
CHAPTER 1

INTRODUCTION

On December 15, 1976, the Argo Merchant, a Liberian tanker

carrying 7.7 million gallons of No. 6 fuel oil, ran aground on

Nantucket Shoals off the coast of Massachusetts. In the days that

followed, the region and the nati.on watched closely as the Coast Guard

worked round-the-clock trying to save the stranded vessel and prevent

a massive oil spill.. To the northwest, some 29 nautical miles, lay

the island of Nantucket, and slightly beyond that Martha's Vineyard

and Cape Cod, some of the most popular beach and resort areas on

the East Coast. To the northeast was the Georges Bank, one of

the world's most productive fishing grounds. Despite the Coast Guard's

efforts, the tanker broke apart on Dec. 21, discharging its entire

cargo to the surrounding waters. The oil spread out to cover thousands

of square miles of the water's surface. Fortunately, most of it

appeared to drift away from shore to the southeast, passing over only

the southern edge of the Georges Bank.

It may seem a bit far-fetched to call an oil spill a fortunate

occurrence, but in one sense the Argo Merchant spill was. It was

fortunate in the sense that it stimulated discussion and motivated

action at all levels of government which may lead to improved policy

toward oil spill prevention and control in the future. One of the

largest spills ever in U.S. coastal waters, it caught the nation's

attention as had no other spill since the Santa Barbara well blowout

in 1969. And a rash of smaller spills and tanker mishaps in the next



month, which received larger-than-usual coverage in the press, even

further reinforced the public's concern over oil-spill-related policy.

Yet the consequences of the Ar go Merchant Spill were nowhere near as

bad as they might have been. No lives were lost in the grounding or

rescue efforts on the treacherous, wintry shoals, and while the amount

of damage caused by the spill is still unknown, it certainly is not

as great as it could have been had the oil gone in another direction.

One could hardly have designed a better fire drill had one tried. The

oil spilled onto Nantucket Shoals, gave everyone a big scare, then

floated ~relatlvel harmlessly away, having proved its points.

And its points were many. Almost every aspect of the Argo Merchant

incident pointed out another weakness in U.S. policy related to oil

spills.

Take the location, for instance. The fact that potentially major

beach or fishery damage was avoided only by the grace of the winds

stimulated a re-examination of oil spill liability law, still operating

under an archaic 1851 provi.sion which let many tanker owners off

virtually scott free. The Georges Bank was also being eyed for offshore

oil exploration and development, and. the spill caused some re-evaluation

o f that.

The Coast Guard's response was also a focal point. Despite having

at its disposal the best equipment and the most highly trained person-

nel available in the world, the Coast Guard could not prevent the spill

or recover even a si.ngle gallon of the 7-1/2 million. This pointed to

weaknesses in the capability to combat oil spills, particularly on the

open ocean under rough conditions.



Or take the vessel itself. Not a spanking, sparkling new

vessel, this, but a creaky old one with broken navigational equipment

and a poor accident record to boot, This forced a re-evaluation of

policy regarding tanker standards and inspections- The fact that it

was a Liberian tanker with a foreign crew focused attention on the

flag-of-convenience system and its abuses.

All the above issues received ample public attention in the months

following the spill and will not be discussed further here. There is,

however, another aspect of the spill response that did not receive as

much scrutiny  in the press, at least! after the spill. This is the

scientific activity whi.ch followed the grounding of the tanker, In

addition to being a massive spill, meriting a massive Coast Guard effort

and massive public attention, the Argo Merchant spill drew massive

amounts of scientific attention. Well over 200 scientists from

government agencies and private institutions took part in some activity

after the spill, making the Argo Merchant case one of the most studied

oil spills in history. Et is this aspect of the spill that will be

discussed in this report. The reason it will be discussed is because

it became apparent to many of the scientists involved in post-spill work

that the Argo Merchant had done the same thing to them as it had to

the Coast Guard and to U.S. tanker and spill regulations. It pointed

out many shortcomings in our ability to study oil spills, shortcomings

which had always existed but required a large spill to bring to light.

By "scientific" work this report will mean any activity following

the grounding which involved either ~redictin or studying either the

fate or the effects of the oil spill. This includes obvious things



like sampling biota and the water column. It includes mapping and

Iphotographing the oil and running computer predictions of the oil a

path. It also includes laboratory studies run in conjunction with or

as an aid In interpreting the field studies, such as bio~ssays

using the spilled oil, distillation tests, etc. And it includes the

collection of ancillary information such as basic meteorological and

oceanographical data, which is not direct.ly related to the oil itself

but may be useful in predicting or assessing its fate and effects.

It does not include technical aspects, such as salvaging the vessel,

or cleaning up the spill. Many of the activities mentioned might not

seem scientific" in the strictest sense of the word. But the term

shall be used with the above definition in mind. The reasons for the

definition should become clearer shortly.

1.1 Why Study Oil Spills' ?

The scientific work which followed the Argo Merchant grounding

and spill belongs to a special genre of scientific activity � a post-

apill study. The study following the Torrey Canyon spill off Great

Britain in 1967  Smith, 1968! was the first extensive one of these. In

the 10 years between the breakups of the Torrey Canyon and the Argo

Nerchant, some scientifi.c work has become coaraonplace after many non-

trivial spills in the United States. Particularly extensive studies

were carried out after the Santa Barbara spill in 1969  Straughan and

Kolpack, 1971!, the Florida barge spill in West Falmouth, Hass., also
in 1969  Blumer et al., 1970!, and the tanker Arrow spill off Nova

Scotia in 1970  Atlantic Oceanographical Laboratory, 1970!. The range
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of activities in some of the better-known studies is indicated in

Table 1.1-1.

In the past there have been three motivations for scientists to

take action after an oil spill. As these are also likely to be

moti.vations in the future, it is important to state them at the outset,

for it is against these goals that any scientific response must be

evaluated.

The first reason is to directly aid the cleanup and recovery

effort. Many strategic decisions after a spill occurs require a

knowledge of the oil's position, projected movement and potential

effects. A decision on whether to use a dispersant, for instance, will

depend on the projected trajectory of the oi.l, the location of

ecologically fragile areas, what the oil would do if left on its own,

and the comparative toxicities of treated vs, untreated oil. Much of

the scientific activity in direct aid of the responses consists of

making predictions and giving advice, but some actual experiments with

short turn-around times may also be conducted. It is important to

mention once again that this report will not discuss the actual choice

and effectiveness of clean-up techniques in the Argo Merchant case,

only the scientific input to these choices.

The second reason, the one that has received most attention in

the past, is to assess the damage resulting from the spill, particularly

biological damage, but also damage to beaches and other coastal areas.

Such damage assessment may be necessary for short-term decisions such

as whether to close shellfish beds. And they are necessary for long-

range planning. Only by knowing how much damage oil spi.lls cause is
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it possible rationally to plan how much resources should be devoted to

preventi.ng and controlling them. Perhaps most importantly, however,

these assessments may be necessary for recovery of damages through

post-spill litigation. This need is likely to become more important

in the future because of recent and upcoming changes in liability law

relating to oil spills.

Until now, the only recourse for recovery of damages  such as

from reduced fish catches! has been through civil suits, The time

and effort required to bring such suits have often discouraged would-be

claimants. In addition, the Federal. Limitation of Liabili.ty Act of 1851

has limited the vessel owner's liability to the value of the vessel

and cargo at the journey's end. For a tanker that ends its j ourney

by breaking up and losing its cargo, like the Argo Merchant, this

value is essentially zero. Hence, suits for which damage assessments

have been required have been limited in number.

Legislation now being considered by Congress and already endorsed

by President Carter promises to change this somewhat. The legislation

would create a "superfund" containing probably either $200 million or

$250 million, which would be financed by a tax of a few cents on every

barrel of shipped oil entering or leaving the U.S. The money would

be used to finance oil spill cleanups, to sponsor research on cleanup

techniques and, of most interest here, to quickly reimburse parties

hurt economically by the spill. After reimbursement, the government

would take over all the individual claims and sue the tanker owners

~eplenish the fund. Several states already have funds of their own

and others are considering it  Reynolds, L971!. In addition, the
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Deepwater ports Act of 1974 and the Alaskan pipeline Right-of � Way Act

each provides for $100 � million funds for tanker accidents associated

with those facilities. For these reasons, it appears that ecological

damage assessments may become more important.

The third reason to study spills is simply to learn something,

science for science's sake, so to speak. This was a strong motivation

for many of the early studies listed in Table l.l-l, which came at

a time when the characteristics of oil spills were not well understood-

This is the "spill of opportunity" concept, that an oil spill presents

a unique opportunity to learn something about the fates and effects of

oil that cannot be learned as easily in laboratory experiments or in

field tests. For determining physical fate of oil, for instance,

studies of real spills allow models to be calibrated. While most of

the pr'ocesses which affect oil after a spill can be simulated in the

laboratory, the rates are likely to be different. For biological

studies, the advantage of post-spill studies is that one is working

with real ecosystems under real conditions. Laboratory studies in

which one or a few species are involved cannot be easily extrapolated

to natural environments. Real environments are complex systems where

subtle changes in species composition or metabolism may affect other

parts of the system. And a laboratory can rarely duplicate all the

environmental factors, such as temperature, currents, salinity

gradients, etc.,that might help determine the effect of oil.

Like much basic research, these studies are likely to eventually
feed back into the other two categories. They will advance the state
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of the art of oil spill modeling, and improve our ability to assess

and understand the impacts of a spill, Sometimes this feedback

won't come for a long time. Other times the feedback is so quick that

it is hard to determine what the goal of a given activity is, For

instance, a scientist may survey a certain species to learn about the

effects of an oiI spill. But in so doing it also becomes part of the

impact assessment.

1.2 Wh Stud Oil S ill Studies' ?

How effective have these post-spill scientific efforts been in

meeting these goals? There have been only a few reviews of post-spill

studies, some specific  e. g., Mackin, 1973! and some very general

 e.g., Boesch et al., 1974; Farrington 1974, 1976!. Most of these

have reviewed only biological assessment studies, but their conclusions

can be applied to the other two realms as well. These conclusions

are virtually unanimous in saying that post-spill science has been

somewhat less than adequate. "These efforts," said the Ford Foundation

review  Boesch et al., 1974! "usually suffer from a lack of planning

and too little background information." Farrington �976! was more

stinging:

I have read several final or draft reports of
oil spill studies conducted by contractors to
the Environmental Protection Agency. Most
reports were of limited value.... This could
be excused up to two years ago because the
areas of study and the difficulty associated
with oil spill studies were not widely
known.... There is now no excuse for throwing
away any more money on studies of the quali,ty
of those conducted in the past.

15



Why have these studies been less than adequate', The quotations

above point out some possible reasons. One is the scientific

difficulty, which stems from our still fairly primitive understanding

of oil spills or from an absence of baseline data.

A second reason is hinted at in Boesch's "lack of planning" and

approached a little more by Farrington �974!, who notes '-

Most studies of the effects and fate of oil from
accidental spills were forced to rely on exper-
tise already on hand in the laboratories of the
investigator at the time of the accident. This
expertise was of varying applicability in answer-
ing the questions posed in studying the spills.

In short, what the reviewers are suggesting is that post-spill studies

have not been like well designed laboratory or field experiments, They

have been ad hoc responses to accidents. The reviewers suggest that

past-spill studies may suffer from logistical and institutional

difficulties as well as from scientific ones.

This in turn suggests that the key to analyzing and improving

post-spill science lies in treating it as an entire active ~res onse

rather than as a static scientific study. Given the fact that post-

spill science has been fairly common for 10 years, that it has not

been as good as it could have been, and that it can be important

and sometimes costly, it is surprising that before the Argo Merchant

The U.S. General Accounting Office �977! estimated that scientific
work after the Argo Merchant spill cost about $800,000. This figure
is undoubtedly low, especially since some work continued after the
GAO report was written. Even this low figure comprised about 28 per
cent of the cost of the entire cleanup, salvage and scientific response.



spill no one has tried to do this, There have, as has been

mentioned, been lengthy spill reports, but these rarely look at the

institutional factors. And there have been some reviews of spill

studies, but mostly dealing with biological assessment from a purely

scientific point of view. It is also surprising that, with the

exception of one EPA manual  to be discussed in the next chapter!, there

has not been much written on how to conduct a post-spill investigation.

Each new group of scientists since 1967 has been left, more or less,

to discover what to do all over again.

1.3 Sco e of This Re ort

This study of the response to the Argo Merchant spill will

attempt to make a start in that direction. It will examine the Argo

Merchant scientific response as a case study in the hopes of providing

insights which will improve such studies in the future.

It will do so by treating the response as both a scientific and

an institutional phenomenon. It will examine what was done and why

it was done and try to assess what else might've been done and why it

wasn' t. How much was the effectiveness and quality of the response

limited for want of sufficiently sophisticated scientific know-how?

How much for lack of money or equipment? How much by weather or details

of the particular spill? How much by failure to respond in time? How

much by political forces and how much by sheer bungling on the part of

the scientists? It is believed that by dissecting the .response this

After the Argo Merchant spill is another st.ory, however, It has
come to the attention of the authors that several other parties have
done or are doing analyses of the scientific response.
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way, something valuable can be learned,

Horeover, this study will evaluate the response on how effective

it was in meeting all three goals of a scientific response, not

merely the biological damage assessment. One might question why this

should be so; in particular, the function of assisting the cleanup,

involving prediction and short-term action, seems very far removed

from the biological studies, which involve assessment and may extend

over a period of years. Yet it is the contention that all three

motivations are intertwined. All of them depend to some degree on

the same data from early in the history of the spill, such as the

oil's path, and on much of the same meteorological and oceanographical
data. The same activity may serve two or all three purposes. Noreover,
it is likely the same people will be involved in all three aspects,

so that inasmuch as the response is viewed as a sociological phenomenon,

they should be viewed together. The same people sought for advice

are those best suited to study the spill. and vice versa. This was true

in the Argo Merchant spill and in other spills as well, as noted by
Smith �968!, head of the post-Torrey Canyon biological studies.

Having wanted to restrict his staff to biology.

we soon found...that the need to obtain information
on matters essential to our investigation � for
example the composition of detergents, the quantities
used in different localities, the movements of oil
and sea and its influx on the beaches � involved
us intimately in all aspects of remedial measures.

The fact that the same people might be involved in all aspects presents
ample opportunities for killing two birds with one stone. At the same

time, it means there are likely to be times when action in pursuit of one

18



goal precludes action in pursuit of another.

To study the scientific response this way requires more than a

mere listing of studies and results. It requires placing the

scientific response in the context of the entire spill. response and

even in the broader historical context. It also requires telling the

story more or less chronologically.

Chapter 2, then, starts out by discussing the longer-term factors

that shaped the Argo Merchant scientific response. Among the most

important of these factors were the general contingency plans for

oil spill responses and the coming of oil and gas development on the

outer continental shelf.

Chapters 3 through 6 wi.ll tell the story of the scientific

response to the oil spi.ll chronologically. Chapter 7 will analyze

the quality of the scientific work from a scientific viewpoint and

Chapter 8 will complete this analysis, drawing conclusions from the

previous chapters. Many conclusions and themes will emerge from

Chapters 2 through 8, but one very simple theme will emerge most of

all, The simple theme is this: that the scientific quality of what

was done suffered from institutional factors related to the somewhat

ad hoc nature of the response and that pre-spill contingency planning

might have improved matters significantly. That is the simple idea.

Based on that, Chapter 9 will attempt to outline what such a plan

should include, both from the scientific and institutional viewpoint.

A complete plan cannot be drawn up, but is hoped some helpful advice

will be suggested.
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Some qualifications are in order. First, while the Argo Merchant

scientific response is somewhat typi,cal of post-spill responses, it is

also somewhat unique, mainly in that it involved an open ocean spill.

While many of the conclusions derived from this review will tend to

be applicable to most post-spill research, there are factors peculiar

to each kind of spill. Findings of this report will be most applicable

to tanker spills of No. 6 fuel oil in the open ocean with rotary

tidal currents and a major fishery nearby.

Secondly, the post-spill investigations of the Argo Merchant

incident are still ongoing at the time of this writing. Although an

attempt has been made to update it as much as possible, events after

March, 1977 could not be dealt with adequately. This is not a major

problem, since most events of importance were crowded into the weeks

irmediately following the grounding.

At the same time, many of the actual results have corae in by

the time of this writing. It is not the intention of the study to

discuss the results or the effects of the spill, only the investigations

themselves. This assessroent does use some hindsight based on the out-

comes of the various activities, but does not mean any criticism

resulting therefrom as a condemnation. The relevant question is not

"Knowi.ng what we know now, should this activity have been done in such

and such a way?" The relevant question is rather, "Knowing what we know

now of what was known then, should they have decided to do this activity
in such and such a way."

Finally, there is just too much post-Argo Merchant science to

include everything, although an attempt is made to be as complete as
20



possible. Maps showing almost every sampling station, drif t card

drops, etc. for the 25 days following the grouztding can be found in

the Appendix. Maps of some other cruises between January 9 and mid-

March are in the main body of this report. The reader is also ref-

erred to a report issued by NOAA several months af ter the spill  Grose

and Mattson, 1977!, which served as a springboard for this study.

As for what is left out, it is unfortunate that biology has been

somewhat shortchanged. Discussion of the biological program receives

a smaller proportion of pages than its importance in the spill response

would dictate. Discussion of assessment of damage to birds and marine

mammals is lef t out entirely, somewhat arbitrarily and somewhat because

it is felt that this aspect of the assessment is more straightforward

than assessment of damage to the finfish and other marine biota. The

rest of the biological assessment is discussed in more general terms

than are the physical and chemical. studies. There are several reasons

for this. For one, many of the biological investigations took place

much later than other activities and are continuing to a greater extent

than other investigations. This made it more difficult to collect

information about them and to evaluate them. Moreover, the range of

possible biological and physiological investigations that could be

carried out, the number of species which could be affected, and the

number of different approaches for biology is probably greater than

for all the other activities combined. And yet the state of knowledge

concerning the effects of oil is even further behind knowledge concer-

ning its fate. There is just not room for it all. Finally, the
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short-changing of biology reflects the background of the authors who

regard themselves as fairly kuowIedgeabIe about the modeling of oil

spills, somewhat Less knowledgeable about the weathering of oil and

about physical oceanography, but too weak iu biology to do more than

rely on the statements of the experts interviewed.
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CHAPTER 2

PRELUDE

At the time of the Argo Nerchant oil spill there was no master

plan for conducting scientific investigations of an oil spill. There

were, however, partial plans of many types that helped shape what did

happen. There was, for instance, a plan for the overall response to

spills which dealt somewhat with scientific aspects. There were other

plans related to particular research objectives. Some evolved as a

result of lessons learned from the early oil spills in the late Sixties.

Others evolved in response to increased use of offshore areas. This

chapter will discuss some of these plans and programs. As will be

seen, some of them were still evolving at the time of the Argo

Merchant spill. A difference of only a few months either way might

have been important.

2.1 Science and the National Contin enc Plan

The master guide for the overall response to oil spills in

U.S. waters is the National Oil and Hazardous Substances Pollution

Contingency Plan. Called for in Section 311 of the Federal Water

Pollution Control Act Amendments of 1972, the plan is actually more

of a framework than a step-by-step action guide, It sets up the

institutions that will coordinate the cleanup or prevention effort.

Understanding this mechanism is essential to understanding both the

scientific response to the Argo Merchant spill and the overall response.

According to the plan, the spill response is to be directed by
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a single individual, the On-Scene Coordinator  OSC!. For offshore

spills, the OSC is someone pre-designated by the local Coast Guard

district; for inland spills it is someone pre-designated by EPA

regional headquarters. The plan also established two groups to

assist the OSC the National Response Team  NRT! and the Regional

Response Teams. Each is composed of representatives from the same

five primary agencies or departments and several advisory ones. In

addition, the regional teams have representatives from the affected

or threatened states. The teams are supposed to provide the OSC with

advice  but advice only, since decisions of either of these groups
are not binding on the OSC! and help him marshall needed equipment

such as booms, boats, planes, and cleaning equipment. The idea is

that a quick response will be facilitated by automatically bringing
together, at both the local snd national levels, the various organi-
zations that might be needed.

In addition to the National Contingency Plan, each area of the

country is covered by two Regional Response Plans, one for inland

spills, maintained by EPA, and one for offshore spills, maintained by
the Coast Guard. The plans are largely clause-by-clause repeats of
the National Contingency Plan with some area-specific additions. The
composition of the Regional Response Team is the same for both types

The 5 primary agencies are: Dept. of Commerce  particularly NOAA!,
Dept. of Defense, Dept. of Interior  mainly U.S. Geological Survey!,
Dept. of Transportation  Coast Guard! and EPA,
The advising agencies include: Dept. of Health, Education and Welfare,
Dept. of Justice, Dept. of State, Energy Research and Development
Administration and the Office of Emergency Preparedness,



of spills,but the chairman changes, being the EPA representative

for inland spills and the Coast Guard representative for coastal spills.

The Argo Merchant ran aground in Coast Guard Region I, an area

that covers the entire New England coastline. This is too large

an area for the Regional Response Plan to be very site specific.

Hence, most of the specific, detailed contingency planning is relegated

to a still lower level, the subregional plans. According to the

collection of subregional plans on hand at the Regional Response

Center in Boston's North End, the Argo Merchant spill occurred in

the Southern Massachusetts subregion. The plan for this subregion

includes:

 a! lists of containment, cleanup and disposal techniques

peculiar to the subregion

 b! a list of booms available locally

 c! a list of cleanup contractors and capabilities

 d! a list of likely spill locations

 e! a list of 31 critical water use areas  intakes, fish

beds, beaches, etc.!,

These lists clearly could be very useful in mounting a quick and

effective response. The lists in the Region I subregional plans

for coastal spills could not have been of much use in the Argo Merchant

response, however, because they were dated 1972, That was the year

of the most recent edition of the Regional Response Plan for Coastal

Spills when the Argo Merchant ran aground, Between 1972 and 1976

the Coast Guard had updated the plan piecemeal, but did not undertake



a complete revision until about the time of the Ar'go Merchant spill.
The purpose of the national and regional plans is to mitigate

the effects of the spill, not to gather scientific information. It
does not treat science as a cohesive, separate entity, but it does
recognize the importance of science to the overall response and
mentions it at various points. Two of the primary agencies on the
NRT and RRT are supposed to supply scientific advice, NOAA is
supposed to provide meteorological, oceanographical and marine
biological information. EPA is supposed to provide information on
the effects of the spill as well as on cleanup techniques. EPA is
specifically called upon to set up an Environmental Response Team
to advise the OSC, RRT, and NRT on the possible effects of the spill ~
The team is to include expertise in "biology, chemistry and engineering>
and, when necessary, meteorology and oceanography,"

Understandably the main scientific concern of the plan is
science that can be of direct use in the spill response. It also
mentions the need for damage assessment for future litigation.
There is in the plan a grudging acknowledgement that the spill may
be of interest for pure research purposes, but it sets up no
mechanisms for coordinating the research. Rather, it lumps t"is

Subpart D sets out five phases of spill response from  I! discoveringand notification through �! documentation and cost recovery.research is relegated to the last phase with a license to intrudeon other phases: "The collection of scientific information of valueto the scientific community as a basis for research and developmentactivities and for the enhancement of understanding of the environm«tmay also be considered in this phase. It must be recognized that thecollection of samples and necessary data must be performed at theproper times during the case to fix liability and for other purposes ~
26



research together wi.th public relations and law enforcement as

"response actions not associated with  oil! removal activity" and makes

it clear that such activities are not to be financed by the Coast

Guard's revolving pollution fund, the fund set up by the Plan for

immediate use in spill responses. However, scientific activities of

direct aid in the response, such as spill surveillance, can be covered

by the fund.

As it does for the overall response, the contingency plan deals

mainly with the organizational aspects of the scientific response and

not with specific measures. Interestingly, however, the plan does

specifically ~re uire the OSC to ensure that two scientific tasks are

accomplished. One is that the spi.ll be photographed to document its

source and extent; the other is that the cargo and spilled oil be

adequately sampled "adequate for legal and research purposes. "

The contingency plan. even goes as far as discussing the timeliness of

sampling, the problems of storing and handling samples, and means of

avoiding contamination. The reason this is particularly interesting

is that one of the major shortcomings of the scientific response to

the Argo Merchant spill was the failure to adequately sample the oil,

especially oil that had not left the vessel. But that will be

discussed in due time.

Heanwhile, we can watch as the different federal agencies, each

with its own responsibilities under the National Contingency Plan>

go their separate ways in developing the capability to respond

scientifically to oil spills'
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2.l.l The Coast Guard

The Coast Guard was charged with preventing and policing spills

from vessels, as well as with OSC responsibility for offshore spills.

It concentrated its scientific development along three paths.

One was the development of methods for chemically analyzing

spilled oil in such a way as to permit determination of its source

 Bentz, 1976; Clow, 1977!. This is not a straightforward problem,

since oil changes with time after it is spilled, as will be discussed

shortly. Such an oil "fingerprinting" technique can help track down

the source of oil that suddenly appears without any spill having been

reported, the so-called "mystery" spill. When the spiller is known,

as in the case of the Argo Merchant, the fingerprinting might still

be useful in proving in court that oil found to be causing damage
is indeed that of the spiller.

The Coast Guard al.so began development of a sophisticated system
for detecting oil on water, an Airborne Oil Spill Surveil.lance

system, to detect polluters and track the oil during cleanup efforts.

Pinally, the Coast Guard financed the development of booms and

other cleanup and containment techniques. In doing this it

inevitably financed much research on the hydrodynamics of spilled oil.
It developed the ability to model on a computer the movement of oil
slicks on the water' s surface.

2.1.2 EPA

Like the Coast Guard, EPA also developed the capability to monitor
spills from the air with the formation in l973 of its "Quick Response
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Remote-Sensing Oil Spill Surveillance Plan"  Jones et al., 1977! . EPA

precontracted with various firms around the country to photograph

spills from the air when the need arose. The film was then to be

flown to EPA's Environmental Support and Monitoring Laboratory in

Las Vegas, where it could be developed and returned to the On-Scene

Coordinator within 24 hours,

FPA also entered an area where the Coast Guard would not tread

that of biological damage assessment. In 1972 EPA published a

manual for performing such assessments  EPA,1972!. It implicitly

deals with inland spills, EPA's responsibility, and it deals only

with damage assessment and not with the other scientific aspects of

a spill response. Yet it is the only actual step-by-step what-to-do

guide for conducting a scientific investigation after an oil spill,

and as such deserves careful attention as a rough guide to what might

be done on a more comprehensive level,

The manual is meant to be carried to the field and used on-scene.

It therefore contains numerous checklists and flow charts, as well

as other hints. For the assessor arriving at the scene of the crime,

the manual advises:

The most urgent action on arrival at a site is to
find whether there are any samples and observations
that must be taken at once to avoid loss of valuable
evidence. Next make a quick survey of what has to be
done, so that the necessary resources can be assembled.

Other early actions include observing behavior of fish and other

animals, consulting the OSC, and recording the weather  at least 4

air and water temperature readings per day!,
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Much of the manual is written at that level of specificity, Zt

rarely tells specific scientific actions that should be taken at a

given time. Rather it gives general guidelines for choosing those

actions, the times and types of samples, etc.

For sampling it suggests sampling from all habitats from five

groups: those previously exposed to spill, now exposed to spill.

those which may be exposed, those harmed or dead and controls.

It warns to take water column and sediment samples along with

biological samples in such an order so as not to disturb the latter

samples with the previous ones. It warns the investigator to try

to account for water and fish movements between the time of exposure

and time of sampling. It suggests concentrating on economically

important species. Also on immobile benthos, since there is less

doubt about whether or not they were exposed, For benthos sampling

choose habitats that have a large and diverse community, Take at

least three samples or don't bother taking any. The most importan't

data are the kinds of organisms and. their populations for use in

calculating composition and diversity of the community, density,
variability at station and between stations, and the like. Probably
as specific as could be written.

Finally, the report puts special emphasis on preparing assess-

ments that can stand up in court. The investigator is told to

assume whatever he does will be used in legal proceedings and to

take precautions to label and safeguard samples adequately,

The EPA manual is probably as specific as it could be while still
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remaining applicable to more than one spill at more than one site,

Mainly, it reminds the investigator of what should be done, perhaps

because the situation may be too chaotic for him to remember to do

everything before time has elapsed. It is fully cognizant that the

assessment constitutes a response, not merely a study,

What we see here is a disparity between the capability to

conduct scientific work after inland spill.s and the ability to

conduct it after offshore spi.lls. For inland spills, EPA is more or

less self-sufficient. It has both OSC responsibilities and damage

assessment responsibilities and is a scientifically-oriented organiza-

tion to begin with. But the OSC for offshore spills, the Coast Guard,

has only a very limited scientific capabi.lity. When a ma]or spill

occurs, as will be seen in the case of the Argo Merchant, the Coast

Guard has to import its scientific advisers.

2.1.3 NOAA

The organization that could give the Coast Guard the most help

in scientific advice is NOAA, Indeed, that is the reason for NOAA's

presence on the NRT. But since NOAA did not have direct responsibility

for any spills, as did the Coast Guard or EPA, it did not tackle the

problem of post-spill science head on.

It did, however, develop some methods that would be useful in

post-spill investi.gations by developing a program for long-term

monitoring of the environmental quality of the oceans. The need for

such a monitoring program was expressed formally in a 1972 NOAA-spon-

sored workshop  Goldberg, 1972!. One of the reasons put forth in
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support of such a program was that it would provide long-term back-

ground data against which the effects of an acute event, such as a

spill, could be judged. It was recognized that the monitoring

program's plan for sampling and analysis could double, with minor

modifications, as a contingency plan for a spill damage assessment.

Not only could it, but it should, to insure that the data collected

after the spill is comparable to the baseline data. The workshop's

participants called upon NOAA to develop the capability to begin

sampling within a few days after a spill. The rough ideas for the

monitoring program were further refined by l974 by a Scientific and

Technical Committee on Marine Environmental Assessment  NOAA, 1974! ~

But little, it seems, was done to actually implement either the

monitoring program or the quick-response capability.

In short, the National Contingency Plan took a piecemeal approach

to the scientific response, It concerned itself only with narrow

scientific goals and parceled out responsibility to various agencies

in such a manner as to spur some useful developments but at the same

time to leave many gaps. One distinctive gap was in providing for

chemical and biological investigations following offshore spills like
that of the Argo Merchant.

2.2 OCS Leasin and Ri.sk Assessment

Enter the Bureau of Land Management  BLM! of the Department of

the Interior. The decision to open up vast areas of the Outer

Continental Shelf  OCS! to oil exploration and development, spurred by

the energy crisis and the rise in oil imports, did more than any other
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single event to stimulate development of oil spill study techniques.

E'LH was in charge of leasing the OCS for petroleum development and

needed environmental information at every step along the way

 Jamison Resolution Analysis, 1976!. And it had millions to pay for

this information.

One thing BLM needed, for instance, was the ability to decide

which tracts should not be leased because of potentially harmful

environmental consequences. This in turn required the ability to

predict the damage in advance. In particular, since oil spills were

one potentially harmful consequence of OCS development, it required

the ability to predict the harm that would be caused by an oil spill

at a given location. If the potential harm from various hypothetical

oil spills could be determined, and if some assumptions about the risks

of these spills could be made, then the total hazard to the environment

from a particular offshore facility or lease sale coul.d be estimated.

If, in addition, a monetary value could somehow be placed on this harm,

and this amount then discounted by the risk of spills, the resulting

figure could become an input into an overall cost/benefit balance.

Assessing the risk posed by a spill is a 2-step affair. First

the fate of the oil must be predicted, i.e., where it goes and in what

concentrations. Only then can the second step, the predictio~ of

effects, be performed.

At the time the BLH studies began  around 1973, say! and even at

the time of the Argo merchant spill, the ability to perform such risk

assessments was fairly limited for want of basic understandi.ng of
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mechanisms and rate constants. Nevertheless, there had developed some
understanding by then of the processes which determined the fate and

effect of oil spills. Before continuing with the discussion of BLN's
program it would be useful to discuss just what these processes are

and what the state � of-the-art was in understanding and modeling them.
Whereas a discussion of the National Contingency Plan is necessary to
understand the scientific response to the Argo Merchant from an

organizational viewpoint, the following digression is necessary to
understand it from a purely scientific one.

2.3

Oil is a mixture of thousands of hydrocarbons whose individual

chemical and physical properties vary widely. Both the fate and the
effect of a particular oil spill depend to some degree on the exact
composition of the oil, each oil being somewhat different.

When an oil spill occurs, the oil does many things. Much of it,
at least initially, floats on the water's surface and begins moving.
This movement of the center of mass of the slick is caused by three
basic forces winds, currents and waves.

As the center of mass moves, the slick undergoes additional
movement about the center of mass. Some of the oil tends to spread
into a thin layer  fractions of a millimeter or thinner! covering a
large area. Other parts of the slick tend to remain as thick clumps
which are broken apart and dispersed by water motions-

In addition to moving and spreading, oil on water is constantly
undergoing physical, chemical and biological changes which introduce
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