until monitoring data demonstrate 
that the gain from using Corexit 9580 will outweigh the harm of introducing a 
relatively new and unknown chemical agent at this stage of the cleanup. 
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The record supports approving limited testing only if approval for the 
remaining 67 sites will not proceed unless the following criteria are satisfied: 

(1) testing at the five sites demonstrates that Corexit 9580 is effective and 
that hot water washing alone is comparatively ineffective; 

(2) a serious monitoring program to corroborate laboratory research 
uncovers no significant problems; 

(3) the appropriate land managers concur with application of Corexit 9580 
in conjunction with spot washing as a general principle, or in each spot 
a.lismDgssacylpiBimu flomvhlehtakerlcD:Idimana~dars Juri8ddnd;~) 
during application. 

For purposes of deciding whether to grant approval beyond the five tests, 
effectiveness means that the tests demonstrate that 

(a) Corexit 9580 removes oil more effectively than hot water alone, that is, 
it removes oil that bot water washing cannot remove. 

(b) pom-poms and sorbent materials will pick up all or large portions of 
the oil/water/Corexit mixture, and 

(c) the application of Corexit 9580 will not increase the percolation of 
petroleum products into the substrate. 

It is anticipated that effectiveness can be demonstrated by test data within 
a week of the application on the test site. Then, if initial field monitoring results 
indicate no problems and if work is proceeding satisfactorily on the field 
monitoring data, then conditional, site-specific approval should be granted for 
application at the remaining 67 sites. 

To complement the acute toxicity laboratory data gathered by Exxon and 
DEC to this point, field monitorin& of the five test sites should focus on gathering 
data to provide indication that sublethal and chronic toxicity effects of the 
application of Corexit 9580 will be minimal. The measures in the monitoring 
program will be determined by DEC. Standard research measures that can be 
used include: 

(a)Intertidal video surveys before, immediately after and ten days after in 
the intertidal areas below the application; 

(b)Population surveys before, immediately after and ten days after, 
augmented with analyses of some of the dominant organisms for 
petroleum hydrocarbons and polyaromati~ hydrocarbons; 

(c) Local sea urchin fertilization and behavioral tests (such as the ability 
to right themselves when turned over); 

(d) Place juvenile pink salmon immediately adjacent to the test site and 
assay them for Mixed Function Oxidase {good control collections are 
necessary); and 
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(e) Histopathological analyses of key benthic invertebrates. 

{ 

Land mana~er approval should be granted in writing before the proposed 
application and should be filed with the DEC. 

To insure worker health and safety, application procedures should be 
reviewed by the State Department of Labor representatives. Workers' 
compensation claims and other reports of respiratory problems associated with 
application of Corexit 9580 last year underscore the necessity for this precaution. 

Rationale 

A Alternatives 

This subsection discusses the alternatives that were considered in formulating this 
recommendation (numbers refer to the subsections in the section on Alternatives, 
above): 

(1) Outright rejection would avoid the necessity of monitoring the effects of 
introducing a relatively new and little-understood chemical to Alaska's shorelines. 
Rejection would also allow the crews to keep cleaning without the distraction of 
learning a new application technique. In view of the fact that there were only 
eight crews of eight workers each in the field during the first week of June, with 
approximately eight weeks remaining until the August 1 date currently scheduled 
for cleanup termination, it is not clear that experimentation with a beachcleaner 
is a particularly worthwhile endeavor. On the other hand, rejection seems 
unwarranted in view of the fact that Exxon believes in its product and very much 
wants to try it out. It seems inconsistent to ask for better results without also 
allowing Exxon to try a product it believes will help achieve those results. 

(2) The problems containing and collecting Corexit 9580 runoff last year and the 
gaps in sublethal toxicity data discussed above make unconditional approval 
unthinkable at this time. Moreover, such a decision would be inconsistent with 
the net environmental benefit test that is being applied to other cleanup 
proposals. 

(3) Unless the conditions for approval of the remaining sites are clearly spelled 
out, conditional approval for all sites creates a situation in which test results tend 
to become irrelevant. For this reason, the third alternative is not preferred. 
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( 4) In view of the short time remaining for work this summer, withholding 
approval for the remaining sites until all test results are completed would cause 
delays that would seem to negate the ostensible value of using this chemical 
product. 

(5) By elimination, the alternative that seems most appropriate under the 
circumstances is to approve the five test sites immediately, with the understanding 
that conditional approval will be given for the remaining sites if: 

- the product performs according to Exxon's expectations; 
- preliminary biological data do not uncover any significant problems; 
- the land manager for the specific sites agree to the use of Corexit 9580 as 

specified in Exxon's application letters; and 
- all precautions necessary to insure worker health and safety are taken. 

In view of the amount and variety of shoreline to be cleaned up before the end 
of this summer, Exxon should consider adding personnel to accomplish the testing 
and training for use of Corexit 9580, rather than diverting personnel to this new 
task who are already productively engaged in cleanup operations. 

B. Discussion of Test Criteria 

The following subsection further delineates the kind of tests that appear 
warranted in view of the limited data available on Corexit 9580 at this time. 

In his letter of April 26, Exxon's Otto Harrison states that use of Corex:it will 
speed removal and will reduce risks to the environment and to workers posed by 
the use of an extremely hot water wash. Before introducing unknown chemicals 
and additional petroleum hydrocarbons into the oil spill area, these assertions 
should be demonstrated in field application by testing a wash at 100 degrees 
fahrenheit E1b Corex:it 9580 against a wash at 160 degrees without Corex:it 9580. 
To demonstrate effectiveness, 
(a) the runoff of the Corex:it test should contain total petroleum hydrocarbons 

one gallon greater (assuming a one gallon application of Corexit 9580) than the 
runoff from the hot water control or 
(b) the rock face washed with Corex:it should be noticeably cleaner than the 

control rock face. 
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Some observers do not believe that sorbent pads and booms beneath the area to 
be spot washed will prevent the Corexit/ oil mixture stripped from the rocks from 
migrating downward, ultimately reaching the water column. Field tests last year 
conclusively demonstrated that Corexit 9580 solutions were difficult to collect on 
the water. A test should therefore be devised to measure the total petroleum 
hydrocarbons (TPH) on the booms and sorbents collecting runoff at the base of 
the test site. If the Landa unit has sprayed 100 square feet with one gallon of 
Corexit, the pom-poms and sorbents at the base of the test site should contain at 
least one gallon of total petroleum hydrocarbons. Alternatively, if a similar rock 
face can be found nearby for washing with hot water alone, 
the TPH in the boom below the Corexit site should equal one gallon plus the 
TPH in the boom beneath the control face. -

To demonstrate that spot washing with Corexit 9580 will not introduce 
significantly quantities of the mixture into -the substrate than spot washing with 
hot water alone, a test site should be selected above an area with enough uniform 
substrate material to allow samples to be taken before, immediately after and ten 
days after the application. These samples would be used to measure the total 
petroleum hydrocarbons in the substrate with and without the use of Corexit 
9580. 

Exxon further asserts that Corexit 9580 "has no significant impact on the 
environment." While it is not clear that Exxon's test data fully support this far 
reaching claim, neither do the data demonstrate serious environmental harm. It 
should be noted that the asserted intertidal environmental benefit of reducing 
wash water temperature from 160 degrees to 100 degrees fahrenheit has not been 
shown. 

Several experts said they believe more significant environmental risk may be 
posed by sublethal and chronic effects than by acute mortality. Most of Exxon's 
research focuses on lethal effects. In the absence of convincing laboratory test 
data on sublethal effects and information on the active agents, blanket approval 
of this new agent does not seem warranted until biological monitoring has at least 
begun to demonstrate the Exxon assertion. 

H preliminary monitoring results are indicative of potential net environmental 
harm, or if the field monitoring program is not being executed with dispatch, 
DEC should call for cessation of spot washing with Corexit 9580. 

Randy Bayli 
State On Scene Coordin 
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U.S. ENVIRONMENTAL PROTECTION AGENCY 
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ALA8~0P!AATION8 OFFICI 
"ooM 131, PEORP.AL IUfLOINQ 
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ANCHOAAOI!, ALASKA 81613 
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Capta1n Donald E. Bodron. USCG 
Co~ha1r Alaska Rea1onl1 Response T••• 
c/o Oomm&ndar <•) 
Seventeenth Coast Guard Dtttrtct 
P.o. Box 3-5000 
3uneau. A1aska 99802-1217 

Dear Captatn Bodrons . 

P.~.2 

In respontt to Adm1r&1 C1ancag1in1'S reeommendat1on and request to tht Alaska 
Ruponst Teall <RRT> to use Corexn nao tn tht chan up. of tht Exxon Va1dtz o.1.1 · 
ap,ll th1s year. I offer tht fo11ow,ng comments and tht ~os1tion of tht , 
Env1ronmenta1 Prottctton Agenc1 <EPA>. After rev,ewtng E~xon's reports on 1ht 
product and rev1a,t1ng &11 av&tlablt 1nformat1on assembled 1n last years ttst,ng 
ot tht product we concurs wtth Ada,ral Ctaneag1fn1't recommendatton. If 9580 
appears to bt eftecttve tn fncrtastng removal etflctency w'thout dtcrett1ng 
rtcovtr1 abtt t ttea EPA vt11 supPOrt uu 11 outHntd fn EKxon '1 htUr ... of Much l 1, 
lttO. · 

Our approva1 11 ~ont1ngant upon the fo11owing~ondittons: 

1. 1ntt1a1 use ot 9510 ta 11m•t•d to several t1tas wh1ch should bt selected 
to bt rapresentattve of common typta of shoft11nta and degrees of ot,1ng 11kt1~ to 
be encountered tn w1dt seale use. 

1. Agenctta w1th prf~ary 10nttortna ovtrstght author1ty t.t. USCG &nd AOEC. 
11 wt11 as RRT membtr .aatnc1ta with d,rect or tndtrtct authortty over chtmtca1 
product Utt, t.t. EPA and Natural Rtsouret truattt agenctes ~ bJ prov1dtd tht 
opportunfQ to wftntu on aUt, uae ot the product durhg trilHi1 trfa1t •. - - ~ - -- - - - =-

3. Upon completion of these demons~ratfons and assu11ng thtrt fs stf11 a · 
conttnsus rt;&rdfng the Ult of the product. fnd1v1dua1 land ownttS/m&nagers tha11 
Jut prov1dtd the opportunfty to rtvtew and comment on tht resptct1Yt vork orders to 
be modtfted for the use ot Corextt. 

Shou1d ~ou have any Quest,ona regardtng th1s ~tter please feel free to 
contact •• or C&r1 llutentietgtr tt 271-SOSS. 

... 

cc: Admtral Ctancagl!c'· FOSC 
Randy Balysts. ·~e . 
J1• tver~s. EPA REG X 

S1nctrt1J, · . ·· 

CJL'\. 
A1Ytn L. £w1n' 
Ass1stant Rtg on&1 Adm,ntatrat r 
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DEPT. OF EN\'JRONMEN'tAL CONSt~RVA'tiON 
OIL SPILL R!SPONBI CINTI~ 
~550 DINAL% ST., IUITI 705 
ANCHORAGI AJt 9t50J 

Jun• 1, 1990 

captain 0.1. Bodron 
Co-Chair, Alaska Re~ional R$Spon•• Te~a 
P.O. Box 3•5000 
Juneau, AX tteoa 
Dear Captain Bodrona 

$TlVI COWPI~ t;OVtltNOI 

(t07) 265-4600 

Thl• letter respondt ·to Jxxon'• Ap~il 2&, lt90 requeat tor Re~1ona1 
R~sponse ~Qam approval ot the uat ot Corexit t580 beach cleaner. 
Exxon wants to use Cotaxit 1880 at an unspecified number ot s1tee 
in conjunction with •potwa•hing at about 72 aitts durin9 lttO 
cleanup of the IXXOM VALOEI oil epi11. . 
At thi• time DEC approve• the 11=1te4 use of cor~xit PSIO tor 
testlnf at tiv• site• to be agreed upon by DEC, the rose and lxxon. 
The applioation lhoul4 be accompanied b~ testin9 to demonatrate 
that the app1 ication ot eu,·vxl \. to eo (2.) wt11 atem.ove weath•r•• oi1 
at a •i9nifieant1y lower temperatura thah with hot water alone an4 
(2) th&t th• 1ooeen•4 edreMit/oit •ixt~~• v111 be captured by tb• 
sorbent ~ateriall or other ~easurea. 

Provided that Corexit 9&80 increases removal ett1o1enoy an4 can be 
picked up,~ and that ~onitorin; does not ln41cate 119nitieant 
probl•••t ~e anticipate that approval for usa of Corex1t tsao, &I 
•peoifled in Exxon'• propo1a1 letters of Apr11 21 an4 Katoh 17, 
v111 be 9ranted tor the rema1nin; 17 aite1. Approval W¢U14 be 
oont1n~ent on the conourrance of land aana9are tor the 1peoifia 
•itel, , 

tn deve1o~in; thit poait1on, we have rev1ewe4 lxxon'• report• an4 
last yearla te$t results. A~ditionally, we have dlscu•se4 the 
proposed application with speoia11et• an4 interested partie•• 

We inten4 to issue • mor• detailed atatt=ant of DBC'a po1ition on 
Corexlt IS80 by the en4 Of thi• week. !n tbe ~eantime, if ~ou have 
any questions on ou~ poe1t1on, plea~• ca11. 

Randy Bayl 1 
state On Scene Coor 



..c...... : ... ·~ ' . ... ._ ,, _ .,, ,, .... . ._. · -- · 

coordinator (W1A tad ltcrtn 
tgal~t @uCird u. s. Coasr Guard 

601 W 5th · Ave. 
Suite 300 
Anchorage,. liK 99501 
(907) 277-3833 

Mr. Otro Sarrison 
Exxon company u.s.A. 
P.O. Box 240409 
Anchorage. AK 99524-0409 

Dear Mr. Harrison: 

16465 
8 June 1990 

Enclosed is the Regional Response ream's reply to the application 
of Corex:Lt 9580 £or spot washing. Please not:e that: t:he :follow:L:n.g 
conditions must: be met: prior to wide area apptication: 

a. Five sites must: be chosen £or 'test: applicat~on. · 
Selection will be determined by ExXon, USCG, ADEC and EPA. 

.. . 
b. Operational recovery measures using sorbents and lower 

wat:er temperatures need to be proven ef£ect:ive. 

c. An opportunity will . be given for one representative each 
from DOI" DOC, EPA~ NPS, DNR and CAC to··observe a test. 

• ' 

d. Efficiency w~l be determined by visuai science only and 
no sophisticated sampling programs are'required. 

I woul.d l:J.ke to get this issue resolved as quickly as possible. 
In doing so, it 1.s important; that we keep the ent:U"e ' testing and 
other processes simpl.e.! ! CDR Reiter o£ my · sta£:£ will. contact: 
your staff to set up a m~et~g and work out the details. I£ you 
have any questions, please con~act me. 

Sincerel.y, 

~- t-. 
D. E. CIANCA 
Rear Admiral. 
Federal on s 

Encl: (l) AK RRX ltr o£ 7 Jun 1990 

cc: ADEC, Mr. Randy Bayl~ss 

l 
Ll'NI 
u.s. Coast Guard 

ane Coordinator 
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E)${0N COMPANY, U.S.A. 
Ai..ASKA OPERATIONS 
POST OF~IC:E. BOX. 2d0409 • N-:(;HORASE, HASK.A 99524- 0&09 

R L r ·~'AS i ~-~..O CCh':' 
TE(:hh,PC<'\L ly1 1, f ~ /)GEA 

To: Gary Reiter/ Buzz Rome (USCG) 
Joe Talbott (NOAA) 

IL' 

Date: June 29, 1990 

Ca1~1 Lautenberger/ Ken Gaylord/ Kirsten Ba 11 ard {EPA) 
Al Kegler (ADEC) 

From: Bob Fi~Hans Jahns 

Subject: Second COREXIT 9580 Field Demonstration 

Exxon Operations is scheduling the second field demonstration of spot-washing 
with COREXIT 9580 beach cleaner for Sunday afternoon, July I , 1990 in Sleepy 
Bay. This is in followup to the initial demonstration at the Bay of Isles 
(KN-136) on June 23. The location selected for this demo is a zone on 
laTouche Island (LA 20C) comprised primarily of oil-coated boulders and large 
cobble. The attached maps indicate the specific location. 

Two equivalent areas of up to 1000 square feet each will be marked off in 
this zone. This size is consistent with the upper bound of approximately 33 
feet by 33 feet indicated in the FOSC's May 18 letter to the RRT requesting 
approval for CORE XIT 9580 use. Both areas will be spot-washed at the same 
time, one with hot wash water (target temperature 160° F. range 145-175° F) 
and the other with warm water (target temperature 110° F, range 100-135° F). 
\4ater temperature will be measured at the discharge nozzle. COREXIT 9580 
beach cleaner will be applied 15-30 minutes prior to the warm water wash at a 
rate of 1 gallon per 100 square feet. Sorbent (snare) boom will be used in 
each area to recover released oil. As directed in the FOSC's June 8 approval 
letter (attached), efficiency in comparison to the hot water washed area 
will be determined by visual science only and _ no sophisticated sampiing 
programs are required. We understand that AOEC wi 11 attempt a quantat i ve 
assessment of each area, such as by extracting oil from snare boom samples 
and counting barnacles. 

We are scheduling a Twin Otter to leave Anchorage at 1:30 PM on Sunday to go 
to Sleepy Bay. Another flight is scheduled for 2 PM on Monday, July 1, to 
bring the team out for follow-up visual determinations. Please give Hans 
Jahns or myself a call to confirm your flight plans and passenger names. In 
addition to our team, we hope to have representatives from CAC and CVC 
present, as well as those agencies also mentioned in the FOSC's June 8 
letter. 

cc: Adm. D. E. Chiancaglini 
Colleen Burgh {ADEC) 
Peter Nagel (CAC) 
Gail Evanoff (CVC) 
Paul Gates (DOl) 
Bill Copeland (ADNR) 
Otto Harrison 
Don Carpenter 
Bob Mastracchio 

A OIVIS ION OF EXXON COP.POF:A'l'ION 



AGENDA FOR 

OPERATIONS STEERING COMMITTEE 

MEETING 

JULY 24, 1990 - 5:30 P.M. 

GSA/FEDERAL BLDG, 222 W. 7TH ST., ROOMS 133-137, ANCHORAGE, AK 

1. OPENING REMARKS - CDR ROME 

2. GENERAL OPERATIONS PROGRESS REPORT - (ADEC/USCG/EXXON) 

SPECIFIC TOPICS - *GENERAL OPERATIONS REPORT (EXXON) 
*PROGRESS MEASUREMENT REPORT (EXXON) 
*TECHNICAL ISSUES - (EXXON) 
*BIOREMEDIATION USE - (ADEC) 

3. BIOREMEDIATION MONITORING PROGRAM STATUS - (EPA/ADEC/EXXON) 

4. FISHERIES - SURVEILLANCE, STUDIES - (EXXON) 
SHEENING STUDIES/REPORTS (EXXON) 

5. FALL REASSESSMENT PROGRAM - (EXXON) 

6. CLOSING REMARKS - REAR ADMIRAL CIANCAGLINI 



..... 

OPERATIONS STEERING COMMITTEE 
SUMMARY OF MEETING 

10 JULY 1990 
1730 

CAPT David Zawadzki, FOSC Chief of Staff, opened the meeting by 
mentioning the events since the last meeting and stating that the 
progress on the anadromous fish streams is outstanding. 

Mr. Randy Buckley, Exxon, mentioned that the last two 
anadromous fish streams in Kodiak have been demobilized. A total 
of 70 streams in all areas have been treated. He stated that Exxon 
will be putting resources into the nonstream areas. Today an 
additional squad has been added and will be focusing on storm berm 
relocations. One week was spent at Y alik Glacier and it should be 
done within a few days. Exxon is on schedule in the Kodiak area and 
will finish up around 1 August. Exxon is ahead of schedule on 
bioremediation and overall productivity is good and progress is 
continuing. 

Mr. Hans Jahns, Exxon, discussed Corexit 9580 demonstration. The 
first Corexit 9580 demonstration was done at Knight Island 136. It 
showed that the side of the rock treated with Corexit 9580 was 
cleaner than the side washed only with hot water Subsequent to the 
test, the mussels and barnacles at the bottom of the rockface 
appeared alive and healthy. A second testing site had been selected 
and was turned down by CVC. A third site on Knight Island has been 
indentified. Exxon thinks the demonstration on Knight Island will be 
the last because time is running out for meaningful application, and 
the time required to set up and conduct demonstrations detracts 
from the ongoing cleanup operations. 

Mr. Jim Clark, EPA, presented a joint report for ADEC, EPA, and 
Exxon. The six week report on the bioremediation shoreline 
monitoring program was turned into FOSC this morning. This report 
showed that bioremediation is an effective technology for surface 
and subsurface oiling with minimal environmental effects. He 
discussed the topics of the report. Acute toxicity tests have been 
done and none of the tests have come back positive. The report 
addressed the monitoring of off shore algae growth. The leaking of 
nutrients into the surrounding waters does not stimulate the algae 
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growth. Relative to rates of degradation he said," When looking at 
sites that have oiling in the range of 5 grams of oil per kilogram of 
sediment, we can stimulate the baseline activity of two grams per 
year up to five or more. We suspect that bioremediation is a very 
effective technique to show that or to achieve degradation to clean 
up that site." Refertilizing of the beaches was discussed. He stated 
that refertilizing is needed about every 30 days to maintain the high 
degree of biodegradation. 

Question from RADM Ciancaglini: If you were to apply Custom 
Bien at the 16 day point what type of toxicity effect would it have on 
the shoreline. 

Mr. Jim Clark: I predict none. 

Mr. Marshall Kendziorek, State of Alaska, discussed projected oil 
degradation over a 12 month period. In areas where fertilizer 1s 
applied there is significantly less oil. The State of Alaska is 
encouraged by the results of the toxicity tests. 

Mr. Dennis Kelso, State of Alaska, discussed the application of 
bioremediation over the .next year. State of Alaska feels that one 
year is a reasonable time period to remove the remaining oil. He 
mentioned that bioremediation has been one of the main tools used 
in the past year. Bioremediation is very effective if it is applied in a 
particular way and overall, the State feels that bioremediation can be 
used as a very effective tool. Over the next year, the State of Alaska 
would like to use bioremediation as the main technique on beaches 
that have 5 grams of oil per kilogram of beach or less. On beaches 
with over 5 grams of oil per kilogram the State of Alaska would like 
other techniques to be considered, in addition to bioremediation. 

Mr. Hap Pritchard, Environmental Protection Agency, discussed 
the bioremediation research project. He praised the collaboration 
between EPA, DEC, UAF, and Exxon on this research project. He went 
over some of the objectives. The main objectives of the testing are to 
provide additional information on the rates of biodegradation and to 
look at further technology development in fertilizer application. 
Tests are being conducted at three locations: Passage Cove, Disk 
Island, and Elrington Island. Passage Cove, last years test site, acted 
as a definitive test site in the use of bioremediation. On return to the 
site this Spring positive results could be seen on the beach surface. 
The chemistry results from the sites show significant statisitical 
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differences from the application of the fertilizer. Results from the 
sites where fertilizer was applied suggest biodegradation rates on the 
order of 10 to 15 milligrams per kilogram of beach material (Total 
Oil). The addition of the fertilizer primed a biological effect that 
enhanced a 2 to 3 fold increase of oil degradation over the control 
site, which was degrading oil at a rate of 5 milligrams per kilogram 
of beach material per day. Physically making the oil more available 
to the bacteria through tilling can further enhance the total effect of 
the biodegradation process. At Elrington Island a "pulse" method of 
fertilizer application is being tested at this time. Further technology 
is being sought to optimize fertilizing and potential new 
bioremediation methods are being looked at. He stated that adding 
fertilizer has had a significant long term effect on both surface and 
subsurface oil. 

Question from the Audience: The beach where you tested the 
subsurface oil, was this a high energy beach or a low energy beach? 

Mr. Hap Pritchard: I would call that beach moderate to low energy. 

Question from the Audience: You are using the term 
biodegradation very losely. You're talking about total removal of 
material. Have you done any studies to show how much has actually 
been washed away? 

Mr. Hap Pritchard: Yes, there are changes in the chemistry of the 
oil that can not be accounted for any other way than biodegradation. 

Mr. John Robinson, NOAA, discussed the summer monitoring 
program. NOAA is establishing ecological sites that are unoiled, 
heavily oiled or lightly oiled, and trying to see if recolonization is 
taking place on these sites. He mentioned that the data for the 
monitoring program will be publicly available and feels that this is 
very important for future oil spills. 

Ms. Nina Springer, Exxon, mentioned that she is speaking on behalf 
of both Exxon and ADEC. Ms. Springer gave an update on rock 
washers. She stated that preparation of the test site is complete and 
presently they are cleaning up around the site. The construction of 
the primary structural framework for the equipment will be done by 
Friday, 13 July. She discussed the design of the cleaning process. At 
this point the oil separation process design has been completed, 
however there are still a few aspects that need to be worked out 
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such as the design of the nozzles and boilers. The hydraulic system 
still needs to be designed. The contractor doesn't expect to start the 
first test until late July or early August. She pointed out that Exxon 
and the contractor have put in a lot of overtime to speed up progress. 

Mr. John Robinson, NOAA, stated that during the past week the 
Net Environmental Benefit Analysis has been completed. Copies of 
the analysis are available at the Department of Justice. This study 
involved the efforts of 24 people, 8 from NOAA, 7 from the State of 
Alaska, 8 from Exxon, and 1 from the Coast Guard. The report 
contains all original unedited papers. This report has been 
forwarded to RADM Ciancaglini, Federal On Scene Coordinator, so he 
can make a final decision on rock washing. NOAA feels that the 
damage from rock washing outweighs the damage done by the 
subsurface oil. The major concern with rock washing was the gross 
disruption of the shoreline in that it would require quite some time 
to come back. None of the methods approved for this year cause 
such destruction of the the shoreline as would be caused by 
excavation. 

Question from the Audience: Does the rock washing technique 
affect microbe population? 

Mr. John Robinson: This was not considered in the study. 

Mr. Rick Eichner, Exxon, stated that fishing season has gone very 
well so far this year. Fishing is underway at all 5 of the ADF&G 
management areas. There have not been any reports of oil in these 
areas or in the fish. At this point, Mars Cove in Port Dick is the only 
site that is closed, but it is not a prime fishing area. The fish have 
not yet returned to Port Dick. Exxon hopes to have this area open 
soon. He discussed the test fishing program Exxon did with ADF&G 
on the more heavily oiled beaches in Prince William Sound. A total 
of 42 sets were done in Point Helen, Bishop Rock, Fox Farm, and 
Sleepy Bay. The nets used had small strips of white webbing that 
were closely examined in order to determine contamination. Thirty 
eight small stains from hydrocarbons were found during testing. 
Thirty six of them tested positive for refined products, and 2 of them 
tested positive for ANS crude. In all cases the level of oiling was 
very light. 

Mr. Dan Egging, Exxon, summarized the sheens that have been 
observed in the past few weeks. Seven surveillance overflights for 
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sheens were conducted. Three were conducted to support the 
downed aircraft near Seward. The number of sheens related to the 
Exxon Valdez spill still remains very small. The trend still shows a 
decrease in Exxon Valdez related sheens. During the past two weeks 
6 sheens related to the Valdez spill or undetermined sources were 
sighted. The amount of oil from these sheens was less than 6 cups. 
The number and volumes of sheens from vessels is much greater 
than from sheens attributed to the Exxon Valdez. 

RADM David Ciancaglini, Federal On Scene Coordinator, mentioned 
that the anadromous fish streams are completed. He thanked 
everyone for the extraordinary efforts that were put into cleaning 
the streams. He gave a special thanks to Alaska Fish and Game. He 
mentioned that in approximately 7 days he will make a decision on 
the rock washer. Kodiak will be finished in early August. The 
survey assessment team will begin around 1 - 15 August. From 15 
August to 15 September cleaning will be done as necessary. On 15 
September operations for this season will be terminated. The next 
Operations Steering Committee meeting will be held on Tuesday 24 
July at 5:30 p.m. 
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STEVE COWPER, GOVERNOR 

DEPT. OF ENVIRONMENTAL CONSERVATION 

OIL SPILT. RESPONSE CENTER 
2550 DENALI ST., SUITE 705 
ANCHORAGE AK 99503 

captain D.E. Bodron 

July 20, 1990 

Co-Chair, Alaska Regional Response Team 
P.O. Box 3-5000 
Juneau, AK 99802 

(907) 265-4600 

On May 1, 1990 ADEC gave conditional approval for use of 
nutrients for bioremediation on the EXXON VALDEZ oil spill. 
Those conditions included strict adherence to the Technical 
Advisory Group (TAG) process, adherence to 1990 operational 
procedures and close scientific monitoring. 

We are encouraged by the results of the joint DEC/Exxon/EPA 
Bioremediation Monitoring Program. We now know the advantages, 
environmental limitations, and operational constraints for 
application, and reapplication, of Inipol and CUStamblen on our 
shorelines contaminated by the EXXON VALDEZ oil spill. Please 
refer to Commissioner Kelso•s July 18 letter to Admiral 
Ciancaglini, attached •. 

From the results of the studies completed to date, we now approve 
bioremediation with the attached stipulations in place. These 
stipulations supplement existing operational guidelines in place 
for bioremediation. 

Compliance with these stipulations and guidelines will ensure 
that this oil discharge will be cleaned up pursuant to 
18 AAC 75.140(a) and 40 CFR 300. 

attachments (2) 

· Randy B iss 
State Represen 
EXXON VALDEZ Oil Spill 
Alaska Regional Response Team 

cc: Federal On-Scene Coordinator, USCG 
otto Harrison, Exxon company USA 



1990 supplgmental Bioremediation Operational Stipulations 

These stipulations supplement 1989 and 1990 Bioremediation 
Operational Guidelines currently in place. 

site Preparation 

Manual, mechanical, or other approved cleanup techniques, as 
prescribed in the Work Order, shall be used to remove tar mats, 
mousse, pooled oil, and residual oil in sediments down to a "mid­
OR" condition, which is equivalent to five grams per kilogram. 

Nutrients may be added to areas with oil concentration 
no greater than mid-OR or 5 gjkg. Where consensus based on 
visual assessment on-site cannot be reached by cleanup monitors 
and operators, DEC will take representative sample(s) of the 
sediment and analyze them for oil concentration. 
Results can be available within_24 hours of sampling. 

Reapplication 

Reapplication of bicremediation, where necessary, at properly 
prepared sites shall occur no sooner than 3 days after initial or 
previous application. For optimum results, reapplication should 
occur at 15 to 30 days after initial or previous application. 

Deterrence 

Deterrent measures and notice must be used to keep wildlife and 
humans away from newly treated beaches for at least 24 hours 
after application. 

ADEC/OSRC 7/20/90 RBB:cdb 

~ 
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STEVE COWPER, GOVERNOR 

DEPT. OF ENVIRONMENTAL CONSERVATION ,/ 

OIL SPILL RESPONSE CENTER 
2550 DENALI ST., SUITE 705 
ANCHORAGE AK 99503 {907) 265-4600 

July 18, 1990 

Captain D.E Bodron 
co-Chair, Alaska Regional Response Team 
P.O. Box 3-5000 
Juneau, Ak 99802 

On June 5, 1990 I authorized five sites to be tested for Corexit 
9580 use in the 1990 T/V Exxon Valdez oil spill cleanup. Exxon 
has since requested approval based on results from two test 
sites. 

On June 23 Exxon tested Corexit at Bay of Isles, Knight Island. 
No attempt was made to recover loosened oil/Corexit mixture at 
this site. Furthermore temperature controls at this site did not 
approach the target temperature of 110 degrees F. 

On July 14 Exxon again tested Corexit at Herring Bay, Knight 
Island. Results varied with the smoothness and angle of the 
rocks washed. While solvent action did enhance the oil removal 
efficiency, hot water alone also proved to be effective. 
Recovery methods used with Corexit failed to prove to be more 
effective than with hot water alone. 

Therefore, I cannot at this time approve use of Corexit 9580. If 
further testing is proposed this decision will be reconsidered as 
authorized in the June 5, 1990 conditional approval. 

This decision has been made in consultation with the Alaska 
Department of Fish and Game, the Alaska Department of Natural 
Resources {the intertidal land owner), Chenega Village 
Corporation, Prince William Sound Conservation Alliance, and 
others. 

Randolph Bayliss 
State Representative 
Exxon Valdez Oil Spill 
Alaska Regional Response Team 
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DEPT. OF ENVIRONMENTAL CONSERVATION 

RADM D.E. Ciancaglini 
United States Coast Guard 

Federal On -Scene Coordinator 
601 West Fifth Ave, Suite 300 
Anchorage, Alaska 99501 

Dear Admiral Ciancaglini: 

July 18, 1990 

I 
i STEVE COWPER, GOVERNOR 

I 
I 

I 
I 

Governor Cowper has asked me to respond to your letter of June 22. 
Since then you and I have had several opportunities to discuss the 
progress and some of the problems associated with this year's 
response. This letter will serve to clarify some positions, re-enforce 
others, and provide constructive direction to the response through 
the end of the summer. 

Following is a list of goals, strategies, and policy statements that will, 
the state agencies believe, provide a roadmap for the response 
through the 1990 season. 

1. Bioremediation guidelines 
The results of the recent bioremediation monitoring study are 

encouraging for several reasons: 
* When properly applied and monitored, 

bioremediation causes less environmental damage than 
the spilled oil; 

* The process degrades most kinds of oil 
a maximum of two to three times faster than natural 
degradation; 

* The data give us a benchmark for determining the 
limits of the technology. 
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Therefore, a continuing program of state- and federal-directed 
bioremedjation is consistent with the State's 1990 response. 
The monitoring studies conimn our earlier determination that 
bioremediation is a useful tool that can be safe and effective within 
its performance limits. 

Bioremediation is best used as a polishing, or secondary 
treatment; every effon must be made fust, by other methods, to get 
the concentrations of oil down to a level where bioremediation will 
finish the job in a reasonable amount of time. Based on what we 
have learned, the following state policy on bioremediation will help 
ensure effective treatment: 

a) Where concentrations of oil exceed five grams 
per kilogram of beach material, mechanical or manual 
techniques must be used. These techniques have 
already been shown to clean beaches down to this 
concentration (equal to a mid-OR range, which reflects 
current protocol). 

b) At Sg/kg or less, bioremediation can be applied, 
using State of Alaska guidelines, with periodic 
reapplications. (Specific conditions for field operations 
using bioremediation will be contained in ADEC 
correspondence to the Regional Response Team at the 
beginning of next week.) 

c) We have no objection to the use of 
mechanical/manual methods concurrent with 
bioremediation as long as worker safety can be 
maintained, and concentrations can be brought to the 
5 g/kg threshold before reliance on the fertilizers as the 
polishing agent. 

d) If any areas have oil that cannot be removed 
with bioremediation, we expect cleanup to continue 

.. 

with appropriate mechanical/manual techniques as long 
as oil can be recovered. 
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e) The work at a given site should not be 
considered complete until the limit of the technology 
has been reached. We now have a useful formula for 
judging the limits of bioremediation under favorable 
conditions (Sg/kg over the course of a year). If that 
target range is not met everywhere by this year, more 
work will be required in 1991. 

2. Wider use of mechanical support 
Use of mechanical equipment should be substantially increased 

to improve the efficiency and effectiveness of every cleanup team. 
Use of small backhoes or tracked vehicles has been extremely 
effective, and more of these machines should be deployed with 
cleanup crews. 

This is particularly important in light of the fact that 
rockwashing technology will not be available during the 1990 season. 
The State of Alaska response team was encouraged to note your 
willingness to employ other mechanical methods to speed removal of 
subsurface oil (July 16 letter to Randy Bayliss, SOSC) . . Persistence of 
oil in the subsurface of state-owned tidelands continues to be a 
principal concern of the State of Alaska. 

3. Post-treatment assessment program 
Assessment teams from the state, the federal government and 

Exxon should begin surveying sites now and continue through the 
end of the season. A priority list of segments developed by the 
principal response entities should be reviewed each week. After 
priority segments have been inspected, there should be random 
inspections of demobilized segments. The state will probably use 
some independent citizen oversight as a part of its assessment. 
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4. State authority 
Based on documented field reports, the statutory authority of 

the State of Alaska to oversee response and to require certain actions 
is not fully understood by some U.S. Coast Guard personnel. 

Authority to take action regarding oil spill response and 
natural resource management can be found generally in Tide 46 
(ADEC), Tide 16 (ADF&G), Tide 41 (ADNR), and other sections of State 
of Alaska statutes and the Alaska Administrative Code. 

The state requests that the FOSC instruct his staff to respect the 
authority, directions and suggestions of state monitors exercising 
their responsibility to ensure proper cleanup, protect state resources, 
or mitigate further damage to those resources. Based on our recent 
conversations, you have expressed a clear intent to stick to the 
management structure agreed to last year, when Admiral Yost made 
the commitment to make all decisions "in concert and in consonance" 
with the State of Alaska. The State of Alaska is the principal owner 
of tidelands, the principal fisheries manager, and the principal 
wildlife manager in the spill area. State resources received the most 
damage. Clearly, Admiral Yost was sensitive to that and made his 
commitment with that in mind. This commitment must be expressed 
at the top and fully implemented in the field. 

S. State standards 
In addition to the technology-based standard for cleanup set 

by ADEC under its authority, ADNR and ADF&G may set additional 
standards based on their authority and responsibility. 

The "net environmental benefit" process employed to assess 
the use of a rockwashing machine was incomplete. However, you 
seem to recognize the need to more fully integrate into the cleanup 
calculus considerations of high human use (July 16 letter to Randy 
Bayliss), socioeconomic needs, and other factors that are not 
necessarily based on technology, biology, or environmental health 
and safety. 
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For ex-unple, ADNR has particuiar requirements concerning 
visible oil or oiled debris in state parks, regardless of the threat to 
the biota. ADF&G may set stricter standards for areas in special 
legislative designations, in subsistence use areas, or areas of high 

commercial value. Though ADEC is the lead state agency in oil spill 
response, we expect the standards of other state agencies to be fully 
applied in determining when cleanup has reached its effective limit. 
A general standard of "more harm that good" is ·not necessarily 
restricted to environmental or biological considerations, and in some 
cases it is appropriate to value human use above certain biological or 
environmental considerations. 

6. Timetable and deadlines 
The State of Alaska has never recognized August 15 as a 

deadline for completion of work during 1990. The type of work, the 
size of crews and the deployment of the equipment in 1990 are on a 
considerably smaller scale - by several orders of magnitude - than 
the 1989 season. Therefore, a demobilization period as long as the 
one in 1989 is not needed. 

September 1 is an appropriate date to begin scaling back, and 
September 21 is a better target for completion of most work in the 
1990 season, depending, of course, on weather, worker safety, 
extent of oiling, and the limits of the technologies at our disposal. 

Looking ahead, we should set a goal of September 15, 1991 to 
complete the response to the TN Exxon Valdez oil spill. 
The State of Alaska and the Coast Guard should require Exxon's 
commitment to undertake the work necessary to reach that goal. 

To accomplish this goal, both the state and the Coast Guard 
must work with Exxon, while remembering that the government -
not the corporation - has the authority and responsibility to 
determine when shoreline treatment has reached its effective limit. 
Exxon's views should be considered, but it is not Exxon's decision. 
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The State of Alaska will conduct Fall 1990 and Spring 1991 
shoreline surveys. They will be similar to those done last fall and 
spring. We will concentrate on treated shoreline, but we will also 
survey a small number of shoreline segments that were not treated. 

7. Conclusion of work 
Without the direct concurrence of the State of Alaska, no 

segment may be demobilized, no segment may be officially released, 
and no work may be deemed complete. This authority rests on the 
statutory grounds cited above, as well as the management agreement 
reached with Admiral Yost last summer. 

We believe that state standards do not differ substantially from the 
National Contingency Plan, and concurrence is likely as long as the 
state is a full partner in all determinations made by the FOSC in the 
future. 

I hope this letter clarifies our position and increases the 
effectiveness of the response to the TN Exxon Valdez oil spill. Your 
cooperation in this matter is greatly appreciated. 

Sincerely, 

Dennis D. Kelso 
Commissioner 
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(907) 465-2600 

P.O. BOX 0 
JUNEAU , AK 99811 

Admiral David E. Ciancaglini 
Federal On-Scene Coordinator 
U.S. Coast Guard 
Key Bank Building 
501 West 5th Avenue Suite 300 
Anchorage, AK 99501 

Dear Admiral Ciancaglini: 

August 31, 1990 

The State of Alaska is on record against the proposed relocation 
of heavily oiled subsurface sediments on Ushagat Island in the 
Barren Islands (US-010 A) . The proposed relocation of the oiled 
sediments to the face of the summer storm berm will only 
redistribute the oil back into the marine environment. This 
activity will not attempt to contain or recover any of the large 
quantity of oil present at this site. In Exxon's proposal dated 
August 9, 1990, which was approved by the FOSC on August 20, 
Exxon considers a specific advantage of relocation to be the fact 
that they "do not have to recover sheen." Repeated oil release, 
far greater than "sheen", will occur from this site based on the 
known quantity of oil-saturated subsurface sediments. 

The Barren Islands are an important haul out area for over a 
thousand sea lions and support resident populations of sea otters 
and harbor seals. Sea lions have recently been listed as a 
threatened species under the Endangered Species Act due to 
severely declining population numbers. It is very important to 
the State of Alaska that the heavily contaminated oiled sediments 
be removed in order to reduce the risk of harm to these wildlife 
resources and the surrounding marine environment. 

The proposed activity assumes that sev ere winter storm activity 
and severe tidal flushing will wor k on the newly oiled berm face, 
causing an intermittent release a nd dissipation of oil. In fact, 
in addition to the severe weather events referenced by Exxon, the 
oiled springjsummer berm will actually break down during the 
routine higher tidal cycles that occur in the fall and winter, 
creating a persistent oiling to the shoreline and a continued 
oiling threat to the resident wildli f e in the area. The 
relocated oiled sedi ments will c onsequently be distributed back 
up onto the higher beach area and remain as a source of further 
contamination. 
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The proposed activity, in effect, creates an oil spill. The oil 
dispersion into the lower intertidal area and the nearshore water 
constitutes a discharge of a harmful quantity of oil into the 
navigable waters of the u.s. in violation of the federal Clean 
Water Act. The discharge of a hazardous substance is also a 
violation of State of Alaska water quality standards, 18 AAC 70, 
promulgated under the authority of the fede r al Clean Water Act. 
Oil pollution is prohibited by Alaska Statutes 46.03.740. 

The planned relocation activity at US-010 A would allow the 
transfer of the contamination from one area on a beach to another 
- with no recovery of the spilled oil. In our view, this is 
intolerable. It is particularly unacceptable in this situation 
because Exxon .has the ability to remove the heavily oiled 
sediments, as they have done at other sites. The FOSC-approved 
relocation method allowing oil to be simply spread around on a 
beach to be agitated, picked up, and carried by tidal action 
--with no requirement to recover oil-- sets an alarming 
precedent. 

On behalf of the three state resource agencies, we request that 
you rescind approval of the proposed sediment relocation on 
Ushagat Island (US-010 A). As you know the Alaska Department of 
Natural Resources is the intertidal lands manager. We believe 
that Exxon should be required to remove the oil saturated 
sediments for offsite disposal. Therefore, we further request 
that the FOSC so direct Exxon. 

DC:DC:RS:tdg 
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Dennls D. K lso 
Commissioner 
Department of Environmental Conservation 

·~ Uj _ ~~£" 1..-UL 
Don W. Collinsworth 
Commissioner 
Department of Fish and Game 

Q(s~~ 
Commissioner 
Department of Natural Resources 

cc: Otto Harrison, Exxon 
Doug Bailey, Attorney General 
Jerome Selby, Kod i ak Is. Borough 
Don Gilman, Kenai Peninsula Borough 



Total Area Completed Subdivisions as of 9/2/90 

Subdivision ID Sector Completed Bio Bio Start Bio End Man Man Start Man End Land Owner 
AE001A A 6/9/90 X 6/9/90 6/9/90 X 5/17/90 5/17/90 NFS 
AE002A A 812190 X 6/9/90 812190 X 6/6/90 6/6/90 NFS 
AE004A A 812190 X 6/14/90 812190 X 6/1 /90 6/4/90 NFS 
AE004B A 812190 X 6/9/90 812190 X 612190 6/3/90 NFS 
AE005A A 812190 X 6/15/90 8/2/90 X 5/17/90 5/23/90 NFS 
AE005B A 8/28/90 X 718190 8/28/90 X 6/3/90 6/3/90 NFS 
AE005C A 812190 X 6/15/90 812190 X 6/5/90 6/6/90 NFS 
AE007A A 5/23/90 X 5/23/90 5/23/90 NFS 
AG001A D 8/10/90 X 7/15/90 8/10/90 NFS 
AG009A D 8/12/90 X 7/14/90 8/12/90 X 5/13/90 5/13/90 NFS 
AG009B D 5/13/90 X 5/13/90 5/13/90 NFS 
BA001B A 6/22/90 X 6/22/90 6/22/90 NFS 
BA001C A 6/22/90 X 6/22/90 6/22/90 X 6122190 6/22/90 NFS 
BA001 E A 6123190 X 6/23/90 6/23/90 NFS 
BA002A A 8127190 X 6/23/90 8/27/90 X 5/5/90 5/7/90 NFS 
BA006C A 8/11/90 X 8/11/90 8/11 /90 X 7126190 7127190 NFS 
BA007A A 5129190 X 5/29/90 5/29/90 NFS 
BA008A A 6/23/90 X 6/23/90 6/23/90 NFS 
Be002A F 8/18/90 X 8/18/90 8/18/90 X 8/14/90 8/18/90 DNR 
Be002B F 8/18/90 X 8/18/90 8/18/90 DNR 
BL012A B 7123190 X 7/23/90 7/23/90 X 7123190 7/23/90 NFS 
BM005A F 7/11 /90 X 7/10/90 7/11/90 NPS 
BM006A F 7/10/90 X 7/10/90 7/10/90 X 7/10/90 7/10/90 NPS 
CB001A F 8/10/90 X 8/10/90 8/10/90 X 7/13/90 8/10/90 PG 
eB002A F 7/19/90 X 7/18/90 7/19/90 EB 
eB003A F 5120190 X 5/16/90 5/20/90 GVC 
eB003B F 8/9/90 X 8/9/90 8/9/90 X 5/26/90 8/9/90 GVC 
eB003C F 7/19/90 X 6/19/90 7/19/90 GVe 
eB004A F 8/10/90 X 6125190 8/10/90 X 5/20/90 8/10/90 ER 
eB004B F 8/10/90 X 6/25/90 8/10/90 X 5/24/90 8/10/90 EB 
eB004e F 6/25/90 X 6/25/90 6/25/90 X 6/17/90 6/17/90 EB 
eB004D F 6/25/90 X 6/25/90 6/25/90 X 6/17/90 6/17/90 EB 
CB004E F 8/9/90 X 8/9/90 8/9/90 X 7120190 8/9/90 EB 
eH001A A 8/27/90 X 7/3/90 8/27/90 X 6/16/90 6/16/90 eve 
eH002A A 8127!90 X 7/3/90 8127190 X 6/14/90 6/14/90 eve 
eH002B A 8/7/90 X 7/3/90 817190 X 6/15/90 6/17/90 eve 
eH003A A 8/7/90 X 713190 8/7/90 eve 
eH008A A 8/7/90 X 713190 8/7/90 X 6/17/90 6/17/90 eve 
eH009A A 7/4/90 X 7/4/90 7/4/90 eve 
eH009B A 8/7/90 X 7/19/90 8/7/90 X 7/19/90 7/19/90 eve 
eH010A A 8/7/90 X 7/19/90 8/7/90 X 7/19/90 7/19/90 eve 
CH010B A 8/7/90 X 7/3/90 8/7/90 X 6/19/90 6/19/90 eve 
CH010C A 7/19/90 X 7/19/90 7/19/90 eve 
CH011A A 8/7/90 X 7/19/90 8/7/90 X 7/19/90 7120190 eve 
CH012A A 8/7/90 X 7120190 8/7/90 X 6/21 /90 7120190 eve 
eH013A A 8/27/90 X 7120190 8!27190 X 7/20/90 7/20/90 eve 
CH015A A 6120190 X 6120190 6/20/90 eve 
CH016A A 7/3/90 X 7/3/90 7/3/90 X 6120190 6/20/90 eve 
eH020A A 8/27/90 X 713190 8127190 X 6/20/90 6120190 eve 
CI001A F 8125190 X 8/12/90 8/25/90 X 8/5/90 8125190 PG 

Page 1 



Total Area Completed Subd ivis ions as of 9/2/90 

Subdivision ID Sector Completed 8io Bio Start 8io End Man Man Start Man End Land Owner 
CP001A A 619190 X 6/6/90 6/9/90 NFS 
CR001A A 6/5/90 X 615190 6/5/90 NFS 
CR002C A 6/6/90 X 6/6/90 6/6/90 X 6/5/90 6/5/90 NFS 
CR005A A 6/6/90 X 6/6/90 6/6/90 X 5/28/90 5/28/90 NFS 
CR005B A 8/14/90 X 6/6/90 8/14/90 X 5/28/90 5/28/90 NFS 
CR005E A 5/27/90 X 5/27/90 5/27/90 NFS 
CU001A A 812190 X 6/9/90 812190 X 5/18/90 5/23/90 NFS 
CU003A A 6/9/90 X 6/9/90 6/9/90 X 5/29/90 5/29/90 NFS 
CU007A A 718190 X 7/8/90 7/8/90 X 6/22/90 6/22/90 NFS 
CU010A A 7/14/90 X 7/12/90 7/14/90 NFS 
CU011A A 812190 X 6/8/90 8/2190 X 5/29/90 6/5/90 NFS 
CU013A A 8/2190 X 617190 8/2190 X 6/2190 6/3/90 NFS 
CU014A A 8/28/90 X 8/2190 8/28/90 X 6/21/90 6/22/90 NFS 
CU015A A 6/21/90 X 6/21/90 6/21/90 eve 
CU017A A 8/28/90 X 717190 8/28/90 X 6/21 /90 6/21/90 NFS 
DA001A c 8/31/90 X 7/18/90 8/31/90 X 5/13/90 7/17/90 NFS 
DI059A B 8/4/90 X 5/27/90 8/4/90 X 5/12/90 5/1 2/90 NFS 
DI062A B 5/27/90 X 5/27/90 5/27/90 X 5/12/90 5/13/90 NFS 
DI063A B 719190 X 7/9/90 7/9/90 X 6/11 /90 6/11/90 NFS 
DI064A B 5/29/90 X 5/29/90 5/29/90 X 5/29/90 5/29/90 NFS 
010648 8 7/10/90 X 719190 7/10/90 X 5/29/90 5/29/90 NFS 
DI065A B 7/15/90 X 7/15/90 7/15/90 X 7/15/90 7/15/90 NFS 
DI066A B 7/15/90 X 7/15/90 7/15/90 X 7/15/90 7/15/90 NFS 
DI067A B 5/10/90 9/1/90 9/1/90 X 5/9/90 5/10/90 NFS 
DI068A 8 5/12/90 X 5/12/90 5/12/90 NFS 
DI069A B 9/1/90 X 5/27/90 9/1/90 X 5/13/90 5/14/90 NFS 
EA001A F 8/9/90 X 8/9/90 8/9/90 FWS 
EB004A A 5/25/90 X 5/25/90 5/25/90 NFS 
EB006A A 512190 X 5/2190 5/2190 NFS 
EB008A A 5/26/90 X 5/26/90 5/26/90 eve 
EB010A A 8/15/90 X 6/6/90 8/15/90 X 6/6/90 6/10/90 eve 
EB011A A 8/15/90 X 6/3/90 8/15/90 X 6/3/90 6/3/90 eve 
EB013A A 6/1/90 X 5/31 /90 6/1/90 eve 
EB015A A 5/31/90 X 5/31/90 5/31/90 eve 
EI001A F 7/1/90 X 7/1 /90 7/1/90 DNR 
EL010A B 816190 X 7/5/90 8/6/90 X 515190 5/5/90 NFS 
EL011A B 9/1/90 X 7/5/90 9/1 /90 X 5/13/90 9/1 /90 NFS 
EL013A 8 8/29/90 X 7/13/90 8/29/90 X 7/13/90 7/14/90 eve 
EL013B 8 816190 X 7/20/90 816190 X 7/1 3/90 7/13/90 eve 
EL015A 8 5/25/90 X 5/24/90 5/25/90 NFS 
EL052A 8 7131190 X 6/28/90 7/31 /90 X 5/25/90 5/25/90 NFS 
EL052B B 8/21/90 X 6/28/90 8/21 /90 X 5/22/90 5/22/90 NFS 
EL053A B 8/21/90 X 7/19/90 8/21/90 X 7/19/90 7/19/90 NFS 
EL053B 8 7/12/90 X 7/12/90 7/12/90 X 7/12/90 7/12/90 NFS 
EL054A 8 7/31/90 X 6/27/90 7/31/90 X 5/25/90 5/25/90 NFS 
EL055A 8 7/31/90 X 6/24/90 7/31 /90 X 618190 618190 NFS 
EL055B B 6/24/90 X 6/24/90 6/24/90 X 5/22/90 5/22/90 NFS 
EL055C B 7/31/90 X 6/24/90 7/31/90 X 618190 6/8/90 NFS 
EL056A B 7/31/90 X 6/27/90 7/31/90 NFS 
EL056B B 7/14/90 X 7/14/90 7/14/90 X 7/14/90 7/14/90 NFS 
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EL056C 8 8/31/90 X 6/26/90 7/31/90 X 5120190 8/31/90 NFS 
EL056D 8 7/31/90 X 6127190 7/31/90 X 5120190 5/20/90 NFS 
EL057A 8 7/31/90 X 6/26/90 7/31/90 X 5/19/90 5/19/90 NFS 
EL058A 8 8/21/90 X 6/27/90 8/21/90 X 5/19/90 5/19/90 NFS 
EL0588 8 7/31/90 X 6/27/90 7/31/90 X 5/19/90 5/19/90 NFS 
EL058C 8 7/31/90 X 6127190 7/31/90 X 5/20/90 5/20/90 NFS 
EL058D 8 8/22/90 X 7/19/90 8/22/90 X 7/12/90 7/13/90 NFS 
EL102A 8 7/14/90 X 7/14/90 7/14/90 NFS 
EL1028 8 7/14/90 X 7/14/90 7/14/90 X 7/14/90 7/14/90 NFS 
EL104C 8 8/22/90 X 6/18/90 8122190 NFS 
EL105A 8 7/5/90 X 715190 7/5/90 NFS 
EL1068 8 8/21/90 X 7/12/90 8/21/90 X 6125190 6/28/90 NFS 
EL106C 8 7/31/90 X 715190 7/31/90 NFS 
EL107A 8 8122190 X 7/12/90 8/22190 X 6/23/90 6125190 NFS 
EL1078 8 7/31/90 X 7/11/90 7/31/90 X 6/25/90 6/25/90 NFS 
EL107C 8 9/1/90 X 7/11/90 9/1/90 X 5123190 9/1/90 NFS 
EL108A 8 4/29/90 X 4/28/90 4/29/90 NFS 
EL 1 08C 8 7/11/90 X 7/11/90 7/11/90 X 6126190 6/26/90 NFS 
EL109A 8 9/1/90 X 7/11/90 9/1/90 X 5123190 9/1/90 NFS 
EL110A 8 8/22/90 X 715190 8/22/90 X 5/23/90 5/23/90 NFS 
EL 1108 8 715190 X 7/5/90 7/5/90 NFS 
EN046A 8 8/14/90 X 7/12/90 8/14/90 X 6/26/90 6/26/90 NFS 
EN0468 8 6/26/90 X 6/26/90 6126190 NFS 
ER001A c 5/30/90 X 5130190 5/30/90 DNR 
ER0028 e 8/12/90 X 6/22/90 8/12/90 X 6/2/90 612190 NFS 
ER005A e 6/21/90 X 6/21/90 6/21/90 NFS 
ER006A e 6/21/90 X 6/21/90 6/21/90 NFS 
ER007A e 8130/90 X 6/14/90 8/12/90 X 612190 8130190 DNR 
ER008A e 8/30/90 X 6/14/90 6/14/90 X 5130190 8130190 NFS 
ER009A e 9/1/90 X 6/15/90 - 9/1/90 X 5/31/90 5/31/90 NFS 
ER010A e 8/12/90 X 6/15/90 8/12/90 X 5130190 5130190 NFS 
ER011A e 8/12/90 X 6/15/90 8/12/90 X 5130190 6/1/90 NFS 
ER0128 e 8/12/90 X 6/15/90 8/12/90 X 613190 6/3/90 NFS 
ER018A e 6/19/90 X 6/19/90 6/19/90 NFS 
ER020A e 6/22/90 X 6122/90 6122190 7121190 DNR 
ER0208 e 5/10/90 X 517190 5/10/90 NFS 
ER020C e 8/29/90 X 513190 8/29190 DNR 
EV001A e 6/27/90 X 6127190 6/27190 eve 
EV002A e 7/5/90 X 7/5/90 715190 X 6127190 6127190 eve 
EV003A e 8/11/90 X 6/19/90 8/11/90 X 6/10/90 6/10/90 eve 
EV005A e 8/29/90 X 6/19/90 8/11/90 X 8129190 8/29/90 eve 
EV0058 e 9/1/90 X 6/19/90 9/1/90 X 6/9/90 8129190 eve 
EV005C e 617190 X 617190 6/7190 eve 
EV0088 e 612190 X 6/2/90 612190 eve 
EV009A e 612190 X 6/2190 6/2/90 eve 
EV010A e 613190 X 6/2/90 613190 eve 
EV0108 e 6/16/90 X 6/16/90 6/16/90 eve 
EV012A e 8/31/90 X 6/6/90 8/31/90 X 5/2/90 8131190 eve 
EV014A e 6/23/90 X 6/23/90 6/23/90 X 6/23/90 6/23/90 eve 
EV015A e 8/31/90 X 6/6/90 8/31/90 X 613190 8/31/90 eve 
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EV016A c 817!90 X 7/4/90 817190 X 6/28/90 6/28/90 eve 
EV017A c 5/15/90 X 5/15/90 5/15/90 eve 
EV018A c 817190 X 6/6/90 817190 eve 
EV020A c 7/5/90 X 7/4/90 7/5/90 X 6/28/90 6/28/90 eve 
EV021A c 8/7/90 X 6/8/90 8/7190 X 5/11/90 5/14/90 eve 
EV023A c 5/10/90 X 5/9/90 5/10/90 eve 
EV024A c 817190 X 6/8/90 817/90 X 6/6/90 6/9/90 eve 
EV025A e 8/31/90 X 8/7/90 8/31/90 X 5/15/90 817/90 eve 
EV026A e 8/7/90 X 6/9/90 8/7/90 X 6/2190 612190 eve 
EV027A e 5/16/90 X 5116/90 5/16/90 eve 
EV028A e 7/3/90 X 7/3/90 7/3/90 X 612190 612190 eve 
EV037A e 7/19/90 X 7/4/90 7/19/90 X 6/15/90 7/19/90 eve 
EV039A c 7/17/90 X 7/4/90 7/17/90 X 6/9/90 7/17/90 eve 
EV050B c 6/13/90 X 6/9/90 6/13/90 X 6/5/90 615190 NFS 
EV050C c 8/17/90 X 6/9/90 8/17/90 NFS 
EV051A c 6/13/90 X 6/9/90 6/13/90 X 6/5/90 6/5/90 NFS 
EV052A e 8/17/90 X 7/3/90 8/17/90 X 6/17/90 6/17/90 NFS 
EV053B c 8/31/90 X 7/3/90 8/31/90 X 6/18/90 6/18/90 NFS 
EV053D e 6/5/90 X 615190 6/5/90 NFS 
EV054A c 8/17/90 X 6/13/90 8/17/90 X 6/4/90 6/4/90 NFS 
EV060A e 8/11/90 X 7/3/90 8/11/90 X 6/29/90 6/30/90 eve 
EV060B e 7/3/90 X 7/3/90 7/3/90 X 6/30/90 6/30/90 eve 
EV070D e 8/11/90 X 6/10/90 8/11/90 X 6/2190 612190 NFS 
EV070E c 6128190 X 6127190 6128190 NFS 
EV070F c 9/1/90 X 6/12/90 9/1 /90 NFS 
EV070G e 8/11/90 X 6/11/90 8/11/90 X 6/10/90 6/11/90 NFS 
EV070H e 6/18/90 X 6/18/90 6/18/90 NFS 
EV072A e 6/29/90 X 6/29/90 6/29/90 X 6/28/90 6/29/90 eve 
FA002A A 5/28/90 X 5/27/90 5/28/90 NFS 
FL001A e 6/11/90 X 6/11/90 6/11/90 X 512190 512190 eve 
FL002A e 6/11/90 X 6/11/90 6/11/90 X 5/17/90 5/17/90 eve 
FL004A e 8/11/90 X 6/29/90 8/11/90 X 6/19/90 6/21/90 eve 
FL004B e 8/11/90 X 6/29/90 8/11/90 X 6/19/90 6/19/90 eve 
FL005B e 6/30/90 X 6/30/90 6/30/90 eve 
GR001AA E 8/16/90 X 7/13/90 8/16/90 X 6/28/90 6/29/90 NFS 
GR001BA E 8/15/90 X 7/15/90 8/15/90 X 6/28/90 6/29/90 NFS 
GR002A E 7/31/90 X 6/29/90 7/31/90 X 7129190 7129190 NFS 
GR005A E 7/29/90 X 7129190 7129190 NFS 
GR007A E 6/28/90 X 6/27/90 6/28/90 X 6127190 6/27/90 NFS 
GR008A E 7/31/90 X 6/25/90 7/31/90 X 6/25/90 6/25/90 NFS 
GR009A E 7/29/90 X 6/25/90 7129190 X 6/25/90 6/25/90 NFS 
GR010A E 7/29/90 X 6/27/90 7129190 X 6/27/90 6127190 NFS 
GR015A E 8/16/90 X 7/15/90 8/16/90 NFS 
GR101A E 7/30/90 X 7/30/90 7130190 X 7129190 7/29/90 NFS 
GR101B E 7/30/90 X 7/30/90 7/30/90 X 7/29/90 7/29/90 NFS 
GR103A E 8/31/90 X 6/24/90 8/31/90 X 6/24/90 6/24/90 NFS 
GR103B E 7/31/90 X 6/26/90 7/31/90 X 6/26/90 7/31/90 NFS 
GR103C E 8/1/90 X 6/25/90 8/1/90 X 6/25/90 6/26/90 NFS 
GR104A E 6/28/90 X 6/28/90 6/28/90 NFS 
GR300A E 6/27/90 X 6127190 6/27/90 NFS 
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GR301B E 6/28/90 X 6/28/90 6/28/90 NFS 
GR302A E 8/1/90 X 6/27/90 8/1/90 X 6/27/90 6/27/90 NFS 
IN020A B 8/7/90 X 717190 8/7/90 X 6/29/90 6129190 NFS 
IN021A B 8/7/90 X 7/7/90 817190 X 6/29/90 6/29/90 NFS 
IN022A B 8/23/90 X 5/31/90 8/23/90 X 5/6/90 5/7/90 PG 
IN022B B 8/5/90 X 7/7/90 8/5/90 X 6/10/90 6/11/90 NFS 
IN023A B 8/6/90 X 717190 8/6/90 X 6/10/90 6/10/90 NFS 
IN024B B 8/6/90 X 7/8/90 8/6/90 X 6/10/90 6/10/90 NFS 
IN024C B 6/10/90 X 6/10/90 6/10/90 NFS 
IN028A B 7/8/90 X 7/8/90 7/8/90 NFS 
IN029A B 7/10/90 X 7/10/90 7/10/90 X 6/30/90 6/30/90 NFS 
IN030A B 8/5/90 X 718190 815190 NFS 
IN031A B 5/8/90 X 516190 518190 NFS 
IN031B B 8/5/90 X 5/29/90 815190 X 5/6/90 5/8/90 NFS 
IN032A B 8/23/90 X 7/9/90 8/23/90 X 6/9/90 6/9/90 NFS 
IN033A B 817190 X 8/5/90 8/7/90 X 7/24/90 7/24/90 NFS 
IN033B B 8/23/90 X 7/20/90 8/23/90 X 7/20/90 7/20/90 NFS 
K0101-SI011A G 7/21/90 X 7/21/90 7/21/90 X 7/21/90 7/21/90 DNR 
K0101-SI012B G 7/2/90 X 6/29/90 7/2/90 DNR 
K01 01-SI012C G 7/18/90 X 7/17/90 7/18/90 DNR 
K01 01-SI012F G 7/18/90 X 7/17/90 7/18/90 DNR 
K0101-SI012G G 7/18/90 X 7/17/90 7/18/90 DNR 
K0101-SI013A G 7/3/90 X 7/3/90 7/3/90 DNR 
K01 02-SI014A G 7/21/90 X 7/21/90 7/21/90 DNR 
K0102-SI015B G 7/18/90 X 7/18/90 7/18/90 DNR 
K01 03-SS002B G 7123190 X 7123190 7/23/90 X 7123190 7/23/90 DNR 
K01 04-NB001 B G 7/22/90 X 7/22/90 7/22/90 DNR 
K01 04-NB001 C G 7/23/90 X 7/23/90 7/23/90 DNR 
K01 04-NB001 D G 7/23/90 X 7/23/90 7/23/90 X 7/23/90 7/23/90 DNR 
K0110-SI003A G 8/25/90 X 7/25/90 8/25/90 X 7/24/90 7/25/90 DNR 
K011 O-SI005A G 7/20/90 X 7/20/90 7/20/90 DNR 
K0110-SI100A G 7/25/90 X 7/19/90 7125190 DNR 
K0111-PI003A G 7/20/90 X 7/20/90 7/20/90 X 7/13/90 7/13/90 DNR 
K0119-SE002A G 7/19/90 X 7/19/90 7/19/90 FWS 
K0204-FB011 A G 618190 X 618190 618190 FWS 
K0204-FB013B G 6/8/90 X 6/7/90 6/8/90 FWS 
K0302-IB004A G 6/5/90 X 615190 6/5/90 FWS 
K0302-IB005A G 615190 X 6/5/90 6/5/90 FWS 
K0619-CK005A G 8/5/90 X 8/5/90 815190 FWS/BIA 
K0619-SB006A G 6/17/90 X 6/17/90 6/17/90 FWS 
K0634-SL001 A G 6130190 X 6!30190 6130190 FWS 
K0634-SL002A G 6130190 X 6130190 6130190 FWS 
K0634-SL003A G 6/30/90 X 6130190 6130190 FWS 
K0634-SL007 A G 6/17/90 X 6/17/90 6/17/90 DNR 
K0634-SL015A G 7/10/90 X 7/10/90 7/10/90 KIK 
K0634-SL017 A G 6/30/90 X 6/30/90 6130190 KIK 
K0906-C P002A G 8/26/90 X 8/26/90 8/26/90 NPS 
K0908-CD001 A G 7/16/90 X 7/16/90 7/16/90 NPS 
K0908-CD002A G 7130190 X 7/29/90 7130190 NPS 
K0908-C D003A G 8/14/90 X 816190 8/14/90 NPS 
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K0908-CD003B G 8/14/90 X 8/4/90 8/14/90 NPS 
K0909-CD007A G 8128190 X 7!30190 8/28/90 X 7130/90 7/30/90 NPS 
K0909-C D008A G 7/31/90 X 7/31190 7/31 /90 NPS 
K0909-C D009A G 8120190 X 8/12/90 8/20/90 NPS 
K0910-CD010A G 7/20/90 X 7/20/90 7/20/90 NPS 
K091 O-CD011 A G 7/20/90 X 7/20/90 7/20/90 NPS 
K0910-CD012A G 7/21/90 X 7/21/90 7/21/90 NPS 
K0910-CD013A G 7/21/90 X 7/21/90 7/21/90 NPS 
K0910-CD014A G 7/21/90 X 7/21/90 7/21/90 NPS 
K0910-CD016A G 618/90 X 618190 6/8/90 NPS 
K0910-CD100A G 7/31/90 X 7/31/90 7/31/90 NPS 
K0914-SK101A G 8/18/90 X 8/18/90 8/18/90 X 8/10/90 8/18/90 NPS 
K0917-CC001A G 7/11/90 X 715190 7/11/90 NPS 
K0917-CC002A G 713190 X 713190 7/3/90 NPS 
K0917 -CCOOSA G 816190 X 816190 816190 NPS 
K0917-CC1 OOA G 7/11/90 X 7/11/90 7/11/90 NPS 
K0918-CN001A G 817/90 X 8/7/90 8/7/90 NPS 
K0919-HB001A G 6/14/90 X 6/12/90 6/14/90 NPS 
K0919-HB002A G 6/12/90 X 6/12/90 6/12/90 NPS 
K0919-HB003A G 7/30/90 X 6/27/90 7/30/90 X 6/27/90 7/30/90 NPS 
K0919-HB050A G 8/19/90 X 813190 8/19/90 NPS 
K0919-HB100A G 6/26/90 X 6/25/90 6/26/90 NPS 
K0920-CN002A G 7/30/90 X 7130190 7130190 NPS 
K0921-KU003A G 7/22/90 X 7/22/90 7/22/90 X 7/20/90 7/20/90 NPS 
K0921-KU004A G 7/22190 X 7/22190 7/22190 X 7/21/90 7/22/90 NPS 
K0921-KU006A G 6/24/90 X 6/16/90 6/24/90 NPS 
K0922-CG001A G 8/4/90 X 813190 8/4/90 NPS 
K0924-KU001 A G 6/20/90 X 6/19/90 6/20/90 NPS 
K0924-KU002A G 817190 X 817/90 8/7/90 X 817190 817190 NPS 
K0934-KB001 A G 7/25/90 X 7/25/90 7/25/90 NPS 
K0935-KA002A G 7/4/90 X 6/25/90 7/4/90 NPS 
K0935-KA003A G 8/13/90 X 6/27/90 8/13/90 NPS 
K1 002-AB002A G 818190 X 717190 818190 FWS 
K1 002-AS007 A G 7/15/90 X 7/15/90 7/15/90 FWS 
K1 002-AS008A G 7/15/90 X 7/15/90 7/15/90 FWS 
K1 002-AS008B G 8/28/90 X 7/15/90 8/28/90 X 7/15/90 8/28/90 FWS 
K1 005-AS002A G 7/19/90 X 7/10/90 7/19/90 FWS 
K1 005-AS002B G 7/19/90 X 7/5/90 7/19/90 FWS 
K1 005-AS004A G 7/14/90 X 7/14/90 7/14/90 FWS 
K1 005-AS004B G 8/29/90 X 7/14/90 8/29/90 FWS 
K1 007-PB001 A G 6/24/90 X 6/22/90 6/24/90 FWS 
K1 007-PBO 198 G 815190 X 7/25/90 8/5/90 FWS 
KN0004A E 8/2190 X 6/21/90 8/2190 X 5/29/90 5/29/90 CAC 
KN0005B E 8130190 X 6/22/90 8/2190 X 5/23/90 8/30/90 CAC 
KN0006A E 5/30/90 X 5130190 5130190 NFS 
KN0007A E 6/21/90 X 6/21/90 6/21/90 X 6/8/90 6/8/90 CAC 
KN0008A E 8/30/90 X 5130190 8130190 CAC 
KN0009A E 6/23/90 X 6/22/90 6/23/90 X 6/6/90 6/9/90 CAC 
KN0011A E 6/21/90 X 6/21/90 6/21/90 X 615190 6/5/90 CAC 
KN0012A E 6/21/90 X 6/21/90 6/21/90 X 613190 6/4/90 CAC 
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KN0013A E 6/21/90 X 6/21/90 6/21 /90 X 613190 6/4/90 CAC 
KN0014A E 6/21/90 X 6/21/90 6/21 /90 X 6/1/90 6/1/90 CAC --
KN0015A E 7123190 X 7/23/90 7/23/90 CAC 
KN0016A E 8/19/90 X 7/21190 8/19/90 X 5/9/90 7/21/90 NFS 
KN0019A E 8/30/90 X 6/22/90 8130190 X 6/4/90 6/4/90 NFS 
KN0023A E 6/22/90 X 6/22/90 6/22/90 X 6/9/90 6/9/90 CAC 
KN0024A E 8/30/90 X 7/22/90 8/19/90 X 7/22/90 8130190 CAC 
KN0026A E 8/19/90 X 7/21/90 8/1 9/90 X 5/17/90 8/4/90 CAC 
KN0101A 8 9/1/90 X 715190 9/1/90 NFS 
KN0102A 8 815190 X 5/22/90 8/5/90 X 5/5/90 517190 NFS 
KN0103A 8 7/12/90 X 5/11/90 7/12/90 NFS 
KN0104A 8 8/24/90 X 7/13/90 8/24/90 X 5/4/90 7/11/90 NFS 
KN01048 8 7/10/90 X 7/10/90 7/10/90 NFS 
KN0105A 8 5/11/90 X 5/11/90 5/11/90 NFS 
KN01058 8 8/24/90 X 5/26/90 8/24/90 X 5/11/90 5/11/90 NFS 
KN0106A 8 5/26/90 X 5/26/90 5/26/90 X 5/16/90 5/16/90 NFS 
KN01068 8 5/16/90 X 5/16/90 5/16/90 NFS 
KN0106D 8 5/16/90 X 5/16/90 5/16/90 NFS 
KN0107A 8 8/23/90 X 715190 8/23/90 NFS 
KN01078 8 9/1/90 X 7/13/90 9/1/90 X 7/12/90 7/13/90 NFS 
KN0108A 8 8/4/90 X 8/4/90 8/4/90 X 8/4/90 8/4/90 NFS 
KN0109A D 9/1/90 X 5/25/90 9/1/90 X 5/25/90 5/25/90 NFS 
KN0110A D 8/24/90 X 7/5/90 8/24/90 X 715190 7/5/90 NFS 
KN0111A D 8/24/90 X 7/17/90 8/24/90 X 7/15/90 7/18/90 NFS 
KN0112A D 7/29/90 X 712190 7/29/90 NFS 
KN01128 D 7/29/90 X 712190 7/29/90 NFS 
KN0113A D 8/9/90 X 5/24/90 819/90 X 7/17/90 817190 NFS 
KN01138 D 8/9/90 X 7/19/90 819190 NFS 
KN0114A D 7130190 X 7/1/90 7130190 X 5/3/90 5/3/90 NFS 
KN0115A D 8/24/90 X 7/1 7/90 8/24/90 X 7/17/90 7/17/90 NFS 
KN0116A D 7/30/90 X 5/23/90 7/30/90 X 5/3/90 5/3/90 NFS 
KN0117A D 7/30/90 X 5/23/90 7/30/90 X 5/2190 512190 NFS 
KN0118A D 6/1/90 X 6/1/90 6/1/90 NFS 
KN0119A D 7/30/90 X 6/1/90 7!30190 X 512190 512190 NFS 
KN0121A D 7/30/90 X 7/1/90 7/30/90 X 5/31/90 5/31/90 NFS 
KN0122A D 8/24/90 X 7/14/90 8/24/90 X 7/13/90 8/9/90 NFS 
KN01238 D 5/31/90 X 5/24/90 5/24/90 X 5/31/90 5/31/90 NFS 
KN0124A D 5/20/90 X 5/19/90 5/20/90 NFS 
KN0125A D 7/29/90 X 6/30/90 7/29/90 X 5/31/90 5/31/90 NFS 
KN0126A D 6/30/90 X 6130190 6130190 X 5/30/90 5/30/90 NFS 
KN0127A D 5/30/90 X 5/30/90 5/30/90 NFS 
KN01278 D 7/30/90 X 7/15/90 7/30/90 X 7/15/90 7/15/90 NFS 
KN0127C D 7/30/90 X 6130190 7130190 X ' 5/29/90 5/29/90 NFS 
KN0128A D 7/29/90 X 6130190 7/29/90 X 5/9/90 5/9/90 NFS 
KN0129A D 6/19/90 X 6/19/90 6/19/90 X 5/30/90 5/30/90 NFS 
KN01298 D 6/19/90 X 6/19/90 6/19/90 X 5/30/90 5/30/90 NFS 
KN0131 A D 7130190 X 6/1 /90 7130190 X 5/9/90 519190 NFS 
KN0132A D 5/29/90 X 5/29/90 5/29/90 NFS 
KN01328 D 8/24/90 X 6/2190 8/24/90 X 5/26/90 5/29/90 NFS 
KN0132C D 6/19/90 X 6/19/90 6/19/90 X 5/29/90 5/29/90 NFS 
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KN0132D D 7/29/90 X 6130190 7/29/90 X 5/29/90 5/29/90 NFS 
KN0133A D 7/30/90 X 6/30/90 7!30190 X 5/10/90 5/1 3/90 NFS 
KN0134A E 8/30/90 X 6/23/90 8130190 X 5/23/90 5/26/90 NFS 
KN0135A E 6/23/90 X 6/23/90 6/23/90 X 5/18/90 5/21/90 CAC 
KN0135B E 8/31/90 X 5/21/90 8/3/90 X 5/15/90 8/31/90 CAC 
KN0136A E 8/14/90 X 7/4/90 8/3/90 X 6/9/90 8/14/90 CAC 
KN0141A D 7/29/90 X 7/1/90 7129190 X 513190 5/3/90 NFS 
KN0141 B D 5/3/90 X 5/3/90 5/3/90 NFS 
KN0144B D 6/30/90 X 5/30/90 6/30/90 NFS 
KN0145A D 7/30/90 X 5/25/90 7130190 NFS 
KN0200A E 6/20/90 X 6/20/90 6/20/90 X 5/14/90 5/14/90 CAC 
KN0201A E 6/21/90 X 6/20/90 6/21/90 X 5/31 /90 6/1/90 CAC 
KN0202A E 6/1/90 X 5/31 /90 6/1/90 CAC 
KN0204A E 6/1/90 X 6/1/90 6/1/90 CAC 
KN0205A E 7/23/90 X 7/23/90 7/23/90 CAC 
KN0205B E 8/30/90 X 6/1/90 ' 8/30/90 X 6/1/90 6/4/90 CAC 
KN0206A E 6/22/90 X 6/22/90 6/22190 X 6/4/90 6/6/90 eAe 
KN0207B E 7/22/90 X 7/22/90 7/22/90 eAe 
KN0208A E 7/22/90 X 7/22/90 7/22/90 X 7/22/90 7/22/90 NFS 
KN0209A B 8130190 X 8/5/90 8130190 X 7/29/90 8/1 /90 NFS 
KN0209B B 7/12/90 X 7/12/90 7/1 2/90 X 6/26/90 6/26/90 NFS 
KN0209e B 8/31/90 X 8/14/90 8/31/90 X 8/10/90 8/10/90 NFS 
KN0209D B 8/30/90 X 8/2/90 8/30/90 X 6/27/90 7/29/90 NFS 
KN0211 E E 8/27/90 X 5/30/90 7/13/90 X 5130190 8/27/90 NFS 
KN0212A E 7/22/90 X 7/22/90 7/22/90 X 5/15/90 5/15/90 eAe 
KN0213B E 8130190 X 8130190 8130190 X 817190 8/27/90 eAe 
KN0213D E 7/29/90 X 7/29/90 7/29/90 eAe 
KN0213E E 812!90 X 8/2/90 812!90 eAe 
KN0300A D 8/14/90 X 7/11/90 8/14/90 X 512190 5/2/90 NFS 
KN0301A D 7/28/90 X 7/1/90 7/28/90 NFS 
KN0301 B D 7/28/90 X 7/1/90 7128190 NFS 
KN0400A E 8/31/90 X 7124190 7/24/90 X 5/9/90 8/31/90 NFS 
KN0401A E 7/26/90 X 7/26/90 7/26/90 X 7126190 7/26/90 NFS 
KN0401B E 8/13/90 X 8/13/90 8/13/90 X 8/9/90 8/9/90 NFS 
KN0402A E 8/31/90 X 7/14/90 8/31 /90 NFS 
KN0403A E 8/30/90 X 7/24/90 8130190 X 5/11 /90 7/25/90 NFS 
KN0403B E 7/14/90 X 7/14/90 7/14/90 NFS 
KN0404A E 8/12/90 X 7125190 8/12/90 X 8/11 /90 8/11/90 eve 
KN0405A E 8/12/90 X 7/25/90 8/12190 X 7/17/90 7120190 eve 
KN0408A E 8/14/90 X 8/14/90 8/14/90 X 8/8/90 8/12190 NFS 
KN0410A E 7/20/90 X 7/20/90 7/20/90 eve 
KN0411A E 7120190 X 7/20/90 7/20/90 eve 
KN0412A E 7/25/90 X 7/25/90 7125190 eve 
KN0413A E 5/13/90 X 5/13/90 5/13/90 eve 
KN0500A D 8/24/90 X 717!90 8/24/90 X 717!90 7/7/90 NFS 
KN0500B D 8/24/90 X 715190 8/24/90 X 7/5/90 7/20/90 NFS 
KN0501A D 7130190 X 7/12/90 7130190 X 7/10/90 7/10/90 NFS 
KN0502A D 8/24/90 X 7/12/90 8/24/90 X 7/10/90 7/1 1/90 NFS 
KN0503A D 7130190 X 7/11/90 7130190 X 7/11/90 7/11/90 NFS 
KN0505A D 7130190 X 7/13/90 7130190 X 7/11 /90 7/12/90 NFS 
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Subdivision I D Sector Completed Bio Bio Start Bio End Man Man Start Man End Land Owner 
KN0506A D 8/9/90 X 7/13/90 8/9/90 X 7/12/90 7/12190 NFS 
KN0508A D 8/24/90 X 7/11/90 8/24/90 X 5/6/90 516190 NFS 
KN0509A D 7/12/90 X 7/12/90 7/12190 NFS 
KN0510A [) 7/12190 X 7/12/90 7/12190 NFS 
KN0552A D 7/12190 X 7/12/90 7/12190 NFS 
KN0574A D 5/13/90 X 5/13/90 5/13/90 NFS 
KN0576B D 7/16/90 X 7/16/90 7/16/90 NFS 
KN0577B D 7/16/90 X 7/16/90 7/16/90 X 7/13/90 7/13/90 NFS 
KN0578A D 7/16/90 X 7/16/90 7/16/90 NFS 
KN0608A D 7/20/90 X 7/20/90 7/20/90 eve 
KN0700A E 7/24/90 X 7/24/90 7/24/90 CAC 
KN0701A E 5/25/90 X 5/25/90 5125190 CAC 
KN0701B E 8/24/90 X 7/28/90 8/24/90 X 5/26/90 7/28/90 CAC 
KN0701C E 5/26/90 X 5/26/90 5/26/90 CAC 
KN0702A E 8/24/90 X 7/26/90 8/24/90 X 7/24/90 7/26/90 CAC 
KN0702B E 8/24/90 X 7/24/90 8/24/90 X 7/25/90 7/26/90 CAC 
KN0703A E 8/24/90 X 7/27/90 8/24/90 X 7/24/90 7/26/90 CAC 
KN0704A E 7/26/90 X 7/26/90 7/26/90 CAC 
KN5002A D 7/10/90 X 7/10/90 7/10/90 X 7/10/90 7/10/90 NFS 
KN5002B D 7130190 X 7/10/90 7/30/90 X 519190 5/9/90 NFS 
KN5012A D 7/10/90 X 7/10/90 7/10/90 X 7/10/90 7/10/90 NFS 
LA015B c 8/26/90 X 7/3/90 8/26/90 X 6/28/90 8/22/90 eve 
LA015D c 6/14/90 9/1/90 9/1/90 X 6/12/90 6/14/90 eve 
LA016A c 8/25/90 X 715190 8/25/90 X 6/12/90 6/12190 eve 
LA017A c 8/25/90 X 716190 8/25/90 X 6/16/90 6/17/90 eve 
LA018A c 8/25/90 X 7/17/90 8/25/90 X 7/16/90 7/16/90 eve 
LA019A c 8/26/90 X 8/26/90 8/26/90 X 7/16/90 8/26/90 eve 
LA020A c 8/17/90 X 8/17/90 8/17/90 X 7/11/90 8/14/90 eve 
LA020B c 8/17/90 X 7/17/90 8/17/90 X 5/23/90 5/24/90 eve 
LA020D c 8/17/90 X 8/17/90 8/17/90 X 7129190 7/29/90 eve 
LA021A c 8/17/90 X 716190 8/17/90 X 6/13/90 6/13/90 eve 
LA021B c 8/26/90 X 6/17/90 8/26/90 eve 
LA023A c 5/25/90 X 5/25/90 5/25/90 eve 
LA024A c 6/1/90 X 6/1/90 6/1/90 eve 
LA033A c 8/25/90 X 7/17/90 8/25/90 X 5/9/90 5/12190 NFS 
LA038A c 8/8/90 X 6/17/90 8/8/90 X 5/12/90 5/12/90 CAC 
LA039A c 8/30/90 X 5/23/90 8130190 CAC 
LN001A A 9/1/90 X 7/21/90 8/21/90 X 6/7/90 9/1/90 NFS 
LN002A A 9/1/90 X 6/28/90 8/22/90 X 6/23/90 9/1/90 NFS 
LN004A A 6/8/90 X 6/7/90 6/8/90 NFS 
LN005A A 6/28/90 X 6/28/90 6/28/90 X 6/8/90 6/8/90 NFS 
LN006A B 8/1/90 X 6/28/90 8/1/90 X 6/7/90 6/8/90 NFS 
LN007A A 8/1/90 X 6/28/90 8/1/90 X 6/7/90 617190 NFS 
LN008A A 8/1/90 X 6/28/90 8/1/90 X 617190 6/7/90 NFS 
MA001A A 7120190 X 7/20/90 7120190 DNA 
MA002A A 8/29/90 X 617190 8/29/90 X 617190 617/90 DNA 
MA003A A 513190 X 5/3/90 5/3/90 DNA 
MA004A A 6/4/90 X 6/4/90 6/4/90 X 5/2190 512190 NFS 
MA005A A 512190 X 5/2190 5/2190 DNA 
MA006A A 5/29/90 X 5/29/90 5/29/90 PG 
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MA009A A 8/15/90 X 6/7/90 8/15/90 X 5/24/90 5/24/90 NFS 
MA010A A 8/1 4/90 X 6/4/90 8/14/90 X 6/1/90 6/2/90 NFS 
MN001A E 7/23/90 X 7/23/90 7/23/90 NFS 
MN002A E 8/31/90 X 7/21/90 8/31/90 X 7/21/90 7/21/90 NFS 
MN003A E 7/24/90 X 7/24/90 7/24/90 NFS 
MN006A E 7/24/90 X 7/24/90 7/24/90 NFS 
MN007B E 8/16/90 X 7/23/90 8/16/90 X 7/23/90 7/23/90 NFS 
MN500B E 8/16/90 X 7/22/90 8/16/90 X 7/22/90 7/22/90 NFS 
MR001A F 8/29/90 X 8/2190 8/29/90 X 8/2190 8/29/90 DNR/CAe 
MR001B F 8/28/90 X 8/3/90 8/3/90 X 8/3/90 8/28/90 NPS 
MU001A D 6/29/90 X 6/29/90 6/29/90 X 6/24/90 6/24/90 NFS 
MU001B D 8/10/90 X 6/29/90 8/10/90 X 6/24/90 6/24/90 NFS 
MU001e D 8/12/90 X 6/29/90 8/12/90 X 6/26/90 6/29/90 NFS 
MU002A D 6/27/90 X 6/26/90 6/27/90 NFS 
MU002B D 6/29/90 X 6/29/90 6/29/90 X 6/27/90 6/29/90 NFS 
MU003A D 8/10/90 X 6/29/90 8/10/90 X 6/27/90 6/27/90 NFS 
MU900A D 5/13/90 X 5/13/90 5/13/90 NFS 
NA005A B 7/9/90 X 7/9/90 719190 DNR 
NA006A B 7/9/90 X 7/9/90 7/9/90 NFS 
NA006B B 719190 X 719190 719/90 NFS 
NA006e B 8/29/90 X 719190 8/29/90 X 7/9/90 7/11/90 NFS 
NA021B B 718/90 X 718190 7/8/90 NFS 
NA023A B 718190 X 7/8/90 7/8/90 DNR 
NA024A B 7/8/90 X 7/8/90 7/8/90 NFS 
NA024F B 7/10/90 X 718190 7/10/90 X 718190 719190 NFS 
NA025A B 7/8/90 X 7/8/90 7/8/90 DNR 
NA026B B 7/8/90 X 7/8/90 718190 NFS 
NA027A B 719/90 X 719190 719190 DNR 
NJ001A A 5/4/90 X 5/3/90 5/4/90 DNR 
NJ002A A 7/20/90 X 7/20/90 7/20/90 PWS 
NK001A F 7/4/90 X 4/28/90 7/4/90 DNR 
NK002A F 8/18/90 X 7/3/90 8/18/90 X 713190 714190 DNR 
NK004B F 715190 X 715190 715190 DNR 
NK004e F 5/13/90 X 5/12190 5/13/90 DNR 
PD001A F 7/21/90 X 7/21/90 7/21/90 X 6/23/90 6/30/90 DNR 
PD001B F 6/29/90 X 6/29/90 6/29/90 DNR 
PD002A F 513/90 X 5/3/90 5/3/90 DNR 
PD003A F 5/5/90 X 5/5/90 5/5/90 DNR 
PD004A F 8/20/90 X 7/12/90 8/20/90 X 6/22/90 8/20190 DNR 
PD004B F 7/14/90 X 7/14/90 7/14/90 DNR 
PD005A F 7/21/90 X 7/17/90 7/21/90 DNR 
PD008A F 6/20/90 X 6/20/90 6/20/90 DNR 
PD010A F 8/4/90 X 6/21/90 8/4/90 X 6/20/90 6/20/90 DNR 
PE002A F 8/13/90 X 8/13/90 8/13/90 PRV 
PN001A A 717190 X 6/7/90 6/7/90 X 6/7/90 717190 eve 
PN002A A 8/10/90 X 8/10/90 8/10/90 eve 
PN004A A 7/19/90 X 7/19/90 7/19/90 X 5/3/90 5/3/90 eve 
PN005A A 7/19/90 X 7/19/90 7/19190 eve 
PR002A A 7/25/90 X 716190 7/6/90 X 619190 7/25190 NFS 
PR003A A 8/1/90 X 716190 8/1/90 X 616190 6/6/90 NFS 
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PA0038 A 8123190 X 716190 8/23/90 X 616190 6/8/90 NFS 
PA003C A 618190 X 6/8/90 6/8/90 NFS 
PA003D A 7/6/90 X 716190 7/6/90 NFS 
PA004A A 8/23/90 X 7/6/90 8/23/90 X 7126190 7!29190 NFS 
PA005A A 8/1/90 X 7/21/90 8/1/90 X 7/11/90 7/11/90 NFS 
PA0058 A 8/23/90 X 618190 8/23/90 X 6/8190 6/8/90 NFS 
PA005C A 8/23/90 X 716190 8/23/90 NFS 
PA006A A 7/11/90 X 7/11/90 7/11/90 NFS 
PA007A A 8/1/90 X 716190 8/1/90 X 619/90 6/9/90 NFS 
PA008A A 8/1/90 X 7/6/90 8/1/90 NFS 
PA008B A 8/1/90 X 716190 8/1/90 X 6/11/90 6/12190 NFS 
PA008C A 8/1/90 X 7/6/90 8/1/90 X 6/11/90 6/12190 NFS 
PA012A A 7/11/90 X 7/11/90 7/11/90 NFS 
PA013A A 8/1/90 X 717190 8/1/90 X 6/13/90 6/13/90 NFS 
PA016A A 7/21/90 X 7/21/90 7/21/90 X 7/13/90 7/15/90 NFS 
PY001A F 7/13/90 X 7/13/90 7/13/90 X 7/13/90 7/13/90 FWS 
PY002A F 8/30/90 7/21/90 7/21/90 X 7/13/90 8130190 FWS 
PY006A F 518190 X 518190 5/8/90 FWS 
PY0078 F 5/8/90 X 5/7/90 5/8/90 FWS 
PY008B F 7/28/90 X 7128190 7128190 X 5/6/90 7128190 FWS 
PY008C F 8/20/90 X 7/15/90 8/20/90 X 7/15/90 8120190 FWS 
PY008E F 7/28/90 X 7128190 7/28/90 X 7/28/90 7128190 FWS 
PY008F F 7/28/90 X 7/28/90 7/28/90 FWS 
PY011B F 7/22/90 X 7/22190 7/22/90 X 5/10/90 5/10/90 FWS 
PY012B F 7/22/90 X 7/22190 7/22190 X 5/14/90 5/14/90 FWS 
PY015B F 7/22/90 X 7/22190 7/22/90 X 5/9/90 519190 FWS 
PY015D F 5/14/90 X 5/14/90 5/14/90 FWS 
AB001A F 8/18/90 X 7/25/90 8/18/90 X 7/25/90 7/25/90 DNA 
AB003A F 7/25/90 X 7/25/90 7/25/90 PG 
AB004A F 7/25/90 X 7/25/90 7/25/90 PG 
AB005A F 8/18/90 X 6127190 8/18/90 X 6/26/90 6/27/90 PG 
A B00 58 F 6127190 X 6/26/90 6/27/90 PG 
SL001B D 8/12/90 X 7/14/90 8/12/90 NFS 
SL001C D 8/24/90 X 7/15/90 8/24/90 X 7/15/90 7/15/90 NFS 
SL001D D 8/12/90 X 7/15/90 8/12/90 NFS 
SL001E D 7/14/90 X 7/14/90 7/14/90 NFS 
SM0058 E 8/13/90 X 7/16/90 8/13/90 X 7/16/90 7/18/90 NFS 
SM006A E 8/13/90 X 7/19/90 8/13/90 X 7/19/90 7/19/90 NFS 
SM0068 E 8/3/90 X 7/18/90 8/3/90 X 7/18/90 7/19/90 NFS 
SM006C E 8/21/90 X 7/19/90 8/21/90 X 7/19/90 6129190 NFS 
SP019A 8 8/23/90 X 8/6/90 8/23/90 X 812190 812190 NFS 
SP043A B 8/14/90 X 5/31/90 8/14/90 X 5/13/90 5/13/90 NFS 
S0002A D 7/16/90 X 7/16/90 7/16/90 X 7/16/90 7/16/90 NFS 
S0005A D 7/15/90 X 7/15/90 7/15/90 NFS 
TB002A F 8/27/90 X 7/14/90 7/31/90 X 7/14/90 8127190 DNR 
TB003A F 8127190 X 6/20/90 8/27/90 DNA 
TB004A F 7/31/90 X 6/26/90 7/31/90 X 619190 6/17/90 DNA 
TB005A F 7/15/90 X 7/15/90 7/15/90 DNR 
TB005B F 7/15/90 X 7/15/90 7/15/90 X 7/15/90 7/15/90 DNA 
TB006A F 8127190 X 7/31/90 8/27/90 X 7/31/90 7/31/90 DNA 
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US001A F 8/17/90 X 8/17/90 8/17/90 X 612190 8/13/90 FWS 
US002A F 8/17/90 X 8/17/90 8/17/90 X 6/2190 8/17/90 FWS 
US005A F 6/3/90 X 6/3/90 6/3/90 FWS 
US005B F 8/17/90 X 8/17/90 8/17/90 X 613190 8/17/90 FWS 
US007A F 817190 X 812190 8/7/90 FWS 
US008A F 817190 X 7/31 /90 817190 FWS 
US009A F 817190 X 816190 817190 FWS 
US012A F 818190 X 8/8190 818190 FWS 
WA001A F 8/9/90 X 818190 8/9/90 FWS 
WA001B F 8/8/90 X 818190 8/8/90 FWS 
WA002A F 8/10/90 X 8/10/90 8/10/90 FWS 
WB001A F 6/19/90 X 5/16/90 6/19/90 PG 
WB001B F 5/18/90 X 5/16/90 5/18/90 PG 
WB002A F 7/29/90 X 6/23/90 7/29/90 X 612190 6/3/90 PG/EB 
WB002B F 7129190 X 6/23/90 7/29/90 X 5!30190 613190 PG/EB 
WB002C F 8/25/90 X 6/23/90 8/25/90 X 5/24/90 8/25/90 PG/EB 
WB002D F 7129190 X 6/23/90 7129190 X 5/19/90 7/29/90 PG/EB 
WB002E F 818190 X 8/8/90 I 818190 X 5/18/90 818/90 PG/EB 
WB002F F 5/18/90 X 5/16/90 5/18/90 PG/EB 
WB003A F 618190 X 6/8/90 618190 PG 
WB003B F 7122190 X 6/19/90 7/22/90 PG 
WB003C F 817190 X 817190 817190 X 6127190 7/25/90 PG 
WB003D F 8/22190 X 8/21/90 8/22/90 X 6/27/90 6128190 PG 
WB003E F 6/8/90 I X 618190 618/90 PG 
WB004A F 6129190 X 6/29/90 6/29/90 EB/PG 
WB006A F 6/24/90 X 6/24/90 I 6124t9o X 5/15/90 5/15/90 PG 
WB007A F 817/90 X 6/24/90 817190 X 5/15/90 5/15/90 PG 
WB008A F 5126190 X 5/26/90 5126190 PG 
WB009A F 7128190 X 6/24/90 I 

I 7128190 X 615190 617190 PG 
YG002A F 819190 X 7/5/90 8/9/90 X 715190 819190 NPS 
YP004A F 819190 X 7/11/90 819/90 X 7/11/90 819190 DNR 
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Weekly Activity report for weeks of 8/27 - 9/7 
Submitted 9/6/90 

To: Sonny Mayer, ERL/GB 

From: 

Hap Pritchard, Bioremediation Project 
Carl Lautenburger, Reg X/AOO 
Tom Baugh, OEET 

Jim Clarkf)f2C 

Results of the bioremediation monitoring program were 
presented at the Region IX Workshop on Oil Spill Response 
Technology in SanDeigo on August 28-30, 1990. Most people were 
interested in the application techniques and effectiveness of the 
fertilizer additions in Alaska. I was questioned about the Alpha 
Biosea product used during the MEGA Borg spill in Galveston, so I 
discussed what we had done on our visit to the site in June. I 
presented the technical difficulties to be overcome in attempting 
at-sea bioremediation and my skepticism in the kinds of data 
presented to date from the field program. I was extremely 
careful to point out what kinds of data are needed to convince 
me, rather than say I didn't think it worked as stated in press 
releases. 

Returned to Anchorage on 8/31, began . reviewing data to go 
into the September update of the report by the joint 
ADEC/EPA/EXXON Bioremediation Monitoring Program. Saturday I 
attended a briefing that Hap presented to the EXXON staff on the 
Bioremediation Research Program in Valdez. Hap and the other 
research staff left Alaska that weekend. Finished the data audit 
and review over the weekend and began writing the report on 
Monday. A first draft of the September update will be finished 
by COB Friday, 9/7, and distributed for editorial review and 
comment. The deadline for the report is Tuesday, September 11, 
the day of the final public ~eeting held by the Coast Guard. The 
Admiral and EPA asked that we present a summary of the findings 
from the joint monitoring program at that meeting. Since I am 
the only EPA person involved with the project still in Alaska, I 
requested that my travel be extended to cover that meeting. 
Roger Prince of EXXON and I will present the summary. 



Roger Prince and I wrote a short proposal (attached) that 
was submitted to the state and FOSC requesting approval to apply 
Inipol only to the monitoring s t ation 211E. This site has no 
surface oiling and has been treated with Customblen alone twice. 
Bioremediation has been least successful here, so we requested a 
waiver from the bioremediation application guidelines to allow 
Inipol to be applied (guidelines state that Inipol be used only 
where surface oiling is present). We are still awaiting official 
approval, although initial responses were favorable. 

I am planning on returning to Gulf Breeze on September 12, 
and will be in the office on the 13th. 

cc 
R. Menzer 
R. Wilhour 
R. Parrish 



PROPOSAL FOR APPLYING INIPOL EAP22 TO 
8IOREMEDIATION MONITORING SITE KN-211E 

The joint EPA/ADEC/Exxon 8ioremediation Monitoring Program has monitored 
the progress of bioremediation on KN-211E since late May. Two applications of 
Customblen at a rate of 95 gjm2 have been made to part of the site, but the 
unfertilized portion has not yet received any fertilizer. As reported in the 
Interim Report of the Monitoring Program, the Customblen treatments have 
stimulated microbial activity two- to three-fold on KN-211E, whereas the 
combined Customblen plus Inipol treatments at KN-1328 and KN-1358 have 
stimulated activity three- to six-fold. 

The enhanced effectiveness at KN-1328 and KN-1358 may well be related to 
the particular properties of Inipol EAP22. As a microemulsion of urea in 
oleic acid, Inipol EAP22 associates with the oil and supplies nutrients at 
the oil/water interface. In the course of this association, Inipol EAP22 
changes the physical properties of the oil, and this may be very important in 
providing increased access for the microbial community. Field observations 
substantiate that bioremediation has been visibly more effective, for surface 
and subsurface oil, at sites where Inipol EAP22 had been applied. 

The final application of fertilizer to KN-211E in early September 
provides an opportunity to assess the effectiveness of Inipol EAP22 as a 
treatment for subsurface oil. We propose to treat the entire site with 
lnipol EAP22 alone at the standard operational application rate. This rate 
has been shown to be environmentally safe, and there is ample field and 
laboratory evidence that Inipol EAP22 adheres effectively to both oiled and 
unoiled surfaces. The objective is to evaluate changes in subsurface nutrient 
concentrations and microbial activity stimulated by this application. These 
measurements would be made within the framework of the joint EPA/ADEC/Exxon 
8ioremediation Monitoring Program, and will be incorporated into the Final 
Report of this program. The data will provide input for 1991 treatment 
options, and will help clarify the individual roles of Inipol EAP22 and 
Customblen in bioremediation. 

The site will be sampled before the application of Inipol EAP22, and 
again 4 to 8 days later, depending on operational schedules. Such timing will 
allow ready comparison with data collected earlier in the program. The 
specific measurements to be made will include: 

• visual assessment of the effectiveness of application, with 
particular emphasis on loss of Inipol from the cobble surface 

• dissolved oxygen levels in the interstitial water 
• fertilizer nutrients in interstitial water 
• abundance of oil-degrading and heterotrophic bacteria 
• hydrocarbon mineralization activity of the microbial populations 
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TAB B APP 4 TO ANNEX A OF FOSC/CGD17 EXXON VALDEZ TRANSITION-90 PLAN 
FEDERAL AND STATE POINTS OF CONTACT 

1. FEDERAL: 

NOAA: 

Burle Wescott 
National Oceanic & Atmospheric Administration 
c/o USCG FOSC 
Suite 400 
Key Bank Bldg 
601 W. 5th Ave. 
Anchorage, AK 99501 
Off: 907-
FAX: 907-

DOl: 

Paul Gates 
us Department of the Interior 
1689 C Street, Room 119 
Anchorage, AK 99501 
Off: 907-271-5011 
FAX: 907-271-4102 

DOl FWS: 

Paul Gertler/Jill Parker 
US Fish & Wildlife Service 
1011 E. Tudor Road 
Anchorage, AK 99503 
Off: 786-3579 or 786-3377 
FAX: 

DOl NPS: 

Daniel M. Hamson 
Chief, Office of Oil Spill Coordination 
National Park Service 
Alaska Regional Office 
2525 Gambell Street 
Anchorage, AK 99503 
Off: 907-257-2527 
FAX: 907-257-2523 

DOA FS: 

Bruce Van Zee 



.· 

Forest Supervisor 
Chugach National Forest 
201 E. 9th Ave., Suite 206 
Anchorage, AK 99501 
Off : 907-271-2525 
FAX: 

US EPA: 

Carl Lautenberger 
US Environmental Protection Agency 
222 W. 7th Ave., Box 19 
Anchorage, AK 99513 
Off: 907-271-5083 

DOL OSHA: 

Cindy Coe 
Department of Labor - OSHA 
222 W. 7th Ave., #29 
Anchorage, AK 99513-7571 
Off: 907-271-5152 
FAX: 

2. STATE: 

ADEC 



TAB C APP 4 TO ANNEX A OF FOSC/CGDl.Z EXXON VALDEZ _TRANSITION-90 PLAN 
FEDERAL AND STATE POINTS OF CONTACT 

EXXON: 



,.,...-.. , 

........... 

437 E Street, Suite 301 
Anchorage, Alaska 99501 

(907) 271-2461 
FAH: (907) 271-2467 

..... -. -·. , 

--~~~-~~-"'----~ 
011 Spill J!~slltJiiiJII!tJIJJ Pl1111l/IJJI/IJJ6 01'/'lc~ 

~ ~6 6 6 ~~ ~ 6 
6 ~ ~ ~ 6 6 

~ 6 

cia. n.c.a.'3l jl) l 
OFFICE/PHONE: ___________ 7_l_ - S_B~ - · 7 _3/· · 

Kirsten K. Ballard, U.S. EPA 

FROM: __ En_v_i_r_onm_en_t_al_Pr_o_te_c_t_io_n_s_p_ec_i_al_i_st____ r· 
DATE:--' 0_ ..,_2_· 9_ 0 ______ _ 

# PR6ES Unci. couer): ------------

MESSAGES: 

7Acua1tl- f()" "'fi1 fi;,v 
~if ()I /A/.u..r/-



'!·· .. 

NOAA Revived for the Green Decade 
After 8 years of being strangled by the Reagan Administration, the National Oceanic and 
Atmospheric Administration is coming back as the people's servant and Earth's protector 

HERE'S A QUIZ FOR THE 1990s, the decade 
of the environment. Which federal agen9' 
directed the billion-dollar cleanup of the 
Exxon Valdez oil spill? Which agency con­
siders itself "front and center in the environ­
mental decade"? Which is "the leading fed­
eral science agency in global change"? No, 
not the Environmental Protection Agency. 
It's the National Oceanic and At-

agency that forecasts the weather, 
protects sea turtles, and monitors Earth's 
rotation to the millisecond. 

NOAA was never a household name, and 
it didn't help that ·it spent most of the 1980s 
trying to defend itself against the Reagan 
Administration's efforts to hack away major 
·pieces of the agency in· the name of economy 
and proper federal-state relations. 

But now all that seems to be changing. 
Enter the environmental President and a 
highly respected new administrator at the 
helm and NOAA is suddenly rejuvenating 
itself. Its proposed budget is up, morale is 
sky high, and a sense of near-missionary zeal 
pervades the agency. "Everyone at NOAA is 
very excited," notes a NOAA watcher on 
Capitol Hill. "This is such a change: we're 
all so flabbergasted." 

NOAA's sunny new outlook cannot en­
tirely blot out some threatening clouds on 
the horiwn. Aside from the federal budget 
deficit's looming threat, bureaucratic reor­
ganization could carve up or even absorb 
NOAA. The agency, which was born in 
1970 on the same day as the EPA, is a 
conglomeration of disparate scientific, regu­
latory, and service roles. That diversity 
makes it a prime target as the government 
considers how to best meet the challenge of 
the environment decade. For example, 
NOAA's regulation of ocean activities might 
fit better in the proposed department of 
environment than in the Department of 
Commerce:, where the agency is now. Alter­
natively, NOAA could remain in Com­
merce, although it has always seemed a bit 
like a fish out of water there. 

But today's uncertainty is nothing com­
pared to the gloom that hung over NOAA 
during the Reagan years, especially the final 
4 years when career bureaucrat Anthony 
Calio was administrator. Like his immediate 
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Morale booster. NOAA's]ohn Knauss starts 
off with the respect of his staff. 

predecessors, Calio, an 18-year veteran of 
NASA, did little to stave off the Administra­
tion's annual gutting of the NOAA budget, 
including the excision of entire programs 
that were, at the eleventh hour, reinstated by 
Congress. 

Managers in the Sea Grant Program, 
which funds marine research at universities, 
spent most of the 1980s juggling budgets 
whose prospects changed from day to day. 
At the same time, the NOAA hierarchy was 
in turmoil as officials fought over shrinking 
budgets with little guidance from above 
about where the agency was going. Grum­
bles one underling about Calio's days at 
NOAA: "When they weren't fighting 
among themselves, they didn't know what 
they were doing." 

The man who is credited with the turn­
around in the agency's morale and who will 
be steering it through the still potentially 
turbulent winds of change is John A. 
Knauss, 64, who became the NOAA admin­
istrator last fall. Until then, he had been a 
physical oceanographer at the University of 
Rhode Island's Graduate School of Ocean-

ography, a position he had held for only 2 
years following his stepping down after 25 
years as the Graduate School Dean. 

After a few months to gauge the new 
man, his troops are nothing short of ecstatic. 
"He's really been a delight and a real sur­
prise," says NOAA comptroller Rodney 
Weiher. "He's got a good sense of what this 
agency is and can be. He's already captured 
our imaginations." "We all think the world 
of him," adds Virginia Tippie, one of five 
assistant administrators. "John's range of 
knowledge is from physical oceanography to 
coastal wne management and meteorology. 
We can't brief him without his asking really 
tough questions. As a result, he has the 
respect and admiration of all his lieutenants. 
The morale is unbelievable." 

In Washington, however, Knauss's ad­
ministrative experience is perhaps of greater 
importance than his scientific expertise. One 
Hill staffer describes him as having been "an 
academic with half a foot in government." 
During his Rhode Island years, Knauss nur­
tured a small coastal laboratory into a major 
research and teaching institution. His fre­
quent service in Washington included mem­
bership on the Stratton Commission, which 
in 1969 recommended the formation of an 
independent National Oceanic and Atmo­
spheric Agency to ensure "full and wise use 
of the marine environment." 

How this respected academic administra­
tor will fare as a full-time participant in the 
rough and tumble politics of Washington 
remains to be seen. Among politicos having 
only a passing acquaintance with the peren­
nially bow-tied Knauss, the most frequent 
comment is that "he's a nice man, but . . . . " 

At first meeting, he comes across as a 
quiet, even retiring man. Thoughtful pauses 
mark his conversation; eyelids sometimes 
droop as he ponders his next words. "He 
doesn't seem to be a hard-charging guy," 
notes one observer, "not a dynamic leader." 
One of his staff concedes the obvious: 
''True, he's not another Bill Reilly," refer­
ring to the dashing head of EPA. 

But supporters say first impressions are 
deceiving. Knauss "shouldn't be underesti­
mated on his political skills," says a Rhode 
Island colleague who has watched him ma­
neuver in university and state politics. "He 
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has a shy style; he seems ~ 
quiet, not listening, and z 
then he comes through with 
the right political move." 

Moreover, the staff 
Knauss is choosing may 
help make up for his own 
apparent lack of dynamism. 
"He's smart enough to 
know that he needs some 
scrappers," says assistant ad­
ministrator Tippie, and she 
thinks he's got some in her­
self and Elbert "Joe" Friday 
of the National Weather 
Service, among others. 

The Administration also 
had a generic problem with 
NOAA, however. "It just 
felt that NOAA as an agency 
was largely a creation of the 
Congress. It was viewed as a 
kind of science pork-barrel 
agency," says Kitsos . 

Knauss scored another 
coup when he landed ma­
rine botanist Sylvia Earle, 
who has just been nominat-
ed for the chief scientist po­
sition. Tippie, for one, 

NOAA's long reach. These telescopes help monitor solar disturbances that can 
disrupt radio communications and power transmission on Earth . 

Congress itself no doubt 
contributed to that percep­
tion, when, in the absence of 
leadership by Reagan era 
NOAA appointees, it took a 
stronger hand in agency af­
fairs, as in the case of 
NOAA's National Marine 
Fisheries Service (NMFS). 
"Congress has basically 
managed NMFS for 8 
years," observes another 
Hill staffer. ''That's absurd, 

hopes that Earle, a businesswoman, ardent 
conservationist, co-holder of a deep-diving 
submersible record, and a prolific writer and 
speaker, can do for NOAA and the oceans 
what Surgeon General Koop did for the 
Public Health Service and the nation's 
health. 

But to many in NOAA, the most encour­
aging sign of the dawning epoch is embod­
ied in the team spirit the new appointees are 
generating. Gone is the infighting that had 
been endemic for a decade or more. "The 
chemistry is fantastic," says Ned Ostcnso, 
assistant administrator for research. "There 
are absolutely no turf battles." 

But are there more concrete signs of a 
NOAA resurgence than high hopes? Noth­
ing in Washington speaks louder than dol­
lars, and there, too, things are looking up, 
thanks to the Bush Administration. "The 
important thing," says Knauss, "is that the 
[Administration's fiscal year 1991 budget] is 
35% higher than the one submitted the year 
before" by the outgoing Reagan Adminis­
tration. Congress, as usual, restored much of 
what Reagan cut out, but the 1991 budget 
proposal is even 9% higher than what Con­
gress gave NOAA last year, Knauss notes. 

Part of the big jump in the proposed 
budget comes in funding for programs that 
the Reagan Administration targeted for 
elimination year after year. Each year since 
1982, for example, it had routinely zeroed 
out the Sea Grant Program, which supports 
marine research at over 200 universities and 
colleges through 29 institutions that have 
been designated sea grant colleges (includ­
ing Knauss's University of Rhode Island), 
much as land grant colleges have been desig­
nated since the time of Lincoln for fostering 
agricultural research. 

Then each year, after much delay and 
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disruption, Congress would reinstate Sea 
Grant, as it did last year with $41 million. 
But aside from the chaos engendered by 
trying to run programs on money that 
might or might not soon arrive, Congress 
could never quite keep up. As a result, by the 
measure of the number of projects that 
could be supported or the number of gradu­
ate students participating, Sea Grant shrank 
by one-third during the Reagan years. 
NOAA's Coastal Zone Management Pro­
gram, which guides states in setting up their 
own mechanisms for regulating coastal ac­
tivities, suffered a similar fate. 

To Hill staffer Tom Kitsos, the worst of 
this destructive budgetary seesaw may be 
past. "Under the Knauss administration," 
says Kitsos, "it looks positive. There's a 
feeling here that the budget proposals for 
the agency are much more in line with 
Congress's view of what NOAA should be 
doing than under Reagan." 

Kitsos believes that NOAA's problems 
under Reagan derived from a combination 
of ideology and economics. On the econom­
ics side, cutting Sea Grant's $40 million, for 
example, meant that much more slashed 
from domestic spending, a favorite target of 
Reagan. And from an ideological point of 
view, Sea Grant and Coastal Zone Manage­
ment made particularly attractive targets for 
abolition because they are grant programs to 
state governments and universities, Kitsos 
says . "That kind of outreach program 
through the states was not the kind the 
Administration wanted to support." If the 
states were going to benefit, they could pay 
for it, the reasoning went. Coastal Zone 
Management had the added burden of en­
dowing states with power over federal activ­
ities, such as oil exploration, in their coastal 
waters. 

but with no one else in 
charge, we came into it." Congress will back 
off, he adds, if NOAA reasserts its leader­
ship, as it appears to be preparing to do. 

Since Knauss's arrival, much of the ideo­
logical baggage of the Reagan era has disap­
peared-most particularly from the fiscal 
year 1991 budget, the first the Bush Admin­
istration developed from scratch. There are 
still plenty of lesser examples of philosophi­
cal differences between the White House 
and the Congress. The President's budget 
slates for elimination everything from state 
weather modification grants to Alaska salm­
on enhancement activities. But Sea Grant 
and Coastal Zone Management are funded. 
The bad news is that proposed funding 
levels for 1991 are down $13 million and $5 
million, respectively, from last year's appro­
priations, but as assistant administrator Os­
tenso notes, "It's not a philosophical issue 
now, it's just a pricing issue." 

Although the Sea Grant and Coastal Zone 
Management victories loom large with 
NOAA staffers who spent the past decade in 
the trenches, two emerging areas - modern­
ization of the Weather Service and research 
in climate and global change-could be the 
biggest winners of all in the annual fiscal 
sweepstakes. With $178 million in the pro­
posed budget for systems acquisition, an 
increase of $76 million over this year's fund­
ing, the Weather Service could get serious 
about replacing outmoded weather radars 
(some of which still use vacuum rubes), 
automating surface weather observations, 
and integrating radar, satellite, and other 
data at forecast offices . The goal is to im­
prove weather forecasts, especially those of 
short-lived severe weather like tornadoes, 
flash floods, and thunderstorms. 

Climate and global change would gain 
even more, jumping from $18 million this 
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year to $87 million in the coming fiscal year. 
Tills largess would go toward monitoring 
the globe's oceans and atmosphere, research 
to understand how they can change, and the 
prediction of that change. Projects involve 
all five line organizations making up NOAA 
and include everything from the absolute 
measurement of sea level change to comput­
er modeling of greenhouse warming. 

There is widespread agreement that the 
modernization and global change initiatives, 
which have been under way 
for several years or more, did 
so well this year on more 
than simple merit. "NOAA 
systematically made a plan," 
says Knauss, "sold it in the 
department, and sold it in 
OMB [Office of Manage­
ment and Budget]." The ra­
tionale was that a compre­
hensive plan with a clearly 
stated goal would make more 
sense to the scientifically un­
initiated-Department of 
Commerce higher-ups and 
OMB budget examiners­
than would a seemingly hap­
hazard basket of arcane re­
search projects. 

gram is just the sort of endeavor, one involv­
ing environmental research, monitoring, 
and prediction, that many at NOAA see as 
the agency's bread and butter. And a predic­
tion, whether it deals with tomorrow's 
weather or the effect of shrimping on sea 
turtles, can help both public and private 
decision-makers. Providing prediction ser­
vices is another function NOAA seems com­
fortable with. 

The rub comes when the science and 

the charge shrimpers, who say that using 
TEDs will reduce their catch and cost them 
money, are making against NOAA. That is 
no way to increase your credibility as a 
science agency, Castle says, something 
NOAA is anxious to do. The agency is 
content with carrying out its present man­
dates, but he adds, "we certainly aren't 
seeking any more regulatory responsibil­
ities." 

The perceived conflict between credible 
science and regulation, as 
well as NOAA's traditional 
stepchild · status in Com­
merce, have long prompted 
discussion of whether part or 
all of NOAA should be 
moved. The latest talk., and it 
is only talk so far, is that 
perhaps NOAA should be-in­
corporated into EPA if it 
moves up to Cabinet status, 
as proposed by the White 
House. 

The reaction within 

That NOAA's global 
change research program did 
so well in the budget process 
may not be surprising, given 
the President's call for more 

By sea and by air. NOAA operates heavily instrumented planes to investigate 
weather phenomena and 23 ships for oceanographic research. 

NOAA to talk of such reor­
ganization is predictably neg­
ative. First, EPA is the epit­
ome of a regulatory agency, 
so a NOAA-EPA combina­
tion is generally frowned 
upon. Second, things are 
looking too good at Com­
merce to move now. "I'll go 
wherever Congress and the 
President say to go," says 
I feel comfortable at Com-

research rather than action 
on global warming. But the program had 
something else going for it as well. Instead 
of pitching it just to Commerce's OMB 
examiners, NOAA last year went into a 
room with the other agencies having a hand 
in global change and their respective OMB 
people. 

The agencies had already gotten their act 
together through a novel organization, the 
Committee on Earth Sciences. It is an arm 
of the White House's Office of Science and 
Technology Policy through which federal 
agencies such as NOAA, NASA, the Na­
tional Science Foundation, and others could 
not just coordinate but actually integrate 
their global change programs. OMB was so 
impressed that the four leading agencies all 
got hefry increases totaling $305 million. 
"It's a remarkable new mechanism," says 
Michael Hall, head of NOAA's Office of 
Global Programs. "It's working better than 
any committee I've been with." 

NOAA's emerging role in studying global 
change has improved the agency's standing 
and enhanced its sense of mission, but it also 
highlights a perennial question-what is 
NOAA and where in the government does it 
belong? The climate and global change pro-
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predictions must lead to regulation, as they 
often do at NOAA, especially in the fisheries 
area. The agency's numerous regulatory 
functions include protecting marine mam­
mals like whales, preserving endangered spe­
cies like certain sea turtles, and controlling 
plastic pollution of the oceans. NOAA's 
regulatory role may loom large on the Hill, 
Congress having saddled the agency with 
many of its regulatory duties, but most 
inside the agency see regulation as some­
thing of a necessary evil. "Our theory is that 
science and regulation don't go hand in 
hand," says Gray Castle, Commerce deputy 
undersecretary for oceans and atmosphere 
and Knauss's deputy. 

As an example of the hazards of combin­
ing science and regulation, Castle cites the 
controversy triggered by NOAA's recom­
mendation that shrimpers be required to use 
turtle excluder devices or TEDs. Attached to 
shrimpers' nets, TEDs help keep sea turtles 
from being trapped and drowned. But it is 
NOAA that feels trapped. "If you're doing 
the science upon which the regulation is 
based," says Castle, "the perception can be, 
rightly or wrongly, that you're doing the 
science to justifY your position." That is just 

Knauss, "but 
merce." 

One development making Commerce 
look good is the solution of the chronic 
problem of access. "I get to see the Secretary 
[of Commerce] and his deputy whenever I 
want to," says Knauss, "and we see each 
other every few weeks whether I have some­
thing in particular to discuss or not." The 
President even called Knauss in a few weeks 
ago for a one-on-one briefing prior to 
Knauss's heading of the U.S. delegation to a 
regional U.N. meeting on the environment 
and development. That seems to be a first 
for a NOAA administrator. 

Another attraction of Commerce is the 
way its interests and NOAA's are melding, 
according to Knauss. "In a number of ways, 
NOAA fits better in Commerce than it ciid 
20 years ago," he says. Development, a tr.i.di­
tional Commerce interest, and the environ­
ment are linked, he says, "and they will be 
more so. So Commerce is well poised to be 
one of the key departments in the next centu­
ry. I think we have just the right mix." If true, 
and if budget cuts allow, NOAA could well 
end up at the head of the pack in the environ­
mental decade. • R:rcHAllD A. KERR 
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September 10 , 1990 

D. E . Ci a ncaglin i 
Rear Admiral, U. S. Coast Guard 
Federal On Scene Coordinator 

Dear Admiral Ciancagl i ni: 

Enclosed are six copies of the September update from the 
Joint Bioremediation Monitoring Program for distribution among 
members of the Regional Response Team. This document summarizes 
data available through September 7 for the monitoring program 
designed and directed jointly by scientists from the Alaska 
Department of Environmental Conservation, U. S. Environmental 
Protection Agency, and Exxon. 

The report · shows the effectiveness of bioremediation in 
stimulating the degradation of surface and subsurface oil and the 
lack of ecological effects following two fertilizer additions at 
each of three study sites. We provide an estimate of the rate of 
oil degradation in surface and subsurface sediments based on a 
number of field samples. 

A final report that summarizes all of the 1990 
bioremediation monitoring data will be sent to the Regional 
Response Team by January 1, 1991. 

Roger C . Prince 
Exxon 

James R . Cl ark 
USEPA 

Jon E. Lindstrom 
ADEC 



... 

Roger C. Prince 
Exxon Research and 

Engineering 
Annandale, NJ 08801 

BIOREMEDIATION MONITORING PROGRAM 

September 1990 update 

James R. Clark 
USEPA Bioremediation 

Program 
Gulf Breeze, FL 32561 

September 10, 1990 

Jon E. Lindstrom 
Alaska Dept. Environmental 

Conservation 
Anchorage, AK 99503 
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EXECUTIVE SUMMARY 

The joint ADEC/USEPA/Exxon biodegradation monitoring team has 
successfully organized and implemented a comprehensive program for assessing 
the utility of fertilizer amendments for enhancing the biodegradation of 
surface and subsurface oil, and for characterizing the associated ecological 
risks. This report presents monitoring data from three study sites showing 
the effectiveness of two fertilizer applications and serves as an interim 
assessment pending final analyses of all the data. 

Results available to date allow the following conclusions to be drawn. 

• The activity of oil-degrading bacteria in surface sediments and 
subsurface sediments sampled at a depth of 30 em has been enhanced 
three to four fold and sustained for 32 days after an initial 
fertilizer application. A second application replenished nutrients 
and stimulated microbial activity five to ten fold. 

• By employing ratios of degradable and undegradable fractions of the 
oil components, we have derived an estimate of the baseline oil 
degradation rate. Although preliminary in nature, several methods 
provide similar estimates of approximately 

2-5 g oil/Kg sediment/year on the surface 
0.5-2.5 g oil/Kg sediment/year in the subsurface. 

• Fertilizer application resulted in no adverse ecological effects. 

The report makes a convincing case that fertilizer application is an 
effective means to enhance oil degradation on surface and subsurface 
sediments with minimal environmental impact. Reapplication of fertilizers is 
warranted every 3-5 weeks, and provides an opportunity to capitalize on 
initial microbial enhancements. 
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INTRODUCTION 
The State of Alaska's approval for the widespread use of bioremediation 

as one of the cleanup tools for 1990 was contingent on a detailed monitoring 
program to show that the technique did indeed speed the biodegradation of 
oil, and without imposing a significant toxicological impact on the shoreline 
and nearshore biota. A team of scientists from the Alaska Department of 
Environmental Conservation, the United States Environmental Protection Agency 
and Exxon therefore designed such a program. A preliminary report which 
provided evidence that bioremediation is a safe and effective tool in 
removing oil from the shorelines of Prince William Sound and the Gulf of 
Alaska was provided to the Federal On Scene Coordinator on July 10. The 
report suggested that reapplication of fertilizer after 30 days would 
probably further stimulate biodegradation of the crude oil, and monitoring 
the effectiveness of reapplication was included as part of the program. The 
present report, presented to the Federal On Scene Coordinator on September 
lrl, provides an update based on data available by September 7. A final 
report, including all the monitoring data, is scheduled for delivery by the 
end of 1990. 

Bioremediation in Prince William Sound in 1990 involved the addition of 
oleophilic and slow release fertilizers to speed the biodegradation of oil by 
the indigenous microbial flora. The initial design of the monitoring program 
was to quantify seven effects of these fertilizer applications; 

• the presence of fertilizer nutrients in the beach interstitial 
water. 

• the stimulation of biodegradation, achieved by the addition of 
fertilizers, at the surface and in subsurface sediments. 

• the changes in the amount and composition of oil in the sediments. 
• the toxicity to aquatic biota following application of fertilizers. 
• the nutrient loading in the water off the treated areas in order to 

address the potential for stimulating algal growth. 
• the amount of dissolved petroleum hydrocarbon in the water off the 

treated beaches in order to address the potential that enhanced 
microbial activity on the shorelines might cause the release of 
petroleum into the water column. 

• the rate of disappearance of 2-butoxy-ethanol from Inipol EAP22 
treated shorelines. 

The results presented in the July 10 Interim Report provided strong 
evidence that bioremediation was indeed a safe and effective treatment for 
removing oil from shorelines in Prince William Sound. The program was thus 
continued with the goal of measuring the following additional effect: 

• the potential that additional applications of fertilizer would 
further stimulate biodegradation of oil. 

The program used a variety of field and laboratory techniques. The 
presence of fertilizer nutrients in the interstitial water was measured in 
samples collected from perforated stainless steel wells driven into the beach 
material. These wells were perforated throughout their length, and sampled 
water from just below the surface to approximately 50 em into the substrate. 
Additional wells were sealed so that they only sampled subsurface water 
collected from a depth of approximately 40-50 em. Interstitial water samples 
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were analyzed fo~ dissolved oxygen, salinity and temperature on the beach. 
Additional samples were returned to the ship; some were analyzed for pH, 
while others were filtered to remove bacteria, preserved, and shipped to 
analytical laboratories for analysis of ammonia/ammonium, nitrate , nitrite, 
total Kjeldahl nitrogen and phosphate. 

The stimulation of biodegradation achieved by the addition of 
fertilizers was assessed on both microbiological and chemical criteria . The 
number of heterotrophic and oil-degrading organisms was determined by 
most-probable number techniques, and the ability of the oil-degrading 
organisms to mineralize (convert to carbon dioxide) hydrocarbons was assessed 
using laboratory assays with radiolabelled hexadecane and phenanthrene. The 
amount of oil in shoreline sediments was also determined, and the chemical 
composition of this oil was quantified with gas chromatographic techniques. 

The potential toxicity associated with fertilizer application was 
assessed by collecting samples of water as the tide receded from the treated 
area and sending the samples to a laboratory for toxicity tests. The 
toxicity tests followed standard methods employed for testing industrial 
effluents, and included standard dilution series. Samples were tested with 
Hysids, a shrimp-like crustacean that is the most sensitive of seven species 
tested when Inipol was screened in laboratory toxicity tests during the 
initial review l~st year. Toxicity was further assessed by quantifying 
ammonia and nitrate plus nitrite in nearshore waters for four days after 
application. 

The potential for stimulation of algal growth was assessed by monitoring 
the concentrations of chlorophyll in nearshore waters over the several weeks 
following treatment. Nearshore waters also were monitored for total 
hydrocarbon concentrations to characterize the amount of oil leaving the 
treated shoreline. 

Concerns had been raised about the potential hazard to wildlife exposed 
to the butoxy-ethanol present in Inipol EAP22. The rate of butoxy-ethanol 
disappearance from Inipol-treated shorelines was measured by collecting oil 
from the surface of cobbles with gauze swipes and quantifying butoxy-ethanol 
through GC/MS analyses. 

ORGANIZATION 
This program was a joint undertaking by USEPA, ADEC and Exxon, and as 

such was planned and directed by personnel from all three organizations. The 
responsibilities for the individual parts of the program were as follows. 

The field teams were primarily personnel from America North Inc. under 
contract to Exxon; they made measurements on the beaches, collected samples, 
and shipped them to the analytical laboratories. Water samples for 
toxicological analysis were sent to Marine Environmental Consultants, Inc., 
Tiburon, CA. Water samples for organic nitrogen and total petroleum 
hydrocarbon analyses were sent to Chemical and Geological laboratories, 
Anchorage, AK; those for inorganic nutrients were sent to Dr E. Loder, 
Institute for the Study of Earth, Oceans and Space, University of New 
Hampshire, Durham, NH. Sediment samples for microbiological analyses in the 
initial program were shipped to the laboratory of Dr. E. Brown, Water 
Research Center, University of Alaska, Fairbanks, AK. Subsequent 
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Microbiological analyses were performed in the Alaska Department of 
Environmental Conservation laboratory in Valdez, AK. Sediment samples for 
oil content and composition were sent to Battelle Ocean Sciences, Duxbury, 
HA. Time lapse photography was organized by Polar Alpine Inc . , Berkeley, CA . 
These responsibilities are summarized in tabular form in Table 1. 

Exxon chartered three vessels to support personnel at field sites . The 
110 ft Jolly Roger served as the base vessel for housing field crews, their 
sampling gear and scientific equipment, and necessary laboratory space. A 
smaller vessel, The Three Bears, was used to house and transport field crews 
during the early part of the program when they were searching for appropriate 
sites, and when it was necessary to sample at more than one site on a single 
day. The Joint Operations Transport Command transported personnel to and 
from the sites, and transported samples to Anchorage for shipping to the 
analytical laboratories. A 36 ft fast-planing boat, the Inga Kristine, was 
used to transport samples from the field sites to Cordova for air shipment 
when air travel within the Sound was restricted. These arrangements ensured 
that the monitoring team continued operation despite adverse weather, and 
that all samples were collected and delivered on schedule. 

MONITORING SITES 
The first part of the program was to select representative shoreline 

segments that were suitable for monitoring. Key criteria in this selection 
process were the size of the segment, and the presence of two areas that 
appeared to be similar so that one could be treated with fertilizer while the 
other could be left as a reference. After extensive discussions with 
participants in the Interagency Technical Assessment Group, and examining 
more than thirty potential sites, three were selected as sites for 
monitoring; all are at the northern end of Knight Island, as shown in Figure 
1. 

KN-132B, Herring Bay. A low energy site near an anadromous stream with 
surface oil. It had not received bioremediation treatment in 1989. 

KN-135B, Bay of Isles. A low energy site with surface and subsurface 
oil. It had not received bioremediation treatment in 1989. 

KN-211E, Northeast coast of Knight Island. A high energy site with 
subsurface oil only. This site had received approximately 68 Kg of 
Inipol EAP22 and 8.3 Kg of Customblen on an area of 271 m2 on 
September 15, 1989. This corresponds to an application of 251 gjm2 
of Inipol EAP22, and 31 gjm2 of Customblen, but to only a portion 
of the beach. 

Although more heavily oiled than the majority of shorelines receiving 
bioremediation treatment in 1990, they provided the opportunity to assess 
bioremediation of surface and subsurface oil, alone ·and in combination. They 
were chosen because each had appropriate sediment (small gravel), the 
appearance of reasonably uniform oiling throughout the oiled zone, an area 
large enough to be subdivided, and no substantial input of surface water from 
the supratidal zone. The experimental design focussed on assessing the 
benefits and risks associated with the addition of Inipol EAP22 and 
Customblen, so both portions of each site received similar manual treatment 
before fertilizer application. 
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TABLE 1 
SAMPLING SCHEDULE FOR BIOR[MEQIATIQN MQNITQRING PROGRAM 

SAMPLE TYPE ANALYSIS SAMPLING DAY LABORATORY 
First Second 

application application 
-----------------------------------------------------------------------------
Photography time lapse video 0-42 PAl 

Visual Depth of oil 0,2,4,8,16,32 3,17 Field 
observation Surface oil 0,2,4,8,16,32 3,17 Field 

Fertilizer 0,2,4,8,16,32 3,17 Field 

Sediment Microbial counts 0,2,4,8,16,32 3,17 UAF & ADEC 
Respirometry 0,2,4,8,16,32 3,17 UAF & ADEC 

Sediment petroleum 0,8, 16,32 3,17 BOS 
GC/MS 0,8,16,32 3,17 BOS 

Interstitial dissolved oxygen 0,2,4,8,16,32 3,17 Field 
water temperature 0,2,4,8,16,32 3,17 Field 

salinity 0,2,4,8,16,32 3,17 Field 
ammonia, nitrate 0,2,4,8,16,32, 3,17 UNH 
nitrite, phosphate 0,2,4,8,16,32 3,17 UNH 
Kjeldahl nitrogen 0,2,4,8,16,32 3,17 CGL 

Water above toxicology 0,1,7,19,32,57,82 hr MEC 
beach anrnonia, nitrate 0,1,7,19,32,57,82 hr UNH 

Water above chlorophyll 0,2,4,8,16,32 3,17 Field 
beach petroleum 0,2,4,8,16,32 CGL 

ammonia, nitrate, 3,17 UNH 
nitrite, phosphate 3,17 UNH 

Cobble surface butoxy-ethanol 1,8,21,46 hr ERE 
-----------------------------------------------------------------------------

Samples were collected as indicated, with the exception that KN-1358 was 
sampled on Day 15 rather than 16, and KN-1328 on Day 29 and KN-211E on Day 
31, rather than Day 32. Additional sediment samples were collected on Day 52 
from KN-1358. The second fertilizer application occurred on days 40, 53 and 
44 for KN-1328, KN-1358 and KN-211E respectively, and samples were collected 
4 and 17 days later on KN-1328, 3 and 18 days later on KN-1358, and 3 and 20 
days later on KN-211E. - indicates samples not taken. 

KEY 
Field Field measurements by America North personnel 
PAl Polar Alpine Inc., Berkeley, CA 
UAF University of Alaska, Fairbanks, AK 
ADEC Alaska Department of Environmental Conservation, Valdez, AK 
BOS Battelle Ocean Sciences, Duxbury, MA 
CGL Chemical and Geological laboratories, Anchorage, AK 
UNH University of New Hampshire, Durham, NH 
MEC Marine Environmental Consultants, Inc., Tiburon, CA 
ERE Exxon Research and Engineering, Annandale, NJ 
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As part of the selection procedure for the sites, a large number of 
exploratory pits-were dug on shorelines to determine the degree of oiling, 

-and to delineate areas that seemed sufficiently similar and homogeneous to 
allow the comparison of fertilized to unfertilized areas. For sediment 
sampling, the surface was defined as the beginning of fine-grained sediment, 
and any overlying larger material, whether pebbles or cobbles, was removed 
prior to sampling. 

On KN-1328 the fine-grained sediment had little overlying armor, and 
substantial surface oil penetrating to 2-5 em throughout the sampling area. 
Surface samples were taken after mixing the top 5 em of sediment, and no 
subsurface sediment samples were taken. 

On KN-1358 the fine sediment was typically overlain by 10 em of mixed 
pebble and cobble. There was substantial surface and subsurface oiling, and 
while the extent of oiling and depth of penetration was very variable within 
the segment, the areas chosen for sampling had heavy oiling to a depth of 
about 40 em. Surface samples were taken after clearing away the pebble and 
cobble, and mixing the top 2-5 em of fine sediment. Subsurface samples, 
again of fine sediment, were taken 30cm deeper. 

KN-211E had no oil within the 15-25 em of the well rounded surface 
armor, but substantial subsurface oil extended from immediately below this 
cobble for 20-50 em. Surface samples were taken after clearing away the 
pebble and cobble, and mixing the top 2-5 em of fine sediment. Subsurface 
samples were taken 30cm deeper unless this was below the oil horizon, in 
which case the samples were taken from a few centimeters above the bottom of 
the oil layer. 

SAMPLING STRATEGY 
Three undisturbed but apparently similar sampling areas were selected on 

the fertilized and unfertilized portion of each shoreline, and a perforated 
pipe (5 em diameter, 70 em long) was driven into the beach material at each 
sampling location; this allowed the gathering of interstitial water, and 
served as the center of the sediment sampling area. The wells on the area to 
receive fertilizer were designated A, 8 and C, while those on the area to 
remain unfertilized were designated 0, E and F. The experimental design 
focussed on assessing the benefits and risks associated with the addition of 
fertilizers, so both portions of each site received similar manual treatment 
before fertilizer application. Samples of interstitial water were planned to 
be taken before and at 2, 4, 8, 16 and 32 days after the first fertilizer 
application, and at 3 and 17 days after the second application. These were 
analyzed for the presence of nitrogen and phosphorus nutrients, dissolved 
oxygen, salinity and temperature. 

With the same frequency, surface and subsurface samples of sediment 
(approximately 200g) were taken near each well, in triplicate, for analysis 
of microbial populations and activity. Additional samples (500g) taken 
before and at 8, 16 and 32 days after the first application, and 17 days 
after the second application, were analyzed for oil loading and oil 
chemistry. Each sample came from previously undisturbed sediment. 

As the sampling holes were dug, the beach material was placed in a large 
bucket so that it did not contaminate the surrounding area. After samples had 
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been collected, the bucket was emptied into the h~le, and the sampling 
location marked with a piece of surveyor's tape to exclude this area from 
subsequent sampling. 

Additional wells were added to the fertilized side of each site to 
sample only subsurface interstitial water, one (Z) at KN-1358 and two (Y and 
Z) at KN-1328 and KN-211E. These wells were coated with silicone sealant so 
that only the bottom 10-15 em remained permeable. Water samples were 
collected from these with the same frequency as from the fully perforated 
wells. 

Toxicity issues were addressed during the first application of 
fertilizer only, using an accelerated sampling schedule. Samples were 
collected in the fertilized area of the site and at a reference site 
(control) uninfluenced by the fertilizer applications. The strategy 
(detailed in Appendix SOP, Section 1) was designed to obtain worst-case 
representations of fertilizer entering the nearshore environment by sampling 
at a place along the shoreline where there was minimal dilution, and at a 
time during the tide that allowed the maximum opportunity for fertilizer 
release into overlying water. Water samples were collected at 0.5 m depth in 
an area of the shoreline covered by overlying water to a depth of 1 m. 
Samples were collected 1 hour after fertilizer application and then at the 
mid-point of an outgoing tide, after the area had been flooded during high 
tide. The schedule of sampling at the fertilized site consisted of: 

Pre-application sampling (1 to 2 hr before treatment) 
(Fertilizer was applied at low tide) 
1 hr post application 
1st mid-tide outgoing (7-hr post application) 
2nd mid-tide outgoing (19-hr post application) 
3rd mid-tide outgoing (32-hr post application) 
5th mid-tide outgoing (57-hr post application) 
7th mid-tide outgoing (82-hr post application) 

Water samples were collected at an untreated reference site nearby to 
minimize logistical problems. The reference site was out of the influence of 
the fertilizer applications and not immediately influenced by nearshore water 
flowing from the treated site. Samples from the reference site were 
collected on the following schedule: 

Pre-application 
2nd mid-tide outgoing (19-hr post application) 
5th mid-tide outgoing (57-hr post application) 

All samples were collected as scheduled, kept on ice, and shipped via 
air express to a testing laboratory in California. Testing began the day 
samples were received by the laboratory; this was one, two, or three days 
after collection in the field, depending on the collection schedule, weather 
conditions for transporting, and weekend shipping schedules. As will be 
discussed below, no toxicity was detected after the first application of 
fertilizer, despite over-application of fertilizer at KN-1328 and KN-1358. 
Therefore toxicity testing was not continued when the monitoring program was 
extended to study a second fertilizer application at each site. 

Nearshore water samples for ammonia and nitrate analyses were collected 
concurrently with the toxicity samples, using the same collection protocol 



- 16 -

and schedule, but with replicate samples. As with the toxicology assessment, 
this strategy was designed to characterize the exposures of nearshore biota 
to toxic components of the fertilizer nutrients under worst-case conditions. 

Water samples for the analysis of chlorophyll and total petroleum 
hydrocarbons were collected concurrently following the first application of 
fertilizer. Water samples were collected in the nearshore zone of fertilized 
and unfertilized areas of the monitoring sites as well as in the nearshore 
zone of the reference site, which was remote from the fertilizer 
applications. Sampling occurred on the same schedule as the on-shore 
monitoring parameters. Water was collected at 0.5 m depth at a point over 
the shoreline where the total depth at the time of sampling was 1 m, 
following the generalized shoreline sampling scheme for locating sampling 
sites described in Appendix SOP, section 1. Three samples were taken offshore 
of the fertilized area, three offshore of the unfertilized area, and three at 
the reference site. Since no significant levels of petroleum hydrocarbons 
were detected in the nearshore water, this analysis was not continued after 
the second application of fertilizer. Analyses of chlorophyll were continued 
to monitor for the potential stimulation of algal growth. 

Sampling for butoxy-ethanol residues on Inipol EAP22 treated surfaces was 
implemented after the initial monitoring program began, due to delays in 
method development. Samples were collected by Exxon's operational monitoring 
team at KN-134A, just south of KN-1358, following treatment on 6/23/90. Two 
areas were sampled, one in the mid-intertidal zone and one in the 
upper-intertidal zone. The mid-intertidal area was covered with seawater at 
each high tide, the upper-intertidal area was not. Several Inipol-treated 
cobble surfaces were wiped with gauze sponges to collect a minimum of 100 mg 
of oil, which was used as the basis Qf the analytical technique. This 
required wiping approximately 0.25 m2 of surface. Samples were collected in 
each area approximately 1 hr after Inipol application and then after the 
first, second, and fourth high tides. 

Schematic maps of the three monitoring beaches, showing the approximate 
locations of the sampling stations, are presented as Figures 2 to 4. 

FERTILIZER APPLICATION 
Two fertilizers were used in the 1990 bioremediation program in Prince 

William Sound. Customblen (TH) 28-8-0 (Sierra Chemicals, Milpitas, CA 95035) 
is a slow release formulation of soluble nutrients encased in a polymerized 
vegetable oil; it contains ammonium nitrate, calcium phosphate and ammonium 
phosphates with a nitrogen to phosphorus ratio of 28:8. Customblen was 
applied to all bioremediation sites, with the application rate reduced when 
it was applied in conjunction with Inipol EAP22. Inipol EAP22 (TM) (CECA 
S.A., 92062 Paris La Defense, France) is an oleophilic fertilizer designed to 
adhere to oil. It is a microemulsion of a saturated solution of urea in oleic 
acid, containing tri(laureth-4)-phosphate and butoxy-ethanol. It was applied 
only where there was surface oil. 

Exxon Operations 8ioremediation teams applied fertilizers as follows: 

KN-1328 was treated on June 2, 1990. After manual cleaning and 
rock-turning, it received 34 gjm2 CustQmblen and 302 gjm2 of Inipol 
EAP22. A second application, of 17 gjm2 of Customblen and 302 gjm2 
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of Inipol EAP22, WiS made on July 12. At the request of the Alaska 
Department of Fish and Game, there was no final application at the 
end of the monitoring program . 

KN-1358 was treated on May 21, 1990. After manual cleaning and 
rock-turning, it received 103 gjm2 of Customblen and 361 gjm2 of 
Inipol EAP22 . A second application, of 17 gjm2 of Customblen and 
303 gjm2 of Inipol EAP22, was made on July 13. The entire segment 
was treated with Customblen at an application rate of 91 gjm2 on 
August 1, 1990. A final application of Inipol at 361 gjm2 and 
Customblen at 17 gjm2 was applied to the entire segment on 
September 5, 1990. 

KN-211E was treated on May 30, 1990. It had no surface oil, and received 
no manual treatment before fertilizer application; it received only 
Customblen, at a rate of 95 gjm2. A second application, at a 
similar rate, was made on July 13. Finally, the entire segment was 
treated, on an experimental basis, with Inipol EAP22 at 361 gjm2 on 
September 8, 1990 

The applications were intended to follow the application guidelines 
being used for the 1990 cleanup program, but in fact the initial application 
of Customblen on KN-1328 was double the recommended amount, while that on 
KN-1358 was six-fold higher. In terms of available nitrogenous nutrients, 
KN-1328 thus received approximately 115% of the recommended amount, and 
KN-1358 received 200%. All other applications conformed to the application 
guidelines. 
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FIGURE 2 
SITE MAP Of KN-1328 
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FIGURE 3 
SITE MAP OF KN-1358 
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FIGURE 4 
SITE MAP OF Kft-211E 
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METHOOS 
INTERSTITIAL WATER: Interstitial water samples were collected from the 
surface and the bottom of the wells with a peristaltic pump. Temperature and 
salinity were determined with a YSI 33 portable meter on the beach, as soon 
as the samples were collected. Dissolved oxygen was measured with CHEMetrics 
K-7512 ampules. pH was measured with a portable Hach pH meter on board the 
support ship. Samples for nutrient analysis were returned to the ship, 
filtered to remove bacteria, and preserved prior to shipment. They were 
analyzed using the established protocol attached [Appendix SOP, Section 2]. 
Detection limits for ammonia and nitrate+nitrite were 0.02 micromolar (uM) 
nitrogen . Kjeldahl Nitrogen was measured using the established protocol 
[Appendix SOP, Section 3]. Kjeldahl Nitrogen includes organic nitrogen plus 
ammonia; the concentration of ammonia determined in the inorganic analyses 
was thus subtracted from the Kjeldahl Nitrogen to yield the concentration of 
organic nitrogen. The data following the first application of fertilizer 
indicated no differences in water samples collected from the surface and the 
bottom of the wells, so sampling of the surface water was discontinued 
following the second application of fertilizer. 

SEDIMENT SAMPLES: Sediment samples of relatively homogeneous small gravel, 
with dimensions in the 2-5 mm range, were collected with a clean stainless 
steel spoon and placed into I-CHEM jars for oil analysis, and into sterile 
whirlpacks for microbial analyses. Samples for oil analysis were frozen prior 
to shipment. The microbial samples were shipped in coolers with chilled ice 
to the University of Alaska at Fairbanks, or the Alaska Department of 
Environmental Conservation laboratory in Valdez, so that they arrived within 
12 hours of collection. 

MICROBIAL ANALYSES: A weighed portion of each sediment sample was mixed with 
sterile seawater to extract the microorganisms into the aqueous phase. The 
number of heterotrophic and oil-degrading microorganisms was determined with 
most-probable-number techniques as outlined in the attached protocol 
[Appendix SOP, Section 4]. Hydrocarbon oxidation potentials were determined 
with radiolabelled hexadecane and phenanthrene by trapping and quantifying 
the amount of radiolabelled C02 evolved [Appendix SOP, Section 4]. 

OIL ANALYSES: The gravimetric estimation of oil in the sediment samples was 
planned to be determined after extraction with methylene chloride and 
acetone, using the protocol of Appendix SOP, Section 5. As discussed in this 
report, this procedure neglected to filter the extracts adequately to remove 
silts and fine particles. An additional filtration step, using a Gelman A/E 
glass fiber filter, was added to section 5.1.6 of the protocol. Gas 
chromatographic analyses for alkanes, polyaromatic hydrocarbons and hopanes 
followed the established protocols attached [Sections 6 and 7 in Appendix 
SOP]. 

NEARSHORE WATER: Samples were collected into I-CHEM bottles and returned to 
the boat. Chlorophyll was assayed fluorometrically (excitation at 430 nm, 
emission at 670 nm) with a Turner 10-05 fluorometer. Reference samples were 
filtered and the filter extracted for quantitative standards. Total petroleum 
hydrocarbons were estimated after freon extraction by infra-red spectroscopy 
using the established protocol included as Section 8 of Appendix SOP. Results 
are reported as mg total petroleum hydrocarbon/liter of water with a 
detection limit of 0.20 mg/1. Samples for the assessment of ammonia and 
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nitrate plus nitrite were filtered aboard ship, frozen and shipped to the 
University of New Hampshire for analysis as above. For toxicity assessments, 
the ammonia reported by the laboratory as uM concentrations of nitrogen have 
been converted to ppm concentrations of ammonia. For the combined nitrate 
plus nitrite results, uM concentrations were converted as if all nitrogen was 
in the nitrate form. The conversion to mg/1 allows for direct comparison 
with published data on the toxicity of ammonia and nitrate to marine biota. 

TOXICITY TESTS: The protocol for toxicity testing is attached as Section 1 of 
Appendix 04. All samples were tested with juvenile (5 to 12 day old) mysids 
(Mysidoosis bahia), a shrimp-like crustacean that is a standard organism for 
marine toxicity tests. Mysids were the most sensitive of 7 marine 
invertebrate and fish species previously tested with Inipol EAP22, and thus 
were selected as a sensitive surrogate for indigenous biota. The testing 
protocol followed ASTM guidelines for conducting static, acute toxicity tests 
(96-hr) with crustaceans and fishes. Three groups of 10 animals (3 
replicates) were tested for each of the test concentrations, which were 100% 
field sample, 50% field sample, 25~ field sample, 12.5~ field sample, 6.25~ 
field sample, and a control using only the dilution water from the testing 
laboratory. This dilution schedule was selected to allow calculations of the 
degree of dilution necessary to determine non-toxic concentrations, based on 
tests conducted during the 1989 bioremediation research/demonstration 
program. 

BUTOXY-ETHANOL ANALYSES: Gauze samples were placed in I-CHEM jars, sealed 
with tape, stored in a cooler, and shipped to Exxon Research and Engineering 
laboratories for quantification. Samples were extracted with a solvent and 
quantified by GC/MS techniques, as outlined in Section 9 of Appendix SOP. 
Results are expressed per gram of oil in the sample. 
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RESULTS AND DISCUSSION 

KN-132B had substantial oiling on upper intertidal boulders (20 to 50 
em), and fairly continuous surface oiling on the middle intertidal zone. By 
day 30 following the first application of fertilizer, the surface of the 
middle intertidal zone appeared substantially cleaner. This was true for both 
the fertilized and unfertilized portions of the beach, with subtly more 
improvement on the fertilized side. By the end of August the surfaces of the 
intertidal zone of both fertilized and unfertilized portions of the site were 
substantially cleaner than they had been in May, but the large angular 
cobbles and boulders near the high tide mark on the fertilized area still 
retained an obvious coating of oil. A time-lapse camera taking pictures once 
every six minutes detected no wildlife on the beach during the time when the 
wildlife deterrents were in place following the first application. The camera 
was not installed for the second application of fertilizer. 

KN-135B had substantial oiling on upper intertidal boulders (20 to 50 
em), and continuous surface and subsurface oiling on the middle intertidal 
zone. The surface of the fertilized portion of the beach was substantially 
cleaner 32 days after application, as shown in Figure 5. The field of view of 
this figure precludes a comparison of the fertilized and unfertilized 
portions of the beach, but there was widespread agreement amongst site 
visitors that this improvement was more extensive than that seen on the 
unfertilized portion. This difference was still apparent by the end of 
August, although the surface of both portions of the shoreline was 
substantially improved from their appearance in May. Two time-lapse cameras 
taking pictures once every six minutes detected no wildlife on the beach 
during the period when the wildlife deterrents were in place following the 
first application of fertilizer. The cameras were not in place for the second 
fertilizer application. 

KN-211E had clean surface cobble armor, but was heavily oiled below 
this. No visual change occurred during the monitoring period. 

Fertilizer Pellets 
Customblen pellets were consistently visible through the last day of 

sampling on the fertilized portions of all three beaches after the first 
application of fertilizer, although there was an apparent decrease in their 
abundance through time. Thirty days after the first application, none were 
observed on the unfertilized sections. Forty days after the second 
application of fertilizer, a few Customblen granules were found on the 
unfertilized portion of KN-132B, but none were found on the unfertilized 
portion of KN-211E at this time. No pellets were noted on the unfertilized 
portion of KN-135B following either the first or second application, but the 
entire beach was fertilized with Customblen 19 days after the second 
application, precluding longer-term observations. 

As the time since application increased, the fertilizer pellets became 
less obvious. Nevertheless, careful inspection invariably found them. At 
KN-211E, for example, pellets appeared sparse in the vicinity of the well 
heads as early as Day 8 (6/7/90}, but pellets were noted during the sediment 
sampling on this and all other dates. It is likely that some pellets washed 
away from the more open areas surrounding the well heads, particularly on 
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FIGURE 5 
' (Following Page) 

PHOTOGRAPH DoottSTRAIING LOSS OF SURfACE OIL AT KN-1328 

Photograph (a) Site: KN-135, Camera #1 Photograph Number: 99635:07 
Date: 21 May 1990, Julian Day: 141, Time of Photograph: 1006 ADT 
Time to Application of Inipol EAP-22: 5 hours 

Photograph (b) Site: KN-135, Camera #1 Photograph Number: 99148:11 
Date: 22 Jun 1990, Julian Day: 173, Time ofPhotograph: 1106 
Time since Application of Inipol EAP-22: 764 hours 

Note: The white line in each of the photographs delineates the treated and untreated 
sections of beach. The treated section is in the foreground. 
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high energy sites such as KN-211E. Nevertheless, pellets often were found 
under the large cobble armor when it was removed for sediment sampling . 
Pellets were noted in high concentrations in the upper intertidal areas of 
KN-1328 and KN-1358, particularly at KN-1358 on Day 32. 

Fertilizer pellets appeared to remain on the surface of the beach; at no 
time was it noted that they were found at depth. As discussed above, pellets 
were frequently found beneath the larger cobbles on the beach. However, they 
did not appear to mix into the surface sediments subject to wave action on 
the beach. They were also noted adhering to the surfaces of large oiled 
cobble, particularly the sides of rocks with surface oiling. They apparently 
stuck to the overturned rocks which initially had soft oil on their lower 
surfaces. The Inipol EAP22 coating may have softened the oil, and further 
cemented the Customblen granules to the large cobble. 

Oil Penetration 
KN-1328 was selected as a surface-oil only site since reconnaissance 

showed oil penetration of 2 to 5 em. For this reason, only surface samples 
of the top 0 to 5 em were collected here. In fact, sample collection over 
the monitoring period showed oil penetration of up to 10 em. Degree of 
oiling varied a great deal at this site. In addition, it was noted that 
although the oiling appeared to be limited to the surface (0 to 5 em), the 
actual surface of the fine-grained sediment was not always oiled. In a few 
cases, oiling began just below (2 em) this surface. In other instances the 
overlying armor (larger pebbles and cobble) exhibited oiling, but there was 
little evidence of oiling in the sediment just below. 

KN-1358 had both surface and subsurface oiling. Oil penetration 
appeared to be greater than 50 em during the initial site reconnaissance. 
Excavations at the end of the monitoring program indicated penetration to a 
depth of 43 to 47 em, although the transition from oiled to clean sediments 
was not very distinct. Subsurface samples were collected from this site at 
depths ranging from 26 to 36 em, with most collected in the 28 to 30 em 
range. All of these samples were collected within the depth of oil 
penetration on the beach. 

KN-211E was selected as a high energy site with only subsurface oiling. 
The site has a large cobble armor that is uniform over the entire site. 
Reconnaissance showed oil penetration of approximately 40 em from just below 
the armor. Sample collection at this site during the monitoring program 
revealed oil penetration to a maximum of 47 em. Documented oil penetration 
actually varied from 20 to 47 em, with sample collection occurring at depths 
of 17 to 35 em. Oiling was usually apparent in the fine grained sediment 
immediately beneath the armor. The degree of oiling varied with depth, with 
some subsurface samples noted as having minimal, and others very heavy 
oiling. 

FERTILIZER NUTRIENTS IN THE INTERSTITIAL WATER 
Customblen contains ammonium nitrate and ammonium phosphate, while 

Inipol EAP22 contains urea and tri(laureth-4}phosphate, so the nutrients of 
interest were phosphate, ammonium, nitrate and urea . Ammonium was assayed as 
ammonia, and the amount of urea was calculated as Kjeldahl Nitrogen minus the 
ammonia measured in the inorganic assays. Nitrate was measured with nitrite , 
and the latter was then estimated individually, and the nitrate level 
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determined by subtraction. Since the nitrite levels were very low in the 
initial samples (always <2 uM), this additional assay was eliminated; the 
nitrate plus nitrite measurements presented here are essentially nitrate 
alone. 

The addition of fertilizer substantially increased the concentrations of 
available nitrogen in the interstitial water at all three sites . The data are 
presented in Tables 1 and 2 of Appendix D1, and are summarized in Tables 3-5 
of Appendix D1. Microorganisms can utilize ammonia, nitrate, nitrite and urea 
as nitrogen sources; the total of these nutrients, and the contributions from 
the individual species, is plotted in Figures 6 to 8. Measurements after the 
first application indicated similar nutrient levels in samples from the 
surface and from the bottom of the wells, and in wells sealed except for the 
lowest 10 em. Subsequent measurements were therefore made only on samples 
from the bottom of the wells. 

On KN-1328 the total nitrogenous nutrients peaked at 340 uM on the 
second day after application of fertilizer in June (Figure 6). Approximately 
half of this was organic nitrogen, presumed to be urea from the Inipol EAP22; 
ammonia peaked at 103 uM and nitrate at 79 uM. Organic nitrogen dropped to 
zero for days 4 and 8, and then increased to 30-40 uM on the entire site 
until late July. This may have been due to the substantial tilling that 
occurred on approximately Day 15 upstream of the monitoring area, which may 
have liberated significant amounts of organic material into the nearshore 
water. These may then have become incorporated into the sediment throughout 
the segment. The second application used the same amount of Inipol EAP22 as 
the first, but only half as much Customblen. Because of the difference in 
compositions and application rates of Inipol EAP22 and Customblen, total 
nitrogenous nutrients applied to the site were thus only 86% of those applied 
in the first application. Nevertheless, total nitrogenous nutrient levels on 

· the fourth day after the second application were similar to those measured 
four days after the first application, particularly after subtracting the 41 
uM background organic nitrogen found after the second application. Levels of 
nitrogenous nutrient on the fertilized portion of the beach remained 
substantially above those on the unfertilized portion of the beach throughout 
the monitoring period, indicating that the fertilizer application has an 
effect for at least 30 days. 

Figure 7 presents the nitrogenous nutrient data obtained from KN-1358. 
The total peaked at 383 uM on the second day after the first application, and 
declined to 50 uM by approximately Day 20. The application of Inipol EAP22 
was at the same rate as that used on KN-1328, but the application of 
Customblen was three fold greater. This is reflected in the relative 
contributions of the different nutrients to the total; on KN-1358 the 
inorganic nutrients are the predominant species on Day 2, together accounting 
for 76% of the nitrogenous nutrients. The second application used one-sixth 
the initial rate of Customblen, and the same amount of Inipol EAP22. This was 
the same as that used for the second application on KN-1328, and the measured 
nutrients were very similar at the two sites. Customblen was applied to the 
entire site on August 1 at a rate equivalent to that used on the fertilized 
portion of the beach in the first application, and inorganic nutrient levels 
on the fertilized portion of the beach 8 days after this third application 
were very similar to those measured 8 days after the first. Nutrient levels 
did not increase to this extent on what previously had been the unfertilized 
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portion of the beach, suggesting that the application was not as effective in 
the area of these sampling wells. 

Figure 8 shows that nutrient levels in the interstitial water of KN -211E 
following t he first application of fertilizer were only 1l% of those measured 
on KN-1358, despite the application of similar rates of Customblen. This was 
most probably due to the rather densely packed beach matrix beneath the 
cobble armor at KN-211E, which was not disturbed during the pre-application 
preparation, as had been done at KN-1328 and KN-1358. Some evidence in favor 
of this notion is provided by the very low dissolved oxygen levels in this 
beach (Figure 12). The much more effective second application of fertilizer, 
at the same application rate as the first, may perhaps be attributable to the 
increased permeability of the 18 disturbed areas in the vicinity of the 
sampling wells where sediment samples had been taken. Nevertheless, the first 
application of fertilizer did increase the levels of inorganic nutrients some 
15-fold to at least Day 8, and following the second application this increase 
was some 44-fold on Day 3. 

Figures 6-8 indicate that the fertilizers behaved very much as 
predicted. Inipol EAP 22 provided a burst of urea into the interstitial water 
for a few days after application, while Customblen provided a burst of 
inorganic nutrients, followed by a continued slow release. Inipol EAP22 is 
formulated to provide nutrients at the oil:water interface by associating 
with the oil; as such it should release only a small portion of its nutrients 
into the interstitial water. While we did not measure nutrients immediately 
after application, the data suggest that this was indeed the case. Those 
nutrients that were released were distributed to at least 50 em into the 
sediment. Customblen is formulated to provide a slow and continued release of 
nutrients; the data suggest that this was indeed achieved. The additional 
burst of nutrient soon after application perhaps was due to damaged 
fertilizer beads, or beads with very thin coatings or pinholes. In any case, 
the fertilizer applications were successful in providing substantial 
nitrogenous nutrients to at least 50 em into the shoreline sediment at 
significantly elevated concentrations for at least 30 days. 

It is perhaps noteworthy that there was a substantial increase in 
organic nitrogen in mid June to early July on both fertilized and 
unfertilized portions of both KN-1328 and KN-211E. As will be discussed 
below, this organic nitrogen did not stimulate microbial activity, and its 
source and nature is obscure. As we discussed above, the effect on KN-1328 
may have been correlated with upstream tilling, but no activity of this 
nature occurred on KN-211E. An onshore source, perhaps Ursus in the woods, is 
possible, but further speculation seems pointless in the absence of 
additional information. 

In contrast to the behavior of the nitrogenous components of the 
fertilizer, the levels of phosphate in the interstitial water only marginally 
increased after fertilizer application (Figure 9). This is not surprising, 
given the relative insolubility of phosphates in seawater due to the presence 
of divalent cations such as ca2+. Inorganic phosphate in Customblen probably 
precipitates once it leaves the Customblen vesicle, or perhaps remains inside 
the polymerized vegetable oil. In either case, the phosphate would be 
available if microorganisms depleted the soluble phosphate in the 
interstitial water. The phosphate in Inipol EAP22 is present as 
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FIGURE 6 
"NITROGENOUS NUTRIENTS IN INTERSTITIAL VATER 
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- FIGURE 7 
-NITROGENQUS NUTRIENTS IN INTERSTITIAL VATER 
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FIGURE 8 
.MITROGENQUS NUTRIENTS IN INTERSTITIAL VATER 
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FIGURE 9 
PHOSPHATE IN INTERSTITIAL WATER 
KH-1328. KN-1358 AND KN-211E 
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tri(laureth-4) phosphate, an organic form that may be taken up by 
microorganisms before release of the phosphate moiety. 

DISSOLVED OXYGEN, SALINITY, TEMPERATURE AND pH IN INTERSTITIAL WATER 
Tables 6-8 of Appendix 01 list the measured values of dissolved oxygen, 

salinity and temperature for the three sites monitored in this program, and 
Tables 9-11 of Appendix 01 provide average values for each site. The data are 
presented graphically in Figures 10-12. 

The complexity of the physical and biological processes occurring in the 
beach make it hard to draw simple conclusions from measurements of dissolved 
oxygen, salinity and temperature. Dissolved oxygen concentrations are 
affected by temperature and salinity, which affect saturation capabilities. 
Furthermore, interstitial oxygen concentrations depend not only on the 
consumption of oxygen by biological processes, but also on the rate of 
replenishment of the interstitial water by aerated water from the Sound, from 
surface streams and from other groundwater. Nevertheless, none of the sites 
showed evidence of being anaerobic before or after fertilizer application, 
and the measured levels were always adequate for substantial microbial 
respiration. Indeed, compared to water in the unfertilized portion of the 
beach, the dissolved oxygen on the fertilized parts of KN-1328 and KN-1358 
were lower for several days after each application of fertilizer, suggestive 
of increased microbial activity following fertilizer application. This trend 
was not seen on KN-211E, although the dissolved oxygen measured in the 
fertilized portion of the beach did drop proportionally more than the drop on 
the unfertilized portion following each application. Taken together, the 
dissolved oxygen measurements provide strong, albeit indirect, evidence that 
microbial respiration is stimulated at depth by fertilizer application at the 
surface. 

The interrelationship between the interstitial water and beach 
hydraulics is far too complicated for simplistic quantitative analysis, but 
an indication of the relative importance of freshwater sources can be seen in 
the dynamic range of the salinity measurements. KN-1328 in particular, but 
all three sites to some extent, receive substantial inputs of fresh water 
which dilute the salinity of the shoreline interstitial water. KN-1328 has an 
obvious source, since the study site is at the mouth of a salmon stream, but 
all three sites receive groundwater input, especially after rain. 

The temperature of the interstitial water ranged from 8 to 18 C, with 
most values close to 15 C. As these measurements were taken during a falling 
tide, the range does not include potentially higher temperatures during low 
tides on warm, sunny days. The warmest site was KN-1328, followed by KN-211E 
and then KN-1358. Interpretation of the temperature changes is just as 
complex an issue as the salinity dynamics, and the two are interrelated. The 
temperatures observed in the field provide a justification for the use of 15 
C as an appropriate laboratory temperature for mimicking field conditions. 

Measurement of the pH of the interstitial water was begun on the last 
scheduled day of sampling at each site before the second application of 
fertilizer, and continued as a monitoring parameter through the end of the 
program, but only for sampling dates when interstitial water was analyzed. 
The data are presented in Table 12 of Appendix 01. There were no consistent 
differences between samples collected on fertilized and unfertilized portions 
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. FIGURE 10 
DISsoLVED OXYGEN. SALINID AND TEMPERATURE OF INTERSTITIAL WATER 
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. FIGURE 11 
DISSOLYED OXYGEN. SALINIU AND TEMPERATURE OF INTERSTITIAL WATER 
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FIGURE 12 
DISSQLYED OXYGEN, SALINITY AND TEMPERATURE OF INJERSTITIAL VATER 
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of the sites. The values range from 6.9 to 7.9, in the range expected for 
marine systems with some freshwater input. Measurements of offshore water 

· varied from pH 8.0 to 8.4, as expected for seawater, while the pH of a small 
stream discharging onto KN-211E was 7.3. There is no evidence that fertilizer 
additions or enhanced microbial activity changed the pH of interstitial 
water. 

MICROBIOLOGY 
The rationale of the fertilizer applications in Prince William Sound and 

the Gulf of Alaska was that they would stimulate the metabolism of the 
indigenous oil-degrading microorganisms. This should be reflected by changes 
in the rate of hydrocarbon degradation, and perhaps by an increase in the 
number of microbes. 

Microbial oil degradation activity was measured by radiorespirometry. 
The microbes were provided with a 14c-radiolabelled hydrocarbon, and 
microbial metabolic activity was assessed by measuring the amount of 
14c-radiolabelled carbon dioxide that was produced. This is thus an assay of 
the mineralization of the substrate. Since the various components of crude 
oil are biodegraded at different rates by the microbial population, 
hexadecane was used as a representative paraffin, and phenanthrene was used 
as a representative polynuclear aromatic compound. 

Microbial populations were enumerated by standard Most Probable Number 
(MPN) techniques; these are repetitive serial dilutions of a sample until no 
organisms could be detected. The total aerobic heterotrophic microbial 
population was estimated using a marine broth as the growth substrate. To 
assess that portion of this population that could degrade hydrocarbons, the 
assay was repeated using weathered crude oil as the growth substrate. 

Mineralization of Hexadecane and Phenanthrene. 
The results of the biomineralization assays are presented in Appendix 02 

Tables 1 and 2. As discussed in the Introduction, this program was designed 
to assess the efficacy of bioremediation by comparing treated areas that 
differed only in that one received fertilizer while the other did not. The 
mineralization data are thus presented as the ratio of the activity on the 
fertilized to unfertilized portion of each site in Figures 13-15. 

Within two weeks of the initial application, at every site, both at the 
surface and at the subsurface, and with hexadecane and with phenanthrene, the 
mineralization in samples from the fertilized portion was substantially 
increased over that in samples from the unfertilized area. The figures show 
that the ratios increased with time, and high values were sustained over 
several weeks. The following table (Table 2) provides an estimate of the 
approximate enhancement of mineralization activity that was attained and 
sustained from day 15 following the first application of fertilizer until the 
last sample taken before the second application. 
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TABLE 2 
ENHANCEMENT OF MICROBIAL MINERALIZATION AFTER FIRST FERJILIZER APPLICATION 

KN-132B 
KN-135B 
KN-211E 

Hexadecane Phenanthrene 
Surface Subsurface Surface Subsurface 
4-fold 3-fold 
4-fold 5-fold 4.5-fold 
2-fold 3-fold 1. 5-fold 

4-fold 
1.3-fold 

Reapplication of fertilizer caused a further increase in microbial 
activity on the fertilized portions of KN-1358 and KN-211E, whilst sustaining 
enhanced activities on KN-1328. This is illustrated in the following table, 
which also compares the activity on the fertilized area with that on the 
unfertilized area. 

TABLE 3 
ENHANCEMENT OF MICROBIAL MINERALIZATION AFTER SECOND FERTILIZER APPLICATION 

KN-132B 
KN-135B 
KN-211E 

Hexadecane Phenanthrene 
Surface Subsurface Surface Subsurface 
4.5-fold 2-fold 
10-fold IS-fold 4.5-fold 
3-fold 5-fold 8-fold 

8-fold 
10-fold 

Figure 14 includes data from six days after the third application at 
KN-1358, which was of Customblen only to the entire site, both the previously 
fertilized and previously unfertilized portions. The activities on the two 
portions of the beach had become more similar, so that the ratio of 
activities on the two portions was 3 for hexadecane and 2 for phenanthrene, 
both at the surface and at the subsurface. These data, along with those from 
additional samples that have just been collected, will be evaluated further 
in the final report. 

Enumeration of Microbes 
The most probable numbers (MPN) of heterotrophic and oil-degrading 

microbes are presented in Appendix 02, Tables 3-6. Median values are the most 
appropriate for initial assessments of microbial abundance, since the range 
of numbers is so large. Figures 16-18 present the median values in graphical 
form. 

The initial populations of heterotrophic and oil-degrading 
microorganisms within the two areas of each site were similar, and both 
populations changed by approximately an order of magnitude during the study, 
which is close to the resolution of the technique. Of course the size of the 
microbial populations depends on more than nutrient levels, and comparisons 
between sites are complicated by the lack of knowledge of the abundance of 
predatory organisms that consume the bacteria, and are themselves consumed by 
ever higher trophic levels. Nevertheless, there is a general trend that the 
fertilized portions of the sites had more oil-degrading and heterotrophic 
bacteria than the unfertilized portions, especially on the surface at KN-1328 
and in the subsurface of KN-1358. Little change was seen on KN-211E. 
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FIGURE 13 
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FIGURE 14 
."MICROBIAL MINERALIZATION ACTIYIU; KN-1358 
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FIGURE 15 
MICRQBIAL MINERALIZATION ACIIYITY; KN-211E 
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FIGURE 16 
8ACIERIAL pQPVLAIIQNS ON KN-1328 
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FIGURE 17 
QACIERIAL POPULATIONS ON KN-1358 

KN135 OIL DEGRADER SURFACE 
MEDIAN MPN VALUES 

MPN per Gram Dry W.ight Sediment 1.0E•08 ,..-~---_;__.:.__ __________ ---., 

1.0E•07 

1.0E•OO 

1.0E•06 

1.0E•03 +-.--.-,-,r--1---r---r--r--r---r---r--r--r-.,.---r--.,.--,---r-.,...--' 

048U~~~HUH~«~~~~~unn~ 

DAY 

1.DE•08 

t.OE•07 

t.o£•08 

t.OE+06 

-- FERTILIZED -- UNFERTILIZED 

• aECOHD I'ERTIUZER AI"I"UCATIOH DAY U 
• I'ERTIUZI!R AI"I"LIED TO REI'ERENC. 

AND TEaT aECTIOHa DAY 71 

KN135 HETEROTROPHS SURFACE 
MEDIAN MPN VALUES 

1.o£•03+-.--.-,-,r--1---r---r---r--r--r~---r-r-r-r-.,.---r--.,.-~ 

048U~~~HUM~«~~H~~Hnn~ 

DAY 

-- fERTILIZED -- UNfERTiliZED 

• 81COHD I'IRTIUZIR AI"I"UCATION DAY n 
• I'IRTIUZER Al"f'LIID TO RII'IRINCI 

ANO TilT .. CTION DAY 71 

KN135 OIL DEGRADERS SUBSURFACE 
MEDIAN MPN VALUES 

MPN per OrUI Dry W.ight Sediment t.OE•08 ...-~---_;__.:.__ __________ _ 

t .OE•07 

1.0E•OO 

1.0E•06 

1.0E•04 

1.0E•03 +-.--.-.-,-,,--,---r---r---r--r~---r-r-r-r--r---r--.--...--
0 4 8 12 10 20 24 21 32 H 40 44 ~ 52 58 ~ 84 88 72 7e a 

DAY 

-- FERTILIZED -- UNFERTILIZED 

• aECOHD I'ERTILIZER ...... UCATIOH DAY 13 
• I'ERTILIZER A .. I"LIED TO REI'EREHCI! 

AND TEaT &ECTIONa DAY 71 

KN135 HETEROTROPH$ SUBSURFACE 
MEDIAN MPN VALUES 

MPN per Orut Dry w.ight ledl~~et~t 1.0E+Ot __ __;, ___ __;, _ __;, __________ ---, 

1.0E+OI 

1.0E+07 

1.0E+Oe 

1.0E+06 

048U~~~HUH~«~~~~~unn~ 

DAY 

-- fERTILIZED -- UNfERTILIZED 

• UCOHD PIRTIUUR AI"I"UCATION DAY n 
• PIRTIUZIR AI"I"LIID TO RII'IRINCI 

AND TI&T UCTIONa DAY 71 



- 44 -

FIGURE 18 
QACTERIAL POPUlATIONS ON KN-211E 
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Oil was extracted from the sediments using a methylene chloride : 
acetone mix as outlined in Section 5 of Appendix SOP. An unexpected problem 
arose in subsequent analyses, however, when it was discovered that silt, 
probably glacial flour in the micron range, was being entrained in the 
solvents, and was contributing to gravimetrically determined oil weights. An 
additional filtration step, using a glass fiber filter with a 99.98% 
efficiency of filtering 0.3 urn particles, was therefore introduced. Table 4 
demonstrates the effect of this additional filtration for the Day 0 samples 
from KN-132. 

TABLE 4 
TOTAL EXTRACTABLE HYDROCARBON IN OILED SEDIMENTS 

KN-132B. DAY 0 

Sample Unfiltered Filtered Ratio 
As 14380 8760 1.6 
As 11320 3380 3.4 
As 720 400 1.8 
Bs 6910 3750 1.8 
Bs 3710 1920 1.9 
Bs 7650 2320 3.3 
Cs 2180 1490 1.5 
Cs 13140 1690 7.8 
Cs 1880 1350 1.4 
Ds 19480 16550 1.2 
Ds 23910 15980 1.5 
Ds 24550 14090 1.7 
Es 12080 2740 4.4 
Es 5250 3840 1.4 
Es 7550 4750 1.6 
Fs 1210 1280 0.9 
Fs 2650 2070 1.3 
Fs 1660 1440 1.2 

mean 8900 4880 1.8 
standard deviation 7690 5260 

standard error 1810 1240 

The different samples had different amounts of filterable material; in 
this case an average of 45% of the unfiltered weight being sediment. Results 
of similar analyses on sediments from KN-1358 and KN-211E are presented in 
Section 1 of Appendix D3. Filtration was included in the processing of all 
the samples discussed below. 

Tables 5, 6 and 7 list the Total Extractable Hydrocarbon concentrations 
in individual sediment samples from KN-132B, KN-135B and KN-211E for initial 
sampling dates (Day 0) and for dates before (Day 29-32) and after {Day 60-70) 
the second fertilizer application. Neither the means nor the medians 
demonstrate a clear trend with time, and indeed the standard deviations are 
so large that they indicate that the data do not follow a normal 
distribution, and must be analyzed using different statistical approaches. 
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A preliminary analysis of the data using D'Agostino's D parameter 
suggests that in fact the weights of Total Extractable Hydrocarbon in the 
sediment sample follow a lognormal distribution. In other words, when the 
data are transformed by taking their logarithms, the distribution of these 
logarithms appears to follow a normal distribution. This allows the 
calculation of the confidence intervals around the mean values of Tables S-7, 
as outlined in Table 8. 

The variation in the measured oil loads from each portion of each site 
on Days 0, 32, and 60 is so great that the number of replicate measurements 
is too small for meaningful statistical calculations. Treating all the 
samples from each portion of each site as replicates, however, and ignoring 
the fact that they were collected at different times, allows some estimates 
to be made. These are also outlined in Table 8. The column labelled All Dates 
Combined lists the mean oil loading in the samples from each portion of each 
beach. The next column lists the 95~ confidence interval; for KN-211E, 
surface-fertilized, for example, the mean is 618 mg/Kg sediment, with 95~ 
confidence that the true value lies between 24 mg and 16 g. An alternative 
way of considering the confidence is presented in the final column, which is 
the estimated confidence that the true amount of oil in the sediment lies 
within a factor of 2 of the mean of the measured values; for the first row of 
data, there is a less than 5~ confidence that the current estimate is within 
a factor of 2 of the actual amount of oil in the sediment. 

Taken together, Tables 5-8 reveal that it is essentially impossible to 
estimate the amount of oil in a section of shoreline with the necessary 
sensitivity such that biodegradation can be quantitatively assessed in two 
months. As discussed in the Introduction, much effort went into finding the 
sites for this monitoring program, and seasoned observers from Exxon, ADEC, 
EPA, NOAA and Battelle Ocean Sciences all thought that the amount of oil in 
the sediments appeared homogeneous and similar in the two areas per site. 
Nevertheless, it is apparent that at least an order of magnitude more samples 
would have been needed in our data set to have reasonable confidence that the 
average of all the samples from a site was close to the true value, and at 
least an order of magnitude more if the oil residues at individual sampling 
times were to be compared with confidence. 

Analysis of the Oil Composition 
Before chromatographic analysis of the extracted oil, the three samples 

taken around each well were pooled, and passed through an alumina column to 
remove polar components. The samples were then analyzed by flame ionization 
detection gas chromatography (GCFID), which resolves the paraffinic 
components [Section 6 of Appendix SOP], and gas chromatography/mass 
spectrometry (GC/MS) with selected ion monitoring (SIM) to resolve aromatic 
and multi-ring compounds [Section 7 of Appendix SOP]. The latter analysis is 
being extended to include the detection of hopanes (Mass 191), since these 
are proving helpful in providing a quantitative assessment of biodegradation. 
The data available to date are collected in Appendix 03, Section 2. 

Many processes contribute to the disappearance of oil from a shoreline, 
including evaporation, dissolution, physical removal while adsorbed to 
particles, and biodegradation. The focus of this monitoring program is to 
assess the contribution from biodegradation, and this can be quantified from 
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. TABLE 5 
TOTAL- EXJRACJABLE HYDROCARBQN IN SEDIMENTS ER<It ICN-1328 

The data are 1n mg/Kg sediment dry weight 
SO 1s the standard deviation of the mean, SE the standard error 

DAY 0 DAY 29 DAY 60 DAY 0 DAY 29 
mg/Kg mg/Kg mg/Kg mg/Kg IIIQ/ICII 

UNFERTILIZED-SURFACE 
399 1378 973 1280 903 

1345 1444 1204 1436 956 
1492 2269 1370 2073 1511 
1685 7451 1438 2742 3919 
1917 7946 1837 3838 5198 
2322 9807 2738 4747 5230 
3383 11203 5948 14086 5757 
3747 16620 9271 15982 12384 
8762 20026 22844 16554 18794 

2784 8683 5291 MEAN 6971 60n 
2324 6220 6736 so 6176 5594 

775 2073 2245 SE 2059 1865 

1917 7946 1837 MEDIAN 3838 5198 

DAY 60 
11111/ICII 

1011 
1062 
1325 
2061 
3239 
4669 

11758 
12506 
13056 

5632 
4945 
1648 

3239 
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TABLE 6 
TOTAL "fXTRACTABLE HYDROCARBON IN SEDIMENTS ER<It ICN-1358 

The data are in mg/Kg sediment dry weight 
SO is the standard deviation of the mean, SE the standard error 

DAY 0 DAY 32 DAY 70 DAY 0 
mg/Kg mg/Kg mg/Kg 118/Kg 

FERTILIZED-SURFACE UNFERTILIZED-SURFACE 
1373 1171 1137 1394 
1661 1570 1885 3274 
1816 2680 2428 3389 
2242 2688 2455 4126 
2471 3097 2510 4516 
5501 4090 5999 6018 
8454 9542 9105 7678 
8958 20917 10820 21219 

20386 60799 12223 27812 

MEAN 5874 11839 5396 MEAN 8825 
so 5832 18282 4033 so 8689 
SE 1944 6094 1344 SE 2896 

MEDIAN 2471 3097 2510 MEDIAN 4516 

FERTILIZED-SUBSURFACE UNFERTILIZED-SUBSURFACE 
555 940 375 1418 
950 1069 7so 2654 

2755 1561 767 3051 
38n 1798 1310 6404 
4840 2125 1737 8793 
5766 3523 2759 8838 
7135 5538 5378 9448 

10410 7548 5599 10601 
10440 14611 8375 29162 

MEAN 5192 4301 3006 MEAN 8930 
so 3435 4206 2640 so 7812 
SE 1145 1402 880 SE 2604 

MEDIAN 4840 2125 1737 MEDIAN 8793 

DAY 32 DAY 70 
llg/ICg llg/Kg 

2944 1637 
3566 2501 
5426 8545 

10158 9371 
10583 9623 
11850 15012 
14570 16168 
19233 16864 
23753 24531 

11343 11584 
6624 6894 
2208 2298 

10583 9623 

340 133 
1012 714 
1775 896 
1938 1383 
2157 1502 
3154 1740 
3306 7661 

11708 15521 
26456 24490 

5761 6004 
7972 8051 
2657 2684 

2157 1502 
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TABLE 7 
TOTAL 'EXTRACTABLE HYDROCABBQH 1ft SEDIMENTS flU! KH-ZllE 

The data are in mg/Kg sediment dry weight 
SO is the standard deviation of the mean, SE the standard error 

DAY 0 DAY 31 DAY 61 
mg/Kg mg/Kg mg/Kg 

FERTILIZED-SURFACE UNFERTILIZED-SURFACE 
103 210 13 
140 243 169 
201 282 367 
288 368 469 
366 591 733 
418 1154 1052 
451 9351 2049 
486 11183 2985 
631 19234 10057 

MEAN 343 4735 1988 MEAN 
so 165 6521 2995 so 
SE 55 2174 998 SE 

MEDIAN 366 591 733 MEDIAN 

FERTILIZED-SUBSURFACE UNFERTILIZED-SUBSURFACE 
242 228 165 

1634 303 1359 
6156 2378 3477 

19603 6442 7916 
20376 12353 10792 
22651 15879 10811 
23595 18808 17486 
23845 20546 18738 
25009 26854 23997 

MEAN 15901 11532 10527 MEAN 
so 9593 9141 7784 so 
SE 3198 3047 2595 SE 

MEDIAN 20376 12353 10792 MEDIAN 

EST* z For Day 31 dry weight of 28.67 g was presumed for each Individual sample. 
This value is the .ean of the weights of the fertilized side (s.d of 0.60). 

EST* 
DAY 0 DAY 31 
mg/Kg mg/Kg 

1138 220 
1591 1936 
1745 3314 
3156 3418 
3182 4186 
7316 5712 

11169 6191 
11765 9418 
16590 20187 

6406 6065 
5266 5579 
1755 1860 

3182 4186 

5072 6366 
11153 6889 
14669 14388 
16992 16393 
18277 17963 
18364 19009 
21435 20143 
22626 21189 
23987 23239 

16953 16175 
5632 5654 
1877 1885 

18277 17963 

DAY 61 
mg/Kg 

204 
228 
528 
793 

1013 
1363 
2064 
3708 
5835 

1748 
1777 
592 

1013 

9218 
9611 

14553 
14992 
16017 
16385 
16470 
16578 
17256 

14565 
2861 
954 

16017 
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. TABLE 8 
MEANS AND CONFIDENCE INTERVALS FOR THE TOTAL EXTRACTABLE HYDRQCARBQH DATA 

The data are in mg/Kg sediment dry weight 

· 1 <f > APPRO)(. APPRO)(. •· ALL OATES 95~ CONF~ INTERV. CONF. MEAN W/IN 
I OAYO < OAY30 OAY60. COMBINED .. · ·. ALL DATA . . FACTOR OF 2 

. ; .. 
•'·, ·.· 

.. .. . SAMPLE SET) 
KN-211 E, Fert. Area, Surface 296 1246 640 618 24 16033 <50% 

KN-211 E, Fert. Area, Subsurf 8780 5055 5627 6297 230 172405 <50% 

KN-211 E, Unfert. Area, Surface 4303 3718 1020 2537 193 33283 <50% 

KN-211 E, Unfert. Area, Subsurface 15610 14846 14228 14885 6617 33480 90% 

KN-135B,Fert.Area,Surface 3873 5023 3945 4249 553 32660 50% 

KN-135B,Fert.Area,Subsurf 3673 2862 1912 2719 357 20729 50% 

KN-1358, Unfert. Area, Surface 5836 9223 8801 7795 1392 43669 60% 

KN-1358, Unfert. Area, Subsurface 6346 2724 2128 3325 221 50066 <50% 

KN-132B,Fert.Area,Surface 2060 5980 2902 3294 394 27551 50% 

KN-1328, Unfert. Area, Surface 4468 3851 3530 3931 506 30559 50% 
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the chemistry of _the oil. Crude oil contains innumerable molecular species, 
which vary in their ease of biodegradation. For example, it is well known 
that the straight chain alkanes are more readily metabolized by microbes than 
their branched chain analogs, and this is the basis of the well known 
n-octadecane (Cl8) : phytane ratio. The Cl8 : phytane ratios of samples 
collected from KN-135B are presented in Table 9. All of the values are 
substantially lower than the values determined for Prudhoe Bay crude oil that 
has been artificially weathered by evaporating 30% by weight. Evaporation of 
crude oil following an oil spill is generally assumed to remove 30% of the 
initial weight, so 30% evaporated oil is used as an approximate indicator of 
the composition of the oil when it arrived at the shoreline. This evaporation 
is done at reduced pressure so that the effective temperature of evaporation 
is 521 F; the oil is thus called 521 oil. 

As the indigenous microbes consume the more readily degradable straight 
chain paraffins, the Cl8 : phytane ratio declines. We can thus conclude that 
all the oil samples listed in Table 9 show evidence of substantial 
biodegradation. Furthermore, in general the samples collected later in the 
program were more biodegraded than those collected earlier. 

Another measure that is sometimes used to describe the status of a 
weathered oil is the "Aromatic Weathering Ratio". This is a complex measure 
based on the aromatic molecules resolved in the GC/MS measurements reported 
in Appendix 03, Section 2. It is the sum of naphthalene and the alkylated 
naphthalenes, fluorene and the alkylated fluorenes, dibenzothiophene and the 
alkylated dibenzothiophenes and phenanthrene and the alkylated phenanthrenes, 
divided by the sum of dibenzothiophene and the alkylated dibenzothiophenes 
plus phenanthrene and the alkylated phenanthrenes. Like the Cl8 : phytane 
ratio, it is unitless. 

While the Cl8 : phytane ratio is principally influenced by 
biodegradation, the ~romatic weathering ratio is also influenced by 
solubility, since naphthalenes and phenanthrenes are rather soluble. They are 
also biodegradable, as are the dibenzothiophenes. The aromatic ratio is thus 
harder to interpret in terms of biodegradation, but the ratio is expected to 
decrease as weathering and biodegradation proceeds. 

The aromatic weathering ratios of the oils collected from KN-135B during 
the monitoring program are presented in Table 10. Just as with the CIS : 
phytane ratio, there is a general trend that surface oils are more weathered 
than subsurface oils, but all show significant weathering. This is an 
important finding, because it is the aromatic compounds in the crude oil 
which present the greatest toxicological hazard. The range of the aromatic 
weathering ratio found on different samplings is too great for any 
conclusions to be drawn concerning the effectiveness of bioremediation, at 
least with the data currently to hand. 

The Rate of Biodegradation 
Unfortunately the ratios discussed above do not provide information that 

can lead to a quantitative assessment of how much oil has been degraded. 
Changes in the CIS : phytane ratio are dependent on the amount of oil present 
in a sample, for biodegradation mainly occurs at the oil-water interface. 
Thick layers of oil in the sediment tend to mask biodegradation in the 
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TABLE 9 
C18:PUYJANE RATIOS OF Oil FRQM KH-1358 

DAY 
WEll 0 8 15 32 70 

As 1.05 0.64 0.92 0.32 0.29 
Ass 0.93 0.76 0.83 0.48 0.34 

Bs 0.34 0.36 0.78 0.54 0.42 
Bss 1.23 0.80 0.89 1.09 0.49 

Cs 0.55 0.49 0.34 1.35 0.42 
Css 0.75 1.37 0.42 1.10 0.52 

Ds 1.09 0.73 0.78 0.88 0.89 
Dss 1.10 1.35 1.45 1.39 0.90 

Es 1.00 0.57 0.31 0.73 0.78 
Ess 1.49 1.39 1.41 1.37 

Fs 0.45 0.83 0.82 0.81 0.65 
Fss 1.30 1.41 1.45 1.14 1.20 

--------------------------------------------
Prudhoe Bay Crude 1.96 
30% weathered Prudhoe Bay Crude 1.82 

Well designations include s for surface and ss for subsurface. Wells A, 
Band Care in the fertilized portion of the beach, 0, E and F in the 
unfertilized portion. 
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TABLE 10 
AROMATIC WEATHERING RATIOS OF OIL FROM KN-1358 

DAY 
WELL 0 8 15 32 

As 1.55 1.36 1.31 
Ass 1.50 1.48 1.42 

Bs 1.41 1.45 1.43 
Bss 1.60 1.55 1.67 

Cs 1.29 1.29 1.65 
Css 1.64 1.64 

Ds 1.53 1.46 1.05 
Dss 1.59 1. 70 1.15 

Es 1.56 1.41 1.20 
Ess 1.66 1.15 

Fs 1.38 1.53 1.09 
Fss 1.62 1.67 1.07 

--------------------------------------------
Prudhoe Bay Crude 
30% weathered Prudhoe Bay Crude 

2.76 - 2.87 
1. 77 - 1.80 

Well designations include s for surface and ss for subsurface. Wells A, 
Band C are in the fertilized portion of the beach, D, E and F in the 
unfertilized portion. 
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surface layer most available to the microbes. Nevertheless, if phytane was 
essentially non-biodegradable, the amount of oil consumed could be determined 
by reference to the amount of phytane in the sample and in a reference oil. 
Phytane is, however, biodegraded quite readily. 

What is needed is a less degradable internal marker than phytane, and 
there is reason to believe that hopanes fulfill this role. Hopanes are 
pentacyclic molecules initially in the bacteria that were the original source 
of the crude oil. Diagenesis of the kerogen (conversion of the oil precursor 
to oil) removes some of the substituents on the bacterial molecules, and the 
major hopane found in oil is 17a,21~-hopane; this is shown in Figure 19. 

FIGURE 19 
OOPME 

Hopane analyses were not a routine part of oil analyses, and the 
analytical laboratories at Battelle Ocean Sciences and at Exxon Research and 
Engineering undertook a substantial research project to develop a 
quantitative assay for this compound. As illustrated in Appendix 03, Section 
3, the quantitative method now seems reliable. If indeed hopane is an almost 
completely non-degradable component in crude oil, knowing the amount of 
hopane in a sample allows a calculation of how much oil was originally in 
that sample, and thus how much has been biodegraded. As discussed above, it 
is generally assumed that approximately 3~ of the volume of oil spilled from 
the tanker evaporated before the oil arrived at the shoreline. Oil that has 
been evaporated to lose 3~ of its initial weight (521 oil) is therefore used 
as a standard in these calculations. 

ILLUSTRATIVE CALCULATION 8ASED ON HQPANE 
Gravimetric weight 

521 oil has A mg hopane I Kg oil 
Sample has a mg hopane and B Kg of oil I Kg sediment dry weight 

Assuming that hopane is indeed a truly conserved species, the sample 
originally had a/A Kg oil I Kg sediment dry weight 

Therefore the amount biodegraded • (a/A) - B Kg oil I Kg sediment 
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Tables II-I~ present the results of such calculations for the samples 
collected on Days 0 and approximately 30 for the three study sites in this 
program. The estimate for any one batch of samples has a large uncertainty, 
but averaging all of the data from all the batches provides an estimate of 

3.3 ± 2.5 g oil biodegraded I Kg sediment I year at the surface 
I.7 ± I.3 g oil biodegraded I Kg sediment I year in the subsurface 

Note that the amount of oil lost in any process which removes hopane, 
such as physical removal, will not be included in this estimate. 

An alternative approach to estimating the amount of oil that has been 
biodegraded is to use only the chemical components of the oil. Again this 
relies on the assumption that hopane acts as an internal marker that is not 
biodegraded, but it does not rely on the independent gravimetric estimate 
used above; all the quantitative estimates are obtained by Gas 
Chromatography. This was particularly important in the July IO Interim 
Report, when reliable gravimetric estimates were unavailable, but even with 
such data the process described here provides a partially independent 
estimate of the amount of oil degraded. 

ILLUSTRATIVE CALCULATION BASED ON HOPANE 
Individual chemical components 

52I oil has A mg hopane I Kg oil, B mg CIS, C mg phytane, etc. 
Sample has a mg hopane I Kg sediment, b mg CIS, c mg phytane, etc. 

Assuming that hopane is indeed a truly conserved species, the sample 
originally had a/A Kg oil I Kg sediment dry weight 

and (a/A)B mg CIS I Kg sediment dry weight, (a/A)C mg phytane, etc. 

Therefore the amount consumed: of CIS • (a/A)B - b mg I Kg sediment 
phytane • (a/A)C - c, etc. 

To illustrate this procedure, the amounts of n-octadecane (CIS), 
phytane, phenanthrene, chrysenes with two carbon substituents (C-2 
chrysenes), total alkanes (CIO to C34) and total resolvable hydrocarbon 
(Total HC) present in the original oil, are presented in Tables I4 and I5. 
The amounts degraded since then are presented in Tables I6 and I7, and the 
percent depletions of the individual components in the actual samples are 
presented in Tables IS and I9. 

Tables I6 and I7 provide an alternative estimate of the overall rate of 
biodegradation. To get such an estimate for the total oil degraded by 
microbes, we can use the total hydrocarbon detectable by gas chromatography. 
This is 56% of 52I oil, and is useful because it integrates degradation over 
a broad range of chemical constituents, rather than the individual chemicals 
used in the ratios described above. The calculation assumes that the total 
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TABLE 11 
ESTIMATED AMOUNTS OF OIL BIOOEGRAQm SINCE BEACHING. KH-1328 

DAY 0 DAY 29 
GRAV WT [HOPANEl THEN WT WT BIOOEG GRAV WT [HOPANE] THEN WT WT BIOOEG 

AS 4999 2.92 9733 4734 6590 3.71 12367 5m 
BS 2920 1.56 5200 2280 6286 2.13 7100 814 

cs 3464 2.33 n67 4303 11671 4.99 16633 4962 

mean 3794 2.27 7567 3m 8182 3.61 12033 3851 

sd 880 0.56 1856 1070 2470 1.17 3899 2173 
se 509 0.32 1073 618 1428 0.68 2254 1256 
median 3464 2.33 n67 4303 6590 3. 71 12367 4962 

OS 15733 8.45 28167 12434 12132 5.53 18433 6301 

ES 2615 2.01 6700 4085 4732 2.6 8667 3935 
FS 1175 1.06 3533 2358 1246 0.63 2100 854 

~~~ean 6508 3.84 12800 6292 6037 2.92 9733 3697 
sd 6550 3.28 10943 4399 4539 2.01 6711 2230 
se 3786 1.90 6325 2543 2624 1.16 3879 1289 
!lied fan 2615 2.01 6700 4085 4732 2.6 8667 3935 

GRAY WT is the Total Extractable Hydrocarbon from Table 5, on a mg I Kg 
sediment dry weight basis. 

[HOPANE] is the hopane concentration on a mg I Kg sediment dry weight basis 
Values corrected for the surrogate recovery on each sample. 

THEN WT is the calculated weight of oil in the sedi.ent at initial oiling in 
1989 

WT BIOOEG is the weight biodegraded since beaching in 1989, obtained by 
subtracting GRAY WT fro• THEN WT . 

sd is the standard deviation of the mean, and se the standard error 
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TABLE 12 
ESTIMATED AMC)uNTS OF OIL BIODEGRAQED SINCE BEACHING. KN-1358 

DAY 0 DAY 32 
GRAY WT [HOPANEl THEN WT WT BIOOEG GRAY WT [HOPANEl THEN WT WT BIOO£G 

AS 11382 5.62 18733 7351 5244 2.56 8533 3289 
BS 4218 2.23 7433 3215 7452 3.03 10100 2648 
cs 1803 1.05 3500 1697 14047 4.82 16067 2020 
me en 5801 2.97 9889 4088 8914 3.47 11567 2652 
sd 4068 1.94 6457 2389 3740 0.97 3246 518 
se 2351 1.12 3732 1381 2162 0.56 1876 300 
median 4218 2.23 7433 3215 7452 3.03 10100 2648 

OS 12806 6.33 21100 8294 11009 4.33 14433 3424 
ES 8n5 2.92 9733 1008 10984 4.n 15900 4916 
FS 4574 1.96 6533 1959 8960 3.9 13000 4040 
mean 8702 3.74 12456 3754 10318 4.33 14444 4127 
sd 3361 1.88 6251 3234 960 0.36 1184 612 
se 1943 1.08 3613 1869 555 0.21 684 354 
median 8n5 2.92 9733 3215 10984 4.33 14433 4040 

ASS ~ 1.53 5100 1438 1487 0.75 2500 1013 
BSS 6065 1.87 6233 168 n44 2.93 9767 2023 
css 4574 1.69 5633 1059 3587 1.45 4833 1246 
mean 4767 1.70 5656 889 4273 1. 71 5700 1427 
sd 990 0.14 463 532 2600 0.91 3029 432 
se 702 0.08 268 308 1503 0.53 1751 249 
median 4574 1.69 5633 1059 3587 1.45 4833 1246 

DSS 5m 2.29 7633 1856 1602 0.68 2267 665 
ESS 14592 4.91 16367 1775 7527 3 10000 2473 
FSS 5397 1.76 5867 470 51n 2.22 7400 2223 
mean 8589 2.99 9956 1367 4769 1.97 6556 1787 
sd 4248 1.38 4590 635 2436 0.96 3213 800 
se 2455 0.80 2653 367 1408 0.56 1857 462 
median 5m 2.29 7633 1775 51n 2.22 7400 2223 

GRAY WT is the Total Extractable Hydrocarbon from Table 5, on a mg I Kg 
sediment dry weight basis. 

[HOPANE] is the hopane concentration on a mg 1 Kg sediment dry weight basis 
Values corrected for the surrogate recovery on each sample. 

THEN WT is the calculated weight of oil in the sediment at initial oiling in 
1989 

WT BIODEG is the weight biodegraded since beaching in 1989, obtained by 
subtracting GRAY WT from THEN WT 

sd is the standard deviation of the mean, and se the standard error 
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TABLE 13 
ESTIMATED AMOUNTS OF OIL BIQOEGRAPED SINCE BEACHING. KN-211E 

DAY 0 DAY 31 
GRAV WT [HOPANEl THEN WT WT BIOOEG GRAV WT [HOPANE] THEN WT WT BIOOEG 

AS 189 0.07 233 44 6339 3.02 10067 3n8 
BS 192 0.11 367 174 7064 2.84 9467 2403 
cs 309 0.15 500 191 635 0.22 733 98 
mean 230 0.11 367 137 4679 2.03 6756 2076 
sd 56 0.03 109 66 2875 1.28 4265 1500 
se 32 0.02 63 38 1662 0.74 2466 867 
median 192 0.11 367 174 6339 2.84 9467 2403 

OS 5165 2.84 9467 4302 5084 2.26 7533 2449 
ES 1641 1.47 4900 3259 4151 1.61 5367 1216 
FS 4468 2.51 8367 3899 9380 3.3 11000 1620 
mean 3758 2.27 7578 3820 6205 2.39 7967 1762 
sd 1524 0.58 1946 429 2277 0.70 2320 514 
se 881 0.34 1125 248 1316 0.40 1341 297 
median 4468 2.51 8367 3899 5084 2.26 7533 1620 

ASS 4402 1.82 6067 1665 998 0.33 1100 102 
BSS 20189 7.25 24167 3978 18321 6.37 21233 2912 
css 12579 5.09 16967 4388 16571 5.89 19633 3062 
111ean 12390 4.n 15733 3344 11963 4.20 13989 2026 
sd 6447 2.23 7441 1199 7787 2.74 9137 1362 
se 45n 2 5277 850 4501 1.58 5282 787 
median 12578 5.09 16967 3978 16571 5.89 19633 2912 

DSS 9002 4.01 13367 4365 15300 4.81 16033 733 
ESS 20359 6.04 20133 ·226 19588 6.14 20467 879 
FSS 16629 5.45 18167 1538 14786 4.47 14900 114 
~nean 15330 5.17 1n22 1892 16558 5.14 17133 575 
sd 4n7 0.85 2842 1891 2153 o.n 2402 332 
se 2732 0.49 1643 1093 1244 0.42 1388 192 
llledi., 16629 5.45 18167 1538 15300 4.81 16033 733 

GRAY WT is the Total Extractable Hydrocarbon from Table 5, on a mg 1 Kg 
sediment dry weight basis. 

[HOPANE] is the hopane concentration on a mg I Kg sediment dry weight basis 
Values corrected for the surrogate recovery on each sample. 

THEN WT is the calculated weight of oil in the sediment at initial oiling in 
1989 

WT BIOOEG is the weight biodegraded since beaching in 1989, obtained by 
subtracting GRAY WT from THEN WT 

sd is the standard deviation of the mean, and se the standard error 
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TABLE 14 
BE~BESENTATIYE tHEMitAL tOMPONENTS. KH-1358. DAI Q 

mg/Kg dry weight sediment 

CIS phytane phenan- C-2 total total hopane 
threne chrysene alkane HC 

As 19.68 18.74 0.30 2.13 253.3 5512 5.62 
Ass 5.26 5.63 nd 0.53 72.1 1694 1.53 

Bs 1.05 3.10 nd 0.69 22.8 1615 2.23 
Bss 9.76 7.96 nd 0. 71 125.1 2172 11.87 

Cs 0.25 0.46 0.01 0.25 6.7 496 1.05 
Css 6.19 8.30 0.04 0.83 103.0 2183 1.69 

Ds 22.43 20.60 nd 2.51 297.7 6493 6.33 
Dss 10.12 9.24 nd 0.87 131.1 2551 2.29 

Es 8.39 8.36 0.55 1.04 105.2 2374 2.92 
Ess 31.92 21.36 0.17 2.06 415.1 5687 4.91 

Fs 1. 78 3.94 nd 0.57 34.2 1637 1.96 
Fss 11.14 8.57 nd 0.64 144.4 2279 1. 76 

Measured as mg/Kg 
Prudhoe Bay crude oil 

2530 1225 112 62 48867 

Prudhoe Bay crude oil evaporated at 521F (30% depleted) 
3485 1902 297 181 43222 555599 331 

Total alkanes includes CIO to C32, plus pristane and phytane. Total HC 
is the total hydrocarbon resolvable by Gas Chromatography. For 521 oil it is 
56% of the total oil. 

Well designations include s for surface and ss for subsurface. Wells A, 
B and C are in the fertilized portion of the beach, 0, E and F in the 
unfertilized portion. 
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TABLE 15 
BE~BESENTATI~E CHEMICAL COMPONENTSa KN-l~~Ba DA~ 32 

mg/Kg dry weight sediment 

CIS phytane phenan- C-2 total total hopane 
threne chrysene alkane HC 

As 0.57 1.81 nd 0.69 13.0 1603 2.56 
Ass 0.78 1.62 nd 0.21 11.6 587 0.75 

Bs 4.12 7.59 nd 1.06 51.9 2880 3.03 
Bss 9.97 9.16 nd 1.21 122.4 2682 2.93 

Cs 29.02 21.58 1.67 2.24 353.5 5770 4.82 
Css 5.92 5.37 0.04 0.52 75.3 1521 1.45 

Os 13.16 14.88 nd 1. 73 175.2 4268 4.33 
Oss 4.03 2.90 nd 0.25 50.5 785 0.68 

Es 11.70 16.02 0.24 1.66 151.7 ·4198 4.77 
Ess 19.66 14.02 nd 1.21 248.4 3480 3.00 

Fs 10.06 12.45 nd 1. 73 129.6 3661 3.90 
Fss 10.21 8.96 nd 0.94 131.9 2392 2.22 

Measured as mg/Kg 
Prudhoe Bay crude oil 

2530 1225 112 62 48867 

Prudhoe Bay crude oil evaporated at 521F (30% depleted) 
3485 1902 297 181 43222 555599 331 

Total alkanes includes ClO to C32, plus pristane and phytane. Total HC 
is the total hydrocarbon resolvable by Gas Chromatography. For 521 oil it is 
56% of the total oil. 

Well designations include s for surface and ss for subsurface. Wells A, 
Band C are in the fertilized portion of the beach, 0, E and F in the 
unfertilized portion. 
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TABLE 16 
BE~BE~ENTAIIIE tHEMICAL t~PONENT~. KN-13~B. DA~ 0 

AMOUNI BIODEGRADED 
mg/Kg dry weight lost since beaching 

based on hopane 

CIS phytane phenan- C-2 total total 
threne chrysene alkane HC 

As 39.49 13.55 4.74 0.94 481 3921 
Ass 10.85 3.16 1.37 0.31 128 874 

Bs 22.43 9. 71 2.00 0.53 268 2127 
Bss 9.93 2.79 1.68 0.31 119 966 

Cs 10.81 5.57 0.93 0.32 130 1266 
Css 11.60 1.41 1.48 0.09 118 653 

Ds 44.22 15.77 5.68 0.95 529 4131 
Dss 13.99 3.92 2.05 0.38 168 1292 

Es 22.35 8.42 2.07 0.54 276 2527 
Ess 19.78 6.85 4.24 0.62 226 2554 

Fs 18.86 7.32 1. 76 0.50 222 1652 
Fss 7.39 1.54 1.58 0.32 85 675 

Total alkanes includes C10 to C32, plus pristane and phytane. Total HC 
is the total hydrocarbon resolvable by Gas chromatography. For 521 oil it is 
56% of the total oil. 

Well designations include s for surface and ss for subsurface. Wells A, 
Band C are in the fertilized portion of the beach, 0, E and F in the 
unfertilized portion. 
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TABLE 17 
BE~BESENTATI~E CHEMICAL COMPONENTS~ KN-1358~ DAY 3Z 

AMOUNT IHOOEGRADED 
mg/Kg dry weight lost since beaching 

based on hopane 

C18 phytane phenan- C-2 total total 
threne chrysene alkane HC 

As 26.38 12.90 2.30 0. 71 321 2694 
Ass 7.12 2.69 0.67 0.20 86 672 

Bs 27.78 9.82 2.72 0.60 344 2206 
Bss 20.88 7.68 2.63 0.39 260 2235 

Cs 21.73 6.12 2.65 0.40 276 2320 
Css 9.35 2.96 1.26 0.27 114 1013 

Ds 32.43 10.00 3.89 0.64 390 3000 
Dss 3.13 1.01 0.61 0.12 38 356 

Es 38.52 11.39 4.04 0.95 471 3029 
Ess 11.93 3.22 2.69 0.43 143 1555 

Fs 31.00 9.96 3.50 0.40 380 2885 
Fss 13.16 3.80 1.99 0.27 158 1334 

Total alkanes includes C10 to C32, plus pristane and phytane. Total HC 
is the total hydrocarbon resolvable by Gas chromatography. For 521 oil it is 
56% of the total oil. 

Well designations include s for surface and ss for subsurface. Wells A, 
Band Care in the fertilized portion of the beach, 0, E and F in the 
unfertilized portion. 
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TABLE 18 
BE~BESENTAII~E ~HEMI~AL ~~POHENTS1 KN-1358~ DAI 0 

Percent depleted -v- 521 oil 

C18 phytane phenan- C-2 total total 
threne chrysene alkane HC 

As 67 42 94 31 66 42 
Ass 67 36 100 37 64 34 

Bs 96 76 100 43 92 57 
Bss 50 26 100 30 49 31 

Cs 98 92 99 56 95 72 
Css 65 15 97 10 53 23 

Ds 66 43 100 27 64 39 
Dss 58 30 100 30 56 34 

Es 73 50 79 34 72 52 
Ess 38 24 96 23 35 31 

Fs 91 65 100 47 87 50 
Fss 40 15 100 33 37 23 

Total alkanes includes C10 to C32, plus pristane and phytane. Total HC 
is the total hydrocarbon resolvable by Gas chromatography. For 521 oil it is 
56% of the total oil. 

Well designations include s for surface and ss for subsurface. Wells A, 
Band C are in the fertilized portion of the beach, D, E and F in the 
unfertilized portion. 
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TABLE 19 
BE~BESENTATI~E CHEMICAL COMPONENTS~ KN-13~8~ DAI 32 

Percent depleted -v- 521 oil 

CIS phytane phenan- C-2 total total 
threne chrysene alkane HC 

As 98 88 100 51 96 63 
Ass 90 62 100 49 88 53 

Bs 87 56 100 36 87 43 
Bss 68 46 100 24 68 45 

Cs 43 22 61 15 44 29 
Css 61 36 97 34 60 42 

Ds 71 40 100 27 69 41 
Dss 44 26 100 32 43 31 

Es 77 42 94 36 76 38 
Ess 38 19 100 26 36 31 

Fs 75 44 100 19 75 44 
Fss 56 30 100 22 54 36 

Total alkanes includes CIO to C32, plus pristane and phytane. Total HC 
is the total hydrocarbon resolvable by Gas chromatography. For 521 oil it is 
56~ of the total oil. · 

Well designations include s for surface and ss for subsurface. Wells A, 
Band Care in the fertilized portion of the beach, D, E and F in the 
unfertilized portion. 
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fraction of each oil sample that is resolvable by gas chromatography is 
similar to that found in 521 oil: 

i.e. Total oil weight biodegraded • Total HC degraded* 100156 

Evidence that this is a reasonable assumption is presented in Appendix 
03 , Section 4. These calculations lead to estimates of: 

4.3 ± 1.4 g oil biodegraded I Kg sediment I year at the surface 
1.9 ± 1.0 g oil biodegraded I Kg sediment I year in the subsurface 

These estimates are close to those described above using gravimetric 
estimates of oil weight. An important corollary of this finding is that 
although different components of the oil are being degraded at different 
rates (Tables 18 and 19}, the fraction of the oil that is not resolvable by 
gas chromatography must be undergoing biodegradation at approximately the 
same rate as that of the resolvable species. 

At this point it is worth noting that in the Interim Report of July 10, 
this procedure gave estimates of 

2.3 ± 0.8 g oil biodegraded I Kg sediment I year at the surface 
0.7 ± 0.6 g oil biodegraded I Kg sediment I year in the subsurface 

The change is mainly due to increasing the estimate of hopane in the 
samples, which has had the effect of increasing the amount biodegraded. The 
increase came when the hopane concentration was corrected for surrogate 
recovery. This identifies a serious potential drawback with using internal 
markers, since relatively small errors in measuring hopane can be translated 
into larger errors in final estimates. Unfortunately the variance in the 
gravimetric data (Table 8} obviates the use of simple gravimetric estimates 
of biodegradation, and the internal reference procedure used here is the only 
avenue for obtaining quantitative estimates. Taken together, the data 
obtained in this monitoring program suggest that the natural rate of 
biodegradation of oil on the shorelines of Prince William Sound is in the 
range 

2-5 g oil biodegraded I Kg sediment I year at the surface 
0.5-2.5 g oil biodegraded I Kg sediment I year in the subsurface 

A more rigorously defined estimate of the rate of degradation will be 
possible when all the chemistry data have been processed and reviewed. This 
should be available for the Final Report scheduled for delivery by January 1, 
1991. 

WATER QUALITY OF NEARSHORE WATER 
Ammonia and Nitrate Concentrations 

The trends in ammonia and nitrate concentrations following the initial 
fertilizer applications for each site are plotted in Figures 20 and 21 and 
summarized in Table 20. Baseline ammonia concentrations at KN-132B varied 
slightly between the fertilized and reference sites before and after 
fertilizer application, but there was no indication of any significant 
ammonia release into the nearshore waters. Baseline concentrations of nitrate 
ranged from 0.01 to 0.03 mgll at this site. The maximum nitrate 
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FIGURE 20 
AMMONIA IN NEARSHORE WATER OFF FERTILIZEQ SHQRELINES 
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FIGURE 21 
NITRAJE +JITRIIE IN NEAQSHQRE VATER OFF FERJILIZEQ SHORELINES 
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TABLE 20 
Sut14ARY OF 'NIOUA AND NITRATE CONCENTRATIONS IN NEARSHORE VATER 

AFTER FIRST APPLICATION OF FERTILIZER 
Times are in hours after fertilizer application. 

I11t ~itl HA~imYm ~QD~IDttAti2DI £mg.!ll Iim1 Q~ ~IA.t BltYDlls1 t2 bldiD! 
Amm2nia H.ittAtl 

KN-135 0.29 0.65 57 hours 82 hours 

KN-211 0.59 1.64 7 hours 57 hours 

KN-132 0.03 0.09 19 hours 57 hours 
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concentration was 0.09 mg/1 at 19 hr post-application, and this returned to 
baseline concentrations by 57 hr. 

At KN-1358, both ammonia and nitrate showed the same trend, peaking at 
57 hr post-application, with a trend toward baseline concentrations by 82 hr. 
Pre-application and reference site values for ammonia ranged from 0.01 to 
0.05 mg/1. The maximum ammonia value recorded post-application was 0.29 mg/1 
at 57 hr; by 82 hr this had decreased to 0.08 mg/1. Background 
concentrations of nitrate ranged from 0.01 to 0.05 mg/1. Following 
fertilizer application, nitrate concentrations peaked at 0.65 mg/1 with the 
57-hr sample; by 82 hr this had decreased to 0.24 mg/1. 

At KN-211E, baseline concentrations of ammonia and nitrate ranged from 
0.01 to 0.02 mg/1 and 0.01 to 0.06 mg/1, respectively. Concentrations of both 
nitrogen forms peaked at 7 hr post-application and returned to baseline 
concentrations by 57 hr post-application. The maximum ammonia concentration 
measured was 0.59 mg/1, whereas that for nitrate was 1.64 mg/1. 

Monitoring nutrient dynamics immediately after fertilizer application 
was not ~ontinued for subsequent applications since there was no evidence 
that ammonia or nitrate concentrations were leading to adverse ecological 
effects, despite over-application of fertilizer at KN-1328 and KN-1358 . 
Instead, samples were collected offshore on the same schedule as other 
monitoring parameters after the second fertilizer application. The levels of 
nutrients in these -samples are reported in Table 21. They show nutrient 
concentrations of less than 3 uM available nitrogen (<0.05 mg/1 ammonia or 
nitrate), which are within the normal range for nearshore waters. 

Toxicity Tests 
A comprehensive presentation of the results of static, acute toxicity 

tests with each field sample is presented in Section 1 of Appendix 04; it is 
the final report from MEC, Inc, the contract laboratory that conducted the 
tests. When reviewing the results, the reader should keep in mind that there 
is a background mortality rate within every test population. Because juvenile 
test animals may die in the course of a test as the result of handling stress 
or natural causes, a 90% survival is the appropriate criterion for 
determining when toxic effects have been exhibited. For our tests, survival 
in all laboratory control and field reference samples was ~90%, indicating 
that the test animals were in excellent condition and that the tests were 
conducted with appropriate care. 

We have reviewed the MEC report and have summarized the pertinent test 
results in Table 22. Survival in all undiluted field samples collected after 
fertilizer application ranged from 90% to 100%, indicating no toxicity due to 
fertilizer application. Mysid survival in the pre-application sample 
collected at site KN-1328 was 83,, perhaps indicating some effects of site 
activities and manual clean-up as field crews prepared the site for 
bioremediation . Nevertheless, survival in all other dilutions of this sample 
were ~90%, so we characterize this mortality as not environmentally 
significant. 

Toxicity tests conducted during the 1989 bioremediation demonstration­
research program using the same worst-case sampling plan showed toxicity to 
oyster larvae a water sample collected 18 hr after application of Inipol 
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TABLE 21 
NUTRIENT CQNCEHTRATIONS IN NEARSHORE VATER AFTER 

SECOND FERTILIZER APPLICATION 

KN-1328 - NUTRIENT DATA, FERTILIZED (1.14) KN-1358 - NUTRIENT DATA, FERTILIZED 

DAY N03+N02 NH3 P04 DAY N03+N02 NH3 

43 0.40 2.75 0.10 57 0.85 2.23 
60 0.39 0.63 0.06 70 0.34 0.53 

(1.14) 

P04 

0.13 
0.05 

KN-1358 - NUTRIENT DATA, UNFERTILIZED (1.14) 

KN-1328 - NUTRIENT DATA, UNFERTILIZED (1.14) 
DAY N03+N02 NH3 P04 

DAY N03+N02 NH3 P04 
57 0.05 0.30 0.01 

43 0.32 1.86 0.09 70 0.46 0.75 0.02 
60 0.40 0.78 0.07 

KN-1358 - NUTRIENT DATA, REFERENCE REMOTE (1.14) 

KN-1328 - NUTRIENT DATA, REFERENCE REMOTE (1.14) 

DAY N03+N02 NH3 

43 0.21 0.82 
60 0.95 0.73 

DAY 
P04 

57 
0.04 70 

0.03 

KN-211E • NUTRIENT DATA, FERTILIZED (1.14) 

DAY 

47 
61 

N03+N02 

1.21 
1.19 

NH3 

2.19 
1.15 

P04 

0.25 
0.15 

KN-211E • NUTRIENT DATA, UNFERTILIZED (1.14) 

DAY 

47 
61 

N03+N02 

0.27 
0.52 

NH3 

0.42 
1.40 

P04 

0.09 
0.13 

KN·211E - NUTRIENT DATA, REFERENCE REMOTE (1.14) 

DAY 

47 
61 

N03+N02 

0.56 
0.26 

NH3 

2.79 
1.04 

P04 

0.23 
0.16 

N03+N02 NH3 P04 

0.32 0.85 0.06 
0.36 0.79 0.02 
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concentration was 0.09 mg/1 at 19 hr post-application, and this returned to 
baseline concentrations by 57 hr. 

At KN -135B, both ammonia and nitrate showed the same trend, peaking at 
57 hr post-application, with a trend toward baseline concentrations by 82 hr. 
Pre-application and reference site values for ammonia ranged from 0.01 to 
0.05 mg/1 . The maximum ammonia value recorded post-application was 0.29 mg/1 
at 57 hr; by 82 hr this had decreased to 0.08 mg/1. Background 
concentrations of nitrate ranged from 0.01 to 0.05 mg/1. Following 
fertilizer application, nitrate concentrations peaked at 0.65 mg/1 with the 
57-hr sample; by 82 hr this had decreased to 0.24 mg/1. 

At KN-211E, baseline concentrations of ammonia and nitrate ranged from 
0.01 to 0.02 mg/1 and 0.01 to 0.06 mg/1, respectively. Concentrations of both 
nitrogen forms peaked at 7 hr post-application and returned to baseline 
concentrations by 57 hr post-application. The maximum ammonia concentration 
measured was 0.59 mg/1, whereas that for nitrate was 1.64 mg/1. 

Monitoring nutrient dynamics immediately after fertilizer application 
was not continued for subsequent applications since there was no evidence 
that ammonia or nitrate concentrations were leading to adverse ecological 
effects, despite over-application of fertilizer at KN-132B and KN-135B. 
Instead, samples were collected offshore on the same schedule as other 
monitoring parameters after the second fertilizer application. The levels of 
nutrients in these samples are reported in Table 21. They show nutrient 
concentrations of less than 3 uM available nitrogen (<0.05 mg/1 ammonia or 
nitrate), which are within the normal range for nearshore waters. 

Toxicity Tests 
A comprehensive presentation of the results of static, acute toxicity 

tests with each field sample is presented in Section I of Appendix 04; it is 
the final report from MEC, Inc, the contract laboratory that conducted the 
tests. When reviewing the results, the reader should keep in mind that there 
is a background mortality rate within every test population. Because juvenile 
test animals may die in the course of a test as the result of handling stress 
or natural causes, a 9~ survival is the appropriate criterion for 
determining when toxic effects have been exhibited. For our tests, survival 
in all laboratory control and field reference samples was ~9~, indicating 
that the test animals were in excellent condition and that the tests were 
conducted with appropriate care. 

We have reviewed the MEC report and have summarized the pertinent test 
results in Table 22. Survival in all undiluted field samples collected after 
fertilizer application ranged from 90% to 100%, indicating no toxicity due to 
fertilizer application. Mysid survival in the pre-application sample 
collected at site KN-132B was 83~, perhaps indicating some effects of site 
activities and manual clean-up as field crews prepared the site for 
bioremediation. Nevertheless, survival in all other dilutions of this sample 
were ~90%, so we characterize this mortality as not environmentally 
significant. 

Toxicity tests conducted during the 1989 bioremediation demonstration­
research program using the same worst-case sampling plan showed toxicity to 
oyster larvae a water sample collected 18 hr after application of Inipol 
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TABLE 22 
'RE$UUS OF ACUTE TOXICIU TESTS VITH tf(SIDS 

.Water samples were collected before and after fertilizer application. Times 
given for sample collection are approxi.ate; actual tiMes were scheduled 
around tidal change. 

MXSID SURVIYAL IN 9§-HOUR STt.TIC TOXICITY TEST 

KH-1J~ I~~I ~II~ KH-,11 I~~I ~liB KH-1J' I~~I ~II~ 
~2ll!i:s:<ti2D Iima II::IAt!:s;l ~QDti::Ql I;r;:utas;l ~gnt;r;:gl II::IAtls;l ~s;mt;r;:gl 

Pre-application 100\ 100\ 97\ 90\ 83\ 100\ 

1 hr after application 90\ lOOt 90\ 

7 hr after application 90\ 97\ 93\ 

19 hr after application 100\ 97\ 97\ 97\ 93\ 100\ 

32 hr after application 93\ 97\ 97\ 

57 hr after application 100\ 93\ 93\ 97\ 97\ 97\ 

82 hr after application 100\ 93\ 97\ 
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EAP22 and Customblen at the Passage Cove test site. Five samples were 
collected and tested between 1 hr and 18 hr post-application, no subsequent 
samples were collected. Ammonia in nearshore waters was not monitored in 
conjunction with these tests so there is no point of reference for comparing 
this test with the 1990 test. Oyster larvae, used in 1989, and Mysids, used 
in 1990, have the same sensitivity when tested with Inipol and Inipol plus 
oil. Thus we expected similar sensitivity in the field. Differences 
between 1989 and 1990 toxicity test results must be attributed to site 
specific differences, either in the nature of fertilizer release into 
overlying waters or the rate of local mixing and tidal flushing along the 
nearshore zone. The 1989 data show that a 3-fold dilution was necessary to 
eliminate toxicity in the field samples. Because the samples were collected 
immediately above the fertilized shoreline, the results do not conflict with 
our assessment that any ecological effects that might occur would be 
localized, transient and short-term. 

Toxicity tests were not continued for subsequent applications since 
there was no evidence of adverse ecological effects after the initial 
application, despite over-application of fertilizer at KN-1328 and KN-1358. 

Chlorophyll Monitoring 
The potential that fertilizer application might stimulate an algal bloom 

was assessed by monitoring chlorophyll in the nearshore water. Tests to fully 
calibrate the fluorometer for quantifying chlorophyll are still underway, 
since field samples had significantly less chlorophyll than the original 
standards used for calibration. Nevertheless, all readings were less than 
0.67 ug chlorophyll/liter. This is consistent with values reported from 
previous bioremediation studies in Snug Harbor and Passage Cove, where 
chlorophyll values ranged from 0.2 to 1 ug/1. There were no indications of 
fertilizer applications stimulating algal blooms in the nearshore zone at the 
monitoring sites (Figure 22). Chlorophyll concentrations show no consistent 
differences in treated versus reference comparisons and no increasing trends 
with time. The degree of nutrient release into nearshore waters does not 
stimulate an algal bloom faster than the rate of dilution and flushing driven 
by tidal exchange at any of the monitoring sites. These results agree with 
data generated during the 1989 bioremediation research/demonstration project. 

Total Petroleum Hydrocarbons 
Measurements of the amounts of petroleum hydrocarbon in nearshore water 

are presented in Appendix D4, Table 1. Only 16 of the 174 samples of 
nearshore water collected in this program had detectable levels (0.2 mg/1) of 
Total Petroleum Hydrocarbon; none were greater than 0.41 mg/1, which was 
found in a sample from an untreated remote reference site. 

Only a single sample from KN-1328 had detectable hydrocarbon; 0.24 mg/1 
on day 29 from near the treated area. Nine samples had detectable hydrocarbon 
in the first two days of monitoring at KN-1358, three of them before 
fertilizer application. levels near the fertilized and unfertilized 
shorelines were 0.2-0.3 mg/1, while at the remote reference site the level 
was 0.4 mg/1. Only two subsequent samples had detectable levels of 
hydrocarbon, these were from the treated area on Day 15, and both were 0.23 
mg/1. Only three samples had detectable levels at KN-211E, all less than 0.25 
mg/1, occurring within four days of fertilizer application. 
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_ FIGURE 22 
RELATIVE CHLOROPHYLL CQHCOORAJIONS IN OFFSHQRE VATER 
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There is no trend in the total petroleum hydrocarbon data to suggest any 
correlation between fertilizer applications and release of oil from the 
shoreline to nearshore waters . Rather, hydrocarbon releases are most likely 
related to clean -up crew efforts of manual removal and site preparation for 
bioremediation. Hydrocarbon release will continue to be a concern as part of 
any clean-up activity until all the oil has been removed or degraded in 
place, but concentrations are likely to be at or below detection limits, and 
should not cause environmental problems. 

BUTOXY-ETHANOL MONITORING 
Butoxy-ethanol residues on the surfaces of oily cobbles are presented in 

Table 23. There was a five-fold difference between the initial 
concentrations in the two sampling areas. This could be the result of either 
incidental variations in the application rate within a test site or of 
variations in the amount of oil in the two areas of the beach, as the surface 
area sampled varied at the most by a factor of two. In either case, the 
trends through time were very similar for the upper-intertidal and 
mid-intertidal samples. After the first tidal flushing, the lower samples 
lost approximately 98% of the butoxy-ethanol, whereas the upper samples that 
were not covered by the high tide lost approximately 92%. Following the 
second tidal flushing, residues decreased to non-detectable concentrations in 
the lower-intertidal area and decreased another 92% in the upper-intertidal 
area, to approximately 0.6% of the original concentrations. During the next 
24 hr, butoxy-ethanol decreased another 94%. These data agree with previous 
laboratory findings where 99% of the butoxy-ethanol was removed from 
microcosms within 24 hours. 

Butoxy-ethanol poses a potential threat to wildlife if the chemical is 
inhaled, absorbed across the skin upon direct contact, or ingested from 
licking, chewing, ingesting treated substrates (i.e., rocks, sticks, gravel, 
etc) or as a result of cleaning or preening activities after animals have had 
direct contact with an Inipol-treated area. The rapid loss of butoxy-ethanol 
from Inipol-treated substrates supports the assertion that wildlife exposures 
are limited to periods immediately after application. Using the measured 
loss rates for butoxy-ethanol in the field, the expected 30 g of butoxy­
ethanoljm2 following Inipol application would be reduced to< 2.5 gjm2 after 
one tidal exchange and to < 0.2 gjm2 after 24 hours. At 0.2 gjm2, butoxy­
ethanol would be acutely toxic to a I Kg bird or mammal only if the animal 
absorbed all the chemical in one square meter (acute LC50 is 200 to 500 
mg/Kg). As the amount of butoxy-ethanol continues to decrease with time, we 
feel that a 24-hr period after Inipol EAP22 application is a reasonable time 
to employ wildlife deterrent devices. 
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_ TABLE 23 
BUJOXY-ETHANOL IN SAMPLE WIPES Of COBBLE SURFACES 

Samoling Interval 

1 hr post-application 
after first tidal flooding 
after second tidal flooding 
after fourth tidal flooding 

ug Butoxy-ethanol/q oil taken from cobble 
Uooer-Intert1dal Mid-Intertidal 

52,000 
4,000 

300 
19 

10,000 
177 

NO 
NO 

NO represents samples below the detection limit of 10 ug butoxy-ethanol/g 
oil. 
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StMARY AHD CONCLUSIONS 
Fertilizer Enhancements 

There are several parameters that support our conclusion that 
bioremediation is an effective technique for removing oil from surface and 
subsurface sediments. First, nitrogen nutrients increased in interstitial 
waters to a depth of 50 em at all sites following all fertilizer additions. 
The magnitude and duration of the enhancement varied from site to site; 10 to 
100-fold increases in initial nutrient concentrations declined over an 8 to 
15 day period to a 2-10 fold enhancement, which was then sustained for at 
least thirty days. The inorganic nutrients seem to come principally from the 
Customblen, whereas urea release from Inipol EAP22 could not be detected 
beyond four days after application. This is consistent with our understanding 
of the mechanism of Inipol EAP22, which was designed to keep nutrients 
associated with the oil, but this has not been measured. When detected, the 
urea from the Inipol EAP22 was found in interstitial water from a depth of 50 
em, indicating that this component, at least, penetrated into the shoreline 
sediments. In conclusion, the fertilizer applications were successful in 
providing substantial nitrogenous nutrients to at least 50 em into the 
shoreline sediment at significantly elevated concentrations for at least 30 
days. 

Second, dissolved oxygen in the interstitial waters never approached 
limiting concentrations. A decrease of 2 to 3 mg/1 dissolved oxygen in 
interstitial water on the fertilized sides of KN-1358 and KN-1328 occurred 
after both applications, suggesting an increased biological activity 
stimulated by nitrogenous nutrients. The effect diminished as nutrient 
concentrations decreased with time. 

Third, the fertilizer treatments produced a sustained 3- to 4-fold 
increase in microbial activity over baseline activity in surface and 
subsurface sediments following the first fertilizer application at each site, 
even though nutrient concentrations in interstitial water varied 
substantially between sites. The enhanced activity was sustained for at 
least 30-days, demonstrating a long-term benefit from a single nutrient 
addition. Following the second fertilizer application, microbial activity 
was stimulated five to ten fold over that in the unfertilized areas. 
Microbial activity was enhanced throughout the oiled zone, as surface and 
subsurface activities responded to nutrient enrichments. There is a general 
trend that the fertilized portions of the sites had greater numbers of 
oil-degrading and heterotrophic bacteria than the unfertilized portion, 
except at site 211E, where there was little change. Because of the heavy and 
very variable degree of oiling at the sites, our sampling regime was not 
sensitive enough to detect statistically significant reductions in the amount 
of oil per Kg of sediment that might occur over the three-months of this 
monitoring program. Additional chemical indices have been applied with 
similar lack of sensitivity. Last winter's monitoring data suggest that the 
benefits of bioremediation will continue into the fall and winter months, and 
we remain optimistic that reductions in sediment oil loading will become 
apparent by next spring. 

Ecological Effects 
Nearshore waters collected at the test sites during the 4 days following 

fertilizer application showed no toxicity when tested with mysids, a 
shrimp-like crustacean selected as a surrogate for indigenous species. 
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Ammonia and nitrate concentrations in nearshore waters peaked between 7 and 
57 hours post-application at concentrations <0.6 mg/1 ammonia and <1.6 mg/1 
nitrate. Samples collected three or four days after the second fertilizer 
applications at each site followed the same trend. Short-term, transient 
concentrations of ammonia or nitrate of this magnitude are less than 
published data on acute toxicity of ammonia to most Marine biota. 

Samples from cobble surfaces treated with Inipol showed that more than 
99% of the butoxy-ethanol had dissipated from treated shorelines within 24 
hr. The time-lapse camera, taking one frame every six minutes, recorded no 
wildlife on lnipol EAP22 treated areas while the wildlife deterrents were 
present. These findings demonstrate that potential wildlife exposures are at 
most transient and short-term. 

Our monitoring efforts demonstrated no evidence of algal blooms 
stimulated by nutrient release from the fertilized shorelines. Only 9% of the 
samples of nearshore water contained total hydrocarbon concentrations above 
detection limits; none exceeded 0.41 mg/1. There was no correlation with 
fertilizer additions. 

The Rate of Biodegradation 
Analyses of specific chemical components in the oil can be used to 

estimate the rate of oil biodegradation in sediments. First we determine the 
amount of a nondegradable component in a reference oil similar to that which 
landed on the shorelines. We have used hopane as the nondegradable component. 
Then we determine the amount of hopane in samples from the different sites, 
and use this to calculate the amount of oil present at beaching. By 
subtracting the amount of oil found now, we compute the amount that has been 
biodegraded. This approach provides estimates of approximately 3.3 g oil 
biodegraded/Kg sediment/year as a baseline degradation rate for surface 
samples, and 1.7 g oil/Kg sediment/year for subsurface (30 em) samples. 

Alternatively we compute the ratio of a degradable to a nondegradable 
component in the oil chemically similar to that which landed on the beach. 
We have used GC-detectable hydrocarbon as the biodegradable fraction, and 
hopane as before. Using this ratio and the amount of hopane in a sample from 
the beach, we compute the amount lost by biodegradation. This approach 
provides estimates of approximately 4.3 g oil biodegraded/Kg sediment/year as 
a baseline degradation rate for surface samples, and 1.9 g oil/Kg 
sediment/year for subsurface (30 em) samples. 

From all of these calculations, our best estimate of the baseline rate 
of oil degradation is 

2-5 g oil biodegraded I Kg sediment I year at the surface 
0.5-2.5 g oil biodegraded I Kg sediment I year in the subsurface 

Although these are preliminary estimates based on data that continue to 
undergo reanalysis and evaluation, they agree with other data collected by 
the bioremediation research/demonstration program last year. We estimate that 
bioremediation can increase the rate at the surface by two- to three-fold 
with a single fertilizer application, with subsequent increases with 
additional nutrient additions. In the subsurface, bioremediation could 
increase the rate to equal the stimulated rate in surface sediments. 
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Although enhanced microbial activity is sustained for more than 30 days 
from a single fertilizer application, there is no evidence that current 
bioremediation strategies have saturated the capacity of the microbial 
community to degrade oil. Shorelines benefit from additional applications of 
nutrients at intervals of approximately 3 to 5 weeks. By waiting at least 3 
weeks, interstitial nutrient concentrations have returned to near background 
levels, as has dissolved oxygen depletion, and the potential for nutrient 
release to offshore waters has returned to pretreatment levels. Repeated 
fertilizer applications over the course of the summer would probably maximize 
the degradation benefits of bioremediation. Rates of about 10 g/Kg/year may 
be attainable with a systematic fertilizer application program implemented 
over the course of a summer. 



EXXON VALDEZ SHORELINE MONITORING PROGRAM 
Summer, 1990 

OBJECTIVES / 

The primary objective of this program is to evaluate the recove{y of intertidal areas 
impacted by the Exxon Yalr;l~ii spill. Analysis of data colle.oted by the National 
Oceanic and Atmospheric Administration (NOAA) and 6thers ~ill support decisions~? 
on shoreline treatment in future spills. Comparisons will ~made among shorelines 
treated in 1989 and 1990, untreated oiled shorelines, and unoiled controls. 

The primary measures of recovery will be the quantity, composition and 
distribution of residual oil; the availability of oil to biological communities; and the j, 
effects of oil and shoreline treatment on biological recovery. The rates at which ~ 
intertidal and selected subtidal habitats recover from oil impacts will be monitored. ~r 
These data will enable comparison of oil fate and shoreline recovery. both physical () .tfl.-, fJ . 
and biological, on treated and untreated shorelines. . 

The duration of monitoring will depend on the rates of recovery measured during 
the f1rst season. \Vhile the program is expected to extend over a number of years, 
program planning for the second year and beyond must await analysis of the first 
season's data. 

STRATEGIES 

Basic Study Components 

The overall program is composed of two closely related projects. The frrst is a 
continuation of the NOAA winter monitoring program to determine long-term 
trends in oil distribution and composition. The second project will involve 
monitoring the rates of recovery of selected intertidal and subtidal ecosystems with 
respect to the physical framework of the site, degree of oiling, and broad class of 
treatment. 

Study Site Selection 

Three types of stations will be established under this overall program: 1) oiled and 
untreated (set-aside sites), 2) treated sites, and 3) unoiled controls. All of the 
NOAA winter monitoring stations are included in this program. Stations for 
biological investigations have been selected to represent a combination of habitat 
types found in Prince William Sound (PWS ). 

Study sites outside PWS were included to consider impacted shorelines of widely 
varying potential hydrodynamic energy (PHE), both on regional and local scales. 

' . 

7/3/QO 1 



The potential energy of an area is generally the basic factor controlling the 
persistence of oil on an impacted site. The Kenai Peninsula/BCUTen Islands represent 
shoreline types with the highest degree of potential energy in the affected area. A 
wide range of potential energy exists within each region (e.g .• outer exposed beaches 
versus a sheltered cove along the same stretch of shoreline): however, generally 
spealdng, even a sheltered cove on the outer Kenai Peninsula area has much more 
wave action than one in PWS. Study sites have been selected to show a range of 
energy levels within two of the three major regions (the Kodiak region is not 
included). 

DATA COLLECTION PROGRAM: PHYSICAL PROCESSES 

At each study site~ the physical setting will be mapped ushlg the zonal method 
described below. The biological and chemical data will be tied to this physical 
framework. The surveys will be done in early summer and in September. 
Additional surveys in early winter and early spring will depend on results of the 
summer monitoring effort. 

Basic data measurements will include: 

1. A base Wall of the study site constructed by either: a) a series of beach 
profiles run perpendicular to the beach (the zonal method); or b) a 
detailed survey by transit with one or two key beach profiles being 
established. 

2. Selected peach profi}M will be measured on the schedule cited above to 
determine morphological changes at the site through time. 

3. A sediment distd2uti~m Il1Rl2 will be made by visual estimates of the 
relative distribution of sediment types and direct measurements of larger 
particles on a grid patterns covering the entire study area. Sediment size 
is a critical factor in oil penetration and reworking by waves. Vv'here 
necessary.~ h tren · es will be dug. to accurately map the distribution . 
of buried oil. AJC-8~7 

. A distrlbutiQU map of oil types will be constructed a.ttd superimposed over 
the morphology and sediment maps. 

5. Sediment sam:gl'ri will be collected for analysis of total petroleum 
hydrocarbons, with sel~ted samples for detailed chemical 
characterization. 

6. Detaileq photoi(aphs will be used to record all of the physical attributes 
of the sites, including surficial and buried oil, sedimentation patterns, 
biological communities, and treatment methods used. 

7. VideQta,pini of all sites will also be done. 
8. £Iocess m~SJ,Jrements will be made at high tide in order to get a general 

idea of wave and tidal current patterns. Short-term changes in 
oil/sedin1ent distributions and patterns in sheen production and. transport 
will also be observed during various tidal stages and wave conditions. 

7/3/QO 2 

~= 0 d 



DATA COLLECTION PROGRAM : BIOLOGICAL PROCESSES 

The sampling effort will focus on three intertidal habitat types of particulw­
importance in Prince William Sound: protected rock, protected sand/gravel/cobble 
(mixed soft). and exposed cobble. The protected sites are included because of their 
high biological productivity and because the low energy regime reduces the rate of 
natural weathering of oil. Exposed cobble beaches include some of the most heavily 
oiled beaches in the Sound and are areas where oil often penetrated particularly 
deeply into the open spaces between the coarse bOO materials. 

Communltf Studies 

Intertidal Epibenthos 

A stratified-random sampling design will be used to assess important assemblage and 
population (individual taxa) parameters. Sampling will be structured to obtain 
statistically reliable estimates of density or cove,r of macro biota inhabiting the 
surface (epibiota) and, where possible. the subswface (infauna) within important life 
zones. Typically, three elevations will be sampled on rocky habitats an.d two 
elevations will be sampled on cobble and mixed soft habitats. 

A variety of statistical analyses will be applied to quantitatively describe the data 
(number of species, number of individuals. species diversity, evenness) and to 
evaluate the significance of the findings. Parametric and non-parametric tests will 
be applied as applicable to evaluate the significance of differences observed bet\veen 
untreated and treatment conditions for each treatment type and habitat. For 
untreated and treatment comparisons and for testing for significant differences 
between oiled and control sites, a 1- or 2-tailed, non-parametric t-test will be a 
primary tool. A Wilcoxin T test and/or multivariate approaches will be used for 
comparisons of assemblages between treatments, habitats, and over time. As time 
allows, cluster analysis and/or ordination procedures will be applied to the data sets 
to compare and contrast patterns in species composition and abundance and examine 
the spatial and temporal relationships among oiled, oiled and treated, and control 
sites. 

~ky Habitats 

To minimize variability ~herent on natural beaches, sampling in rocky habitats will 
be stratified to focus on the upper and lower portions of the Fucus zone, as well as 
in the typically heavily oiled supralittoral zone (at the upper limit of attached 
macrobiota). Each elevation to be sampled will he permancntly--mark7. t each 
elevation, ten 0.25-m2 quadrats will be randomly located and permane.n marked 
for non-destructive sampling. 

/1A-t:fU 1~-!--/J/L- ~ ~ 
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Each quadrat will be photographed during each survey to document the change. 
Biological variables that will be measured or esdmated include algal cover by taxon 
and abundance or cover of major epibenthic fauna (i.e .• mussels, limpets, littorines, 
etc.). A subjective description of oiling in each quadrat will be recorded along with 
the percentage of the quadrat with oil cover. Each site will be sampled twice during 
the year. 

QilGd 
Hening Bay 
Snug Harbor 
Outside Bay 

Qiled & lJeated 
Northwest Bay Islet 
South Disk Island 
W. Ingot Island 

Cgntml 
HoggBay 
Eshamy Bay 
Crab Bay 
Bass Harbor 

Mixed-soft habitats will be sampled using different methods to address various 
components of the biota. Epibiota on surficial gravel and cobbles will be measured , r, ) 
in a manner similar to that used in rocky habitats except that only the two lower ~~ 
elevations will be sampled. Ten randomly selected quadrats will be nnanentl / ' ~OJ 
marked at each elevation for sampling as described above. Fist-size and smaller ;&.JWL-
rocks will be lifted to record organisms living in the under-rock habitat. Each site 
will be sampled twice during the year. 

Qikd 
Herring Bay 
Snug Harbor 
Bay of Isles 

Boulder/Cobble 

Oiled & Tn<iltr&i 
Northwest Bay West Ann 
Shelter Bay 
Mussel Beach 
N. Elrington Island 

Control 
Sheep Bay 
Crab Bay 
Outside Bay 

Boulder/cobble substrates will be· sampled using a combination of the techniques 
described above for rocky and mixed-soft habitats with infauna only sampled where 
substrate pennits. 

OihKl 
NB Latouche 

Infauna 

Oiled & Ir.ea~ 
Pt. Helen 
Sleepy Bay 

BxcayatjQos on Mixed-soft SubSU'iml 

CQntrol 
Bass Harbor 

At the lower of the two tidal elevations on mixed-soft substrates, up to four 
additional 0.2S-m2 quadrats will be sampled to a depth of approximately 20 em (or 
until a biologically inert substrate is reached) hand-sorted to remove large infauna. 
Organisms of specific concern are butter and littleneck clams (S~idorou~ &iiwteus 
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and Protothaca stamina) and the burrowing spoonworm EchiurWi. Each site will 
be sampled once during the surruner season. 

Populatlgn S,iudies 

Because the preponderance of oil that grounded in Prince William Sound initially 
came to rest in the mid to upper intertidal, it is important to examine population 
dynamics and reproductive success of a range of important intertidal organisms in 
order to detennlne if the hydrocarbons have interfered with the intertidal 
communities. 

Plants .. Eelgrass 

Considering the amounts of hydrocarbons that may have been washed into the 
shallow subtidal zone by treatment, weatheringt and storm activities, it is important 
to examine primary productivity and reproductive success of the mw.~rophytes in 
that depth zone in order to determine if the hydrocarbons have interfered with 
either of those processes. This study is particularly significant because of the 
relative importance of macrophytes in carbon production in the embayments. 

Each site will be sampled two times during the year. Seeds will be collected for 
germination studies in the laboratory. Sediments will be collected for hydorcarbon 
analysis. 

The study will compare growth, productivity, physiological condition, and 
reproductive success of eelgrass (Zostera marina) populations in oiled and unoiled 
areas of Prince William Sound. Growth will be measured as changes in 1) average 
maximum plant length and 2) average plant biomass in specific beds. Productivity 
will be measured as changes in 1) bed biomass (average plant density X average 
plant biomass) and 2) chlorophyll concentrations in specific beds. Physiological 
condition will be measured by ex'amination of chlorophyll ratios. Reproductive 
success will be evaluated through examination of patterns in 1) field seed 
germination (counting youngwof-year plants), 2) flower, spadix. ovary, and seed 
production, and 3) laboratory seed gennination. Physical and chemical 
measurements will include water .temperature, salinity, dissolved oxygen, water 
transparency. concentrations of orthophosphates and nitrates in water and sediment, 

Data and samples for the eelgrass studies will be collected twice from study sites at 
the following locations. 

Jntc<Jlidal 
Herring Bay 
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Oilyg & Ireated 

Northwest Bay Islet 

Control 

Bass Harbor 
Eshamy B.ay 



Sha]low Subtidal 
Snug Harbor 
Bay of Isles 

Infaunal Core Samples 

Shelter Bay 
Sleepy Bay 

Crab Bay 
Bass Harbor 
Stockdale Harbor 

Smaller infauna in the lower intertidal zone will be sampled with five, 0.009-m2 by 
15-cm deep cores. These cores will be preserved in the field for later laboratory 
processing to remove and identify all organisms larger than 1.0 mm. Each site will 
be sampled twice during the year. 

Oiled 
Snug Harbor 
Herring Bay 
Bay of Isles 

Invertebrates 

Clam Aae and GrQwtb 

Oiled & Treated 
Northwest Bay West Ann 
Shelter Bay 
N. Elrington Island 

Control 
Outside Bay 
Sheep Bay 
Crab Bay 
Mussel Beach 

Clams will be sampled at sites listed below. Samples will be collected from from 
excavations of randomly placed 0.25-m2 quadrats from within areas of suitable 
mixed-soft substrate. The number and condition (alive, gaping, recently dead) of all 
bivalves collected will be recorded in the field and key species (Protothaca starninea) 
may be retained for later length and age analysis. These data will be used to 
compare and contrast relationships in recruitment, size structure, and growth rates 
among oiled, oiled and treated, and control sites. Each site will be sampled once 
during the summer season. 

Oiled 
Snug Harbor 
Herring Bay 
Bay of Isles 

Mussel Growth and Condition 

Oiled & Treated 
Northwest Bay West Arm 
S. Disk Island 
Ingot Island 
Mussel Beach 

Contxgl 
Outside Bay 
Sheep Bay 
Crab Bay 
N. Elrington Island 

Mussels are a dominant filter-feeder in the intertidal zone and were subjected to 
heavy contamination in many areas of the Sound. A study of mussels is particularly 
significant because of the relative importance of mussels as a food resource for a 
broad range of vertebrate (e.g., otters, marine birds) and invertebrate predators 
(e.g., starfish, crabs, and drills) in the intertidal zone of Prince William Sound. 

' . 
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Samples of the blue mussel (Mytilys £duli~) will be collected at sites listed below. 
Samples will be collected from randomly placed 0.0625-m2 quadrats from within 
major concentrations of mussels. In the laboratory, the number and condition 
(alive, gaping, recently dead) will be recorded and shell length and whole wet 
weight will be measured. These data will be used to compare and contrast 
relationships in recruitment, size structure, and growth rates among oiled, oiled and 
treated, and control sites. 

Subsamples of mussels from each site will be archived for possible histological 
examination to detennine condition of gills, liver, kidney, digestive gland, and 
reproductive organs, as well as reproductive condition (maturity) and incidence of 
carcinomas or papillomas. M 
Each site will be sampled twice during year. Y ~ ~ 

Oiled 
NELatouche 
Snug Harbor 
Herring Bay 

Qjled & Treated 
Mussel Beach 
Northwest Bay Islet 
Shelter Bay 
Sleepy Bay 

Littorina sitkana Growth and Condition 

Control 
Bass Harbor 
Crab Bay 
EshamyBay 
Outside Bay 
HoggBay 

Littorlnes are a dominant grazer in the intertidal zone, were subjected to heavy 
contamination in many areas of the Sound, and were observed grazing on oil films. 
Because of their ubiquity and their intimate, long-tenn contact with oil (contact with 
the foot while moving on oiled rocks, gills with water-soluble fractions or 
suspended particles, and alimentary canal due to direct grazing on oiled surfaces), 
littorines provide one of the bette,r opportunities to evaluate the effects of oil on 
intertidal organism::~. · 

Samples of the periwinkle Littorina sltkana will be collected at sites listed below. 
Samples will be collected from randomly placed 0.062S-m2 quadrats from within 
major concentrations of periwinkles. In the laboratory, the number in each sample 
will be recorded and shell length and whole wet weight of each individual will be 
measured. These data will be used to compare and contrast relationships in 
recruitment, size structure, and growth rates among oiled, oiled and treated, and 
control sites. 

Subsamples of snails from each site will be archived for possible histological 
examination to detennine condition of gills, liver, kidney, digestive glandt and 
reproductive organs, as well as reproductive condition (maturity) and incidence of 
carcinomas or papillomas. 
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Each site will be sampled twice during year. 

Qikd 
Herring Bay 
Snug Harbor 
NELatouche 

· Oiled & Treated 
NWBaylslet 
S. Disk Island 
Shelter Bay 

Growth, CQndition. and Reproduction of fi.ucella species 

Control 
Bass Harbor 
Esharny Bay 
Crab Bay 
Outside Bay 

Drills are a dominant predator in the intertidal zone, feeding primarily on barnacles 
and mussels. They were subjected to heavy contamination in many areas of the 
Sound and prey mainly on organisms that were heavily oiled. Because their 
principal prey species were oiled and they have been exposed to intimate, long-tenn 
contact with oil (contact with the foot while moving on oiled rocks and gills with 
water-soluble fractions or suspended particles}, drills provide an excellent 
opportunity to evaluate the effects of oil on intertidal organisms and examine 
bioaccumulation of hydrocarbons in the food web. 

Samples of the drills Nucella lamellosa and Nucella lima will be collected at sites 
listed below. Samples will be collected randomly placed 0.25-m2 quadrats from 
within major concentrations of drills. In the laboratory, the number per sample will 
be recorded and shell length and whole wet weight of each individual will be 
measured. These data will be used to compare and contrast relationships in 
recruitment, size structure, and growth rates among oiled, oiled and treated, and 
control sites. 

Subsamples of snails from each site will be archived for possible histological 
examination to determine condition of gills, liver, kidney, digestive gland, and 
reproductive organs, as well as reproductive condition (maturity) and incidence of 
carcinomas or papillomas. 

Each site will be sampled twice during year. 

7/stgo 

Qikd 
Herring Bay 
Snug Harbor 

Oiled&fu~ 
Northwest Bay West Ann 
S. Disk Island 
Shelter Bay 

: Northwest Bay Islet 

Control 
Bass Harbor 
EshamyBay 
Crab Bay 
Outside Bay 
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S(bedule 

Sampling will take place during an approximately 2 week period of favorable low 
tides in early July and again in early September. The exact location and number of 
individual study sites may be changed depending on conditions present in the field. 

HYDROCARBON SAMPLING 

Samples will be collected at each site to detennine levels of hydfocarbon 
contamination in sediments and tissues. Samples will be labeled appropriately, 
recorded on field logs, frozen, and shipped to the specified analytical chemistry 
laboratory through appropriate channels. 

INTERTIDAL SEDIMENTS 

Intertidal sediments will be collected at each site at which mixed·soft sediments are 
sampled and as possible at each rocky site. At sites sampled commonly by the 
geological and biological program, the geological team will collect the sediments. 
At sites examined only for biological characteristi.csr sediments will be collected in 
accordance with the sampling strategy and techniques used by the geological team. 

SUBTIDAL SEDIMENTS 

Subtidal sediments will be collected at each site at which mix.ed-soft sediments are 
sampled and as possible at each rocky site. At sites sampled commonly by the 
geological and biological program, the geological team will collect the sediments. 
At sites examined only for biological characteristics, sediments will be collected in 
accordance with the sampling strategy and techniques used by the geological team. 

INTERTIDAL TISSUE SAMPLES 

Tissue samples will be collected at each site using representative species. Target 
species for collections include the invertebrates species listed above (the bivalves 
Mytilus edulis and Protothaca staminea; the snails Littorina sitkana, Nucella 
lame/losa and N. lima), and the starfish Pycnopodia helianthoides. 

DATA REPORT 

A draft report documenting physical, chemical, and biological survey results will 
completed by November 30, 1990. The report will include documentation the 
methods used for sampling and analysis of data, documentation of the location 
of sample stations and sample locations within stations, and findings for each of 
the specific study topics. 

\ ' 
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Following review and comment on the draft report, a flnal report will be 
completed February 28, 1991. Data from field surveys will be available in an 
electronic form compatible with both MS-005 or Macintosh computers. 
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Prince William Sound 

Segment ID 

AE-003 

AG-001 

BA-001 

BA-004 

BA-005 

BA-006 

BA-007 

BA-008 

BF-005 

BF-006 

BF-007 

BP-004 

CH-001 

CH-002 

CH-003 

CH-004 

CH-004 

CH-005 

CH-006 

CH-007 

CH-008 

CH-009 

CH-010 

CH-011 

CH-012 

CH-013 
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Location 

Applegate Island 

Johnson Bay 

NE Bainbridge Island 

N Bainbridge Island 
\ 

W. Bainbridge Island \-~ 
W. Bainbridge Island 

W. Bainbridge Island 

Bainbridge Passage 

E. Blue Fjord 

S. Blue Fjord 

W. Blue Fjord 

Bainbridge Passage 

E Chenega Island 

E Chenega Island 

E Chenega Island 

E Chenega Island 

E Chenega Island 

E Chenega Island 

NE Chenega Island 

NE Chenega Island 

N Chenega Island 

NE Chenega Island 

N Chenega Island 

N Chenega Island 

N Chenega Island 

N Chenega Island 

Page 1 

Land Owr/Mgr 

CACS 

CACS 

CVC/CVCS/CACS 

eves 
CACS/CVCS 

eves 
eves 
eves 
eves 
eves 
eves 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 



Prince William Sound 

Segment 10 

CH-014 

CH-015 

CH-016 

CH-017 

CH-018 

CH-019 

CH-020 

CH-021 

CH-022 

CH-023 

CH-900 

CP-001 

CR-002 

CR-005 

CU-001 

Dl-059 

Dl-061 

DP-001 

DP-002 

EB-001 

EB-006 

EB-007 

EB-008 

EB-009 

EB-010 

EB-011 
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Location 

S Chenega Island 

S Chenega Island 

S Chenega Island 

SE Chenega Island 

S Chenega Island 

S Chenega Island 

SE Chenega Island 

E Chenega Island 

S Chenega Island 

E Chenega Island 

SW Chenega Island 

Cuirass Pass 

Crafton Island 

Crafton Island 

Cuirass Island S. 

Foul Pass 

Foul Pass 

Dangerous Passage 

Dangerous Passage 

N. Eshamy 

N Eshamy Bay 

N Eshamy Bay 

S Eshamy Bay 

S Eshamy Bay 

S Eshamy Bay 

Mainland, S of Eshamy Bay 

Page 2 

Land Owr/Mgr 

eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
CACS 

CACS 

CACS 

CACS 

CACS 

CACS 

eve 
eve 
CACS 

eve 
eve 
eve 
eve 
eve 
eve 



Prince William Sound 

Segment ID 

EB-012 

EB-013 

EB-014 

EB-015 

EV-001 

EV-002 

EV-003 

EV-004 

EV-005 

EV-006 

EV-007 

EV-008 

EV-009 

EV-010 

EV-012 

EV-013 

EV-014 

EV-015 

EV-016 

EV-017 

EV-018 

EV-019 

EV-020 

EV-021 

EV-022 

EV-023 
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Location 

N Eshamy Bay 

N Eshamy Bay 

S Eshamy Bay 

S Eshamy Bay 

N Evans Island 

N Evans Island 

N Evans Island 

N Evans Island 

N Evans Island 

N Evans Island 

N Evans Island 

N Evans Island 

N Evans Island 

N Evans Island 

NE Evans Island 

NE Evans Island 

NE Evans Island 

NE Evans Island 

NE Evans Island 

NE Evans Island 

Shelter Bay, Evans Island 

Shelter Bay, Evans Island 

Shelter Bay, Evans Island 

Shelter Bay, Evans Island 

Shelter Bay, Evans Island 

Shelter Bay, Evans Island 

Page 3 

Land Owr/Mgr 

eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 



Prince William Sound 

Segment 10 

EV-024 

EV-025 

EV-026 

EV-027 

EV-028 

EV-036 

EV-037 

EV-038 

EV-039 

EV-040 

EV-050 

EV-051 

EV-056 

EV-057 

EV-060 

EV-068 

EV-070 

EV-071 

EV-072 

EV-500 

EV-900 

EW-001 

EW-900 

FL-001 

FL-002 

FL-003 
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Locat ion 

Shelter Bay, Evans Island 

Shelter Bay, Evans Island 

Shelter Bay, Evans Island 

Shelter Bay, Evans Island 

Shelter Bay, Evans Island 

NE Evans Island 

NE Evans Island 

NE Evans Island 

NE Evans Island 

NE Evans Island 

Sawmill Bay, Evans Island 

Sawmill Bay, Evans Island 

Sawmill Bay, Evans Island 

Sawmill Bay, Evans Island 

NW Evans Island 

SW Evans Island 

W Evans Island 

W Evans Island 

Shelter Bay, Evans Island 

Sawmill Bay, Evans Island 

NE Evans Island 

Ewan Bay 

S. Dangerous Passage 

Fleming Island 

Fleming Island 

Fleming Island 

Page 4 

Land Owr/Mgr 

eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eves 
eves 
eve 
eve 
eve 
eves 
eve;eves 
eves 
eve 
eve 
eve 
eve 
eve 
eve 
eve 
eve 



Prince William Sound 

Segment ID 

FL-004 

FL-008 

GA-001 

GB-001 

GB-002 

GR-001A 

GR-009 

GR-013 

GR-103 

IN-021 

IN-031 

KN-004 

KN-005 

KN-007 

KN-008 

KN-009 

KN-01 0 

KN-011 

KN-012 

KN-013 

KN-014 

KN-015 

KN-016 

KN-017 

KN-022 

KN-023 
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Location 

Fleming Island 

Fleming Island 

Gage island 

N Granite Bay 

S Granite Bay 

Green Island 

Green Island 

Green Island 

Green Island 

Ingot Island 

Foul Pass 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

Islands in Bay of Isles 

Islands in Bay of Isles 
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Land Owr/Mgr 

eve 

eve 

eve 

eve 

eve 

CAeS 

eAeS 

CAeS 

eAeS 

eAeS 

CAeS 

CAeS 

CAe 

CAe 

CAe 

CAe 

CAeS 

CAe 

CAe 

CAe 

CAe 

CAC 

CAC 

CAC 

CAC 

CAe 



Prince William Sound 

Segment ID 

KN-024 

KN-026 

KN-103 

KN-104 

KN-106 

KN-11 0 

KN-134 

KN-135 

KN-136 

KN-200 

KN-201 

KN-202 

KN-203 

KN-204 

KN-205 

KN-206 

KN-207 

KN-208 

KN-209 

KN-212 

KN-213 

KN-214 

KN-404 

KN-405 

KN-406 

KN-410 

~@!Til W£ID~cQJ®"& ©n~ ~n~~ 

&~£ID~ ~!fu©U®~Om ~!Ti7il~ll1l~ 

7/27/90 

Location 

S. Bay of Island, Knight Island 

Knight Island 

Lower Passage, Knight Island 

Louis Bay, Knight Island 

Mummy Bay, Knight Island 

Lower Passage, Knight Island 

SW Bay of Isles, Knight Island 

SW Bay of Isles, Knight Island 

SE Bay of Isles, Knight Island 

W Bay of Isles, Knight Island 

W Bay of Isles, Knight Island 

W Bay of Isles, Knight Island 

W Bay of Isles, Knight Island 

W Bay of Isles, Knight Island 

W Bay of Isles, Knight Island 

S Bay of Isles, Knight Island 

Bay of Isles, Knight Island 

W. Bay of Isles 

N. Bay of Isles 

E. Central Knight Island 

E. Central Knight Island 

E. Central Knight Island 

SE Knight Island 

S. Knight Island 

SE Knight Island 

Hogan Bay, Knight Island 
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Land Owr/Mgr 

eAC 

eAe 

CAeS 

eAeS 

eAeS 

eAeS 

eAe 

eAC 

eAC · 

eAC 

eAe 

eAe 

eAC 

CAe 

eAC 

eAC 

eAC 

eAC 

CAC 

CAe 

eAC 

CAC 

eves 

CVC/eACS/CVeS 

CVC/CVCS 

eve 



Prince William Sound 

Segment ID 

KN-411 

KN-412 

KN-413 

KN-505 

KN-575 

KN-577 

KN-578 

KN-579 

KN-598 

KN-601 

KN-603 

KN-604 

KN-605 

KN-606 

KN-607 

KN-608 

KN-700 

KN-701 

KN-702 

KN-704 

KN-705 

LA-015 

LA-016 

LA-017 

LA-018 

LA-019 

~@Uil ~~~cQ]~ ©0~ ~0~~ 

~~~WYID ~llil©[]'@~Om ~!TiJj)~lrilU© 

7/27/90 

Location 

Hogan Bay, Knight Island 

Hogan Bay, Knight Island 

Hogan Bay, Knight Island 

N. Knight Island 

Drier Bay, Knight Island 

Copper Bay, Knight Island 

Lower Passage 

Copper Bay, Knight Island 

Long Channel, Knight Island 

Mummy Bay 

Mummy Bay 

S. Knight Island 

Mummy Bay, Knight Island 

S. Knight Island 

S. Knight Island 

S. Knight Island 

Marsha Bay, Knight Island 

Marsha Bay, Knight Island 

Marsha Bay, Knight Island 

Marsha Bay, Knight Island 

E. Central Knight Island 

NE Latouche Island 

Sleepy Bay, Latouche Island 

Sleepy Bay, Latouche Island 

Sleepy Bay, Latouche Island 

Sleepy Bay, Latouche Island 
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Land Owr/Mgr 

eve 

eve 

eve 

eAC 

eAC/CACS 

eAC 

eACS 

eAC 

eACS 

eACS 

eACS 

eve 

eve 

eve 

eve 

CVC/CACS 

eAC 

CAC 

eAC 

eAC/CACS 

eAC 

eve 

eve 

eve 

eve 

eve 



Prince William Sound 

Segment 10 

LA-020 

LA-021 

LA-022 

LA-025 

LA-026 

LA-027 

LA-028 

LA-029 

LA-030 

LA-031 

LA-035 

LA-036 

LA-037 

LA-038 

LA-039 

LA-040 

LA-041 

LA-042 

LA-043 

MA-001 

MA-004 

MA-005 

MA-015 

MU-001 

NJ-001 

No Segment 

~@[]'[) ~~~@]~ ©~~ ~~~~~ 

&~~~ ~llil@U'®~ tl[]'[)@ ~ITiJil[llft®[]'[)\1® 
-

7/27/90 

Location 

Sleepy Bay, Latouche Island 

NW Latouche Island 

NW Latouche Island 

SE Latouche Island 

SE Latouche Island 

SE Latouche Island 

NE Latouche Island 

NE Latouche Island 

NE Latouche Island 

NE Latouche Island 

NW Latouche Island 

NW Latouche Island 

SW Latouche Island 

SW Latouche Island 

SW Latouche Island 

SW Latouche Island 

SW Latouche Island 

SE Latouche Passage 

W Latouche Island 

N. of Main Bay 

N. of Main Bay 

W. of Main Bay 

Main Bay 

Mummy Island 

Shipyard Bay 

Long Bay 1 
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Land Owr/Mgr 

eve 

eve 

eve 

eAe 

eAe 

eAe 

eAe 

eAe 

eAe 

eAe/eVC 

eAe/CVC 

eAe 

eAe 

eAC 

eAe 

CAe 

eAeS/eAC 

eAeS/eAC 

eAe 

eAeS 

eAeS 

CAeS 

eAeS 

eAeS 

eAeS 

CAeS 



' .· .. - ... 

Prince William Sound 

Segment 10 

NY-001 

PA-001 

PL-001 

PN-001 

PN-002 

PN-003 

PN-004 

PN-005 

PR-001 

SL-001 

®m©lril WtiD~@l~ ©~~ ~[l?.l~~~ 

.%~tiD~ ~!li1@!1'®~~(11'@ ~!Tiiil~UilU® 

7/27/90 

Location 

Islands W. of Knight Island 

N Paddy Bay 

Pleiades Island 

Point Nowell 

Point Nowell 

Point Nowell 

Point Nowell 

Point Nowell 

SE Perry Island 

Squirrel Island 
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Land Owr/Mgr 

eAeS 

eve 

eve 

eve 

eve 

eve 

eve 

eve 

CACS 

CACS 



Completed Subdivisions 7/29/90 

Prince William Sound Completed Subdivisions 
Subdivision I D Sector Completed Bio Bio Start 8io End Man Man Start Man End Land Owner 
AE001A A 6/9/90 X 6/9/90 6/9/90 X 5/17/90 5117/90 NFS 
AE002A A 6/9/90 X 6/9/90 619190 X 6/6/90 6/6/90 NFS 
AE004A A 6/15/90 X 6/14/90 6/15/90 X 6/1/90 6/4/90 NFS 
AE004B A 6/15/90 X 6/9/90 6/15/90 X 6/2/90 6/3/90 NFS 
AE005A A 6/17/90 X 6/15/90 6/17/90 X 5/17/90 5/23/90 NFS 
AE0058 A 7/8/90 X 718190 7/8190 X 6/3/90 6/3/90 NFS 
AE005C A 6/15/90 X 6/15/90 6/15/90 X 6/5/90 6/6/90 NFS 
AE007A A 5123/90 X 5/23/90 5/23/90 NFS 
AG001A D 7/15/90 X 7/15/90 7/15/90 NFS 
AG009A D 7/14/90 X 7/14/90 7/14/90 X 5/13/90 5/13/90 NFS 
AG009B D 5/13/90 X 5113/90 5/13/90 NFS 
BA001B A 6/22/90 X 6/22/90 6/22/90 NFS 
BA001e A 6/22/90 X 6/22/90 6/22190 X 6/22/90 6/22/90 NFS 
BA001E A 6/23/90 X 6/23/90 6/23/90 NFS 
BA007A A 5/29/90 X 5/29/90 5/29/90 NFS 
BA008A A 6/23/90 X 6/23/90 6/23/90 NFS 
BL012A 8 7/23/90 X 7/23/90 7/23/90 X 7/23/90 7/23/90 NFS 
eH001A A 7/3/90 X 7/3/90 713190 X 6/16/90 6/16/90 eve 
eH002A A 7/3/90 X 7/3/90 7/3/90 X 6/14/90 6/14/90 eve 
eH002B A 7/3/90 X 7/3/90 7/3/90 X 6/15/90 6/17/90 eve 
eH003A A 7/3/90 X 7/3/90 713190 eve 
eH008A A 713190 X 7/3/90 7/3/90 X 6/17/90 6/17/90 eve 
eH009A A 7/4/90 X 7/4/90 7/4/90 eve 
eH0098 A 7/19/90 X 7/19/90 7/19/90 X 7/19/90 7/19/90 eve 
eH010A A 7/19/90 X 7/19/90 7/19/90 X 7/19/90 7/19/90 eve 
eH0108 A 7/3/90 X 7/3/90 713190 X 6/19/90 6/19/90 eve 
eH010e A 7/19/90 X 7/19/90 7/19/90 eve 
eH011A A 7/20/90 X 7/19/90 7/19/90 X 7/19/90 7/20/90 eve 
eH012A A 7/20/90 X 7120190 7/20/90 X 6/21/90 7/20/90 eve 
eH013A A 7/20/90 X 7/20/90 7/20/90 X 7/20/90 7/20/90 eve 
eH015A A 6/20/90 X 6/20/90 6/20/90 eve 
eH016A A 7/3/90 X 7/3/90 713190 X 6/20/90 6/20/90 eve 
eH020A A 7/3/90 X 7/3/90 713190 X 6/20/90 6/20/90 eve 
eP001A A 6/9/90 X 6/6/90 6/9/90 NFS 
eR001A A 6/5/90 X 6/5190 6/5190 NFS 
eR002C A 6/6/90 X 6/6/90 6/6/90 X 615190 6/5190 NFS 
eR005A A 6/6/90 X 6/6/90 6/6/90 X 5/28/90 5/28/90 NFS 
eR005B A 6/6/90 X 6/6/90 6/6/90 X 5/28/90 5128/90 NFS 
eR005E A 5127/90 X 5/27/90 5/27/90 NFS 
eU001A A 6/13/90 X 6/9/90 6/13/90 X 5/18/90 5/23/90 NFS 
eU003A A 6/9/90 X 6/9/90 6/9/90 X 5/29/90 5/29/90 NFS 
eU007A A 7/8/90 X 718190 718190 X 6/22/90 6/22/90 NFS 
eU010A A 7/14/90 X 7/12/90 7/14/90 NFS 
eU011A A 6/8/90 X 618190 618190 X 5129/90 6/5/90 NFS 
eU013A A 6/7/90 X 6/7/90 617190 X 612190 6/3/90 NFS 
eU017A A 717190 X 717190 7nt9o X 6/21/90 6/21/90 NFS 
DA001A c 7/18/90 X 7/18/90 7/18/90 X 5/13/90 7/17/90 NFS 
DI059A 8 5/27/90 X 5/27/90 5127/90 X 5/12/90 5/12/90 NFS 
DI062A 8 5/27/90 X 5/27/90 5127/90 X 5/12/90 5113/90 NFS 
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Completed Subdivisions 7/29/90 

DI063A B 7/9/90 X 7/9/90 719190 X 6/11/90 6111/90 NFS 
DI064A B 5129190 X 5/29/90 5129190 X 5/29/90 5129190 NFS 
010648 B 7/10/90 X 719190 7/10/90 X 5/29/90 5/29/90 NFS 
DI065A B 7/15/90 X 7/15/90 7/15/90 X 7/15/90 7/15/90 NFS 
DI066A B 7/15/90 X 7/15/90 7/15/90 X 7/15/90 7/15/90 NFS 
DI067A B 5110/90 X 5/9/90 5110/90 NFS 
DI068A B 5/12190 X 5/12190 5112190 NFS 
DI069A B 5/27/90 X 5127190 5/27/90 X 5/13/90 5114/90 NFS 
EB004A A 5/25/90 X 5125/90 5125/90 NFS 
EB006A A 512190 X 512190 512190 NFS 
EB008A A 5126190 X 5/26/90 5126/90 eve 
EB010A A 6/10/90 X 6/6/90 6/6190 X 616190 6110/90 eve 
EB011A A 613/90 X 6/3/90 6/3/90 X 6/3/90 6/3/90 eve 
EB013A A 6/1/90 X 5/31/90 611/90 eve 
EB015A A 5/31/90 X 5131/90 5/31/90 eve 
EL010A B 719190 X 715190 719190 X 5/5/90 515190 NFS 
EL011A B 715190 X 7/5/90 715190 X 5113/90 5114/90 NFS 
EL013A B 7/14/90 X 7/13/90 7/14/90 X 7/13/90 7/14/90 eve 
EL013B B 7/20/90 X 7/20/90 7/20/90 X 7/13/90 7/13/90 eve 
EL015A B 5/25/90 X 5/24/90 5/25/90 NFS 
EL052A B 6/28/90 X 6128/90 6/28/90 X 5125/90 5/25/90 NFS 
EL052B B 6/28/90 X 6128/90 6128/90 X 5122190 5/22190 NFS 
EL053A B 7/19/90 X 7/19/90 7/19/90 X 7/19/90 7/19/90 NFS 
EL053B B 7/12190 X 7/12190 7/12190 X 7/12190 7/12190 NFS 
EL054A B 6/27/90 X 6/27/90 6127190 X 5125/90 5/25/90 NFS 
EL055A B 6/24/90 X 6/24/90 6/24/90 X 6/8190 618190 NFS 
EL055B B 6/24/90 X 6/24/90 6124190 X 5/22190 5122190 NFS 
EL055C B 6124/90 X 6/24/90 6/24/90 X 6/8190 618190 NFS 
EL056A B 6127190 X 6/27/90 6127190 NFS 
EL056B B 7/14/90 X 7/14/90 7/14/90 X 7/14/90 7/14/90 NFS 
EL056e B 6/26/90 X 6126/90 6126/90 X 5/20/90 5120190 NFS 
EL056D B 6/27/90 X 6127190 6/27/90 X 5120190 5/20/90 NFS 
EL057A B 6/26/90 X 6/26/90 6/26/90 X 5119/90 5/19/90 NFS 
EL058A B 6/27/90 X 6127190 6127190 X 5/19/90 5119/90 NFS 
EL058B B 6/27/90 X 6127190 6/27/90 X 5119/90 5119/90 NFS 
EL058e B 6127190 X 6/27/90 6/27/90 X 5120190 5/20/90 NFS 
EL058D B 7/19/90 X 7/19/90 7/19/90 X 7/12190 7/13/90 NFS 
EL102A B 7/14/90 X 7/14/90 7/14/90 NFS 
EL102B B 7/14/90 X 7/14/90 7/14/90 X 7/14/90 7/14/90 NFS 
EL104e B 6118/90 X 6118/90 6118/90 NFS 
EL106B B 7/12190 X 7/12190 7/12190 X 6125/90 6/28/90 NFS 
EL106e B 715190 X 7/5/90 7/5/90 NFS 
EL107A B 7/12190 X 7/12190 7/12190 X 6/23/90 6/25/90 NFS 
EL107B B 7/11/90 X 7/11/90 7/11/90 X 6/25/90 6/25/90 NFS 
EL107e B 7/11/90 X 7/11/90 7/11/90 X 5123/90 5123190 NFS 
EL108A B 4/29/90 X 4/28/90 4/29/90 NFS 
EL108e B 7/11/90 X 7/11/90 7/11/90 X 6/26/90 6/26/90 NFS 
EL109A B 7/11/90 X 7/11/90 7/11/90 X 5123190 5/24/90 NFS 
EL110A B 715190 X 7/5/90 715190 X 5123190 5123/90 NFS 
EN046A B 7/12190 X 7/12190 7/12190 X 6126190 6/26/90 NFS 
EN046B B 6/26/90 X 6/26/90 6/26/90 NFS 
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Completed Subdivisions 7/29/90 

EA001A e 5130190 X 5/30/90 5130190 DNA 
EA002B e 6/22190 X 6/22190 6122190 X 6/2190 612190 NFS 
EA005A e 6/21/90 X 6/21/90 6121/90 NFS 
EA006A e 6/21/90 X 6/21/90 6121/90 NFS 
EA007A e 6/14/90 X 6/14/90 6114/90 X 612190 6/4/90 DNA 
EA008A e 6/14/90 X 6/14/90 6114/90 X 5130190 5131/90 NFS 
EA009A e 7/18/90 X 6115/90 7/18/90 X 5/31/90 5/31/90 NFS 
EA010A e 6/16/90 X 6/15/90 6116/90 X 5/30/90 5/30/90 NFS 
EA011A e 6115/90 X 6/15/90 6115/90 X 5130190 6/1/90 NFS 
EA012B e 6115/90 X 6/15/90 6115190 X 613190 613/90 NFS 
EA018A e 6/19190 X 6119190 6119190 NFS 
EA020A e 6/22190 X 6/22190 6122190 DNA 
EV001A e 6127/90 X 6/27/90 6/27/90 eve 
EV002A e 7/5/90 X 715190 7/5/90 X 6127190 6/27/90 eve 
EV003A e 6121/90 X 6119/90 6121/90 X 6110190 6110/90 eve 
EV005A e 6/21/90 X 6/19190 6121/90 X 617190 617190 eve 
EV005B e 6/21/90 X 6/19/90 6/21190 X 6/9/90 6/9/90 eve 
EV005e e 6/7/90 X 6/7/90 617190 eve 
EV008B e 612190 X 6/2190 612190 eve 
EV009A e 6/2190 X 6/2190 612190 eve 
EV010A e 6/3/90 X 6/2190 613190 eve 
EV010B e 6/16/90 X 6116/90 6116/90 eve 
EV012A e 7/1/90 X 616190 7/1/90 X 512190 6/23/90 eve 
EV014A e 6123/90 X 6/23/90 6123/90 X 6/23/90 6/23/90 eve 
EV015A e 6/6/90 X 6/6/90 616190 X 6/3/90 6/3/90 eve 
EV017A e 5/15/90 X 5/15/90 5/15190 eve 
EV018A e 6/8/90 X 616190 618190 eve 
EV020A e 715190 X 7/4/90 715190 X 6128190 6/28/90 eve 
EV021A e 6/8/90 X 6/8/90 6/8/90 X 5111/90 5114/90 eve 
EV023A e 5110190 X 519/90 5110/90 eve 
EV024A e 619190 X 6/8/90 618190 X 616190 619190 eve 
EV025A e 5117/90 X 5115190 5117/90 eve 
EV026A e 6110190 X 6/9/90 6110190 X 612190 612190 eve 
EV027A e 5/16190 X 5/16/90 5/16/90 eve 
EV028A e 7/3/90 X 7/3/90 713190 X 612190 6/2190 eve 
EV037A e 7/19/90 X 714190 7/19/90 X 6115/90 7/19/90 eve 
EV039A e 7/17190 X 7/4/90 7117190 X 6/9/90 7/17/90 eve 
EVOSOB e 6/13190 X 6/9/90 6113/90 X 6/5/90 6/5190 NFS 
EV050C e 6113190 X 6/9/90 6113/90 NFS 
EV051A e 6113/90 X 6/9/90 6/13/90 X 6/5/90 6/5190 NFS 
EV052A e 7/3/90 X 7/3/90 7/3/90 X 6/17/90 6/17/90 NFS 
EV053B e 7/3/90 X 713190 7/3/90 X 6118/90 6118/90 NFS 
EV053D e 6/5/90 X 6/5/90 6/5/90 NFS 
EV054A e 6/13/90 X 6/13190 6113190 X 6/4/90 6/4/90 NFS 
EV060A e 7/3/90 X 7/3/90 7/3/90 X 6129190 6130190 eve 
EV060B e 7/3/90 X 7/3/90 713190 X 6/30/90 6/30/90 eve 
EV070D e 6/10190 X 6110190 6/10/90 X 612190 612190 NFS 
EV070E e 6/28190 X 6127/90 6/28/90 NFS 
EV070F e 6112190 X 6/12190 6112190 NFS 
EV070G e 6111/90 X 6/11190 6/11190 X 6110190 6/11/90 NFS 
EV070H e 6118/90 X 6118/90 6/18/90 NFS 
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Completed Subdivisions 7/29/90 

EV072A c 6129190 X 6/29/90 6/29/90 X 6128/90 6129190 eve 
FA002A A 5128/90 X 5127/90 5/28/90 NFS 
FL001A c 6/11/90 X 6/11/90 6/11/90 X 512190 512/90 eve 
FL002A c 6111/90 X 6/11/90 6/11/90 X 5117/90 5/17/90 eve 
FL004A c 6/30/90 X 6/29/90 6/30/90 X 6119/90 6/21/90 eve 
FL004B c 6/29/90 X 6/29/90 6/29/90 X 6/19/90 6/19/90 eve 
FL005B c 6/30/90 X 6/30/90 6/30/90 eve 
GR001AA E 7/15/90 X 7/13/90 7/15/90 X 6128190 6/29/90 NFS 
GR001BA E 7/15/90 X 7/15/90 7/15/90 X 6/28/90 6/29/90 NFS 
GR007A E 6/28/90 X 6/27/90 6/28/90 X 6/27/90 6/27/90 NFS 
GR008A E 6127190 X 6/25/90 6127190 X 6/25/90 6/25/90 NFS 
GR009A E 6/29/90 X 6/25/90 6/29/90 X 6/25/90 6/25/90 NFS 
GR010A E 6/29/90 X 6/27/90 6/29/90 X 6/27/90 6/27/90 NFS 
GR015A E 7/15/90 X 7/15/90 7/15/90 NFS 
GR103A E 6/24/90 X 6/24/90 6/24/90 X 6/24/90 6/24/90 NFS 
GR103B E 6/28/90 X 6/26/90 6/28/90 X 6/26/90 6/26/90 NFS 
GR103C E 6/27/90 X 6/25/90 6/27/90 X 6/25/90 6/26/90 NFS 
GR104A E 6/28/90 X 6/28/90 6/28/90 NFS 
GR300A E 6/27/90 X 6/27/90 6/27/90 NFS 
GR301B E 6/28/90 X 6128/90 6/28/90 NFS 
GR302A E 6/28/90 X 6127190 6/28/90 X 6/27/90 6127190 NFS 
IN020A B 718190 X 7/7/90 718190 X 6/29/90 6/29/90 NFS 
IN022A B 5/31/90 X 5131/90 5131/90 X 516/90 517/90 PG 
IN022B B 717190 ¥ 717190 7nt90 X 6/10/90 6/11/90 NFS 
IN023A B 7/7/90 X 7nt9o 7nt90 X 6/10/90 6/10/90 NFS 
IN024B B 718190 X 718190 718190 X 6110/90 6/10/90 NFS 
IN024C B 6/10/90 X 6/10/90 6/10/90 NFS 
IN028A B 7/8190 X 718190 7/8190 NFS 
IN029A B 7/10/90 X 7/10/90 7/10/90 X 6/30/90 6/30/90 NFS 
IN030A B 7!8190 X 7/8190 718190 NFS 
IN031A B 518190 X 516190 5/8190 NFS 
IN031B B 5129/90 X 5129/90 5/29/90 X 5/6/90 5/8190 NFS 
IN032A B 7110190 X 7/9/90 7/10/90 X 6/9/90 6/9/90 NFS 
IN033B B 7/20/90 X 7/20/90 7/20/90 X 7120190 7120190 NFS 
KN0004A E 6121/90 X 6/21/90 6121/90 X 5/29/90 5/29/90 CAC 
KN0005B E 6/22190 X 6/22190 6/22190 X 5/23/90 5/27/90 CAC 
KN0006A E 5/30/90 X 5/30/90 5/30/90 NFS 
KN0007A E 6/21/90 X 6/21/90 6/21/90 X 618190 6/8190 CAC 
KN0008A E 5/31/90 X 5/30/90 5/31/90 CAC 
KN0009A E 6/23/90 X 6/22/90 6/23/90 X 616190 6/9/90 CAC 
KN0011A E 6/21/90 X 6/21/90 6121/90 X 6/5190 6/5190 CAC 
KN0012A E 6/21/90 X 6/21/90 6/21/90 X 6/3/90 6/4/90 CAC 
KN0013A E 6/21/90 X 6/21/90 6/21/90 X 6/3/90 6/4/90 CAC 
KN0014A E 6/21/90 X 6/21/90 6/21/90 X 6/1/90 6/1/90 CAC 
KN0016A E 7/21/90 X 7/21/90 7/21/90 X 519/90 7/21/90 NFS 
KN0019A E 6122190 X 6/22/90 6/22190 X 614190 6/4/90 NFS 
KN0023A E 6122190 X 6/22190 6/22/90 X 619/90 6/9/90 CAC 
KN0024A E 7/22190 X 7122190 7/22190 X 7/22190 7122190 CAC 
KN0101A B 7/5190 X 7/5190 715190 NFS 
KN0102A B 5/22190 X 5122190 5122/90 X 515/90 517190 NFS 
KN0103A B 7/12190 X 5111/90 7/12190 NFS 
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KN0104A B 7/13/90 X 7/13190 7/13190 X 514/90 7/11/90 NFS 
KN0104B B 7/10/90 X 7/10/90 7/10/90 NFS 
KN0105A B 5111/90 X 5111/90 5111/90 NFS 
KN0105B B 5126190 X 5126190 5126190 X 5111/90 5111190 NFS 
KN0106A B 5126190 X 5126190 5/26/90 X 5/16/90 5/16/90 NFS 
KN01068 B 5116/90 X 5116/90 5116/90 NFS 
KN0106D 8 5116/90 X 5/16190 5/16/90 NFS 
KN0107A B 715190 X 7/5/90 7/5/90 NFS 
KN01078 B 7/13/90 X 7/13190 7/13190 X 7/12190 7/13/90 NFS 
KN0109A D 7/28/90 X 5/25190 7/28/90 X 5125190 5/25/90 NFS 
KN0110A D 7/8/90 X 715190 718190 X 7/5/90 7/5/90 NFS 
KN0111A D 7/19/90 X 7/17190 7/19/90 X 7/15/90 7/18/90 NFS 
KN0112A D 712190 X 7/2/90 712190 NFS 
KN0112B D 712190 X 712190 712190 NFS 
KN01138 D 7/19/90 X 7/19190 7/19/90 NFS 
KN0114A D 712190 X 7/1/90 712190 X 5/3/90 5/3/90 NFS 
KN0115A D 7117190 X 7/17190 7/17/90 X 7/17/90 7/17/90 NFS 
KN0116A D 5/23/90 X 5123190 5/23/90 X 5/3/90 5/3/90 NFS 
KN0117A D 5/23/90 X 5/23190 5/23/90 X 512190 5/2190 NFS 
KN0118A D 6/1/90 X 6/1/90 6/1/90 NFS 
KN0119A D 6/1/90 X 6/1/90 6/1/90 X 5/2190 512190 NFS 
KN0121A D 7/1/90 X 7/1/90 7/1/90 X 5131/90 5/31/90 NFS 
KN0123B D 5/31/90 X 5/24190 5/24/90 X 5131/90 5/31/90 NFS 
KN0124A D 5120190 X 5/19190 5/20/90 NFS 
KN0125A D 6130190 X 6/30190 6130190 X 5131190 5/31/90 NFS 
KN0126A D 6/30/90 X 6/30/90 6/30/90 X 5130190 5/30/90 NFS 
KN0127A D 5130190 X 5130190 5/30/90 NFS 
KN0127B D 7/15/90 X 7/15190 7/15/90 X 7/15/90 7/15/90 NFS 
KN0127C D 6/30/90 X 6/30/90 6/30/90 X 5129190 5129190 NFS 
KN0128A D 6/30/90 X 6130190 6/30/90 X 519190 519190 NFS 
KN0129A D 6/19/90 X 6/19190 6119190 X 5130190 5/30/90 NFS 
KN0129B D 6/19/90 X 6/19190 6/19/90 X 5130190 5/30/90 NFS 
KN0131A D 6/1/90 X 6/1/90 6/1/90 X 519/90 5/9/90 NFS 
KN0132A D 5/29/90 X 5129190 5129190 NFS 
KN01328 D 7/12190 X 612190 7/12190 X 5126/90 5/29/90 NFS 
KN0132C D 6/19/90 X 6/19190 6/19190 X 5129190 5129190 NFS 
KN0132D D 6130190 X 6130190 6/30190 X 5/29/90 5129190 NFS 
KN0133A D 6/30/90 X 6130190 6/30/90 X 5110/90 5/13/90 NFS 
KN0134A E 6/23/90 X 6/23190 6/23/90 X 5123/90 5/26/90 NFS 
KN0135A E 6/23/90 X 6/23190 6/23/90 X 5118190 5121/90 CAC 
KN01358 E 5/21190 X 5/21/90 5121190 X 5115/90 5/18/90 CAC 
KN0141A D 7/1/90 X 7/1/90 7/1/90 X 513/90 5/3/90 NFS 
KN01418 D 513/90 X 513/90 5/3/90 NFS 
KN0145A D 5125/90 X 5/25190 5/25/90 NFS 
KN0200A E 6/20/90 X 6/20190 6120190 X 5114/90 5/14/90 CAC 
KN0201A E 6/21/90 X 6120190 6/21/90 X 5131/90 6/1/90 CAC 
KN0202A E 6/1/90 X 5131/90 6/1/90 CAC 
KN0204A E 6/1/90 X 6/1/90 6/1/90 CAC 
KN02058 E 6/4/90 X 6/1/90 6/4/90 X 6/1/90 6/4/90 CAC 
KN0206A E 6/22190 X 6/22190 6/22190 X 6/4/90 6/6/90 CAC 
KN02078 E 7122190 X 7122190 7/22190 CAC 
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KN0208A E 7/22190 X 7/22190 7/22190 X 7/22190 7/22190 NFS 
KN0209B B 7/12190 X 7/12190 7/12190 X 6/26/90 6126/90 NFS 
KN0211 E E 7/13/90 X 5/30/90 7/13/90 X 5/30/90 7/9/90 NFS 
KN0212A E 7/22190 X 7/22190 7/22190 X 5/15/90 5115/90 CAC 
KN02't3B E 716190 X 716190 716190 X 716190 716190 CAC 
KN0300A D 7/11/90 X 7/11/90 7/11/90 X 5/2/90 512/90 NFS 
KN0400A E 7/24/90 X 7/24/90 7/24/90 X 519/90 519/90 NFS 
KN0401A E 7/26/90 X 7/26/90 7/26/90 X 7/26/90 7/26/90 NFS 
KN0402A E 7/14/90 X 7/14/90 7/14/90 NFS 
KN0403A E 7/25/90 X 7/24/90 7/25/90 X 5111/90 7/25/90 NFS 
KN0403B E 7/14/90 X 7/14/90 7/14/90 NFS 
KN0405A E 7/25/90 X 7/25/90 7/25/90 X 7/17/90 7/20/90 eve 
KN0410A E 7/20/90 X 7/20/90 7/20/90 eve 
KN0411A E 7/20/90 X 7/20/90 7/20/90 eve 
KN0412A E 7/25/90 X 7/25/90 7/25/90 eve 
KN0413A E 5113/90 X 5/13/90 5113/90 eve 
KN0500A D 7/7/90 X 717190 717190 X 717190 7/7/90 NFS 
KN0500B D 7/20/90 X 7/5/90 7/20/90 X 715190 7/20/90 NFS 
KN0501A D 7/13/90 X 7/12190 7/13/90 X 7/10/90 7/10/90 NFS 
KN0502A D 7/13/90 X 7/12190 7/13/90 X 7110190 7/11/90 NFS 
KN0503A D 7/12190 X 7/11/90 7/12190 X 7/11/90 7/11/90 NFS 
KN0505A D 7/13/90 X 7/13/90 7/13/90 X 7/11/90 7/12190 NFS 
KN0508A D 7/13/90 X 7/11/90 7/13/90 X 5/6190 516190 NFS 
KN0509A D 7/12190 X 7/12190 7/12190 NFS 
KN0510A D 7/12190 X 7/12190 7/12190 NFS 
KN0552A D 7/12190 X 7/12190 7/12190 NFS 
KN0574A D 5/13/90 X 5/13/90 5/13/90 NFS 
KN0576B D 7/16/90 X 7/16/90 7/16/90 NFS 
KN0578A D 7/16/90 X 7/16/90 7/16/90 NFS 
KN0608A D 7/20/90 X 7/20/90 7/20/90 eve 
KN0700A E 7/24/90 X 7/24/90 7/24/90 CAC 
KN0701A E 5125/90 X 5/25/90 5125/90 CAC 
KN0701B E 7/28/90 X 7/28/90 7/28/90 X 5/26/90 7/28/90 CAC 
KN0701C E 5126/90 X 5126/90 5126/90 CAC 
KN0702A E 7/28/90 X 7/26/90 7/28/90 X 7/24/90 7/26/90 CAC 
KN0702B E 7/28/90 X 7/24/90 7/28/90 X 7/25/90 7/26/90 CAC 
KN0703A E 7/27/90 X 7/27/90 7/27/90 X 7/24/90 7/26/90 CAC 
KN0704A E 7/26/90 X 7/26/90 7/26/90 CAC 
KN5002A D 7110190 X 7/10/90 7/10/90 X 7/10/90 7/10/90 NFS 
KN5002B D 7/10/90 X 7/10/90 7/10/90 X 5/9/90 519/90 NFS 
KN5012A D 7/10/90 X 7/10/90 7/10/90 X 7/10/90 7/10/90 NFS 
LA015B c 7/3/90 X 7/3/90 7/3/90 X 6/28/90 713/90 eve 
LA015D c 6/14/90 X 6/12190 6114/90 eve 
LA016A c 7/6/90 X 7/5190 7/6/90 X 6/12190 6/12190 eve 
LA017A e 716190 X 7/6/90 716190 X 6116/90 6/17/90 eve 
LA020B c 7/17/90 X 7/17/90 7/17/90 X 5123/90 5124/90 eve 
LA021A c 7/6/90 X 7/6/90 7/6/90 X 6/13/90 6113/90 eve 
LA021B c 6/17/90 X 6/17/90 6/17/90 eve 
LA023A e 5/25/90 X 5/25/90 5125/90 eve 
LA024A c 611/90 X 6/1/90 611/90 eve 
LA033A c 7/17/90 X 7/17/90 7/17/90 X 5/9/90 5/12190 NFS 
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Completed Subdivisions 7/29/90 

LA038A c 6117/90 X 6117/90 6117/90 X 5/12190 5/12190 CAC 

LA039A c 5123/90 X 5/23190 5/23/90 CAC 
LN001A A 7/21/90 X 7/21/90 7/21/90 X 617190 617190 NFS 
LN002A A 6128/90 X 6/28/90 6128/90 X 6123190 6/23/90 NFS 
LN004A A 618190 X 6ni90 6/8190 NFS 
LN005A A 6128/90 X 6128/90 6128190 X 618190 618190 NFS 
LN006A B 6128/90 X 6128190 6128190 X Gn/90 618190 NFS 
LN007A A 6128/90 X 6128/90 6128/90 X 6nl90 6/7/90 NFS 
LN008A A 6128190 X 6128190 6128/90 X 617/90 6/7/90 NFS 
MA001A A 7120190 X 7120190 7120190 DNR 
MA002A A 617190 X 6/7/90 6/7/90 X 617/90 6/7/90 DNR 
MA003A A 5/3/90 X 5/3/90 5/3/90 DNR 
MA004A A 6/4/90 X 6/4/90 614/90 X 5/2/90 5/2190 NFS 
MA006A A 5/29/90 X 5/29/90 5/29/90 PG 
MA009A A 617!90 X 6/7/90 617/90 X 5/24/90 5/24/90 NFS 
MA010A A 6/4/90 X 614/90 614/90 X 611/90 612190 NFS 
MN001A E 7/23/90 X 7/23190 7/23/90 NFS 
MN002A E 7/21/90 X 7/21/90 7/21/90 X 7/21/90 7/21/90 NFS 
MN003A E 7/24/90 X 7/24/90 7124190 NFS 
MN006A E 7/24/90 X 7/24/90 7124190 NFS 
MN007B E 7/23/90 X 7123190 7123190 X 7123190 7/23/90 NFS 
MN500B E 7/22190 X 7/22190 7122190 X 7/22190 7/22190 NFS 
MU001A D 6129190 X 6129190 6/29/90 X 6124190 6/24/90 NFS 
MU001B D 6129190 X 6129190 6/29190 X 6124190 6124190 NFS 
MU001C D 6129190 X 6129190 6129190 X 6/26/90 6/29/90 NFS 
MU002A D 6127190 X 6126190 6127190 NFS 
MU002B D 6129190 X 6129190 6129190 X 6127190 6/29/90 NFS 
MU003A D 6129190 X 6129190 6/29/90 X 6/27190 6127190 NFS 
MU900A D 5/13/90 X 5/13/90 5/13/90 NFS 
NA005A B 7/9/90 X 7/9/90 7/9/90 DNR 
NA006A B 7/9/90 X 7/9/90 719190 NFS 
NA006B B 7/9/90 X 7/9/90 7/9/90 NFS 
NA006C B 7/12190 X 7/9/90 7/12190 X 7/9/90 7/11/90 NFS 
NA021B B 7/8190 X 718190 7!8190 NFS 
NA023A B 7/8190 X 7/8190 718190 DNR 
NA024A B 7/8190 X 718190 718190 NFS 
NA024F B 7/10/90 X 7/8190 7/10/90 X 718190 7/9/90 NFS 
NA025A B 718190 X 718190 718190 DNR 
NA026B B 718190 X 718190 718190 NFS 
NA027A B 7/9/90 X 7/9/90 7/9/90 DNR 
NJ001A A 5/4/90 X 5/3/90 5/4/90 DNR 
NJ002A A 7120190 X 7120190 7120190 PWS 
PN004A A 7/19/90 X 7/19/90 7/19/90 X 5/3/90 5/3/90 eve 
PN005A A 7/19/90 X 7/19/90 7/19/90 eve 
PR002A A 7/25/90 X 716190 7/6/90 X 6/9/90 7/25/90 NFS 
PR003A A 7/6/90 X 7/6/90 7/6/90 X 616/90 6/6/90 NFS 
PR003B A 7/6/90 X 716190 716190 X 6/6/90 6/8190 NFS 
PR003C A 618190 X 6/8/90 6/8/90 NFS 
PR003D A 7/6/90 X 7/6/90 7/6/90 NFS 
PR005A A 7/21/90 X 7/21/90 7/21/90 X 7/11/90 7/11/90 NFS 
PR005B A 618190 X 6/8190 6/8190 X 618190 6/8190 NFS 
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PR005C A 7/6/90 X 7/6/90 7/6/90 NFS 
PR006A A 7/11/90 X 7/11/90 7/11/90 NFS 
PR007A A 7/6/90 X 7/6/90 716190 X 619190 6/9/90 NFS 
PR008A A 7/6/90 X 716190 716190 NFS 
PR008B A 7/6/90 X 7/6/90 716190 X 6/11/90 6/12190 NFS 
PR008C A 716190 X 7/6/90 716/90 X 6/11/90 6/12190 NFS 
PR012A A 7/11/90 X 7/11/90 7/11/90 NFS 
PR013A A 717/90 X 7/7/90 717190 X 6/13/90 6/13/90 NFS 
PR016A A 7/21/90 X 7/21/90 7/21/90 X 7/13/90 7/15/90 NFS 
SL001B D 7/14/90 X 7/14/90 7/14/90 NFS 
SL001C D 7/15/90 X 7/15/90 7/15/90 X 7/15/90 7/15/90 NFS 
SL001D D 7/15/90 X 7/15/90 7/15/90 NFS 
SL001 E D 7/14/90 X 7/14/90 7/14/90 NFS 
SM005B E 7/18/90 X 7/16/90 7/18/90 X 7/16/90 7/18/90 NFS 
SM006A E 7/19/90 X 7/19/90 7/19/90 X 7/19/90 7/19/90 NFS 
SM006B E 7/19/90 X 7/18/90 7/19/90 X 7/18/90 7/19/90 NFS 
SP043A B 5/31/90 X 5/31/90 5/31/90 X 5/13/90 5/13/90 NFS 
S0002A D 7/16/90 X 7/16/90 7/16/90 X 7/16/90 7/16/90 NFS 
S0005A D 7/15/90 X 7/15/90 7/15/90 NFS 

Kenai Completed Subdivisions 
BM005A F 7/11/90 X 7/10/90 7/11/90 NPS 
BM006A F 7/10/90 X 7/10/90 7/10/90 X 7/10/90 7/10/90 NPS 
CB002A F 7/19/90 X 7/18/90 7/19/90 EB 
CB003A F 5/20/90 X 5/16/90 5/20/90 GVC 
CB003C F 7/19/90 X 6/19/90 7/19/90 GVC 
CB004A F 6/25/90 X 6/25/90 6/25/90 X 5/20/90 5/23/90 ER 
CB004B F 6/25/90 X 6/25/90 6/25/90 X 5/24/90 5/24/90 EB 
CB004C F 6/25/90 X 6/25/90 6/25/90 X 6/17/90 6/17/90 EB 
CB004D F 6/25/90 X 6/25/90 6/25/90 X 6/17/90 6/17/90 EB 
EI001A F 7/1/90 X 7/1/90 7/1/90 DNR 
NK001A F 7/4/90 X 4/28/90 7/4/90 DNR 
NK002A F 7/4/90 X 7/3/90 7/4/90 X 7/3/90 714190 DNR 
NK004B F 7/5/90 X 7/5/90 7/5/90 DNR 
NK004C F 5/13/90 X 5/12190 5/13/90 DNR 
PD001A F 7/21/90 X 7/21/90 7/21/90 X 6/23/90 6130190 DNR 
PD001B F 6/29/90 X 6/29/90 6/29/90 DNR 
PD002A F 5/3/90 X 5/3/90 5/3/90 DNR 
PD003A F 5/5/90 X 5/5/90 5/5/90 DNR 
PD004A F 7/17/90 X 7/12190 7/12190 X 6/22190 7/17/90 DNR 
PD004B F 7/14/90 X 7/14/90 7/14/90 DNR 
PD005A F 7/21/90 X 7/17/90 7/21/90 DNR 
PD008A F 6/20/90 X 6/20/90 6/20/90 DNR 
PD010A F 6/21/90 X 6/21/90 6/21/90 X 6/20/90 6/21/90 DNR 
PY002A F 7/26/90 7/21/90 7/21/90 X 7/13/90 7/26/90 FWS 
PY006A F 5/8/90 X 5/8/90 5/8/90 FWS 
PY007B F 5/8/90 X 5/7/90 5/8/90 FWS 
PY008B F 7/28/90 X 7/28/90 7/28/90 X 5/6/90 7/28/90 FWS 
PY008C F 7/20/90 X 7/15/90 7/20/90 X 7/15/90 7/20/90 FWS 
PY008E F 7/28/90 X 7/28/90 7/28/90 X 7/28/90 7/28/90 FWS 
PY008F F 7/28/90 X 7/28/90 7/28/90 FWS 
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PY011B F 7122190 X 7122190 7122190 X 5/10/90 5/10/90 FWS 
PY012B F 7122190 X 7/22190 7/22190 X 5/14/90 5/14/90 FWS 
PY015B F 7122190 X 7122190 7122190 X 5/9/90 5/9/90 FWS 
PY015D F 5/14/90 X 5/14/90 5/14/90 FWS 
R8001A F 7/25/90 X 7/25/90 7/25/90 X 7/25/90 7125190 DNR 
RB003A F 7/25/90 X 7/25/90 7/25/90 PG 
RB004A F 7/25/90 X 7/25/90 7/25/90 PG 
RB005A F 6127190 X 6127190 6127190 X 6126190 6127190 PG 
R80058 F 6127190 X 6126190 6127190 PG 
T8002A F 7/15/90 X 7/14/90 7/15/90 X 7/14/90 7/15/90 DNR 
T8004A F 6/26/90 X 6126190 6126190 X 6/9/90 6117190 DNR 
T8005A F 7/15/90 X 7/15/90 7/15/90 DNR 
T8005B F 7/15/90 X 7/15/90 7/15/90 X 7/15/90 7/15/90 DNR 
US005A F 6/3/90 X 613190 613190 FWS 
W8001A F 6/19/90 X 5/16/90 6/19/90 PG 
W8001B F 5/18/90 X 5/16/90 5/18/90 PG 
W8002A F 6123190 X 6123190 6/23/90 X 6/2/90 613/90 PG/EB 
W8002B F 6/24/90 X 6123190 6124190 X 5/30/90 6/3/90 PG/E8 
W8002C F 6/24/90 X 6/23/90 6124190 X 5/24/90 5/30/90 PG/E8 
W8002D F 6/24/90 X 6/23/90 6/24/90 X 5/19/90 5/22190 PG/EB 
W8002F F 5/18/90 X 5/16/90 5/18/90 PG/E8 
W8003A F 6/8190 X 618190 6/8190 PG 
W8003B F 7122190 X 6119/90 7122190 PG 
W8003E F 6/8/90 X 618190 6/8190 PG 
W8006A F 6/24/90 X 6124190 6124190 X 5/15/90 5/15/90 PG 
W8007A F 6/24/90 X 6124190 6124190 X 5/15/90 5/15/90 PG 
W8008A F 5/26/90 X 5126190 5126190 PG 
W8009A F 7/28/90 X 6124190 7/28/90 X 6/5/90 617/90 PG 
YG002A F 7/12190 X 7/5/90 7/12190 X 7/5/90 7/12190 NPS 
YP004A F 7/11/90 X 7/11/90 7/11/90 X 7/11/90 7/11/90 DNR 

Kodiak Completed Subdivisions 
K0101-SI011A G 7/21/90 X 7/21/90 7/21/90 X 7/21/90 7/21/90 DNR 
K01 01-810128 G 712190 X 6/29190 712190 DNR 
K01 01-SI012C G 7/18/90 X 7/17/90 7/18/90 DNR 
K01 01-SI012F G 7/18/90 X 7/17/90 7/18/90 DNR 
K01 01-SI012G G 7/18/90 X 7/17/90 7/18/90 DNR 
K01 01-SI013A G 713/90 X 713190 713190 DNR 
K01 02-SI014A G 7/21/90 X 7/21/90 7/21/90 DNR 
K01 02-810158 G 7/18/90 X 7/18/90 7/18/90 DNR 
K01 03-SS002B G 7123190 X 7/23/90 7/23/90 X 7/23/90 7123190 DNR 
K01 04-NB001 8 G 7122190 X 7/22190 7122190 DNR 
K01 04-NB001 C G 7123190 X 7123190 7123190 DNR 
K01 04-NB001 D G 7123190 X 7123190 7/23/90 X 7123190 7123190 DNR 
K011 O-SI003A G 7/25/90 X 7/25/90 7/25/90 X 7124190 7/25/90 DNR 
K011 O-SI005A G 7120190 X 7120190 7120190 DNR 
K0110-SI100A G 7/25/90 X 7/19/90 7125190 DNR 
K0111-PI003A G 7120190 X 7120190 7120190 X 7/13/90 7/13/90 DNR 
K0119-SE002A G 7/19/90 X 7/19/90 7/19/90 FWS 
K0204-FB011A G 618190 X 618190 618190 FWS 
K0204-FB0138 G 6/8190 X 6/7/90 618190 FWS 
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K0302-IB004A G 6/5/90 X 6/5/90 6/5/90 FWS 
K0302-IB005A G 615190 X 6/5/90 615190 FWS 
K0619-SB006A G 6/17/90 X 6/17/90 6/17/90 FWS 
K0634-SL001 A G 6/30/90 X 6130190 6130190 FWS 
K0634-SL002A G 6130190 X 6130190 6/30/90 FWS 
K0634-SL003A G 6130190 X 6130190 6130190 FWS 
K0634-SL007 A G 6/17/90 X 6/17/90 6/17/90 DNA 
K0634-SL015A G 7/10/90 X 7/10/90 7/10/90 KIK 
K0634-SL017 A G 6/30/90 X 6130190 6130190 KIK 
K0908-C DOO 1 A G 7/16/90 X 7/16/90 7/16/90 NPS 
K0910-CD010A G 7/20/90 X 7120190 7120190 NPS 
K0910-CD011A G 7120190 X 7120190 7/20/90 NPS 
K091 O-CD012A G 7/21/90 X 7/21/90 7/21/90 NPS 
K091 O-CD013A G 7/21/90 X 7/21/90 7/21/90 NPS 
K091 O-CD016A G 618190 X 6/8/90 6/8/90 NPS 
K0917-CC001A G 7/11/90 X 7/5/90 7/11/90 NPS 
K0919-HB001 A G 6/14/90 X 6/12190 6/14/90 NPS 
K0919-HB100A G 6/26/90 X 6/25/90 6126190 NPS 
K0921-KU003A G 7/22190 X 7/22190 7/22190 X 7120190 7/20/90 NPS 
K0921-KU004A G 7/22190 X 7/22190 7/22/90 X 7/21/90 7/22190 NPS 
K0924"KU001 A G 6/20/90 X 6/19/90 6/20/90 NPS 
K0934-KBOO 1 A G 7/25/90 X 7/25/90 7/25/90 NPS 
K0935-KA002A G 7/4/90 X 6/25/90 7/4/90 NPS 
K0935-KA003A G 6/27/90 X 6/27/90 6127190 NPS 
K1002-AS007A G 7/15/90 X 7/15/90 7/15/90 FWS 
K1002-AS008A G 7/15/90 X 7/15/90 7/15/90 FWS 
K 1 002-ASOOSB G 7/19/90 X 7/15/90 7/1 9/90 X 7/15/90 7/19/90 FWS 
K1 005-AS002B G 7/19/90 X 715190 7/19/90 FWS 
K1 005-AS004A G 7/14/90 X 7/14/90 7/14/90 FWS 
K1 005-AS0048 G 7/14/90 X 7/14/90 7/14/90 FWS 
K1007-PB001A G 6/24/90 X 6122190 6/24/90 FWS 
K1007-PB019B G 7/25/90 X 7/25/90 7/25/90 FWS 
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AE001A A 6/9/90 X 6/9/90 6/9/90 X 5/17/90 5/17/90 NFS 
AE002A A 6/9/90 X 6/9/90 6/9/90 X 6/6/90 6/6/90 NFS 
AE004A A 6/15/90 X 6/14/90 6/15/90 X 6/1/90 6/4/90 NFS 
AE004B A 6/15/90 X 6/9/90 6/15/90 X 6/2190 6/3/90 NFS 
AE005A A 6/17/90 X 6/15/90 6/17/90 X 5/17190 5/23/90 NFS 
AE005B A 7/8/90 X 718190 718190 X 6/3/90 6/3/90 NFS 
AE005C A 6/15190 X 6/15/90 6/15/90 X 6/5/90 6/6/90 NFS 
AE007A A 5/23/90 X 5/23/90 5/23/90 NFS 
AG009A D 7/14/90 X 7/14/90 7/14/90 X 5/13/90 5/13/90 NFS 
AG009B D 5/13/90 X 5/13/90 5/13/90 NFS 
BA0018 A 6/22190 X 6/22190 6/22190 NFS 
BA001 E A 6123190 X 6/23/90 6/23/90 NFS 
BA002A A 5/7/90 X . 5/5/90 5/7/90 NFS 
BA007A A 5/29/90 X 5/29/90 5/29/90 NFS 
BA008A A 6/23/90 X 6/23/90 6/23/90 NFS 
BM005A F 7/11/90 X 7/10/90 7/11/90 NPS 
BM006A F 7/10/90 X 7/10190 7/10/90 X 7/10/90 7/10/90 NPS 
CB003A F 5/20/90 X 5/16/90 5120/90 GVC 
CB004A F 6/25/90 X 6/25/90 6/25/90 X 5/20/90 5/23/90 ER 
CB004B F 6/25/90 X 6/25/90 6/25/90 X 5/24/90 5/24/90 EB 
CB004C F 6/25/90 X 6/25/90 6/25190 X 6/17190 6/17/90 EB 
CB004D F 6/25/90 X 6/25190 6/25/90 X 6/17/90 6/17/90 EB 
CH002A A 713190 X 713190 7/3/90 X 6/14/90 6/14/90 eve 
CH0028 A 713190 X 7/3/90 7/3/90 X 6/15/90 6/17/90 eve 
CH003A A 713190 X 7/3/90 7/3/90 eve 
CH009A A 714190 X 7/4/90 7/4/90 eve 
CH010B A 7/3/90 X 7/3/90 7/3/90 X 6/19/90 6/19/90 eve 
CH015A A 6/20/90 X 6/20/90 6/20/90 eve 
CH016A A 713190 X 7/3/90 7/3/90 X 6/20/90 6/20/90 eve 
CH020A A 713190 X 7/3/90 713190 X 6/20190 6/20/90 eve 
CP001A A 6/9/90 X 6/6/90 6/9/90 NFS 
CR001A A 615190 X 6/5190 6/5190 NFS 
CR002C A 6/6/90 X 616190 616/90 X 6/5/90 6/5/90 NFS 
CR005A A 6/6/90 X 6/6/90 6/6/90 X 5/28/90 5/28/90 NFS 
CR005B A 6/6/90 X 6/6/90 6/6/90 X 5128/90 5128/90 NFS 
CR005E A 5/27190 X 5127/90 5127190 NFS 
CU001A A 6/13/90 X 619190 6/13/90 X 5118/90 5123/90 NFS 
CU003A A 6/9/90 X 6/9/90 6/9/90 X 5129/90 5129/90 NFS 
CU007A A 7/8190 X 718190 7/8190 X 6/22190 6/22190 NFS 
CU010A A 7/14190 X 7/12190 7/14/90 NFS 
CU011A A 618190 X 6/8190 6/8190 X 5129/90 6/5/90 NFS 
CU013A A 617190 X 6/7/90 6/7/90 X 6/2190 6/3/90 NFS 
CU017A A 7/7/90 X 717/90 717190 X 6/21/90 6/21/90 NFS 
DI059A B 5/27190 X 5/27/90 5127/90 X 5112190 5/12190 NFS 
DI062A 8 5/27190 X 5/27/90 5127190 X 5112190 5/13/90 NFS 
DI063A B 7/9/90 X 7/9/90 7/9/90 X 6/11/90 6/11/90 NFS 
DI064A B 5/29/90 X 5/29190 5/29/90 X 5/29/90 5/29/90 NFS 
010648 B 7/10/90 X 7/9/90 7/10/90 X 5/29/90 5/29190 NFS 
DI067A B 5/10/90 X 5/9/90 5/10190 NFS 
DI068A B 5/12190 X 5/12190 5/12190 NFS 
DI069A B 5/27/90 X 5/27/90 5127190 X 5/13/90 5/14/90 NFS 
EB006A A 5/2190 X 5/2190 5/2190 NFS 
EB008A A 5/26/90 X 5126/90 5/26190 eve 
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EB013A A 611/90 X 5/31/90 6/1/90 eve 
EB015A A 5131/90 X 5131/90 5/31/90 eve 
EI001A F 7/1/90 X 7/1/90 7/1/90 DNR 
EL010A B 7/9/90 X 7/5/90 7/9/90 X 515/90 5/5/90 NFS 
EL011A B 715190 X 7/5/90 715190 X 5/13/90 5114/90 NFS 
EL013A B 7/14/90 X 7/13/90 7/14/90 X 7/13/90 7/14/90 eve 
EL015A B 5125/90 X 5/24/90 5125/90 NFS 
EL052A B 6128190 X 6/28/90 6128190 X 5/25/90 5125/90 NFS 
EL052B B 6/28/90 X 6/28/90 6/28/90 X 5/22190 5122190 NFS 
EL053B B 7/12190 X 7/12190 7/12190 X 7/12190 7/12190 NFS 
EL054A B 6127190 X 6/27/90 6127/90 X 5/25/90 5/25/90 NFS 
EL055A B 6124/90 X 6124190 6/24/90 X 6/8/90 6/8/90 NFS 
EL055B B 6124/90 X 6/24/90 6/24/90 X 5/22190 5/22190 NFS 
EL055C B 6/24/90 X 6/24/90 6/24/90 X 6/8/90 6/8/90 NFS 
EL056B B 7/14/90 X 7/14/90 7/14/90 X 7/14/90 7/14/90 NFS 
EL056C B 6126/90 X 6/26/90 6126190 X 5/20/90 5120/90 NFS 
EL056D B 6127190 X 6/27190 6/27/90 X 5/20/90 5/20/90 NFS 
EL057A B 6126190 X 6/26/90 6/26/90 X 5/19/90 5/19/90 NFS 
EL058A B 6/27/90 X 6127190 6/27/90 X 5/19/90 5/19/90 NFS 
EL058B B 6127/90 X 6/27/90 6/27/90 X 5/19/90 5/19/90 NFS 
EL058e B 6127190 X 6/27/90 6/27/90 X 5/20/90 5120/90 NFS 
EL102A B 7/14/90 X 7/14/90 7/14/90 NFS 
EL102B B 7/14/90 X 7/14/90 7/14/90 X 7/14/90 7/14/90 NFS 
EL104C B 6118/90 X 6/18/90 6118/90 NFS 
EL106B B 7/12190 X 7/12190 7/12190 X 6/25/90 6128/90 NFS 
EL106C B 715190 X 7/5/90 7/5/90 NFS 
EL107A B 7/12190 X 7112190 7/12190 X 6/23/90 6/25/90 NFS 
EL107B B 7/11/90 X 7/11/90 7/11/90 X 6/25/90 6/25/90 NFS 
EL107C B 7/11/90 X 7/11/90 7/11/90 X 5/23/90 5/23/90 NFS 
EL108A B 4/29/90 X 4/28/90 4/29/90 NFS 
EL108C B 6/26/90 7/11/90 7/11/90 X 6/26/90 6/26/90 NFS 
EL109A B 7/11/90 X 7/11/90 7/11/90 X 5/23/90 5124/90 NFS 
EL110A B 7/5190 X 715190 7/5190 X 5/23/90 5/23/90 NFS 
EN046A B 7/12190 X 7/12190 7/12190 X 6/26/90 6/26/90 NFS 
EN046B B 6126/90 X 6/26/90 6/26/90 NFS 
ER001A c 5130190 X 5130/90 5/30/90 DNR 
ER002B c 6122190 X 6/22190 6122190 X 612190 6/2190 NFS 
ER004B e 6/22190 X 6/22190 6/22190 NFS 
ER007A e 6114/90 X 6/14/90 6/14/90 X 6/2190 614/90 DNR 
ER008A c 6114/90 X 6114/90 6114/90 X 5/30/90 5131/90 NFS 
ER009A c 6116/90 X 6115/90 6/16/90 X 5131/90 5131/90 NFS 
ER010A c . 6116/90 X 6/15/90 6116/90 X 5130190 5130/90 NFS 
ER011A c 6115/90 X 6/15/90 6115/90 X 5130190 6/1/90 NFS 
ER012B c 6115/90 X 6/15/90 6115/90 X 6/3/90 6/3/90 NFS 
ER018A c 6/19/90 X 6/19/90 6119/90 NFS 
ER020A c 6/22190 X 6/22190 6122190 DNR 
EV002A c 715190 X 715190 7/5190 X 6/27/90 6/27/90 eve 
EV003A c 6121/90 X 6/19/90 6/21/90 X 6/10/90 6110/90 eve 
EV005A c 6121/90 X 6119/90 6/21/90 X 617190 6/7/90 eve 
EV005B c 6/21/90 X 6/19/90 6/21/90 X 6/9/90 6/9/90 eve 
EV005C c 6/7190 X 6nl90 6/7/90 eve 
EV008B c 612190 X 612190 6/2190 eve 
EV009A c 612190 X 612190 612190 eve 
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EV010A c 6/3/90 X 6/2190 6/3/90 eve 
EV010B c 6/16/90 X 6/16/90 6/16/90 eve 
EV012A c 7/1/90 X 6/6/90 7/1/90 X 512190 6/23/90 eve 
EV014A c 6/23/90 X 6/23/90 6/23/90 X 6/23/90 6/23/90 eve 
EV015A c 6/6/90 X 6/6/90 6/6/90 X 6/3/90 6/3/90 eve 
EV017A c 5/15/90 X 5115/90 5/15/90 eve 
EV018A c 618190 X 6/6/90 618190 eve 
EV020A c 7/5190 X 714190 715190 X 6/28/90 6/28/90 eve 
EV021A c 6/8190 X 618190 618190 X 5/11/90 5114/90 eve 
EV023A c 5/10/90 X 519190 5/10/90 eve 
EV024A c 6/9/90 X 6/8190 6/8190 X 6/6/90 6/9/90 eve 
EV025A c 5117/90 X 5/15/90 5117/90 eve 
EV026A c 6/10/90 X 6/9/90 6/10/90 X 6/2/90 6/2190 eve 
EV027A c 5116/90 X 5/16/90 5116/90 eve 
EV028A c 7/3/90 X 7/3/90 7/3/90 X 6/2/90 6/2190 eve 
EV037A c 715190 X 7/4/90 715190 X 6/15/90 6/17/90 eve 
EV039A c 7/4/90 X 714/90 7/4/90 X 6/9/90 6/15/90 eve 
EV050B c 6/13/90 X 6/9/90 6/13/90 X 615190 6/5/90 NFS 
EV050C c 6/13/90 X 6/9/90 6/13/90 NFS 
EV051A c 6/13/90 X 6/9/90 6/13/90 X 6/5/90 6/5/90 NFS 
EV052A c 7/3/90 X 7/3/90 7/3/90 X 6/17/90 6/17/90 NFS 
EV053B c 7/3/90 X 7/3/90 7/3/90 X 6/18/90 6/18/90 NFS 
EV053D c 6/5190 X 6/5/90 6/5/90 NFS 
EV054A c 6/13/90 X 6/13/90 6/13/90 X 6/4/90 6/4/90 NFS 
EV060A c 7/3/90 X 7/3/90 7/3/90 X 6/29/90 6/30/90 eve 
EV060B c 7/3/90 X 7/3/90 7/3/90 X 6/30/90 6/30/90 eve 
EV070D c 6/10/90 X 6/10/90 6/10/90 X 6/2190 6/2190 NFS 
EV070E c 6/28/90 X 6/27/90 6/28/90 NFS 
EV070F c 6/12/90 X 6/12/90 6/12/90 NFS 
EV070G c 6/11/90 X 6/11/90 6/11/90 X 6/10/90 6/11/90 NFS 
EV070H c 6/18/90 X 6/18/90 6/18/90 NFS 
FA002A A 5128/90 X 5/27/90 5128/90 NFS 
FL001A c 6/11/90 X 6/11/90 6/11/90 X 512190 512190 eve 
FL002A c 6/11/90 X 6/11/90 6/11/90 X 5117/90 5117/90 eve 
FL004A c 6/30/90 X 6/29/90 6/30/90 X 6/19/90 6/21/90 eve 
FL004B c 6/29/90 X 6/29/90 6/29/90 X 6/19/90 6/19/90 eve 
FL005B c 6/30/90 X 6/30/90 6/30/90 eve 
GR007A E 6/28/90 X 6/27/90 6/28/90 X 6/27/90 6/27/90 NFS 
GR008A E 6/27/90 X 6/25/90 6/27/90 X 6/25/90 6/25/90 NFS 
GR009A E 6/29/90 X 6/25/90 6/29/90 X 6/25/90 6/25/90 NFS 
GR010A E 6/29/90 X 6/27/90 6/29/90 X 6/27/90 6/27/90 NFS 
GA103A E 6/24/90 X 6/24/90 6/24/90 X 6/24/90 6/24/90 NFS 
GR103B E 6/28/90 X 6/26/90 6/28/90 X 6/26/90 6/26/90 NFS 
GA103C E 6/27/90 X 6/25/90 6/27/90 X 6/25/90 6/26/90 NFS 
GR104A E 6/28/90 X 6/28/90 6/28/90 NFS 
GA300A E 6/27/90 X 6/27/90 6/27/90 NFS 
GA301B E 6/28/90 X 6/28/90 6/28/90 NFS 
GR302A E 6/28/90 X 6/27/90 6/28/90 X 6/27/90 6/27/90 NFS 
IN020A B 718190 X 717/90 718190 X 6/29/90 6/29/90 NFS 
IN022A B 5131/90 X 5/31/90 5/31/90 X 5/6/90 517/90 PG 
IN022B B 717190 X 717190 717190 X 6/10/90 6/11/90 NFS 
IN023A B 717190 X 717190 717190 X 6/10/90 6/10/90 NFS 
IN024B B 718190 X 718190 7/8190 X 6/10/90 6/10/90 NFS 
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IN024C B 6110/90 X 6110/90 6110/90 NFS 
IN028A B 718190 X 718190 718190 NFS 
IN029A B 6130/90 7/10/90 7/10/90 X 6130/90 6/30/90 NFS 
IN030A B 718190 X 718190 718190 NFS 
IN031A B 5/8190 X 516/90 5/8190 NFS 
IN031B B 5129/90 X 5/29/90 5129/90 X 516/90 518190 NFS 
IN032A B 7110/90 X 7/9/90 7/10/90 X 6/9/90 619/90 NFS 
K0204-FB011A G 6/8190 X 618190 6/8190 FWS 
K0204-FB013B G 6/8/90 X 6/7/90 6/8/90 FWS 
K0302-IB004A G 615/90 X 6/5/90 615190 FWS 
K0302-IB005A G 6/5190 X 6/5/90 615190 FWS 
K0619-SB006A G 6117/90 X 6/17/90 6/17/90 FWS 
K0634-SL001 A G 6130/90 X 6/30/90 6/30/90 FWS 
K0634-SL002A G 6/30/90 X 6/30/90 6/30/90 FWS 
K0634-SL003A G 6130/90 X 6/30/90 6/30/90 FWS 
K0634-SL007 A G 6117/90 X 6/17/90 6/17/90 DNA 
K0634-SL008A G 6/30/90 X 6/30/90 6/30/90 DNA 
K0634-SL015A G 7/10/90 X 7/10/90 7/10/90 KIK 
K0634-SL017 A G 6130/90 X 6/30/90 6130/90 KIK 
K0917-CC001A G 7/11/90 X 7/5190 7/11/90 NPS 
K0919-HB001 A G 6/14/90 X 6/12190 6/14/90 NPS 
K0919-HB100A G 6/26/90 X 6/25/90 6/26/90 NPS 
K0924-KU001 A G 6120190 X 6/19/90 6/20/90 NPS 
K0935-KA002A G 7/4/90 X 6/25/90 714190 NPS 
K0935-KA003A G 6127190 X 6127190 6/27/90 NPS 
K 1 005-AS004B G 7/14/90 X 7/14/90 7/14/90 FWS 
K1007-PB001A G 6/24/90 X 6/22190 6124/90 FWS 
KN0004A E 6121/90 X 6121/90 6/21/90 X 5/29/90 5/29/90 CAC 
KN0005B E 6122190 X 6/22190 6122190 X 5/23/90 5127/90 CAC 
KN0006A E 5130/90 X 5130/90 5/30/90 NFS 
KN0007A E 6121/90 X 6/21/90 6121/90 X 6/8190 6/8190 CAC 
KN0008A E 5131/90 X 5/30/90 5/31/90 CAC 
KN0009A E 6123/90 X 6122190 6123/90 X 616190 6/9/90 CAC 
KN0011A E 6121/90 X 6/21/90 6/21/90 X 6/5/90 6/5/90 CAC 
KN0012A E 6121/90 X 6121/90 6/21/90 X 6/3/90 6/4/90 CAC 
KN0013A E 6/21/90 X 6/21/90 6121/90 X 6/3/90 614190 CAC 
KN0014A E 6121/90 X 6/21/90 6/21/90 X 611/90 6/1/90 CAC 
KN0019A E 6122190 X 6122190 6/22190 X 6/4/90 614/90 NFS 
KN0023A E 6122190 X 6122190 6/22190 X 619/90 619/90 CAC 
KN0101A B 7/5/90 X 7/5190 715190 NFS 
KN0102A B 5122190 X 5122190 5/22190 X 5/5190 5/7/90 NFS 
KN0103A B 7/12190 X 5/11/90 7/12/90 NFS 
KN0104A B 7/13/90 X 7/13/90 7/13/90 X 514/90 7/11/90 NFS 
KN0104B B 7/10/90 X 7/10/90 7/10/90 NFS 
KN0105B B 5126/90 X 5126/90 5126190 X 5111/90 5111/90 NFS 
KN0106A B 5/26/90 X 5126/90 5/26/90 X 5/16/90 5116/90 NFS 
KN0106B B 5116/90 X 5/16/90 5116/90 NFS 
KN0106D B 5/16/90 X 5/16/90 5116/90 NFS 
KN0107A B 7/5/90 X 715190 7/5190 NFS 
KN0107B B 7/13/90 X 7/13/90 7/13/90 X 7112190 7/13/90 NFS 
KN0109A D 5125/90 X 5125/90 5125/90 X 5/25/90 5125/90 NFS 
KN0110A D 718190 X 7/5190 7/8190 X 7/5/90 7/5/90 NFS 
KN0112A D 7/2/90 X 7/2/90 7/2/90 NFS 
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KN0112B D 712190 X 712190 712190 NFS 
KN0114A D 712190 X 7/1/90 712190 X 5/3/90 5/3/90 NFS 
KN0116A D 5/23/90 X 5/23/90 5/23/90 X 5/3/90 5/3/90 NFS 
KN01 i7A D 5/23/90 X 5/23/90 5/23/90 X 512190 512190 NFS 
KN0118A D 6/1/90 X 6/1/90 6/1/90 NFS 
KN0119A D 6/1/90 X 6/1/90 6/1/90 X 5/2190 5/2190 NFS 
KN0121A D 7/1/90 X 7/1/90 7/1/90 X 5/31/90 5/31/90 NFS 
KN0123B D 5/31/90 X 5/24/90 5/24/90 X 5/31/90 5/31/90 NFS 
KN0125A D 6/30/90 X 6/30/90 6/30/90 X 5/31/90 5/31/90 NFS 
KN0126A D 6/30/90 X 6/30/90 6/30/90 X 5/30/90 5/30/90 NFS 
KN0127A D 5/30/90 X 5/30/90 5/30/90 NFS 
KN0127C D 6/30/90 X 6/30/90 6/30/90 X 5/29/90 5/29/90 NFS 
KN0128A D 6/30/90 X 6/30/90 6/30/90 X 5/9/90 5/9/90 NFS 
KN0129A D 6/19/90 X 6/19/90 6/19/90 X 5/30/90 5/30/90 NFS 
KN0129B D 6/19/90 X 6/19/90 6/19/90 X 5/30/90 5/30/90 NFS 
KN0131A D 6/1/90 X 6/1/90 6/1/90 X 5/9/90 5/9/90 NFS 
KN0132A D 5/29/90 X 5/29/90 5/29/90 NFS 
KN0132B D 7/12/90 X 6/2190 7/12/90 X 5/26/90 5/29/90 NFS 
KN0132e D 6/19/90 X 6/19/90 6/19/90 X 5/29/90 5/29/90 NFS 
KN0132D D 6/30/90 X 6/30/90 6/30/90 X 5/29/90 5/29/90 NFS 
KN0133A D 6/30/90 X 6/30/90 6/30/90 X 5/10/90 5/13/90 NFS 
KN0134A E 6/23/90 X 6/23/90 6/23/90 X 5/23/90 5/26/90 NFS 
KN0135A E 6/23/90 X 6/23/90 6/23/90 X 5/18/90 5/21/90 eAe 
KN0135B E 5/21/90 X 5/21/90 5/21/90 X 5/15/90 5/18/90 eAe 
KN0136A E 7/4/90 X 7/4/90 7/4/90 X 6/9/90 6/24/90 eAe 
KN0141A D 7/1/90 X 7/1/90 7/1/90 X 5/3/90 5/3/90 NFS 
KN0141B D 5/3/90 X 5/3/90 5/3/90 NFS 
KN0145A D 5/25/90 X 5/25/90 5/25/90 NFS 
KN0200A E 6/20/90 X 6/20/90 6/20/90 X 5/14/90 5/14/90 eAe 
KN0201A E 6/21/90 X 6/20/90 6/21/90 X 5/31/90 6/1/90 eAe 
KN0202A E 6/1/90 X 5/31/90 6/1/90 eAe 
KN0204A E 6/1/90 X 6/1/90 6/1/90 eAe 
KN0205B E 6/4/90 X 6/1/90 6/4/90 X 6/1/90 6/4/90 eAe 
KN0206A E 6/22/90 X 6/22/90 6/22/90 X 6/4/90 6/6/90 eAe 
KN0209B B 7/12/90 X 7/12/90 7/12/90 X 6/26/90 6/26/90 NFS 
KN0300A D 7/11/90 X 7/11/90 7/11/90 X 5/2190 5/2190 NFS 
KN0413A E 5/13/90 X 5/13/90 5/13/90 eve 
KN0501A D 7/10/90 7/12/90 7/13/90 X 7/10/90 7/10/90 NFS 
KN0502A D 7/13/90 X 7/12/90 7/13/90 X 7/10/90 7/11/90 NFS 
KN0503A D 7112/90 X 7/11/90 7/12/90 X 7/11/90 7/11/90 NFS 
KN0505A D 7113/90 X 7/13/90 7/13/90 X 7/11/90 7/12/90 NFS 
KN0508A D 7/13/90 X 7/11/90 7/13/90 X 5/6/90 5/6/90 NFS 
KN0509A D 7/12/90 X 7/12/90 7/12/90 NFS 
KN0510A D 7112/90 X 7/12/90 7/12/90 NFS 
KN0552A D 7/12/90 X 7/12/90 7/12/90 NFS 
KN0574A D 5/13/90 X 5/13/90 5/13/90 NFS 
KN0701A E 5/25/90 X 5/25/90 5/25/90 eAe 
KN0701e E 5/26/90 X 5/26/90 5/26/90 eAe 
KN5002A D 7/10/90 X 7/10/90 7/10/90 X 7/10/90 7/10/90 NFS 
KN5002B D 7/10/90 X 7/10/90 7/10/90 X 519190 519190 NFS 
KN5012A D 7/10/90 X 7/10/90 7/10/90 X 7/10/90 7/10/90 NFS 
LA015D c 6/14/90 X 6/12/90 6/14/90 eve 
LA016A c 7/6/90 X 715190 716190 X 6/12/90 6/12/90 eve 
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Subdivision ID Sector Completed Bio Bio Start Bio End Man Man Start Man End Land Owner 
LA017A e 7/6190 X 7/6/90 716190 X 6/16/90 6/17/90 eve 
LA021A e 7/6190 X 7/6190 716190 X 6/13/90 6/13/90 eve 
LA021B e 6/17/90 X 6/17/90 6117/90 X 6/13/90 6/13/90 eve 
LA023A e 5125/90 X 5/25/90 5/25/90 eve 
LA024A e 6/1/90 X 6/1/90 6/1/90 eve 
LA038A e 6/17/90 X 6117/90 6117/90 X 5/12190 5/12190 CAe 
LA039A e 5123/90 X 5/23/90 5123/90 CAe 
LN002A A 6128/90 X 6128/90 6128/90 X 6/23/90 6/23/90 NFS 
LN004A A 618190 X 617190 618190 NFS 
LN005A A 6/28/90 X 6128/90 6128/90 X 6/8190 618190 NFS 
LN006A B 6128/90 X 6128/90 6128/90 X 617190 618190 NFS 
LN007A A 6128/90 X 6128/90 6128/90 X 617190 6/7/90 NFS 
LN008A A 6/28/90 X 6128/90 6128/90 X 617190 617190 NFS 
MA002A A 6/7/90 X 617/90 617190 X 6/7/90 617190 DNA 
MA003A A 5/3/90 X 5/3/90 5/3/90 DNA 
MA004A A 6/4/90 X 6/4/90 614190 X 512190 5/2190 NFS 
MA006A A 5/29/90 X 5/29/90 5129190 PG 
MA009A A 617/90 X 6/7/90 6/7/90 X 5/24/90 5/24/90 NFS 
MA010A A 6/4/90 X 6/4/90 6/4/90 X 6/1/90 612190 NFS 
MU001A D 6/29/90 X 6/29/90 6/29/90 X 6/24/90 6/24/90 NFS 
MU001B D 6/29/90 X 6/29/90 6/29/90 X 6/24/90 6124/90 NFS 
MU001C D 6/29/90 X 6129190 6/29/90 X 6/26/90 6/29/90 NFS 
MU002A D 6127190 X 6126/90 6/27/90 NFS 
MU003A D 6129190 X 6/29/90 6/29/90 X 6127190 6127190 NFS 
MU900A D 5113/90 X 5/13/90 5113/90 NFS 
NA005A B 7/9/90 X 7/9/90 719190 DNA 
NA006A B 719190 X 7/9/90 719190 NFS 
NA006B B 7/9/90 X 7/9/90 7/9/90 NFS 
NA006C B 7/11/90 719190 7/12190 X 7/9/90 7/11/90 NFS 
NA021B B 718190 X 7/8190 718190 X 7/8190 718190 NFS 
NA023A B 718190 X 7/8190 718190 X 718190 718190 DNA 
NA024A B 718190 X 718190 7/8190 NFS 
NA024F B 7/10/90 X 718190 7/10/90 X 718190 719190 NFS 
NA025A B 718190 X 718190 718190 DNA 
NA026B B 718190 X 718190 718190 X 718190 718190 NFS 
NA027A B 7/9/90 X 7/9/90 7/9/90 DNA 
NJ001A A 514190 X 5/3/90 514190 DNA 
NK002A F 714190 X 7/3/90 7/4/90 X 7/3/90 7/4/90 DNA 
NK004C F 5113/90 X 5/12190 5113/90 DNA 
PD002A F 5/3/90 X 5/3/90 5/3/90 DNA 
PD003A F 515190 X 5/5/90 515190 DNA 
PD004B F 7/14/90 X 7/14/90 7/14/90 DNA 
PD008A F 6120190 X 6/20/90 6/20/90 DNA 
PA002A A 716190 X 716190 716190 X 619190 6111/90 NFS 
PR003A A 7/6/90 X 7/6/90 716190 X 6/6190 616190 NFS 
PR003B A 716190 X 7/6/90 716190 X 616190 618190 NFS 
PR003C A 618190 X 6/8190 618190 NFS 
PR004A A 716190 X 7/6/90 7/6190 NFS 
PR005B A 6/8190 X 6/8190 618190 X 6/8190 618190 NFS 
PR005C A 716190 X 7/6190 716190 NFS 
PR006A A 7/11/90 X 7/11/90 7/11/90 NFS 
PR007A A 716190 X 7/6190 716190 X 619190 619190 NFS 
PR008A A 716190 X 7/6190 716190 NFS 
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Subdivision I D Sector Completed Bio Bio Start Bio End Man Man Start Man End Land Owner 
PR008B A 716190 X 7/6/90 7/6/90 X 6/11/90 6/12/90 NFS 
PR008C A 7/6/90 X 716190 7/6/90 X 6/11/90 6/12/90 NFS 
PR013A A 717190 X 717190 717190 X 6/13/90 6/13/90 NFS 
PY001A F 7/13/90 X 7/13/90 7/13/90 FWS 
PY005A F 7/13/90 X 7/13/90 7/13/90 FWS 
PY006A F 518190 X 518190 5/8190 FWS 
PY007B F 518190 X 517/90 518190 FWS 
PY012B F 5114/90 X 5114/90 5114/90 FWS 
PY015D F 5114/90 X 5114/90 5/14/90 FWS 
RB005A F 6/27/90 X 6/27/90 6/27/90 X 6/26/90 6/27/90 PG 
RB005B F 6127190 X 6/26/90 6/27/90 PG 
SL001B D 7/14/90 X 7/14/90 7/14/90 NFS 
SL001E D 7/14/90 X 7/14/90 7/14/90 NFS 
SP043A B 5/31/90 X 5131/90 5/31/90 X 5/13/90 5/13/90 NFS 
TB004A F 6/26/90 X 6/26/90 6/26/90 X 6/9/90 6/17/90 DNA 
US005A F 6/3/90 X 6/3/90 6/3/90 FWS 
WB001B F 5/18/90 X 5116/90 5118/90 PG 
WB002A F 6/23/90 X 6/23/90 6123190 X 6/2/90 6/3/90 PG/EB 
WB002B F 6/24/90 X 6/23/90 6/24/90 X 5130190 6/3/90 PG/EB 
WB002C F 6/24/90 X 6/23/90 6/24/90 X 5124/90 5/30/90 PG/EB 
WB002D F 6/24/90 X 6/23/90 6/24/90 X 5119/90 5/22/90 PG/EB 
WB002E F 5/30/90 X 5118/90 5130190 PG/EB 
WB002F F 5118/90 X 5116/90 5/18/90 PG/EB 
WB003E F 618190 X 618190 618190 PG 
WB006A F 6/24/90 X 6/24/90 6/24/90 X 5/15/90 5/15/90 PG 
WB007A F 6/24/90 X 6/24/90 6/24/90 X 5115/90 5/15/90 PG 
WB008A F 5/26/90 X 5/26/90 5/26/90 PG 
WB009A F 6/24/90 X 6/24/90 6/24/90 X 615190 6/7/90 PG 
YG002A F 7/12/90 X 715190 7/12/90 X 7/5190 7/12/90 NPS 
YP004A F 7/11/90 X 7/11/90 7/11/90 X 7/11/90 7/11/90 DNR 
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Total Area Completed Streams as of 7/15/90 

Subdivision 10 Stream ID Sector Completed Bio Bio Start Bio End Man Man Start Man End Land Owner 
BA002 226-40-16451 A 6123/90 X 6/22190 6/23/90 X 6/22190 6/23/90 NFS 
BP004 226-20-16388 F 712190 X 7/1/90 712190 eve 
BP004 226-20-16392 F 713190 X 712190 7/3/90 eve 
BP004 226-20-16395 F 714190 X 713190 714/90 eve 
BP004 226-20-16397 F 717190 X 717190 717190 X 714190 717190 eve 
CB003 242-20-1 0190 F 6114/90 X 6114/90 6114/90 GVC 
CH001 226-20-16280 A 6116/90 X 6/16/90 6/16/90 eve 
CH002 226-20-16180 A 713190 X 713/90 713190 X 6116/90 6/16/90 eve 
CH009 226-20-16182 A 7/4/90 X 7/4/90 714190 X 7/4/90 7/4/90 eve 
CH014 226-20-16255 A 6120190 X 6120190 6/20/90 eve 
CH0900 226-20-16200 A 7/3/90 X 7/3/90 713190 eve 
CU001 224-20-12995 A 5/23/90 X 5/18/90 5/23/90 NFS 
CU013 224-20-13030 A 6/3/90 X 6/3/90 6/3/90 eve 
CU014 224-20-13034 A 6121/90 X 6/21/90 6/21/90 eve 
CU014 224-20-13036 A 6121/90 X 6/21/90 6/21/90 eve 
EI001 242-1 0-1 0270 F 7/1/90 X 7/1/90 7/1/90 DNR 
ELO 15 226-1 0-16906 B 6130190 X 6/30/90 6/30/90 eve 
EL052 226-1 0-16902 B 6/28/90 X 6/28/90 6/28/90 NFS 
ER005 226-50-16432 c 6121/90 X 6/21/90 6/21/90 NFS 
ER006 226-50-16430 c 6/20/90 X 6/20/90 6/20/90 NFS 
ER007 226-50-16428 c 6/20/90 X 6/20/90 6/20/90 NFS 
EV003 226-40-16590 c 6110/90 X 6/10/90 6/10/90 eve 
EV012 EV012-UNCAT c 6/23/90 X 6122190 6123/90 X 6122190 6123/90 eve 
EV014 226-40-16640 c 6123/90 X 6/23/90 6123190 eve 
EV017 226-40-16620 c 6119/90 X 6119/90 6/19/90 eve 
EV017 226-40-16630 c 6119/90 X 6/19/90 6/19/90 eve 
EV025 226-40-16613 c 7/1/90 X 7/1/90 7/1/90 X 619190 6/9/90 eve 
EV027 226-40-16610 c 718190 X 718190 718190 eve 
EV070 226-40-16509 c 6112190 X 6/12190 6/12190 X 6112190 6/12190 NFS 
EV071 226-40-16484 c 7/5190 X 7/5/90 7/5/90 X 6121/90 6/21/90 NFS 
GR007 GR007-UNCAT E 6/27/90 X 6/27/90 6/27/90 NFS 
GR103 227-20-17880 E 6/26/90 X 6/24/90 6/26/90 NFS 
IN031 226-10-16916 B 715190 X 7/5/90 7/5/90 NFS 
K01 01-SI014 251-82-1 0090 G 713190 X 7/3/90 7/3/90 DNR 
K0112-SS009 251-50-1 0045 G 712190 X 712190 712190 FWS 
K0302-IB005 252-31-1 0020 G 615190 X 6/5/90 6/5/90 FWS 
K0911-C 0020 262-1 0-1 0040 G 718190 X 7/3/90 718190 NPS 
K0911-CD020 262-1 0-10080 G 6128/90 X 6128/90 6/28/90 NPS 
K0911-CD020 262-10-10092 G 6/28/90 X 6128/90 6/28/90 NPS 
K0919-HB001 262-20-1 0040 G 6/14/90 X 6/12190 6/14/90 NPS 
K1002-AB002 262-65-655 G 718190 X 717190 718190 FWS 
K1007-PB001 262-70-1 0025 G 6/24/90 X 6/23/90 6/24/90 FWS 
K1007-PB016 262-70-10010 G 7110190 X 7/10/90 7/10/90 FWS 
KN0103 226-10-16922 B 717190 X 717190 717190 X 717190 717190 NFS 
KN0106 226-10-16890 B 6130190 X 6130190 6130190 NFS 
KN0129 226-10-16975 0 5130/90 X 5130190 5130/90 NFS 
KN0129 KN0129-UNCAT 0 6119/90 X 6/19/90 6/19/90 X 5/30/90 5/30/90 NFS 
KN0132 226-10-16982 0 6119/90 X 6119/90 6/19/90 X 5126/90 5/29/90 NFS 
KN0134 226-30-16865 E 6/23/90 X 6123/90 6/23/90 X 6/23/90 6/23/90 NFS 
KN0201 226-30-16872 E 611/90 X 611/90 6/1/90 CAC 
KN0205 226-30-16860 E 6/3/90 X 6/1/90 6/3/90 CAC 
KN0213 226-30-16853 E 716190 X 7/1/90 7/6/90 X 7/1/90 7/6/90 CAC 
KN0401 226-30-16820 E 6/30/90 X 6/30/90 6130190 NFS 
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KN0500 226-1 0-16992 D 717/90 X 7/5/90 717190 X 7/5/90 717/90 NFS 
KN0500 226-1 0-16996 D 7/7/90 X 7/7/90 717190 X 7/5/90 7/7/90 NFS 
KN0701 226-30-16840 E 7/1/90 X 6/30/90 7/1/90 X 6/30/90 6/30/90 CAC 
LA015 226-40-16782 c 7/8/90 X 7/3/90 7/8/90 X 7/3/90 7/8/90 eve 
LAO 18 226-40-16780 c 7/4/90 X 7/3/90 7/4/90 X 6/15/90 7/4/90 eve 
LA021 226-40-1677 4 c 6/17/90 X 6/17/90 6/17/90 X 6/13/90 6/14/90 eve 
NK001 232-21-1 0230 F 7/4/90 X 7/3/90 7/4/90 X 7/3/90 7/4/90 DNR 
PD002 242-42-1 0450 F 6/23/90 X 6/21/90 6/23/90 DNR 
PD003 242-42-1 0460 F 6/23/90 X 6/21/90 6/23/90 DNR 
TB002 232-1 0-1 0340 F 7/1/90 X 7/1/90 7/1/90 DNR 
TB003 232-1 0-1 0342 F 7/1/90 X 6/20/90 7/1/90 DNR 
WB001 242-32-10155 F 6/19/90 X 6/19/90 6/19/90 PG 
WB003 242-32-10160 F 6/19190 X 6/19/90 6/19/90 PG 
WH003 226-40-16322 A 7/8/90 X 7/8/90 718190 X 7/8/90 718190 CAC 
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