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SECTION 1. INTRODUCTION

Under authority of the Water Pollution Control Act, the United States
Coast Guard has been assigned the responsibility of promulgating and enforc-
ing regulations concerning oil pollution in United States waters. The Coast
Guard may also be called upon to assist with inland oil pollution incidents
by virtue of its presence and operational capability.

This responsibility has caused the Coast Guard to undertake plannirng
programs to expand its capabilities to respond to pollution incidents. Pre-
vious efforts in this regard have included studies concerning the location
of potential oil spills, the behavior of spilled oil, and the logistical con-
siderations associated with response to oil spill incidents. Land and water
areas in Alaska are of special significance to the Coast Guard because of the
concentration of oil exploration, production, and associated transportation
activities within the State and its adjacent waters. Previous studies led
to the identification of 17 Alaskan locations where the potential for oil

spills was believed to be greatest.

On June 28, 1974, the Coast Guard contracted with the research and
consulting firm Mathematical Sciences Northwest, Inc. (MSNW), Bellevue,
Washington, to perform a detailed examination of these locations and to
identify the environmental damage to be expected from local oil spills. At
the 17 locations, different spill amounts, volumes, modes, seasons, and o0il
types were analyzed in the work. The damage caused by oil spills that were
allowed to dissipate naturally and the damage that might result from

actions to clean up a spill were both examined.



This report presents the findings of the study. It is presented in
two volumes. Volume I includes the Introduction (Section I), Summary (Sec-
tion 3), general discussions of the environmental effects of oil spills (Sec-
tion 4), how oil disperses when spilled (Section 5), and spill cleanup methods
(Section 6). The first volume also includes specific information as to the
methods used for evaluating spill impacts in this study (Section 7), a
description of the particular cases considered (Section 8), the cataloging
procedure to obtain data for the 17 spill locations (Section 9), and a discus-
sion of future studies needed to more accurately evaluate the effect of spilis

(Sectior: 10),and AppendicesA-E, Volume II includes the Results (Section 2).

The matrix evaluation system for environmental impact analysis was
developed jointly by Messrs. James F. Kruger, Planner; Gerald A, Erickson,
Engineering Scientist: John S. Isakson, Marine Biologist, and J. Michael
Storie, Systems Anziyst. The matrix system was automated by Mr. Robert
H. Klug, Programmer/Analyst,

The 01l spill simulation model was developed by Mr. Storie,
assisted by Ms. Marianne M. Montgomery, Associate Analyst, and Ms. Lois
[. Storie, Data Preparation.

'n addition, Mr. Isakson was the Principal Investigator for the
definition of biological resourses; Dr. Erickson and Mr. Kruger for the
analysis of wind and current data, and Mr. Kruger for initial matrix scoring
followed by interactive evaluations by the study team.

Ms. Cheryl L. Oprea, Administrative Secretary, coordinated report
preparation. Mr. Richard F. Corlett, Vice President, Engineering, was

the Project Director.
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Dr. Juris Vagners, Associate Professor, University of Washington, was
the Principal Investigator for characterization of oil spreading dynamics
and spill cleanup methods. He drew upon the advice of Dr. David P. Hoult,
managing partner of Hoult and Co.; Dr. Charles Sleicher, Professor,
University of Washington, and Dr. Seeyle Martin, Associate Professor,
University of Washington, in regard to matters of oil spread dynamics, dis-
persion in water columns,and weathering. Dr. Albert W. Erickson, Professor,
University of Washington, provided program input related to wildlife biology.
Dr. Phillip A. Lebednik, University of British Columbia, provided program
input related to marine flora and oil impacts on these plants. Mr, Edgar A.
Best, International Pacific Halibut Commission, provided information concern-
ing marine fisheries. Mr. Larry G. Gilbertson, University of Washington,
assisted the study team with respect to salmon fisheries. Mr. Charles
A. Simenstad, University of Washington, provided information on marine
invertebrates and investigated the effects of oil on fauna for the study.
Dr. Rita A. Horner, formerly with the University of Alaska, Institute of
Marine Science, provided program information related to Arctic Coast
biology.

The project team is especially appreciative of the advice and informa-
tion provided by Mr. Theodore R. Merrell, National Marine Fisheries Service--
Auke Bay, and Mr. Robert C. Clark, National Marine Fisheries Service,

Seattle. Other sources consulted for information are described in Section 9.

1-3
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SECTION 2. RESULTS OF THE ESTIMAIED IMPACT OF OIL SPILLS
IN THE ALASKAN ENVIRONMENT

This section presents the analysis of the estimated environmental
impact of oil spills at 17 locations in Alaska. Thirteen of the locations
are along the coast and four are inland near the Colville and Sagavanirktok
rivers on the North Slope and the Yukon and Denali Fault Trans-Alaska Pipeline
crossings.

Hypothetical oil spills at the locations are initially discussed under
the assumption that no spill cleanup countermeasures are employed. The analy-
sis addresses the impacts of four oil types--crude, bunker C, diesel-2, and
giasoline; seasons of importance or ice and no-ice; spill size--100 to 50,000
barrels, and spill mode--tanker, barge, drilling rig, pipeline, transfer,
ballast, and miscellaneous. Each spill was treated as air “instantaneous"”
discharge, i.e., all the oil was released in a short time rather than leaking
out over a period of hours or days. Subsection B treats impact with the
associated changes due to applicable cleanup strategies. Numerical scores
are tabulated through an impact matrix, and the sites and spill scenarios are
ranked in order from highest impact to least impact. Subsection C ranks the
various spill cases in estimated order of impact severity.

tach site is described in regard to its location and its physical and
biological characteristics. At each site, the spill cases are discussed and
compared without cleanup, and a separate section of cleanup cases at each site
describes the changes in ecological impact due to cleanup activities. This
section contains the results for almost 500 spill cases and its necessary
length requires that it be placed in a separate volume. Therefore, the com-

plete analysis of the results is presented in Volume II.



SECTION 3. SUMMARY

A. PURPOSE

The purpose of the study was to perform an intensive six-month study
of the environmental impact resulting from potential oil spills at 17
locations in Alaska in order to rank the various types and locations of oil
spills according to impact severity. In addition, a similar ranking of
severity was prepared assuming that practical means to clean up <pills were
employed. It was recognized by the Coast Guard and MSNW that this first
study of an extremely complex subject would be pioneering in nature. As such,
it was expected that the study would develop a methodology for studies of
this nature, apply the methodology to produce an initial analysis of environ-

mental impacts, and identify further research needs.

B. SCOPE
Five key factors define the scope of the study. They are spill loca-
tion, spill mode, spill volume, spill type, and seasonal considerations.

The locations selected for analysis were:

0 Offshore Yakutat

° Valdez Harbor

° Valdez Narrows

° Drift River

¢  Offshore Port Graham
° Kamishak Bay

° Unimak Pass

0 Port Moller

o
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(] Kvichak Bay

° St. Matthew Island
. Nome

. Cape Blossom

o Offshore Prudhoe

. Onshore Prudhoe

° Umiat

. Yukon River Crossing

] Denali Fault Crossing
The spill modes considered were:

] Tanker Casualty

] Drilling Rig Discharge

(] Tanker Transfer Operation

° Tanker Ballast Discharge (uncontrolled)
) Miscellaneous Spills

) Pipeline Failure

Barge Casualty (refined products only)

Spill volumes ranged from 100 to 50,000 barreis. O0il types selected
for study were crude oil, diesel-2, bunker C, and gasoline. Seasonal con-
siderations included the presence or lack of sea (or river) ice, species
abundance, and meteorological factors. Biological impact was estimated ex-
clusively; the direct impact of oil spills on man and man-made structures was
not considered. No other existing pollutants, nor chronic oil pollution,

were considered. Impacts evaluated were for "once-only" events.
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Three hundred seventy-two individual cases were eventually examined

where 0il dispersion was assumed to proceed by natura' processes. Twenty-two

additional cases were analyzed wherein oil spill cleanup was assumed to take

place. Non-cleanup cases were modelled for 72 hours of o0il dispersion as a

a basis for these analyses.

C. METHODOLOGY

This study was based on existing data; no field work was performed.
Spills were assumed to occur instantaneously in all cases under consideration,
with instanteneous spills defined as release of the total volume of oil
within the first hour of the scenario.

The model MSNW developed for simulating oil spill dispersion was based
on calm sea spreading theory and empirically derived dispersion formulae
accounting for wind and current effects. As requested by the USCG, "most
probable" conditions and resultant spills were evaluated. The search for
“worst possible" scenarios was beyond the scope of this study. A time history
of oil slick boundary points, subject to spreading and dispersion effects, was
calculated. In this fashion, the overall trajectory of the slick centroid,
as well as the areal extent of the slick, is simulated. The slick shape may
become distorted as a result of current, wind, and spreading vector inter-
actions. The model assumes that spread is governed by inertial, viscous, and
surface tension forces as a function of time in addition to current and wind
effects.

Most probable wind conditions were developed for each spill scenario
based upon an interpretation of shore-based station data. Winds were assumed

constant over the 72-hour duration of each simulation. Currents were
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obtained from existing tidal current tables, the CUAST PILOT, or interpreted
from these and other sources. The simplifying assumption was made that the
tidal cycle could be approximated by a sine wave having a 12-hour period.

In enclosed waters, tidal current magnitudes and directions were de-
fined as functions of physiography and then superimposed on the sine wave as
functions of time. For open-sea conditions where no discernible ebb and
flood exists, the model treats currents as a function of wind direction,
taking account of the coriolis effect.

Winds rarely remain steady in terms of either speed or azimuth. More-

over, available current data were sparse and not descriptive of the subtle-

ties of backeddies and tide rips. In order to take into account uncertainties
due to these factors, as well as variability of physical/chemical properties
with environmental parameters (temperature, wind, etc.), MSNW "enveloped"

the spill areas calculated from the computer model. It must be emphasized
that the areal extent of an envelope does not represent an area covered by

a specific spill, but rather that the spill, as calculated by the model, is

equally likely to have passed over any region included in the envelope.

Spills under ice were conservatively assumed to spread unimpeded to
the maximum area as estimated by previous investigators. Spills on ice sur-
faces were ascumed to spread to a minimum thickness of 1 cm.

Specific spill sites were selected by MSNW and approved by the U.S.
Coast Guard, taking account of such factors as navigation routes, critical
turn radii of vessels, depth of water, natural hazards, location of
terminals, projected drilling sites, etc.

For purposes of biological impact evaluation, the spilled material

was assumed to be present to a depth of 10 fathoms. Gasoline was assumed



to evaporate rapidly with tima, and a maximum simulation time of 24 hours was
defined. Any oil reaching a beach was assumed to remain on the beach.

The characterization of biotic communities at the different locations
and in all of its variations would, of course, require an immense effort.
Not surprisingly, the data that are available at this time are limited in
both depth and extent. MSNW elected to characterize the sites in terms of
habitats. The eight selected habitats were: pelagic, subtidal sand/mud,
subtidal rock/cobble/gravel, intertidal sand/mud. intertidal rocky, inter-
tidal cobble/gravel, freshwater river, and terrestrial. Floral and faunal
types present in each type of habitat were deduced from research reports of
record or the judgment of study team members who have visited the different
locations. Alyeska reports provided some summary information for land sites.
Other reports by federal and state agencies provided information that was
used as a basis for extrapolating types and abundance of biological species
at locations where no such information was available.

A rating system was devised by MSNW to characterize the impact of an
oil spill. The system may be characterized as three-dimensional in nature;

the dimensions being:

] Abundance of floral and faunal species
° Importance of species to man and the location's ecology.
° The impact of o0il or its derivatives on species, short
and long-term.
Commercial, recreational, and subsistence factors were used to define the
importance to man. With respect to ecological importance, value in food
chains and status with respect to endangered and protected species was con-

sidered.
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It was necessary to assign numerical values to each axis in every case
examined (numbering in the hundreds). A multiplicative procedure was followed
in order to obtain an overall impact score for each case, i.e., the abundance
rating was multiplied by the summed importance ratings and the result by both
short and long-tem impact ratings. The final impact score for a particular
spill case was derived from the short and long-term impact ratings for each
species. The critical problem of assigning weighting values was accomplished
by means of a reiterative, subjective, team evaluation process. Each site
was cross-correlated with others with respect to species abundance and im-
portance before total impact scores were calculated. Needless to say, the

resulting three-dimensional matrix was computerized for ease of manipulation.

D. STUDY LIMITATIONS

The point was made in the previous subsection that wind and cu: rent
data for the various spill cases were sparse and may not be representative of
actual spill situations that can occur. The use of an enveloping procedure
in an attempt to conservatively offset these uncertainties in defining oil
spreading trajectories was also discussed. Finally, the use of conservative
assumptions with respect to the effect of ice presence on spreading dynamics
was noted.

It should be recognized that spills can occur at specific sites
different from those assumed for this study. If so, the degree of impact
could be substantially greater or less than that estimated herein. Spills
also might occur over 2n ertended area instead of at a precise location as,

for example, occurred with the Drift River spill in December of 1967. In that
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instance, the damaged tanker was towed to Nikiski and oil leaked into Cook
Inlet along a path of many miles, thus contributing to its subsequent spread
over a large area.

Other tactors contribute to the need to exercise caution in applying
the results of this study. One is the fact that the amount of o0il spilled
could be greater or less than that assumed at the locations surveyed. The
VLCC Metula spilled an estimated 400,000 bbls of crude o0il in the Straits
of Magellan on August 9, 1974. This is 8 times the maximum spill assumed in
this study. Another is the fact that wind and current speeds and direction
could differ in magnitude and direction from those used in the study. Still
another is the fact that chronic oil presence, or the presence of other types
of pollutants at the time a new spill occurred, could influence the severity
of spill impacts. It should be recognized that the limitations of the study
were partially dictated by the purpose--a relative ranking of likely impact.
Most Tikely spill sizes, locations, and climatic conditions were used as a
more equitable basis for relative ranking of the sites. The scope did not call
for worst scenarios imaginable.

Finally, readers should bear in mind that MSNW followed a traditional
approach in estimating the biological severity of spills. That is, sites
having the greater diversity of animal and plant 1ife received the highest
impact rating; sites having a lower estimated diversity of flora and fauna
scored lower for a given spill type and amount. Other researchers would
argue that locations with low diversity are more fragile--and the con-
sequences of oil spills are thereby greater. This point was partially

addressed by the long-term impact effect used in the matrix evaluations.
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In summary, the study results should be treated as a "first-cut" and
best estimate of extremely complex situations based upon limited data. The

numerical scores should be treated simply as tools used by the investigators

in assessing the relative impact of spills at different locations. The

numerical scores have no absolute meaning in themselves.

E. RESULTS

The U.S. Coast Guard's primary objective in scheduling this study was
to obtain a ranking of the relative environmental impact of oil spills at
different locations. Section 2 presents such a ranking for 372 spill
scenarios analyzed by the study team. In addition to these scenarios, for
which natural dissipative forces were assumed to control the spread of oil,
the study team also analyzed 22 scenarios in which spill cleanup measures
were assumed to be used.

The 20 non-cleanup cases for which the greatest environmental impact
was estimated occurred in South Central Alaska, with the exception of one
case involving a large simulated spill at the Yukon River Pipeline Crossing.
In addition to the Yukon River Crossing, the cases found to have the greatest
impact involved Port Graham, Valdez Narrows, Drift River, and Unimak Pass.
The highest impact score that was obtained involved a spill of 50,000
barrels of diesel-2 at Port Graham in the Summer. The second highest score
involved a 10,000-bb1 spill of diesel-2--also at Port Graham. Cases involv-
ing Valdez Narrows and Port Graham dominated the 20 cases of highest impact.
One-half of this group involved diesel-2 fuel o0il. Seventeen of the 20
highest score cases took place in the Summer, and 13 of the 20 cases in-

volved the maximum spill size encompassed by the study--50,000 barrels (the
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remaining 7 were 10,000-bbl spills). The results reflect the higher species
abundance and diversity at these sites. The high abundance approach is con-

troversial as noted in Subsection D - Study Limitations.

The same five locations, Valdez Narrows, Port Graham, Unimak Pass,
Yukon River Crossing, and Drift River dominated the list of high impact scores
in those cases where containment and cleanup of spilled oil was assumed to
take place.

At Valdez Narrows, barriers, skimming devices, and sorbents were
assumed to be used effectively in the water while mechanical/manual removal
and on-site sand cleaning were assumed to be effective for o0il removal on the
beaches. The same mix of containment and cleanup techniques was assumed to
be effective at Port Graham and Drift River. Unimak Pass proved to be a
special situation where none of the water containment or cleanup techniques
appeared to be particularly useful. Mechanical/manual removal, burning and
natural dispersion were assumed to be reasonably effective for beach/land
cleanup. Sorbents and manual removal were assumed to be effective for
Yukon River Crossing spills in Summer and were judged useful in the Winter if
the oil remains on the ice surface. Burning and mechanical/manual removal
were assumed to be effective for 011 removal on Yukon River banks.

The highest impact score for cleanup scenarios was obtained for a
50,000-bb1 spill of diesel-2 at Port Graham during the Summer. The second
highest score obtained was for a similar spill at Valdez Narrows.

MSNW was instructed to avoid direct comparison of cleanup and non-
cleanup cases for specific events and locations. Some general conclusions

can be drawn, however.
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In enclosed waters where tidal currents are significant and fetches
are short, beach habitats can be rapidly impacted (in some cases within
one hour after the spill occurs) unless containment equipment is deployed

in near-instantaneous fashion. In other cases that were analyzed, longer

times, on the order of 3 to 4 hours or more, elapsed before o0il reached the
nearshore habitats. This latter type of situation permits more time for
deployment of containment equipment, and such deployment may yield positive
results. Ice, when present, wa§ assumed to preclude use of containment
equipment and oil was presumed to disperse under, on, or with the ice.

The effectiveness of cleanup must be decided on a case-by-case basis.
While cleanup techniques can be used to eliminate 0il dispersed on beaches,
it is not known what the overall effect will be. MSNW assumed for purposes
of the study that the short-term effect of such efforts would be detrimental
in intertidal areas, but that the long-term effect in such areas would be
positive. This was an assumption that is not currently subject to verifica-
tion. Notably lacking from the current state-of-the-art is knowledge of the
repopulation dynamics of beaches that have been effectively sterilized by the
use of some beach cleanup techniques. It is not known whether the overall
benefit of using such techniques is positive or negative at all Alaska loca-
tions of interest.

Consistent with the pioneering nature of this study, the U.S. Coast
Guard also requested that MSNW identify data gaps and recommend future
studies to fill such gaps and improve the methodology of spill impact

analysis and avoidance planning.
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Important data gaps exist with respect to the following:

(] Descriptions of local biological species and abundance

] Species relationships within food webs

0 Species population and repopulation dynamics

[ Short and long-term effects of oil on species

° The economic value of various species

() Local tidal current information

° Characteristics of rivers downstream of TAPS crossings

° Nearshore ice dynamics

° 0i1 dispersion under ice

° 0i1 degradation characteristics under Arctic conditions

° Spil1l history data with which to "ground truth" oil
spread prediction models

. The effects of combusting recovered oil on the ecology
and albedo over Arctic ice

° The performance of oil containment and pickup equip-
ment in the presence of sea ice

Recommendations for studies needed to help fill these data gaps are
made in Section 10. In addition, studies are recommended concerning net-
work monitoring of wind speed and direction, pre-selection of spill re-
sponse staging areas, the impact of fertilization on oil degradation, the
analysis of preferred tanker routes and control systems, and the design and
Tocation of shoreside transfer and storage facilities to minimize potential

spill impact.

An overriding judgment gained from this study is that Alaska is a

large and often hostile environment in which 0i1 spills will probably occur.
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With the problems of logistics, adequate cleanup methods, environmental
impact, and other cleanup problems including high costs, efforts must be

directed to the prevention of oil spills in Alaska.
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SECTION 4., EFFECTS OF OIL ON THE ENVIROMMENY

This section addresses the effects of crude oil and refined products
on the biological and physical environment. Key assumptions made by MSNW
for purposes of this study are also noted. With respect to the study,
primary dependence was placed upon References 1-7, which summarize state-of-
the-knowledge of oil effects on the environment. Subsections A through D
which follow discuss effects of petroleum and its products on the biological

environment, Subsection E addresses effects on the physical environment.

A, GENERAL

The complexity of interpreting the effects of oil on the biological
environment is illustrated by the numerous factors that influence the damage
caused by a snill, Factors identified by Straughan8 and by Brooks, et al.,g

are:

1. Type of oil spilled

2. Amount of o0il spilled
3. Location of spill

4. Time of year

5. Distribution of ice

6. Direction and velocity of currents and winds
7. Silt burden or turbidity of the water

8. Abund~nce and distribution of organisms

9. Previous exposure of the area to oil

10. Presence of other pollutants

11. Method of spill control



Information sufficient to define the first three factors was stipulated by
the USCG. MSNW assembled the basic data or formed assumptions needed to
gefine factors 4 through 8 and 11. No atc.empt was made to address chronic
01l spill problems or the presence of other pollutants (factors 9 and 10,
respectively) in this study.

The impact of petroleum and refined products on biological species

7

has teen classified by the Council of Environmental Quality’ as follows:

1. Lethal toxicity

2. Sub-lethal disruption of physiological or
behavioral activities

3. Effect of direct coating by oil

4., Incorporation of hydrocarbons in organisms which
cause taintinag or accumulation of hydrocarbons
in food chains.

5. Changes in bioloagical habitats

Unfortunately, the state-of-the art is such that practically no information
exists with respect to factor numbers 2, 4, and 5 in terms of Alaskan species.
As a result, impact evaluationsperformed in this study were based primarily
on lTethal toxicity (factor number 1) and the effect of direct coating by oil
(factor number 3). Published information with respect to even these two
factors is limited in extent for Alaskan species.

Another categorization of oil spill effects that combines these five
types of impacts is what can be called "chemical" and "physical" impacts.
The "chemical" impacts would be those resulting from the chemical properties
of the 0il (i.e., such as the toxicity of soluble aromatics on some aquatic

organisms). Normally, the exposure of different species to chemical impacts
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following an 0il spill would be of short duration because of the volatility

of some of the materials involved. Blumer and Sass]O

and others have shown,
however, that the chemical impact of diesel-2 may be of long duration in
confined locations such as salt marshes.

"Physical" impacts are those resulting from the physical properties
of 01l (i.e., smothering of intertidal organisms or coating of bird feathers).
These impacts are usually more noticeable some time after a spill, although
a marine spill nearshore or a land spill can create a physical impact irme-
diately after a spill has occurred. Physical impacts are generally of longer
duration,

As developed in Section 5 of this report (Dispersion and Fate of 0il
in the Environment), the lighter fractions of spilled oil will tend to
evaporate and disperse such that their capacity to cause biological impact
will be greatly diminished after a few hours. MSNW concluded that the impact
would be significantly reduced after about 12 hours in most situations.

There will obviously be exceptions to this generalization; exceptions include
situations where emulsification, vigorous vertical dispersion of the oil,

and early capture of the oil by shoreside sediments occur. In general,
however, it is concluded that the chemical impact of a spill will manifest
itself most strongly in the first 12 hours. The capacity of a spill to cause
physical impact will be operative over much longer periods. MSNW adopted a
72-hour period for purposes of spill impact evaluation and assumed that
physical impact capacity remained undiminished cver this period.

Sti1l another generalization can be made that major impacts of lighter

refined oils (diesel-2, gasoline) are chemical, while major impacts of crude
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0ils and residual oils (bunker-C) are the physical type. Figure 4-1
illustrates some minimum persistence of weathered 0il by marine habitat type
(not the same habitats that MSNW used in the evaluation matrices).®

This pattern of chemical and physical impacts was utilized to form
two generalized envelopes of spill impact areas after cases were modelled
(a 12-hour and 72-hour envelope). The envelopes and the physical shoreline
makeup (i.e., sand, mud, rock, etc.) were used in judging and scoring short-
term and long-term impacts of a specific spill in the evaluation matrix
for thct case.

Another point to be made is the general lack of information about the
imoact of 0il on biological organisms in general and the lack of information
of impacts on Alaskan organisms. The terrestrial impacts of oil development
and oil spills in the Arctic have been under investigation for some time and
a data base is developing. Work on Alaskan aquatic organisms is in its
infancy with work just beginning at the University of Alaska and National
Marine Fisheries Service at Auke Bay (Juneau), Alaska.

A problem with some of the referenced experimental studies on aquatic
organisms is that many researchers have confused the "dose" of oil used
(i.e., the amount of the oil product added) to the true “concentration" of
0il (i.e., the amount and types of oil products in the water column below
the 0il added to the surface) that actually killed or injured the organism(s).
This important aspect of some of the existing data base on 0il effects on
organisms is discussed in detail by Legore.]] He goes on to illustrate one
case in which a stated "concentration" (really a dose) that was a 96-hour

median tolerance 1imit (TLM) for a fish species was over twice the solubility
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FIGURE 4-1 (CONT'D)
Mot lus ealiomianus were described as having an oil coating after
six months; nonlethal effect (Chan, 1973).
Analytical determination of oil (Scarratt and Zitko, 1972).

Author is referring to lagoon, which can be broadly interpreted as
a salt marsh (Thomas, 1973).

The authors cite visual evidence of 0il retained in rocky ledge by
false eelgrass for several months (Clark and Finley, 1973j.

Author's estimate after two years; analytical methods; used #2 fuel
(Blumer and Sass, 1973).

Interpretation from statement made by authors; analytical techniques:
crude oil (Straughan, 1973).

Visual observation and analytical. JP-5 and #2 fuel (Shenton, 1973).
Visual observation--emulsifiers used on crude (Smith, 1968).
Teal, 1973).

Gas-liquid chromatography analysis (Spooner, 1971).

See source 6 for references.
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of this oil product in distilled water. The studies undertaken by Legore]]

and PJ'ce]2

are forerunners in this area of measuring the true concentration
and makeup of oil products in the water of aquatic biocassays of various oil
types. Hopefully, this "dose"/"concentration" problem is now resolved and

will not be overlooked in future aquatic bioassays.

B. EFFECTS ON FAUNA
Information obtained from the literature concerning the effects of

crude oil and refined products on marine and terrestrial organisms is

presented in tabular form in Appendix B. This information was extracted
from the 1974 CEQ study7 and other sources. The following section summarizes
this information for invertebrates (marine and freshwater) and vertebrates

(birds, fishes, and mammals).

(1) INVERTEBPATES

Invertebrate fauna of concern to this study are marine (13 marine
sites) and freshwater aguatic invertebrates (four terrestrial sites that lead
to river spills). Terrestrial invertebrates exist at these locations, but
the spill cases considered do not extensively involve the terrestrial
environment except as involves the logistics and deployment of possible
cleanup operations. Therefore, terrestrial invertebrates are not included
in this discussion of oii effects nor were they considered in the matrix

evaluation process.

(a) ZOOPLANKTON
Zcoplankton are primarily filter-feeding crustaceans which are

located in pelagic (surface) waters. These microscopic animals have modility
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but are generally moved by water currents. They often utilize cilia (hair-
like structures) for motility and/or feeding.

Many macro-invertebrate species (crabs, clams) and some fish species
have an egg and/or larval stage that,during a pelagic period, becomes an
important component of the plankton community (both categories: crab larvae
and ichthyoplankton--fish eggs/larvae were broken out from the two general
plankton g-oups in the evaluation matrix). Pelagic eggs/larvae of fishes
are discussed in a following section. An important aspect of this pelagic
invertebrate stage in crab and clam life histories (as well as other marine
invertebrate groups) is that these species can be directly damaged by oil
products in this stage even though adults may be in deep water or on beaches
a safe distance from the actual spill. Also, investigators reported larvae
to be 10 to 100 times more sensitive than adults.

Zooplankton, as a group, are felt to be susceptible to damage by oil
spills primarily because of their physical location in close proximity to oil
on the sea's surface and any related oil-water emulsions. Impacts could be
chemical as well as of a physical nature (i.e., oil droplets clogging cilia).

Zooplankton, in general, are thought to be as susceptible as macro-
invertebrate larvae to oil products. Certain invertebrate larvae have been
bioassayed in the laboratory, often because of man's economic interest in
certain species (see Appendix B ). Soluble aromatic derivatives (SAD)
caused lethal toxicity at levels of 0.1 to 1 ppm. Death may occur at
even lower concentrations if larvae develop abnormally and become more sus-
ceptible to predation, competition, or other secondary effects.]3 Mortali-
ties could also result if zooplankton and/or larvae suffer narcotization to

reduce ciliar activity as observed in mo]lusks.]]
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Zooplankton are dependent on a phytoplankton base in the food web

so that oil effects on phytoplankton would also impact zooplankton.

Phytoplankton seem to be varijablv impacted with some snecies

sensitive to 1-ppm soluble aromatic derivatives (SAD).7 The CEQ report7

went on to say that other species were unharmed by 100 ppm and higher
concentrations.

Zooplankton may also concentrate (accumulate) certain petroleum
hydrocarbons, the most important of which are carcinogenic compounds (in
o1l products), and pass them on in the food web as well as deposit the
materials to the bottom in fecal peHet:s.]4

For the purposes of this investigation, MSNW assumed that zooplankton,
including invertebrate crab and other larvae, were very sensitive to oil
products such as diesel with high quantities of soluble aromatics and

slightly l2ss sensitive to the other o1l products such as crude oil or

bunker C.

(b) PELAGIC INVERTEBRATES
The only pelagic macro-invertebrates in Alaska that are involved in
major food chains are the squids. One source]5 indicated that direct
effects are not known, but 0il could possibly affect their food supply.
This lack of information and lack of squid abundance information for the
13 marine locations precluded consideration of these animals in the evaluation

matrix.

(c) BENTHIC MACRO-INVERTEBRATES
Benthic macro-invertebrates are animals that live a portion of their

lives on or near the sea floor and below the lowest tide level (contrasted
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with intertidal macro-invertebrates, following section). This group contains
a great variety of animals, some of which are of great economic importance
in the State of Alaska (crab species, shrimpi. The benthic invertebr.tes
discussed are crustaceans (crabs, shrimp), bivalves (clams, scallops), and
other benthic invertebrates (snails, etc.)

Crustaceans are the important commercially-utilized group of benthic
invertebrates in Alaska. King crab, tanner crab, Dungeness crab, and
numerous shrimp species constitute important fisheries in Alaska (see
location descriptions in Section 2).

Benthic crustaceans that are commercially important are primarily

deepwater forms as adults. They are assumed to be relatively invulnerable

].14

to oi However, several factors point to greater vulnerability:

1. 0il products (residual products and weathered crudes
and refined products) can settle to the bottom and
become part of these crustaceans' habitats.

2. Some forms (shrimp) are known to make vertical migra-
tions toward the surface at night, increasing their
proximity to oil products and their vulnerability to
the oil.

3. The three crab (king, tanner, and Dungeness) move to
shallower waters to molt and breed. Vulnerability
to oil products would seem greater for the shallower
water inhabitant, such as the Dungeness crab, as
compared to the deeper water-inhabiting king and
tanner crabs.

4., Eggs are carried by the female in these crustaceans
for up to a year concentrating these eggs with the
female crab. The larvae that hatch from these eggs
become pelagic for a period of time. Dungeness and
tanner crab larvae reach the surface (pelagic) regions,
increasing their vulnerability, while the king crab
larvae remain in mid-water and deeper regions.



The vulnerability of crabs and shrimp is therefore thought to be
fairiy high, with levels of sensitivity ranging from high (larvae, night
shrimp migrations), medium (shallower water movements for breeding), and
Tow (deepwater adults, such as king and tanner crabs). Vulnerability is also
increased when one considers that slight amounts of 0il can taint shellfish
and reduce their marketability. This latter factor was not included in this
evaluation as it is not an apparent biological impact that is necessarily
damaging to the organism.

16

One source'” reported bioassay results of Prudhoe crude oil on

Jjuvenile tanner crabs as follows:

1. Median tolerance limits for 48 hours for both premolt
and postmolt tanner crabs was estimated tc be 0.56 ml
oil/liter.

2. Molting success of premolt crabs after exposure to
0.32 ml oil/liter was significantly lower than molting
success of control crabs.

3. Observations of autotomy in recently molted crabs that
survived acute 0il exposures suggested that delayed

and indirect mortality may occur among crabs that sur-
vive a short exposure to oil.

See Appendix B for further data on crustacean larvae and adults.

For the purposes of this evaluation, MSNW assumed a relatively high
level of sensitivity for these benthic crustaceans because of the sensi-
tivity of their larvae and the probable vulnerability of migrating adults.
No documented impacts on these benthic crustaceans have been noted during
Cook Inlet's o0il exploration and production periods.

Bivalves in the benthic environment include species of scallops,

subtidal razor clams (as exist on the Washington coast), and other bivalve
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mollusks. Alaska scallops prefer waters deeper than 60 m, thus they are

N provided a detailed

assumed to be low in vu1ner‘ab1’h’1:y.]4 Legore
literature review on the effects of petroleum hydrocarbons on mollusks.
Appendix B presents the available literature on bivalves.

As with benthic crustaceans, the pelagic larval stage may increase

15 indicated a

the vulnerability of mollusks to oil products. One source
relatively low resistance of mollusks toc the toxic effects of oil. Acute
toxicity is only a part of the impact possible. Some mollusks (Zamelli-
branches) have been shown to have reduced pumping rateJJ probably due to
narcotization of cilia. These are cilia-mucous feeders and such impact
would reduce food intake and possibly cause a delayed mortality.

As with benthic crustaceans, MSNW ascribed a conservative (moderately
high) sensitivity of benthic bivalves to some 0il products in this evalu-
ation., Some bivalves do have the protection of closing their shells, but
this status cannot be maintained indefinite]y.]3 Critical concentrations
reported in the CEQ report7 are 5 to 50 ppm of soluble aromatic derivatives.

Other benthic organisms (small crustaceans, gastropods, etc.) are
fairly sensitive to soluble aromatic derivatives (thresholds appear to be 1

to 10 ppm).]3 Therefore, MSNW assumed this miscellaneous group important

in food webs (particularly of fishes) as very sensitive to some oil products.

(d) INTERTIDAL MACRO-INVERTEBRATES
Intertidal macro-invertebrates are animals which live on shore zones
exposed by tides, from the lowest tide level to the highest tide level. Most
of the benthic macro-invertebrate groups are also represented in the inter-

tidal zone; however, the dominants shift from benthic crustaceans to
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intertidal mollusks. The large razor clam populations in Cook Inlet are an

example.

It would be repetitious to restate the prior sections' information for

these invertebrates. One dramatic difference between the intertidal macro-
invertebrates and their benthic counterparts is that tidal changes expose
them to the physical coating of the oil products. A compensating factor is
that many intertidal invertebrates have the ability to "seal" th .iselves
within their shellls) as they do when low tides expose them to the air. The
value of this compensation would decline with the time that the oil products
would remain in the intertidal area. These organisms can only sustain
themselves for limited periods without reexposure to the sea and food
resources.

Intertidal macro-invertebrates are much hardier generally as compared
to their subtidal counterparts which live in a more constant environment.

MIT1® reported highly variable results for intertidal macro-inverte-
brates. Bivalve and some gastropod mollusks' susceptibility appears low
while other gastropods such as limpets have a high susceptibility, even at
Tow o0il concentrations.14

An important bivalve mollusk, the razor clam, was observed to be
vulnerable to oil spills. On the Washington coast in 1964, a barge spilled

17

a gasoline/diesel oil mixture on a razor clam beach, ' resulting in 50

percent mortalities within one-half mile of the site and spotty mortalities

(as indicated by numbers of dead clams) for about 20 miles from the s1'te.]8

A minimal estimate of the kill was 300,000 c:'lams.]8




Any narcotization resulting in behavioral changes in a species could
also result in mortality from increased predation on the affected species.

With some conflicting information in intertidal macro-invertebrates
and with the importance of razor clams at some Alaska locations, MSNW

assumed a high sensitivity for these intertidal animals.

(e) FRESHWATER MACRO-INVERTEBRATES
Freshwater aquatic macro-invertebrates of the streams into which
terrestrial o0il spills could drain were assumed to be quite sensitive to
oil. This has been assumed from the established hiah sensitivity of small

marine crustaceans.

(2) VERTEBRATES

The major vertebrates of concern in this study are probably the marine
birds and fishes in the 13 of 17 sites. Marine mammals are also important.
On the four terrestrial sites, large terrestrial mammals and freshwater
aquatic organisms, including waterfowl, are thought to be the important
rescurces. MSNW has hypothesized terrestrial oil spills that cover only a
small amount of land before entering nearby rivers (Colville, Sagavanirktok,
Yukon, and Delta). Therefore, the primary resources involved in direct oil
impacts on land are those large mammals, the avifauna, and the true aquatic
vertebrates associated with these river systems which will receive the
terrestrial oil spills,

The following discussion characterizes oil impacts on fishes, birds,

and mammals. Specific marine, freshwater, or terrestrial situations are

discussed within the general categories for each group of organisms.
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(a) FISH
MIT]3 defined three mechanisms by which oil can impact fish. These
are:
1. Egg and/or larval mortality on spawning and/or nursery
grounds. Eqgs and larvae may be affected by concen-
trations of soluble aromatic hydrocarbons in excess of
0.01 ppm,
2. Adult mortality or failure to reach spawning grounds
if the spill occurs in a confined, narrow or shallow
waterway necessary for migration or spawning. [ Anadrcmous
fish crowding into an estuary would seem especially vul-
nerable to this hypothetical disaster. ]
3. Loss of a local breeding population or ability to
breed due to contamination of spawning grounds or
the destruction of the nursery area by oil,
The report did not document instances of the second and third mechanisins and
impact of these types must by hypothesized at this time,
For the first impact mechanism, MIT]3 indicated the deqree of impact
on eggs/larvae would depend upon:
1. Time of year of spill and season and duration of
spawning.

2. Degree of aggregation of eggs and larvae.

3. Type of eags and larvae.

L ago further to conclude that little is known about 0il impacts

Sources
of fish species and populations of fish species.
Appendix B summarizes the literature located on o0il impacts

related to finfish,



SALMONIDS
A1l of the of salmonids were considered similar in this examina-

tion of direct oil effects even though experimental information only exists

19,20 21

for Alaskan sockeye, coho, and pink salmon,“’ and Dolly Varden. 12 The

behavioral differences and presence of these salmonids at a given location
determine whether they come into contact with the hypothetical oil spills
analyzed in this study. Salmon are generally found in shallow habitats®? or
in surface pelagic waters and could be affected by toxic soluble components

in the water column.

19,20

Morrow, working with juvenile coho and sockeye salmon, concluded:

1. Crude oil poured on the water surface of 25-gallon
tanks in amounts equivalent to 500 to 3,000 ppm
produced up to 100 percent average mortalities in 96
hours. These quantities of oil might well occur if
0oil from a spill were carried into shallow inshore
waters.

2. The majority of the 96-hour experimental mortality
rates are significantly higher than the mortality
rates of control animals.

3. The mortality rates are directly related to the con-
centration of 0il, but they appear to be inversely
related to water temperature.

4. Mortality apparently is caused by some component of
crude 0il that is soluble in water and is also vola-
tile and/or easily oxidized.

b1 Crude oil loses its toxicity to salmon after exposure
to air, probably through the loss of volatile toxic
components. Hence, conclusions based on bioassay
work with o0il of unknown history may be less valuable
than those derived from studies wherein the handling
history of the oil is known.



Rice,2] working with pink salmon fry subjected to Prudhoe crude, con-
cluded:
1. Bioassays indicate that older pink salmon fry held in
sea water at high temperatures are more susceptible to
0il toxicity than younger fry held at lower temperatures.
2. Laboratory avoidance experiments show that pink salmon
fry are able to detect low sublethal concentrations of
oil.
3. It is not known what the effect of sublethal concen-

trations of oil on salmon migrations will be, but the
potential for harm is clear.

From bioassays on pink salmon fry and small Dolly Varaen, R'Ice]2

indicated that Cook Inlet crude was 10 to 20 percent more toxic than Prudhoe
crude, He]2 also noted increased ventilation (cperculum/gill movement) in
pink salmon fry.

Also noted in bioassays of varying salinities was that crude oil
soluble components were more soluble in sea water than in fresh watelr.]2
This could create varying toxicities of a given cil type and volume as a
species {such as salmon) moves from fresh to sea water and vice-versa, or
as salinities change in an area.

Based upon this limited information, MSNW assumed that salmon, trout, and
other salmonids are quite vulnerable (in this study) to spilled petroleum and
hydrocarbons. MSNW assumed nonlethal impacts (behavioral changes due to o1l
avoidance) could occur in bays (Kvichak, Kachemak, and others) and in river
systems to upset migration patterns and be detrimental to any salmonids

present. This is known to be a conservative approach as others have argued

that these species can sense sublethal concentrations and avoid them. MSNW
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agreeu that this is probably true in pelagic open-water situations. MSHNW
also attempted to establish timing of migration in and out of fresh water

where 011 damage would probably be most severe.

BENTHIC COMMERCIAL FISHES

This group includes, primarily, the cods, flatfishes, and rockfishes.
These are generally all bottom-dwellina species (as adults) living in deep
water. During spawning movements, these species may come into shallower
waters and often their egq and larval stages are pelagic. Appendix B
indicates one study showing plaice (a flatfish) eags verv sensitive to

an undefined "o0il" in a two-day exposure.

Based upon this limited information, MSNW took a conservative approach
to this group of species and assuwed some oil products, crude and bunker C,
and, in particular, their toxic components could, after weathering or after
sufficient mixing, reach benthic habitats and the adults of these species.
Even with the approach, MSNW assumed only small damage to the adults.

MSNW did assume greater impact where adults of certain species were
thought to move into shallow water and where pelagic eggs/larvae were thought

to be present. In these cases, greater vulnerability was assumed for these

commercial benthic species.

OTHER BENTHIC FISHES

This group includes the numerous sculpin species, greenlings, and
other ma: ine fishes. It is impossible to generalize this diverse group con-
cerning the relative impact and their vulnerability. Sculpins occur over a

wide depth range as does the remaining mixture of "other" marine fishes (i.e.,
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poachers, lumpsuckers, etc.). The greenlings usually inhabit the shallow
waters. As concluded by AEIDC.22 any "species 1iving in shallow water,
either permanently or during a shallow-water stage of its 1ife cycle, could
be susceptible." Therefore, MSNW assumed if these species or groups of
species met these criterion, then they were moderately vulnerable to oil

spills.

PELAGIC FISHES

This group includes herring, smelt, sandlance, and Atka mackeral (a
areenling). As pelagic implies, all these species are primarily surface-
water dwellers. Herring are especially vulnerable as they deposit adhesive
eggs on nearshore kelp, and some sources 14123 feel a spill would be disastrous
to this species. Some smelt species are anadromous like salmon and ascend
streams to spawn while others spawn in shallow marine areas adjacent to sand
or cobble beaches. Sandlance also spawn similarly to this latter group of
smelt. Atka mackeral spawn in shallow cobble-bottom areas with adhesive eggs.
Larvae move to the pelagic areas and become adults.

Vulnerability in all these species increases as they move to these
shallow shore areas to spawn there or ascend coastal rivers.23 They are also
vulnerable as surface-dwelling adults and larvae. MSNW assumed this group of
fish species to be highly vulnerable to oil products, particularly diesel 2,
gasoline (while it remains on water), and crude oils with high quantities of

soluble aromatics.
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FRESHWATER FISHES

These species include some groups already discussed that are marine
and anadromous (salmonids). Sculpins, pike, and sticklebacks are examples of
other freshwater fishes. Additional salmonids include cisco, whitefish, and
grayling.

Hypothetical oil spills from land into rivers (Colville,Sagavanirktok,
Yukon, and Delta) were all jiven by the USCG as being crude oil in varying
volumes. Because of the concentrated impact of these spills on restricted
areas, MSNW assumed that crude oil was damaging to these species. Behavioral
changes resulting from sensing sublethal concentrations were also assumed
detrimental to miqrating species like some salmonids.

MSNW cenerally assumed the salmonids, including whitefishes, grayling,
and cisco, were similarly very sensitive, particularly as eggs and juveniles.
Pike, sculpins, and siicklebacks were assumed to be somewhat less sensitive.
Known areas of concentrations of fishes while spawning were also assumed to

be extremely vulnerable to crude oil spills.

BIRDS

The greatest observed impact of past oil spills has been on surface-

14

1iving seabirds. One study'" summarized the effects of oil on birds as

follows:

0i1 mats their feathers, reducing their buoyancy and in-
sulation ability. Not only is the affected bird dulled
and hindered, but it may, while preening, injest some oil
and be subject to toxic qualities. Birds cannot recognize
0il spills and avoid the danger. Birds whose habits bring
them into cliosest contact with oil would be most suscep-
tible.
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Table 4-1 provides summary evaluations of susceptible time periods of

various bird groups and other flora and fauna to 0il spills.

14

(ne study summarizes oil effects on bird groups as follows:

BLACK BRANT AND EMPEROR GEESE. These are entirely marine feeders
and would be highly vulnerable to losses from the mechanical
effects of oil.

CANADA GEESE AND PUDDLE DUCKS. To the extent that these species
are less oriented to marine habitats, they would be less suscep-

tible than emperor gees= and brant.

DIVING DUCKS. They nest in fresh water. They would be most vul-
nerable in Fall, Winter,and early Spring when they are on salt
water.

SEA DUCKS. Except for nesting of scoters and the harlequin duck,
sea ducks are entirely maritime in habit and would be vulnerable
most of the year. The greatest numbers of these birds would be
in the study area during Spring and Fall migration.

MERGANSERS, LOONS, AND GREBES. These species nest on fresh water
and Winter on salt water. Their vulnerability would be similar
to that of the diving ducks.

ALBATROSSES. These birds are found in the Western Gulf in Summer
and could become trapped in any oil spilled in their feeding areas,
particularly tide rips, where both spilled oil and birds tend to

concentrate.

TUBENOSES AND STORM PETRELS. These birds are totally marine
feeders and would be highly susceptible to mortality from oil.

CORMORANTS. Although the double-crested cormorants sometimes
nest in fresh water, the two other cormorant species found in
Alaska nest adjacent to marine habitats. In Winter, all feed
on exposed open water and could be caught in spilled o0il during
that period.

QYSTERCATCHERS AND SHOREBIRDS. Birds of this group feed in the
intertidal zone and could be effected by 0il washing ashore.

JAEGERS. A1l the jaegers are associated with salt water, the
parasitic and pomarize jaeger more so than the long-tailed

which nests inland. These birds do not feed on the water but
could come in contact with food contaminated by 0il. Their risk
of exposure to oil is not as high as marine feeders.

4-21



40 sduo) 32143s1q eySely Away 3Yy3 340 juaunuedsg ayy 4oy pasedaud

*2L61 ‘Adenaqay ‘savsuybuj

‘abpa|mouy a|qe|ieae °y

NNOHIXIVE V="ININNOYIANG ZVE TOISIHA 3HI ‘433u3) IRQ PUB UOLJBUOJU] |eIUBWUOALAUT 31334y

*d ‘zanis

+324n0S

A wu

R R ey

TrvOr T T

1503 HEBAN vub A8 10 1 m sei g

o o et
e AT

VOIRQUISIN 141 N

N 8110m emolYS a3y

vose aymia ot 16 10
T A A

SwoNon AY20) Buvjy ywer e 9y 30

4313y W 30

e Sorerda

i
AIB0L O) iy YONAIRY Asy 1ir1ng 1O SaRNS

~tose; - Surmon |

WAGE Buiumee s

BT STV TRy YORT ST IOy

WAINE AJes - BuiIs 1| ISP W 0 ) 9IE|I

R - Bk

it LN T ey 1 stemny ey S y 5 ik
214 a1, seasy v 438y oas0 dpmis vt row: Ay 101910 w1 wow Avw 10100y U 0w yMeg o o, any
§ Ve TIGTa LY BRI Wi UV
I a) iewem ssag wemay ad0) 1o inog W 052001 10 umeds awe i 0, Wi,
¥ e e, 98 Ji001a, Aow - yaiey Mt (0 18dm iy e N Surumiar - vien
¥ Sinsuiag Fasely - oendy,
2047580 *a “1aiem aoan 198018 Wi jare Avy (018 iy 23000 10100 1 um: Sinpy - euica
an, w0 OOITrix -
Sviomor -2~ eatne mavise o 00, potswy S400 puv BieIary poties (331101 1) 11131 swwad- . - qaty
Satnw wmow WS TATE 80 pagsoras uoy DirBs - 8e1CmaLsan 1oeta,
Ay oo aury Av8 10018 ut Bsey Jwormery 0am - soviie g
S50 . 00w 00y Mgvesy Avn 1ove1m w1 aue g Ary 1018 Uy 1 my $11npy - 901035
soaser Buiwaias ooy Aoy 10181 vt 2img INNIT pur 1beran - v ay 0nir) - Suing
Are 101010 w1 213 Swmres - cuing
IR owa doep T TR T IV RN ST RIS TIV T TOR Oy uY o
25 e mo, it jewe: jo an Aoy 10100 w1 23 Iy WSNeAre 131se 41RO turep dasiin S v - (8248 5 Swing oy
1 AN - ewa ren e was A'g 10101 ¥1 @ g WO ) 21Bv1va- by S0ANT - QIR 5 walwne 1]
o o Smolieng Furumeds - avs) eeevatuag
imavew immmsssias pvo N g - qen) oy
[ EJ A% 10 JAVED 10 FEe “Su p (91 10 1e0m RN 01 Hbeyee-rwag "o - some
& SRy
Avy prm - Lomuey A0 10 1vwE0 10 e Buon i (91 10 100 Siriases - qvn) Jewve;
1 SIS 90 AsIUSRRNS amy 498 10 1083 10 pue buen " (9110 1e0m 399 1 4Wap ‘@ 6L-51 10 MeANEIES 40 -
T TR BT L NI TS 80161 10 Mevesved 4y
A1 Aoy 001a8 - muen s . 1000+ v PR
g
Jmrwng 1908, WeIN 10 1900 smyvey Va1 vys woysvy -
I TOTVIN 6 ST
TewRAS “98vg WO 10 1908 “smymg
i
S1073 3 Gurms am Amreesmwiny, eot10ms Rowe semmag MW 410 WS §0 1000 * ammen
Bever . e amy Svoimas 409 10 Aiavd et we 190wbre dneuan Cavwry
call s L ___ ELL S
TTRES GO S TS 1T B
gy JNMvRe PHnY watey e e mavy
1801
AL O S
o Y 831 0% 19 sovime warvn pos Buii
- vy ) 10 000 w wenvavesees 1o - o
@ 01 v $00) 1oem
4 SopIR00 o ovey) 2% 0] ™ ®rimg * il
oir|elmlvionfao]r —

NN 11145 A9 PRV L 131 1IRRDNTINA

T
A3 1) WPV

DNVONAN Wil 10 VeV

vawin

PRI SEDT

110 30NYD WOY4 AYNCNI OL SWSINVDYO
INIYYW AVE 0LSI¥8 40 ALITIGIL4IISNS

‘L=t 318VL




ViR 1957801019 U1 PEBRRL) e wn

o= T TRV BT SIS (TR TGOS oT 7

T T RS UG TS -Eﬁu.'

TS TERTAN 5ud [eS1eorer A 19 vorenonip teeians ANy

e 0 ]

T
10Ns smaide Linandeeng smorwy wmowyun WOUs10 )18 ey uearn
e Sivesde Artirand soeng vavwn o) 1041110 Aliepy SOy D00
—_— —
VT YRy
1819 si0asce Anerdeoeng U v oy BUY DURLEL 1019 1Bate) ‘puNier S O B0 w01 10 etip v e
R
OIS srwadde Aniigndmoeng 01 Avwy 1wy Bursdng Avg )0 18933 wenincg $943089 GUe BIPUTURS w55 O) Je1Em mOIIRNS Ve

uiPLaoun amesduy

1193 rmns g

e 1eworeessn

1005 g wiein

- K0 10 SU01L00 18SMGINTE PP 18 ST
1461 meydneng 14819 ervadan Arianad oy o1 Burady Lo0uim e} Oa0sig CRIBINAD WSO NOS buTgg 21%48 Ut ioivry
t unsuey i 12 barnew neot et veny 1eam soljop g wo Aoy yoreng 19 wous weyiny ves w1
999930 A1 PDape 01 910p on it 2 g o Suor wed 1oy 100cyBnoigy BIr0 euiive A6y
30810 Lorvmtane o) 109 oy Buo) e s Jehgfoast ssopan purne Aled *
ssonse -.!!v’lil Surreon
T T Ty [
i 990000 A1010nbape o) M9 O S Apras ut esen L L L]
WISTH RN WV
250060 4 enbepe o) miep =5 (LY
TG T e - avimn Ay
el 1T1] g ey
e

o D LU LV S
Surimar

e S S e

W unGe o

e —— raatrong

IrousRO Ny

el swor ivatrany

Bupsd: ‘umming

140 1004 mwor ‘wmoybnary

sesese -.’.utll 9w oy Suuss veariny

Suouret mwnc movinany

. .Sﬂ’ﬂ-u‘

Suis “mtimy

Suouvel ewoy u

L R N e U

$30990 4101070490 01 0199 oy 20im Cwwn vy

Auude “uwny VANOACM SROsem g
Ulld...llﬂl!ﬂ-’; R,

ABIer) AlLOL w10 eI b N v S

VY YOTRVY ST (W
) Suniag ‘uniny

S30u80 Aioronbepe 01 1oy oy

Soureu (91> b sow) ruoue
‘woneIeben sy rve o) miate
JvenTIster 1w ue nom von

= Amy-pre v) vonesiurno

SiaTy NOEEA T VBTt

dvg 10101y U1 sorem 1ies i

190w 2990 490 U1 Jowiasan V1 AeInciued prastsarim iry )
> i‘IIIE

Jumwere vo (ee)

Samivne - vemiep eda ey

AN 400wy moy

ST VT Y

WONSIAR ‘Prom ui AIVIew Vaeds Caousii wout i)

NPy - vemiex stegay

IIWOIIVRIC UO paBy .iied ||

i ] samim - vmig Lo
WouR T SIE T SR Sag ~ SR BRG T
AN Aee “ouy ooy Boa1y NOuS A eBousny “aribe) - 01984 vesy ooy - wweiey W
sovwn SURRIC1ONIS 110WS WO Doe) warad sTmirew) - eomey Begy
SO ORI UV YRS POV O TN T
Ainj pue sun| 2911 10g “Siaaty wudiay ‘webenen ‘weiboy U - -y o, -
v
L5} ymouwn USI) 110w WO PaRy B160A 1o Samirue - womioy WD
O ORI v
10md~y LOPIoN WOy 4i8amy Vi) Our peBeysny ooy T NP - BOg e
v NIU 110ws o pee) 9reed p-2 semvan) - von)ry emswng

-.!Iri’—‘“:!dﬂ{ﬂ!ﬂqlﬂﬂﬂ’
_ucber wosiom ‘estuns so0be] vecwen ‘may mep

01014 @) ieug

SUAP, - wom| g BNy

AdL oYy NONTATS yite 8w lemt 831000y -~y

onjo(e|viririnivinar
50N08 [ 1T (oo iy

IRV

T AN NE R MW

B U

T oD ouoe

(*a.1N0D)

LO2AR MDY QL AIUWINION W34 JO WOgVIS
“Ado> a|qe|ieae is3q
@ .,‘._e.zﬁ_g%as_

‘L=t 318V




GULLS AND TERNS. Birds of these groups that nest in colonies
adjacent to salt water or that Winter on salt water would be
highly vulnerable to oil pollution.

AUKS, MURRES, AND PUFFINS. These birds spend all their time in
or on salt water except for periods that they are engaged in
nesting activities. This group is probably the most susceptible
of all birds to losses from oil.

In general, MSNW assumed aquatic birds to be relatively sensitive to
all oil products if they were thought to be in an area when a spill occurred,
with some groups more susceptible than others as described. The possibility
of damage to the food web of many of these birds was also assumed to be high.

Terrestrial birds, including the raptors, ptarmigan, and smaller
birds, were thought less susceptible to oil products than the aquatic birds,

although they could be affected.

MARINE MAMMALS

Marine mammals include the whales, seals, sea otters, walrus, por-

poises, sea lions, and polar bear.

Evidence of direct effects of 0il on marine mammals is limited to

sea otters, with little evidence of direct impacts on other species.23

24

Northern Fur seals were assumed to be vulnerable. Burns®” also indicated

that hair seals (ringed, ribbon, bearded,and harbor) are also possibly

impacted by oil spills., The young of these hair seals (less than one monthold)

are assumed vulnerable while in the "lanugo" (fur) coat. MSNW assumed that
0il products in seal haul-out areas or areas of concentration were detri-
mental. It was also assumed by MSNW that oil products could be damaging

to the food chains of these marine mammals.
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MSNW basically assumed that sea otters were very sensitive and
vulnerable to oil spills and that the other marine mammals were vulnerable
only if oil products went to areas of known high concentration of sealc and
sea lions. This latter impact was assumed to be small, Marine mammals whose
food web links were possibly impacted by oil spills were consequently
assumed to be slightly impacted by oil spills.

No infcrmation was located showing direct oil sensitivities cf
porpoises, whales, walrus, or polar bear. A1l could be potentially irpected

indirectly through their focd webs.

TERRESTPIAL MAMMALS

This group of mammals includes the large carnivores (bears),
herbivores (moose, caribou, etc.) to the smaller marmals ("other mammals")

such as fox. One source14

indicated that a large number of these mammals
such as mink, weasel, river otter, fox, muskrat, beaver, deer, bear, could
be exposed to ¢il either directly or through their food. The Arctic

Environmental Information and Data Center'®

went on to say that direct im-
pacts would not be expected to be severe, but habitat damage could be
significant. Storm and high tide combinations could drive 0il onto coastal

marshes and beaches and would be expected to cause losses in groups such as

puddle ducks and shorebird522 and possibly terrestrial mammals located
there. Terrestrial species that contact coastal marine areas to live and/or
feed could also be c:-n’fected.]4
River spills in Winter may be important in the land spill sites as
moose concentrate in the riparian vegetation along stream courses (possibly

95 percent are within one-half mile of the stream).25 This Winter problem

with moose and possibly other terrestrial species is compensated for Lty the
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reduced area that crude oil would spread under Winter conditions. River
courses are therefore key habitats in Summer as well as Winter, and some
spills of great enough magnitude could be a significant impact. Any aquatic
mammals (beaver, muskrat, river otter) depending on fur for insulation would

also be vulneratle to the physical impacts of oil.

C. EFFECTS ON VEGETATION

(1) MARINE FLORA

Most field studies of the subtidal communities in the area of oil
spills have concluded that the subtidal algae are not generally

affected. 26 - 30

Only a few subtidal species were observed to be
affected by the Torrey Canyon spill which effects might have been due to
detergents used to emulsify the oil}]’32 A great increase in growth of
subtidal flora was observed after a diesel o0il spill and thought to be due
to the mortality of invertebrate arazers in the area33

The greatest negative effects on marine algae from o0il spills occur

in the intertida1.25'52

[t is clear that there is a great deal of
variability in the mortality observed in this region. Some of this varia-
bility depends upon the type of flora, substrate, environmental conditions
(sea state, temperature, etc.), type of oil and other factors. For example,
the ARROW spill (bunker C or #6 fuel) in Nova Scotia (the area most similar
phytogeographically to Alaska in which 0il spill effects have been studied)

showed no significant changes in concentration of algae and no direct toxic

effects to mature or juvenile plants (including eelgrass) over a period

of two months‘;.'-)'39 The heavy algal mortalities observed after the Torrey

Canyon spill are generally attributed to detergents.32’39'4] The more volatile
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components of the crude oil probably were dissipated before the oil reached
the shore, making the oil itself practically harmless.3] Effects depended
upon the precise points at which 0i1 touched the shore (i.e., lee shores were
not contacted and not affected).3]

After intensive study, it was concluded that the mortality of marine
algae due to oil was insignificant (or possibly masked) compared to normal
agents of mortality such as freshwater runoff and sand movement and other
sources of po]]ution.34'36’44’52 However, kills of Phyllospadix (surf grass)
were attributed to the oil.

"Smothering" and consequent mortality were observed to a small and
sporadic extent after crude oil spi]]s.23'34'35'4]

The heaviest mortalities of marine algae were observed where diesel
0il was spilled very close to shore and concentrated within a small cove. 33
A similar case was observed off the Washington Coast where 0il was again
concentrated into a cove by shipwreck.45

As previously mentioned, marine algae sometimes exhibit a marked
increase in biomass by growth of sporelings when oil spills kill invertebrate
grazers that would otherwise keep them cropped down.3]’33’4]

Recovery to normal populations of marine algae is usually fairly
fast (one to two years) but depends upon the longevity of oil smears cover-

41

ing rock surfaces and preventing algal settlement™' and the recovery of

algal herhivores.3]’33’4]

The relationships of the major factors and the effects on marine

algae are shown in Table 4-2 . The worst scenario would be diesel oil
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spilled directly into a relatively confined embayment where most or all inter-

tidal marine algae would be killed. When any of these factors are changed,

effects would be less.

TABLE 4-2 . GENERAL RELATIVE EFFECTS OF OIL ON MARINE ALGAE

EFFECTS
FACTOR LEAST MOST
(1) (2) (3)
0il1 Type Crude 0i1 Highl ' Refined 0il
Time to Impact Long Time to Impact Short Time to Impact
Confinement and/or Unconfined, Little Very Confined, Much
Quantity 0i1 0il

Floral Region Subtidal Flora Intertidal Flora

(2) CRUDE OIL IMPACTS ON TERRESTRIAL AND AQUATIC VEGETATION
Numerous studies (accidental and experimental spills) indicated that
crude o0il and distilled products are toxic to p]ants.53 0i1 spilled on some
vegetation (tundra) is expected to also have physical impacts such as physi-
cal coating as well as local heat flux changes. The latter results from the
destruction of the stabilizing mat, in addition to increased absorption of

solar radiation, which may create increased thaw and permafrost deqradation?4
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Toxicity of crude o0il on plants is quite variable depending on the
species involved, Distillation products (diesel fuel, jet fuel, auto

gasoline, aviation gasoline) were shown to be very toxic to terrestrial

5 This

vegetation after spills from the Haines-Fairbanks Military Pipeh’ne.5
source’ went on to indicate that numerous tree species were killed, along
with 1ichens, sedges, herbaceous plants, and woody shrubs. The growth was
reduced in some trees. How these distilled products relate to the crude oil
scenarios in this study is not known, although the toxicity of these dis-
tilled products is potentially more destructive than crude 011.56

In crude 0il experiments, some sedges seemed relatively tolerant;
however, reduced production resulted in following arowing seasons. Heavy
saturations of soil with cride 0il or crude oil contacting plant foliage and
roots resulted in the deatr. of the plant, particularly in very low-growing

plants such as lichens and mosses.56

Plant recovery from crude oil impact is adequate if only covered
foliage is killed; however, recovery is reduced if soils are penetrated and
roots are exposed to 01156 This sourcer’6 concluded that plant structure and
probable low 0il penetration in soil may make the Arctic terrestrial regions
relatively less vulnerable to severe damage as compared to terrestrial regions
in taiga and temperate areas. If crude oil soil penetration does occur, more
extensive damage is expected and impacts would be Tong term and extend for
many seasons?6 Penetration of 0il seems to be a function of water content with
dry areas exhibiting penetration to the permafrost while wet areas (assumed
at the Onshore Prudhoe and Umiat-Colville River spills) did not allow oil

penetration much below the organic layer (less than 1,6 in.). 57
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Terrestrial impact at Onshore Prudhoe and Umiat are expected io be
small in the small amount of wet sedge meadow tundra crossed by the hypo-
thetical crude 0il spills from the spill site to the receiving river
(Sagavanirktok and Colville, respectively). In these rivers, the small
amounts of aquatic vegetation, including sedges such as Carer and Eriophorum,
that are assumed to be present in the Summer season are expected to be moder-
ately impacted. Dwarf willows and herbaceous plants are assumed to be
moderately to heavily impacted based upon the impact of distilled products
on these plants described by one source.58

The terrestrial and aquatic plants described for the Yukon River
crossing location and the Denali Fault location are assumed to be moderately
impacted by any o0il reaching these plants. At each location, only a small
section of terrestrial area is covered before the 0il enters the Yukon River
or Castner Creek-Delta River. The oil in the free-flowing Yukon River would
be expected to contact aquatic and nearshore riparian vegetation as it was
carried downstream. On the Delta River, the same would occur except that
much more shoreline and islands could be contacted because of the braided
nature of the Delta River streambed. The Yukon by comparison is a relatively
open channel with major islands from the Yukon crossing to the Tanana junction.

0i1 impacts on aquatic and terrestrial riparian vegetation would be
expected to be greater for similar volumes of crude oil on the Delta River as
compared to the Yukon River because of the greater exposure ot vegetation to
this oil. Also contributing is the much greater flow rate and volumes on the
Yukon which would have a diluting effect. 0il on the Yukon would be expected
to become involved in small side branches, in back eddies, and in the outside

of oxbow-type turns in the stream bed, but this would be scattered over a
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wide area wherever these conditions and possibly others exist to "collect"
crude oil.

Compared to terrestrial impacts which would have a long-term com-
ponent, the crude oil in these rivers would be expected to have a lower long-

term component with the Yukon expected to have the lowest long-term impact

of all rivers evaluated.

A scondary impact of crude oil spill that is probable with the men
and machinery around the spill sites is the ignition of hydrocarbon vapors pro-
duced by the flashing process of hot crude released from a pipeline, if the

0il is to be piped at a temperature above 70°C.58

Besides the obvious human
hazard (fire and possibly toxic concentrations of HZS)’ there are environmental
hazards from fire, particularly in the Summer. Arctic fires, especially, are
weii understood to be of severe ecological damage with a long restoration
period.58 These impacts would result from destroying the insulating active
layer of woss and melting permafrost which would lead to ground instability,

and tne residue from burncc cil which would modify the local albedo to cause

further thermal changes.58

D. SUMMARY EFFECTS ON FLORA/FAUNA

Various authors have attempted to summarize oil effects on flora and
fauna AEIDC prepared a marine flora/fauna summary (see Table 4-1) for
Bristol Bay which is applicable in other marine study areas where these or
similar groups or species exist. Timings may vary for sites north and south
of Bristol Bay, but the summary is still felt applicable.

Another useful sumriary was prepared after a literature review.
The information from their report is presented in Table 4-3.
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TABLE 4-3 . TOXICITY RANGES OF VARIOUS OIL
PRODUCTS ON SEVERAL CLASSES OF ORGANISMS

ESTIMATED TYPICAL TOXICITY RANGES (PPM)
FOR_VARIOUS SUBSTANCES

#2 FUEL

CLASS OF ORGANISMS SAD! OIL/KEROSENE FRESH CRUDE WEATHERED CRUDE
(1) (2) (3) (4)
Flora 10 - 100 50 - 500 10* - 10° Coating More Sig-
nificant than
Toxicity
Finfish 5- 50 25 - 250 10* - 10° " "
Larvae 0.1 - 1.0 0.5- 5.0 102 - 102 i g
Pelagic Crustaceans 1 - 10 5- 50 10 - 10" " “
Gastropods 10 - 100 50 - 500 10* - 10° 2 g
Bivalves 5- 50 25 - 250 10% - 10° 4 L
Benthic Crustaceans 1 - 10 5 - 50 10% - 10" " "
Other Benthic
Invertebrates 1- 10 5- 50 10° - 10% L i

]Solub]e aromatic derivatives (aromatics and naphthenoaromatics)

SOURCE: President's Council on Environmental Quality, OUTER CONTINENTAL
SHELF OIL AND GAS--AN ENVIRONMENTAL ACSECSMENT, April 1974,
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The evaluations made in scoring matrix impacts, coupled information
as to the presence (and abundance) of species or groups of species, their
location in relation to the oil, and the varying sensitivities of these

species or groups of species as designated in these two tables.

E. EFFECTS ON THE PHYSICAL ENVIRONMENT

Potential effects on the physical environment range from very small-
scale effects such as locally changing the percolation characteristics of a
small beach segmen®d (see Section 5-E) to large-scale effects such as altering
the albedom'62 and, hence, the equilibrium of the Arctic ice pack (Section
5-C-2). The importance of all of the potential effects on the physical
environment has not been assessed in any systematic manner nor is there even
agreement on the quantities of o0il required to cause a measurable physical
impact, as in the case of albedo changes of the ice pack.m'62 Nevertheless,
one can single out the albedo effects and the potential alterations of
permafrost equilibrium level®8 as the major physical environment impacts.
For both ice and land-based spills, the effects of burning as a means of
disposing of spilled oil must bte further investigated, since burning
by-products may intensify the physical effects of the oil. Certainly on
land, where revegetation is a slow process, burning may be more detrimental
than the oil itself which may be removed manually as evidenced by the
changes in vegetation and permafrost levels in natural fire areas. Whether
smoke generated by burning 0il on the ice pack causes sufficient distribu-
tion of particulate matter to alter ice albedo appreciably or not needs to

be investigated in more detail.
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The detrimental effects on northern terrain of heavy equipment
. 63 .
traffic are well-known and documented. As a consequence, shoreside cleanup

activities in the tundra regions are assumed to be water or beach-based.
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SECTION 5. DISPERSION AND FATE OF OIL IN THE ENVIRONMENT

The processes to be considered when evaluating the eventual fate of an

oil spill, and hence the associated environmental impact, are:

10.

Initial spreading and subsequent transport.
Evaporation into the atmosphere.
Dissolution into the water column, if a water spill.

Absorption by supporting material, if land or fast
ice spill.

Emulsification, if a water spill.

Auto-oxidation (chemical oxidation and/or photo-
chemical reaction).

Microbial degradation.
Sinking or sedimentation, if a water spill.
Resurfacing, if a water spill.

Leaching, if land-based spill.

Of these processes, the physical and chemical changes undergone by a given

0il or o0il product as a result of evaporation, dissolution, emulsification,

auto-oxidation, and microbial degradation, are collectively called "weather-

ing" or "aging."

The remaining processes may be grouped under the collec-

tive title of "dispersion." In this section, we will discuss the current

state-of-the-art in modelling and predicting dispersion (under certain assump-

tions) and weathering.

Two basic oil spreading situations can be defined:

' 1.

2.

Spreading of o0il on water.

Spreading of oil on rough surfaces such as ice or land.



In each case, initial spreading is governed by physical forces followed by
migration due to various dispersion mechanisms.

The first step in estimating the environmental effects resulting from
postulated 0il spills is to identify impacted locations and biota. This in
turn requires one to predict oil spill dispersion on land and water bodies
(surface dispersion) based on kncwn or estimated environmental and topologi-
cal conditions. Computerized models of spill spreading and migration are
frequently used to analyze spills because of the complexities introduced by
a multiplicity of possible spill scenarios, variations in topography, and
current and wind patterns. The specific method of analysis will depend upon
the characteristics of the particular potential spill. The following
classification of environmental and topological conditions is useful for

discussing the present state-of-the-art of oil dispersion modellina:

1. Open water, moderate seas, currents, and wind.
2. Fast ice, with or without leads.

3. Terrestrial spill, no snow or ice cover.

4, Terrestrial spill, snow and/or ice cover.

5. Terrestrial spill, reaching flowing river or
stream, ice-free.

6. Moving pack or floe ice in open seas.

7. Open water, storm conditions.

8. Open water, storm conditions and strong currents.
9. Ice pack breakup under storm conditions.

10, Terrestrial spill, reaching river or stream dur-
ing ice breakup.
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Almost all modelling efforts reported in the literature to date have
concentrated on Class (1)--the prediction of spreading and dispersion of 0il
slicks on open water with moderate wind and current conditions prevailing.
Recently, progress has been made in modelling the spread of o0il on fast ice,
with or without open leads, (2). The results of these studies may be appli-
cable to various classes of terrestrial spills (3), (4), with suitable modi-
fications, and, by considering the modelling of 0il flow in a channel, ex-
tended to include Class (5). Class (6) may be included in the known results
of Class (1) by suitable modifications to account for ice movements.

No substantial theories are known at this time for the remaining
classes (7) through (10), all of which are characterized by the possibility
of violent mixing mechanisrs. The general path of impacted water and/or ice-
water mixtures may be reasonably estimated by application of the models dev-
eloped for Class (1); however, the time history of the pollutant movement
can only be estimated presently. Furthermore, determination of the vertical
mixing regions (other than what are defined for simple vertical diffusion
models), as well as estimation of the arount of 0il or oil fractions which
will remain in underlying surfaces (river teds, shallow-water bottomlands,
shorelines, etc.), is not possible within the present state-of-the-art.

In addition to defining the surface area impacted by dispersing oil,
one must also estimate the vertical movement of 0il fractions and define
the physical and chemical characteristics of oil as a function of time.

Ps noted above, vertical dispersion at the present time is taken into ac-
count via a simple diffusion model. The change of chemical and physical

characteristics with time--collectively termed "weatherina"--was investi-
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gated to a limited extent; the state-of-the-art of both vertical diffusion

and weathering modelling is discussed in more detail in Sections D and E.

A. PREDICTION OF OIL SLICK MOTIONS ON WATER
Prediction of oil slick motions on the surface of moderately quiescent
water incorporates the calculation of oil slick spreading and subsequent drift

motion as determined by wind, waves, and surface currents.

(1) OIL SLICK SPREADING ANALYSIS

At the present time, there are two basic approaches to the calculation
of the physical spread of oil on water. The first is an empirical one, pro-
posed by Blokker,] based upon the assumption that the spreading rate decreases

exponentially with the reduction of slick thickness.

".(R3'R?)()
kt = 3'V(7‘:—L7‘,w‘ (5-1)
./w uo . 0

where
k = the Blokker constant
t = spreading time in seconds
V = volume of 0il in the slick in c¢m?

the densities of water and oil

2

-

O
1]

R, R. = radius of the slick (Ri the initial base radius)
in cm.

The underlying assumption to Equation £-1 is that oil spreads in a uniform

fashion forming a circular patch.
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An attempt to experimentally validate Equation 5-1 via specially dis-
charged 011 slicks on the open ocean is reported by Jeffrey.2 The results of
the experirments are inconclusive, as the Blokker constant varied from 117 to
360 with no apparent pattern. Although the empirical relationship has
appealing simplicity, it was considered to be insufficiently validated to be
used in a spill dispersion model,

The second approach, as developed by Fay and Hou1t3’4 and Fannelop

5,6 treats oil as a fluid of homogeneous density, viscosity,

and Waldman,
and surface tension. These assumpticns nealect the differential spreading
effects of components of a particular crude or 011 product. Some components
of a particular oil will spread considerably faster than the bulk of the
0il; a peripheral flash of crude 9il movino well ahead of the bulk has
been observed at some oil spill incidents; however, no quantitative measure
of this phenonenon exists. The importance of the differential spreading
lies in the creation of a greater initial surface area for promotion of
evaporation and dissolution in the water column. At this time, it is not
clear that high volatility, usually associated with high toxicity, also
correlates with high spreadirg coefficients, hence further work in this
area is clearly indicated. Some preliminary work at the University of
Toronto’ indicated that toluene does exhibit substantially faster differen-
tial spreadinc and will in fact spread faster than the bulk of the oil, thus
facilitating evaporation.

The Fay-Hoult mcdel for the spread of 0il identifies three regimes of

spreading--inertial, viscous, and surface tension--and develops rates of

spreadina for each of these three regimes. Initially, gqravity is important
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due tc the hycrostatic pressure of the thickness of the oil slick. The
spreading in the initial stage is retarded primarily by inertia. In the
second regime, gravity-induced spreading is retarded by viscosity (shear
stress) at the oil-water interface. In the last regire, cravity effects are
dirinished with the decreasinc slick thickness, and surface-tension forces
drive the spread, retarded by the viscous forces.

The boundaries of each regime, or equivalently the times of transition
frori one reqime to another, are identified by equating actina forces. Since
the importance of a particular effect decreases while another increases
slowly, the division into three sharply defined regimes is an approximaticn
for the convenience of analysis. Thus, the calculated sharp divisions in the
rate of spreadirg, as shown in Fiqure 5-1, are a consequence of the model and
will not be observed physically,

Because of the differential spreading phenomenon and the effects of
evaporation and dissolution, establishment of precise spreading coefficients
is a difficult task and one must consider some form of average spreading
coefficients (as well as viscosity, etc.) for computational purposes. Fur-
thermore, at the leading edge of the oil slick, the 0il and water quickly
btecore mutually saturated resultina in changes of the interfacial tension.

The constants of proportionality in Fay's force balance equations were

8 Lee,9 and Fannelop and Waldman.6 Fay's recom-

analyzed by Hoult ard Suchon,
mended values were adopted for this study. The spreadina equations are

shown in Table 5-1 for the three reaimes along with the equations for transi-
tion times between the three regimes. Fiqure 5-1 shows slick radial dimen-

sions as a function of time for 10,000- and 50,000-bbl oil spills.
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I11.

Regime

TABLE 5-1.

Gravity - Inertial
Gravity - Viscous

Surface Tension - Viscous

1"

SPREADING EQUATIONS FOR OIL SLICKS

1.4 (Athz)I/“
3 1/, 1
1.45 (agve ANy

1/,

2.05 (0%t3/p0%y)

TRANSITION TIMES

[ —= Regime I

Regime Il —=Regime 1]

7

1/3
L, = 2.617 (V/vig)

-
"

1/3
0.50 (p/o)(vagv?)

—~
"

23

volume of oil spilled

= time from spill

= density of water

( 2

T oil
gravitational acceleration

kinemnatic viscosity of water

spreading coefficient

= transition time from Regime

Il e I

transition time from Regime
[1 to 111

5-8

(em?)

(seconds)

(1.0 gram/cm?)
( 0.1)

(980 cm/sec?)

(~. 0.01 cm*/sec)
(10-40 dyne/cm)

(sec)

(sec)



In addition to the spreading equations developed for the three regimes, :
it has been observed that slicks spread to a finite size (or finite thickness)
and stop, provided that no disturbances such as water turbulence or current
and wind act on the slick. The maximum area to which the slick spreads is
dependent on the initial oil vclume. Fay3 has reported an empirical dimen-

sional formula for this maximum area, given as

A(m2) = 105[v(m*)13/4 (52)

where A is the final area in square meters and V is the volume of o0il spilled

in cubic meters. This formula is used by MSNW to calculate the 1imit of

spreading.

Fay3 postulated that the cessation of spreading is brought about by
the diffusion of oil fractions into the water layer under the slick,
increasing the water-oil interfacing tension. He then postulated the result-

ing equation for the maximum slick area as

( o2ys )]/8
A= ka p2uD3s® (5-3)

wherc

S is the solubility of the significant oil fractions
D is a diffusion coefficient

o 1is the density of water

v s the kinematic viscosity of water

is the spreading coefficient or interfacial tension

Q
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and

ka is a constant of order unity

fquation 5-3 has the same value as Equation5-2 for S = 1073, D = 107° cm?/

sec, o = 10 dyne/cm, and ka = 1. There is uncertainty about the value of o,

but it is expected to be from 10 to 40 dyne/cm. For o = 40 dyne/cm, ka would
have to equal 0.84 for Equation 5-3 to give the same results as Equation 5-2.
The equations developed by Fay do not include oceanic turbulence.
Surface water turbulence was discussed by Waldman, et a].]O They concluded
that turbulence would tend to dominate in the latter stages of surface-tension
spread. DOye-release experiments reviewed by Waldman, et al., led to an esti-

mate of the slick radius aiven by
R (feet) = 0.0114 t1-17 (5-4)

Waldman, et al., questioned the applicability of dye-release experiments to 0il
spreading because the dye mixes freely with the turbulent surface water,
whereas oil does not. In addition, they pointedout that the loss of o0il frac-
tions with time alters the remainder of the slick to a tarry consistency.
Thus, turbulence will tend to break up the slick into discrete blobs which
will move relative to one another driven by dispersive forces.

If the spill occurs in Arctic waters, then the calculation of the
maximum slick area will change because the surface tension phase of oil
spreading is absent, As a consequence, the terminal size of the slick will
be less. It is known from experimental observations]1 that spreading mo-
tion will cease when the 0il reaches a thickness of the order of 1 cm; hence,

the maximum slick area is calculated simply from area = volume/thickress.

1
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For a 50,000-bbl spill, this will give an area of 0.794 km?, or a radius

of roughly 0.5 km,

(2) OIL TRANSPORT OP DISPERSION ANALYSIS

The basic phenomena affecting movement of an 0il slick are currents,
winds, and waves.

daves affect slick motion by direct transpcrt and by wind shaedowing.
Direct transport is a combination cf Stokes' transport and induced stream-
ing. Stokes' transport is a phenomenon related to wave steepness and in-
duced streamirg results from the effect of a contarinated surface on
increasing morentum 1oss of incoming short waves. laldman, et al.]o
indicated that direct wave transport should be less than 20 percent of that
due to winc and can, in most cases, be neclected. In part, this effect
can be neglectec due tc the opposite effect of wind shadowing.
Schwartzberg]2 found that wave shadowing reduced wind drift by almost
15 percent and, hence, concluded that the enhancement in slick drift
caused by waves (Stokes' transport) might be compensated for by wind

13 explored the problem of wind-

shadowing. In a recent report, Reisbig
weve coupling in more detail and presented some experimental results. The
principal conclusion was that at low wind speeds, the wave drift was shown
to provide an augmentation to the wind drift, whereas at hiaher wind speeds,
the waves caused a net decrease in the coupled drift velccity. The cross-
over between augmentation and wave-induced diminishment appeared to occur
at approximately 80 cm/sec or 1.5-K wind speeds. Thus, nealecting the
wind-vave coupling effects for higher wind speeds would be conservative

for the purposes of estimating maximum impacted area for any particular

spill.
X 5-11
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FIGURE 5-2. OIL SLICK DRIFT SCHEMATIC
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The effects of wind and surface currents are usually calculated to
define a slichk motion drift vector as follows (see Fiaure 5-2).

Starting with the wind vector 7}0, which is usually taken to he the
surface wind velocity at 10 r above the surface at the point of interest,
the direction cf the surface wind drift vector V} is established based on
qencral atresphere-vater interactior principles (Eckman - Pef, 14 in Jamesls)
oer local site studies. The drift angle can be related to wind curation and
latitude by Eckman's results; Janmes suaaests that for mic-latitudes in the
Lhorthern Hemisphere, the drift anale is abcut 20 deqrees to the right. The

raanitude of the surface wind drift vector Vy is established by the use cof

the wind factor defined as
I".’F = \.I:\/Vlr‘ \,5‘5)

The values for the wind factor have beer reported to rarae between 1 to £

10,12,16-1¢ MSHW has elected tc use a factor of 3.4 percent, which

percent,
is the averane of factors calculated frorm trackinn secments of the "Torrey
Canyon” spil].lo’lz The drift annle for the distances and for the latitudes
of interest in this study was expected to be small and hence will be ne-
qlected. Furthermore, knowledne of surface wind data for the sites of
interest to thic study was incorplete ir many cases so that wind had to be
extrapolated fror nearby reasuring stations, resultina in cocnsiderahle
uncertainty ir the wind data hase.

Surface currents cause direct transpoert of an oil slick. The aeneral

arproack to total transport of tre <lick has been to superimpose the contri-

bution fror currents and the surface wind drift vector. Laboratory experi-
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ments conducted by Schwav'tzberg]2

indicated that simple superposition may not
be valid. Schwartzberg noted a reduction in total drift (wind and current)
below that predicted by superposition, indicating couplinag between current
and wind effects. The reduction observed for winds parallel or antiparallel
to the current amounted to 44 percent of the current drift. No experiments
were conducted with the wind at an angle to the current due to the limita-
tions of the cxnerimental apparatus. Although some coupling from crosswinds
affecting current drift is expected, with no evidence on which to base a
judgment MSNW opted for direct superposition for currents perpendicular to
the wind. For currents parallel to the wind, the reduction observed by

Schwar‘tzberg]2 has been adopted.

The resultant total transport equation is considered to be given by

(see Figqure 5-2):

D=S+0034V +0.5C¢C, + c1 (5-6)
where
f|| is the portion of surface current parallel to the wind
fi is the portion perpendicular to the wind

V. is the wind velocity vector

S is the spreading velocity vector at the edge of the
slick (taken as perpenaicular to the boundary of the
slick)

(=]

js the total resultant drift velocity vector

(3) MODELS FOR OIL SLICK MOTION PREDICTION
Models for oil movement on water can be generally categorized as
spreading models, trajectory models, or transport models. Spreading refers
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to the thinning of the oil slick with time; trajectory refers to the move-
ment of the center-of-mass of the slick, and transport refers to models which
are concerned with the combined spreading and movement of the oil slick or
portions of the slick.

Additionally, models must deal with leaks or instantaneous spills.

The distinction between the two is that leaks refer to oil discharges which
occur on a tirme scale comparable to the time of concern, and instantaneous
spills refer to discharges which occur in a short tine compared to the time
of concern.,

Lifferences between existing models vary from fundamental differences
in the underlyinc transport and spreading equations tc differences in handling
cata bases and presentation of output. Several models have teen computer-
ccded and the cuding is aveilable in the literature.2Cr2l Taple 5-2 is a
cencral catencorization cf the rniodels encountered in the literature in the
ceurse cf this study.

Several of the models offer unique features or interesting approaches
to the modelling of oil movermert on water. Murray, et 81.32 did not take
the standard spread and trajectory approach buc applied tvio-dimersional
dispersion theory analogous to the three-dimensional treatment of air pol-
Tutant dispersion in air quality aralysis (e.q., Nawrocki, P.J., and R. Papa,

", New Jersey: Prentice-Hall, Inc., 1963). After devel-
opiri’ the dispersion egquations applicable, they calculated appropriate values
of the constants in the equations by comparina calculations to observed
slicks at the Chevron spill site. This approach appears to have been moti-
vated because the spill was a continuous leak. In addition, they calculated
slick shapes due to the advection of continuously chanaing tidal currents.
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Wang and Hwang21 have included a feature in the Tetra-Tech model for
0il movement in bays that indicates the calculated slick thickness on the
printer plot output. The slick is displayed as a number representing a
thickness of oil in 1073 c¢m for the arid squares that the o0il occupies.
Successive printout enables one to follow the transport and thinning of the
slick.

24 used a randor wind approach to calculate a range of

Stewart, et al.,
trajectories impacting on shoreline. They developed transition matrices for
wind directicn shifts based on date for 3-hour average winds at specific
sites of interest. They analyzed the probable shore impact of an oil spill
at one site usinco 200 computer runs, all of which started from the same spill
origin point and used the same predominant wind. Wind directions were changed
via a standard first-order Markov process. This process produces a new wind
direction for each 3 hours of sirulated spill history in line with observed
wind shift data. The percentage of cases that slick trajectories impact
each section of beach was then calculated. 0One disadvantage of this model-
ling approach is the necessity for making numerous calculation sequences
in order to estirate beach impact probability. This disadvantaae is somewhat

offset by the fact that only a single point on the slick is monitored.

Other computer studies are listed in Table 5-2.

B. THE MSNW SPREADING AND DISPERSICH MODEL

(1) GENEFAL DESCRIPTION

The MSNW computer model incorporates the oil transport theories
derived in the previous section and produces graphic outputs which clearly

show the movement of the slick on a map or chart. The emphasis in develop-
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NOTES - TABLE 5-2
OIL ON WATER - TRANSPORT AND SPREADING MODEL

1. MODEL TYPE - This category relates the fundamental aim of each model. ;

Spread - This type refers to any model primarily concerned
with the dynamics of oil spreading on the water sur-
face and the forces causing the spreading motion.

Movement of the center-of-mass of the oil is generally
ignored.

Trajectory - This type refers to any model which is primarily
concerned with the center-of-mass movement of the slick.

Transport - This type refers to any model which is concerned
with movements of portions of the oil slick due to the
influences of wind, current, and spreading forces.

2. OIL RELEASE - This category refers to the time scale of oil discharge.

Leak - Refers to situations where o0il is continually released
over a major portion of the time of concern.

Instantaneous - Refers to situations where a quantity of oil

is released in a period short compared to the time of
concern.

3. TRANSPORT BASE - This category refers to the major forces which move
and shape the oil slick; spreading, wind, and current forces.

SPREAD - This category refers to the spreading forces used in the
model.

Calm Sea - This type is characterized by the equations de-
veloped by James A. Fay (Refs. 3 and 4).

Turbulent Dispersion - This type was developed by Murray, et al.
(Ref. 2) analogous to two-dimensional dispersion of air
pollutants. After deriving the dispersion equations for
the Chevron Spill study, values of the constants in the ‘
equations were evaluated by comparison to observed slicks.

Thickness - This type refers to the circular spread of an oil
slick based on an equation for the thickness of the slick
as a function of time, volume of 0il, and 0il specific
gravity as developed by Battelle.*

*BatteHe Memorial Institute, STUDY OF E?UIP/‘ENT AND METHODS FOR RE-
MOVING OIL FROM HARBOR WATERS, BMI Report #C12-70-001, August 1969.
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5.

NOTES - TABLE 5-2 (CONT'D.)

WIND - This category refers to wind force on the oil slick and the

type of wind used. All models apply a factor to the wind
speed in calculating the resultant drift velocity. The factor
is generally recognized to be in the range of 3 to 5 percent.

Average - Refers to use of the average wind velocity and
direction over the time or area of calculation concern.

Variable - Refers to the ability to program in various wind
velocity and direction data for various times or areas.

Transitional - Refers to the ability to let the wind direc-
tion (and velocity) change with time according to ob-
served tendencies. For this, site historical data must
be gathered and analyzed to yield the probabilities for
changing from a given wind to another value.

The above apply to both time and areal considerations, e.q.,
a model can allow time variation of wind, but this wind will
represent an average value for the area of concern.

CURRENT - This category refers to current drift due to tidal currents,

major oceanic eddies, shore outflow from rivers, etc.

Average - Refers to use of average current value over time
and area of concern.

Variable - Refers to ability to modify current direction
and velocity for different times and/or different areas.

TOTAL - This category indicates the treatment of the force components

in calculating the resultant total drift.

Superpositicr - Indicates those models which separately sum
the effects of each force component.

Coupled - Indicates those models in which wind and current
nteract,and the resultant drift is not simply the
vectoral sum of the two.

COMPUTERIZED - This category indicates those studies in which the

spill model has been put onto computer for handling cal-
culations, etc.
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ing this model has been to simplify input (includina ease of geoaraphic

representation), provide for realistic representation of winds and currents,
and provide easily interpreted graphic output. The intention was tc develop
a computational framework that would be compatible with future developrents
in 011 transport theory.

The model represents the edae of the oil slick as a many-sidecd poly-
gon. The number of points involved is variable and can chanae with tire as
the complexity of the slick geometry changes. The points on the slick edae
are acted on (moved) by the forces of wind, current, and Spreading as shown
in Figure 5-2.

The various tidal current regimes, varying by location in magnitude
and direction, are represented on the map by four-sided "Tidal" polygons.
The magnitude of the current anc¢ the direction (ebb or flood) in each of
these polygons is, in turn, alsc a function of tire. The time variation of
the tidal currents may be represented by a sinuscid or by actual tide curve
data.

The model tests each point on the ¢dqe of the oil slick and determines
which tidal polygon the point is in at the given time, computing the appro-
priate drift vector. The slick may encompass several tidal polyqons at any
given time, in which case the shape of the slick will te distorted from the
circular shape caused by spreading forces alone. Distortion of slicks occurs
in nature and is evicdent in several of the plots shown elsewhere in this
report.

The effects of surface winds are handled in the same way as the tidal

currents. It was found, however, that for the hypothetical spill cases
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arounrd the coast of Alaska, there was insufficient data to warrant the de-
velopment of "wind" polygons. In all cases, the wind was assumed to be
constant in direction and magnitude for the cduration of the simulation

(72 hcurs maxirum). As with the tidal polygons, the wind direction or
magnitude may be varied as a function both of location and time. The shore-
lines are digitized from a map or nautical chart and are also represented
internally as many-sided (over 2,000 in some cases) polygons.

The model "reads" the shoreline data, the tide and wind data, the
spill location, and the oil type data, and computes movement of the slick
boundary in discrete variable time steps. Parameters such as oil volume
or density, spill location (for moving sources), or wind direction may be
varied fcr each time segment. Any or all iterations (time steps) may be
plotted,

The coordinates of the points describing the edge of the slick are
saved after each iteration so that subseauent plots may be made showina
alternative iterations, various scales, etc. In addition to the plotted
cutput, the model produces a printed output displaying the amount of spread,
the total slick area, the numter of points describing the slick edge, and
other pertinent information for each iteration.

Input may be supplied in several types of units (i.e., barrels,
gallons, tons, etc.). Internal computation and output are in metric units,

The proaram is written in FOPTRAM for the CDC 6000 series computers
operating under the SCOPE 3.4 system. Geoqraphic input was prepared using
a Benson-Lehner digitizer and the plotted output was prepared using a

CalComp plotter.
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(2) THE POINT It POLYGON CONCEPT

As ray te inferred from the foreqoing description, a larce part of
the corputer wort load is dedicated to tracking the edges of pclyacns end
testirg to determine whether or not a aiven point is in a particular poly-
con. For erxarple, a point on the edge of the oil slick is tested tc see if
it is ir a aiven tidal polygon in order to determine the tidal current
vector.

Sinilarly, the same point may be tested to see if it is within the
confires of a polygon defined by the shoreline; if so, the slick has
teached. Conversely, a point 1n the shoreline polynon may be tested to see
if it is within the o0il slick polyaon so that the point in question may be
Tisted as impacted by the oil (Fiqure 5-3).

Forturately, a great deal of work has been dcne in the field of poly-
gor retrieval of geocoded information for use in urban data analysis. A set
¢f very efficient algorithms was developed by Dr. Helaman Ferquson27 for the
Urbar Zata Center, University o€ Washingtoun, three of which were used exten-
sivel,; ir this model (see subroutines CAUCH, CART, and AREA).

Fiqure 5-4 illustrates the basic logic behind the subroutines. A
point whicn is known to be outside the polygon in questior is connected by
a vector to the pcint to be tested. [f this vector crosses the sides of the
polyqor an odd number of times, the point is in the polycon. If it crosses

an even nurcer of times, the point is outside the polyqon.

(3) GRAPHIC INPUT AND OUTPUT
The shoreline cata are generated by means of a digitizer. This de-
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