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Conflicting Uses 
Richard H. Backus 

The conflicts arising from the use of Georges Bank are of several sorts-inter
national, state/federal (or provincial/federal), and private/public. International conflict 
has arisen from competition in the bank's fisheries, where heavy exploitation by other 
than American and Canadian fleets resulted in the extension by those two countries 
of their fisheries management zones to 200 miles. These extensions reduced the 

problem of overexploitation, but put a new problem in its stead-the position of the 
boundary between the United States and Canada in the Gulf of Maine and on 
Georges Bank. This conflict is dealt with principally in chapter 45. The state/federal 
(or provincial/federal) conflict is in part also a jurisdictional one and has arisen in both 
the United States and Canada mainly because of the petroleum potential of the At

lantic continental shelves of the two countries, with the attendant questions of reve
nue sharing and environmental protection. The private/public conflict comes principally 
from the fear that the development of petroleum on the bank will be environmentally 
damaging. Matters relevant to conflicts of the last two sorts are treated in chapters 

50-57. 
In estimating the petroleum potential of such a place as Georges Bank, one com

pares the region's sedimentary rocks with those of established oil and gas areas. The 
sedimentary rocks in proven fields share four attributes: (1) the beds of rock have 
been deformed in such ways as to form traps for catching the petroleum, (2) the po
rosity and permeability of the rock is such that a reservoir for holding the petroleum 

has been formed, (3) the rocks surrounding the reservoir rock are impermeable and 
have kept the petroleum from leaking out of the reservoir once it got there, and (4) 
there is hydrocarbon source rock of such quality and quantity connected to the reser
voir by suitable migration paths so that petroleum has accumulated in the reservoir in 

commercially exploitable amounts. Some of the sedimentary rocks on Georges Bank 
share the first three attributes listed, but the fourth-the existence of suitable hydro
carbon source rock, rock rich enough in organic carbon and buried deep enough to 

become hot enough to generate petroleum-has yet to be demonstrated. 
Two kinds of estimates of undiscovered recoverable petroleum have been made 

for Georges Bank by the U.S. Department of the Interior (DOl), which oversees leas
ing for petroleum exploration and development on the outer continental shelf (OCS) 

and the exploration and development themselves. One kind of estimate is made by 
the geologists of the Resource Assessment Group (RAG) of the Oil and Gas Branch 
of the U.S. Geological Survey (USGS). Such estimates are made for large geographic 
units, in the case at hand for the Georges Bank Basin and some insignificant sur
roundings-together the USGS's North Atlantic Provinces 49 and 50. Georges Bank 
Basin consists principally of Georges Bank and Nantucket Shoals together with the 

adjacent ocean out to a depth of about 2,500 m. Province 49, the North Atlantic 
Shelf, extends from shallowest water out to 200 m; Province 50, the North Atlantic 
Slope, extends from 200 to 2,500 m. The most recent estimates by the RAG for 
Provinces 49 and 50 were published in 1981 and show mean estimates of 0.4 billion 
barrels of oil for Province 49 and 1.0 billion barrels for Province 50. Estimates of gas 

were 2.5 trillion cubic feet for Province 49 and 3.2 trillion cubic feet for Province 50. 
The second kind of estimate of petroleum reserves is made by resource man

agers of the Minerals Management Service (MMS) for establishing minimum accepta
ble bids for each 3-mile x 3-mile lease tract. The tract-by-tract estimates are kept 
confidential by the MMS, but their sum for the lease-sale area is a required part of 

the Environmental Impact Statement (EIS) that must be published prior to a sale. 

These estimates are often confused with the kind first described, are more frequently 
revised, and more often come to public attention.1 

Three lease sales for the Georges Bank region have been planned, of which one 

(sale 42) was held and two (sales 52 and 82) were canceled. At sale 42, held on 18 
December 1979, 63 tracts were actually leased, and so-called dry holes were drilled 
on 8 of them between July 1981 and September 1982 (figure 1 ). (A dry hole means 
that petroleum was not found in sufficient amount to justify production.) The informa

tion obtained during the drilling of those wells was proprietary, but had to be shared 
with the MMS, which received the information in confidence. In February 1985 all of 
the sale 42 leases expired and the information obtained from them was made public. 
The eight dry wells drilled in the area of sale 42 probably have discouraged further 
drilling there and probably were partly responsible for the drastic downward revision 

of the resource estimates for the area of lease sale 52-from an original conditional 
mean of 1.73 billion barrels of oil to about 3% of that, 55.7 million barrels. The esti

mate for gas was similarly reduced. 
The development of petroleum and other mineral resources of the continental 

shelf is under the authority of the federal government in both the United States and 
Canada, but coastal states and provinces feel that they have some ownership inter

est in the resources seaward of their boundaries. Furthermore, if there is a price to 
be paid for resource development, adjacent states and provinces believe that they are 
the ones that will bear the costs. States and provinces, therefore, have demanded 
and been given a voice in outer -continental-shelf development. A legislative solution 

has been used in the United States, a political one in Canada. In the United States 

the National Environmental Protection Act of 1969 (NEPA) is one of the tools that 

states have to ensure that their concerns are heard. In it they are given the opportu
nity to help in the preparation of EISs and to challenge the adequacy of these docu
ments. Both the Outer Continental Shelf Lands Act (OCSLA) and the Coastal Zone 
Management Act (CZMA) give coastal states a direct role in setting policy. The prov
ince of Nova Scotia, off whose coast proven petroleum reserves exist, has signed the 
Canada/Nova Scotia Oil and Gas Agreement with the Canadian federal government 
concerning the development of those resources, which is likely to be a model for 

such political settlements in Canada. 
The environmental-protection questions accompanying petroleum development on 

Georges Bank, as elsewhere, focus on the nature and extent of the damage to the 

bank's living resources that could be caused by spilled petroleum and the discharge 
of drilling cuttings and fluids, including the " formation:· water that is associated geo
logically with the petroleum. The living resources of concern include not only those 
directly exploited as food for humans, but all of the bank's plants and animals. Not 
only is there much transfer of material, including pollutants, as animal eats plant and 

other animals, but also material is cycled among living things, the water, and the bot
tom sediment by microbial and chemical processes. Thus petroleum hydrocarbons 

and the metals in drilling fluids, for instance, have been studied by oceanographic 
chemists as solutes in the open water, as adsorbed constituents on sediment parti
cles, and as components of the protoplasm of plants and animals. 

In addition to the processes that move pollutants from one part of the ecosystem 
to another-from water to sediment to worm to fish, for instance-there is physical 
dispersal by currents. This mixing can be so rapid and extensive that a pollutant may 
not be detectable at a quite short distance from its point of discharge. Probably this 
dilution often results in rendering the pollutant harmless, but the mechanisms of 
spread are intricate, and completely uniform dispersal probably rarely takes place. In

stead, a certain stratum of the water column, sediment of a certain particle size, a 
certain organ of a certain fish, or a certain ocean area can become a locus of con
centration. This plus the fact that some pollutants can be damaging at concentrations 



that are little different from their detection concentration make the study of their sys
temwide effects difficult and expensive. 

Measurements of the concentration of petroleum hydrocarbons in the Georges 
Bank ecosystem are not many, and observations of the effect of these compounds 
there are even fewer. Thus chapter 53, which with more knowledge might have been 

called "The Effects of Petroleum on Marine Organisms on Georges Bank," needs to 
be called "The Potential Effects .... " This chapter assembles information on the ef
fects of petroleum from a diversity of sources and, using more general ecologic 
knowledge, considers it in the context of Georges Bank. Some critics find such a pro
cedure too imprecise, too speculative, and leading to a too pessimistic, perhaps even 
crippling, view. But in the view of this book's editors there is an obligation to explore 

the worst possible outcomes. 
Some facts reported and conclusions reached in chapter 53 are the following: 

1 . Georges Bank is not free of petroleum hydrocarbons at present, but concentra
tions are mostly very low. 

2. The incidence of large oil spills affecting the Georges Bank region has been low. 

3. The incidence of oil spill during the exploration phase of petroleum development 
has been very low, and no contamination has resulted from the drilling that has taken 
place on Georges Bank so far. 

4. About six spills of 1 ,000 barrels or more and about three spills of 10,000 barrels or 
more are to be expected for every billion barrels of oil produced, according to DOl 
estimates; some authorities believe that these estimates may be too low. 

5. Chronic discharges of oil during production (such as the oil dissolved in discarded 
formation water) are not well estimated, but would increase the spillage in (4). 

6. Since 1981 U.S. Coast Guard regulations have required that all tankers landing oil 
in U.S. ports from offshore oil fieldsnave tanks that keep oil and ballast water sepa
rate; this eliminates a very important source of discharged oil that formerly was a 
worry for Georges Bank-oil washed from the sides of tanks by ballast water and 
pumped overboard with the water. 

7 .. Petroleum consists of a large number of individual compounds, some of which are 
toxic, some of which are not. 

8. Toxicity tests are difficult to do well, and some, especially many done prior to 
1970, are not to be relied upon. 

9. Species vary in their susceptibility to toxic compounds, just as they do to other 
stresses; test species generally are species that can tolerate the rigors of laboratory 
culture and may bias test results because they withstand toxic compounds, just as 
they withstand other stresses. 

10. Toxic compounds at a certain concentration may not kill directly, but may so alter 
an animal's behavior that it later dies from other causes. 

11. Although oil is less dense than water, oil, or certain fractions of it, becomes dis
solved in the water, and some often ends up on the bottom. One mechanism for tak
ing it to the bottom is by adsorption to particles in the water, followed by the settling 
of these particles; oil preferentially adsorbs to organic particles and to clay-size min
eral particles, little adsorbing to larger mineral particles. · 

12. Spilled oil in sufficient concentration has caused large kills of bottom-dwelling 
(benthic) animals, and in relatively low concentration (a few grams of oil per square 
meter of bottom) has changed the composition of communities of benthic animals, 
eliminating sensitive species and generally causing a reduction in the total amount of 
animal life present. 
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13. The effects of oil spills on benthic animals have been studied more easily and 
more often in nearshore than in offshore spills and are more pronounced in the for
mer; following the Argo Merchant spill, an offshore one near Georges Bank in De
cember 1976, very little oil was found in benthic animals or sediment except in the 
immediate vicinity of the wreck. 

14. Experiments in large tanks or enclosures containing water, sediment, and animals 
(mesocosms) and observations around natural oil seeps have helped us to under
stand the changes induced by oil contamination at low level; some of the community 
effects observed would not have been predicted from knowledge of the effects of oil 
on populations of individual species. 

15. Contamination of sediment from chronic oil release has been noted within 30 km 
of oil rigs in the North Sea, and decreases in the number of species and number of 
individual animals in benthic communities in the same region have been observed 
within about 5 km of an oil-storage platform after it had been in use for about 4 
years. 

16. Widely read studies by the Gulf Universities Research Consortium concluded that 
many years of oil production in the Gulf of Mexico had had no effects on benthic 
communities there, but these St!Jdies have been criticized on the grounds that the 
control sites-distant from oil rigs-might have been as contaminated as the sam
pling sites near the rigs; no measurements of petroleum hydrocarbons were made at 
any of the sampling sites, while total hydrocarbons were about the same at sites 
both distant from and close to the rigs. 

17. Damage to Georges Bank benthic communities might result in damage to the 
fisheries because commercially important fish species feed heavily on benthic animals 
there, although this damage has not been demonstrated. 

18. Little is known about the effects of spilled oil on the plants and animals of the 
water column; this pelagic community, where all is moving, is much more difficult to 
study than the benthic community, where all is relatively stationary. 

19. Following the Argo Merchant oil spill , concentrations of hydrocarbons dissolved in 
the water remained elevated for 5 months or more. 

20. Low-level contamination of the water on Georges Bank of the sort seen following 
the Argo Merchant spill or from chronic oil discharge might change the species com
position of the water column's community of microscopic plants (phytoplankton) in a 
way that would adversely affect the fisheries, but this has not been demonstrated. 

21. Spilled oil, when in sufficient concentration, can kill or contaminate fish or shellfish 
and inhibit their growth; of greater concern for Georges Bank is the undemonstrated 
possibility that chronic oil discharge can effect recruitment (the addition of fish of ex
ploitable size to a stock of fish through reproduction and growth) in commercially val
uable species. 

22. Recruitment in most fish stocks varies hugely from year to year (poor years seem 
to be much more frequent than good years), and the factors that control recruitment 
are poorly understood. Because of this the relation between spilled oil and recruit
ment is extremely difficult to study. However, it is known that spilled oil can lead to 
decreased spawning, the death of fish eggs and larvae, and delays in the develop
ment of eggs; such effects might result in decreased recruitment. A recent Canadian 
report considering the relation between offshore oil development and recruitment took 
pains to emphasize that "no effect" and "no statistically detectable effect" are not 
the same thing. 

23. Finally, the author believes that in the face of the great uncertainties surrounding 
the effects of spilled oil on a most valuable resource, it would seem best to keep lev
els of dissolved aromatic hydrocarbons in the Georges Bank water column below 1 
,ug/L (1 microgram per liter). 
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Although there are other discharges from a rig drilling for petroleum, such as do
mestic waste water and sewage, the principal discharges are the materials directly 
connected with the drilling itself-drill cuttings and drilling fluids or muds. Cuttings are 
the bits of rock resulting from the deepening of the drill hole. Drilling fluids are com
plex mixtures containing clay and other materials that are pumped down and up the 
drill hole so as to carry up the cuttings, balance pressures, prevent blowout, and 
cool, lubricate, and partially support the drill pipe and its bit.2 Drill cuttings and water

based drilling fluids (but not oil-based ones) can be discharged to the ocean if a Na
tional Pollutant Discharge Elimination System (NPDES) permit has been granted by 
the Environmental Protection Agency (EPA). 

The principal concerns over the discharge of drilling-fluid solids and cuttings are 

that they could be chemically or physically directly lethal to or produce damaging sub
lethal effects in marine organisms, that certain compounds in them, such as heavy 
metals, could accumulate in the tissues of organisms, ultimately damaging them or 
their consumers, and that solids could accumulate on the bottom, physically changing 
it and, thus, the character of the benthic community. Laboratory toxicity tests have 
been run for both the constituent elements of drilling fluids and whole fluids of various 
kinds, and the effects of discharges of fluids and cuttings have been directly studied 
by sampling water, sediment, and benthic fauna at drill sites before and after drilling. 

The main constituents of drilling-fluid solids-clay and barite-are chemically in

ert, although they might bury or clog benthic animals living near the point of dis
charge. The most toxic of the common ingredients of drilling fluids is lignosulfonate
generally as chrome or ferrochrome lignosulfonate-but it is only moderately toxic, 

the concentrations required to kill 50% of test animals by a 96-hour exposure being 
between 1 00 a·nd 1 ,000 ppm (parts per million). The most toxic of whole drilling fluids 
contain petroleum, but most fluids show a low toxicity in laboratory tests. Generally, 
the results of toxicity tests combined with the dilution factors that are to be expected 
as a result of Georges Bank's ever-running tidal currents suggest that were there 
damaging effects, they would be limited to the immediate vicinity of the drill rigs, and 
the few field studies that have been made support this conclusion. The most relevant 
studies for Georges Bank are two; one was made around an exploratory drilling site 
off New Jersey in a water depth of 120 m, the other on Georges Bank itself as a part 
of the monitoring program put in place with lease sale 42. Each of the eight explora
tory wells on Georges Bank used on average about 1,000 mT (metric tons) of drilling
fluid solids and produced about the same amount of drill cuttings. All of the cuttings 
and about half of the drilling-fluid solids were discharged to the bank. (Some details 
of the Georges Bank monitoring program relating to the effects of discharged drilling 
fluids and cuttings can be found in chapters 16, 28, and 52.) 

In the United States, environmental protection is afforded to the outer continental 
shelf (OCS), of which Georges Bank is a part, principally by the Outer Continental 
Shelf Lands Act of 1953 (OCSLA) and its 1978 amendments, the National Environ
mental Policy Act of 1969 (NEPA), and the Clean Water Act of 1972 (CWA). Also the 
Coastal Zone Management Act of 1972 (CZMA), which gives the states a part in set
ting policy, has had a significant effect on the development of protection programs. 

The 1978 amendments to OCSLA have wrought the greatest changes to the system 
of OCS leasing for petroleum exploration and development, and the nature of these 
amendments and their passage was considerably influenced by the "oil/fish conflict" 
on Georges Bank, where the first lease sale was delayed until the OCSLA amend
ments were in place. The Marine Sanctuaries Act of 1972, under which the secretary 
of the Department of Commerce is empowered to designate ocean areas as sanctu-

aries for preserving their resources, also has played a part in the evolution of environ

mental protection for the bank. 
DOl first announced its plans for leasing tracts on Georges Bank for petroleum 

exploration and development in 197 4 and in June 1975 began preparing for sale 42 
with a Call for Nominations, a request to the petroleum industry that they designate 
tracts of interest. The Call for Nominations also requested that the states and the 
public identify tracts that should be withheld from leasing and call attention to issues 
that should be addressed in the Environmental Impact Statements (EISs) required by 
NEPA. 

Early in 1976 DOl announced that 1 ,927 tracts had been nominated, from which 

206 had been chosen for continuing environmental analysis. Shortly thereafter the 
Commonwealth of Massachusetts made formal recommendations to DOl concerning 
tract deletions and lease stipulations for lease sale 42, based on National Marine 
Fisheries Service (NMFS) historical data, a study of fishing-industry/petroleum-indus
try interactions by the New England Regional Commission, and on information about 
North Sea oil development gathered by the fishing industry. The tracts suggested for 
deletion were on or near particularly valuable fishing grounds, and the suggested 
lease stipulations were principally for minimizing at-sea interference between the two 
industries. Also in 1976, DOl-funded studies of the Georges Bank region began-part 
of an ongoing series of studies of OCS areas, the Environmental Studies Program. In 
October 1976, DOl issued a draft EIS for proposed sale 42 and invited public review. 
A few days before such comments were due, the Argo Merchant went aground on 
Nantucket Shoals, spilling 28,000 tons of fuel oil and dramatically calling attention to 
the gradually unfolding disagreement about how to proceed with leasing on the bank. 
Among other effects, pressure was increased for the passage of amendments to 
OCSLA, which had been under consideration in the House of Representatives since 
1974. 

In August 1977, DOl published the final EIS for sale 42 as well as the final notice 
of the sale with the tracts offered, the attached stipulations, and a sale date of 31 
January 1978. A number of the stipulations that Massachusetts had been arguing for 
were not included. Just before 1977's end the House of Representatives Rules Com

mittee declined to release the OCSLA amendments, and Massachusetts, anticipating 
the lease sale a month hence, endeavored to get DOl to implement the principal pro
visions of the amendments by administrative directive. The last failing and what were 
considered to be the desired environmental safeguards not in place, Massachusetts 

and the Conservation Law Foundation (CLF), a public-interest group representing 
seven fishermen's and environmentalists' organizations, brought suit against the sec
retaries of the Departments of Interior and Commerce and the administrator of the 
National Oceanic and Atmospheric Administration (NOAA, a Commerce Department 
instrumentality that includes the NMFS) on 19 January 1978 in the U.S. District Court 
in Boston before Judge W. Arthur Garrity, Jr. A few days later the House Rules Com-. 
mittee released the OCSLA amendments. A few days after that Judge Garrity issued 
a preliminary injunction prohibiting the lease sale on the grounds that it would breach 
DOl Secretary Cecil Andrus's duty to protect the fisheries were he to proceed with
out the safeguards embodied in the OCSLA amendments and, further, that the final 
EIS was defective. 

Judge Garrity's decision was carried to the U.S. Court of Appeals, which heard 
arguments in March 1978, but did not make a judgment for almost a year. By this 
time President Carter had signed the OCSLA amendments into law (September 

1978). Governor Michael Dukakis of Massachusetts, who had told Secretary Andrus 



he would support the holding of the lease sale were the OCSLA amendments 
passed, asked Attorney General Francis Bellotti to withdraw the lawsuit, but the suit 
remained before the Court of Appeals, which vacated Judge Garrity's injunction and 
sent the case back to the lower court on 20 February 1979. The Court of Appeals 
made several suggestions on how to proceed with the lease sale, among which was 

that the DOl in a revised final EIS discuss an alternative that had been proposed ear
lier-that Georges Bank be designated a sanctuary under the Marine Sanctuaries 
Act. This had been suggested to their Washington office by the Northeast Fisheries 
Center of NMFS in Woods Hole in August 1978. A formal nomination was made by 
the Conservation Law Foundation in May 1979, and NOAA announced that the bank 

was under active consideration for designation as a sanctuary in August of that year. 
But support for Georges Bank as a sanctuary was small. Probably fatal was the di
vided opinion of the fishing industry, a good part of which felt that fishing as well as 
petroleum development might be restricted. In a compromise between the Depart
ments of Commerce and Interior announced on 21 September 1979, the former with
drew Georges Bank from active consideration as a sanctuary, while the latter deleted 

12 lobster-rich tracts near the head of Lydonia Canyon from the lease sale and 
agreed to establish a Biological Task Force (BTF) for Georges Bank. Other OCS 
areas had had BTFs, whose function is to assist DOl's supervisor of petroleum de
velopment in protecting biologic resources. The BTF for Georges Bank had one mem

ber each from DOl's Fish and Wildlife Service, BLM (Bureau of Land Management), 

and Geological Survey (Conservation Division), from the Department of Commerce's 
NOAA (the parent of NMFS), and from the EPA. 

A few days after the announcement of the creation of the BTF and the with
drawal of Georges Bank from consideration as a marine sanctuary, DOl announced 
once again the holding of. lease sale 42, this time for 6 November 1979. Massachu

setts and the Conservation Law Foundation, still dissatisfied with leasing plans, filed 
a continuation of their original suit in the U.S. District Court, which on 5 November 
denied their request for an injunction halting the next day's sale. The Court of Ap

peals heard the case the same day; unable to reach a decision that day, it granted a 
temporary restraining order postponing the start of the sale until noon, 6 November. 
On the morning of 6 November, Massachusetts and the CLF made argument before 

U.S. Supreme Court Justice William Brennan, who continued the temporary restrain
ing order. The case went back to the Court of Appeals, where on 17 December 1979 
the court ruled against Massachusetts and the CLF. The lease sale was held the 
next day-four and a half years after the call for nomination of tracts. Sixty-three · 

tracts were leased for $816.5 million. 

Before leaseholders could occupy their tracts and drill exploratory wells, they had 
to obtain the National Pollution Discharge Elimination System (NPDES) permits re
quired by the Clean Water Act of 1972 so that they could legally discharge drill cut
tings and used drilling fluids. Eighteen months were to pass before such permits were 
issued. Not only were the permit applications for the area of sale 42 the first to be 

processed under the EPA's ocean discharge regulations, but further, the agency _was 
unwilling to agree that no " unreasonable degradation" to the environment would re
sult from the proposed discharges until they had seen done certain studies on the 
effects of drilling muds and cuttings on the bank's plants and animals. 

In the meantime, the Georges Bank BTF was engaged in its principal activity

the design of a monitoring program for studying the effects of exploratory drilling on 
the bank. The work was assigned to a monitoring subcommittee, which, drawing on a 
wide circle of consultants, presented a plan for DOl consideration in July. After sev-
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eral cycles of review, criticism, and alteration it was finally accepted by DOl in April 
1981 , a few weeks before EPA issued NPDES (" discharge" ) permits to the drilling 
companies (29 June) and exploration began. Indeed, when the semisubmersible Za

pata Saratoga, first of the drilling rigs to take up position on Georges, arrived on 1 0 
July it found Research Vessel Eastward there sampling the benthic fauna, the first 

such sampling of the monitoring program. 
At the same time that the BTF began its work on the monitoring program, a pri

vate group formed to watch over the design of the monitoring program. This group, 

which came to be known as the Ad Hoc Committee, was organized by Douglas Foy 
of the Conservation Law Foundation and Thomas J. Scott, a Boston third-party ne
gotiator, or " facilitator," and was an outgrowth of meetings at the University of 

Rhode Island and in Woods Hole at which Georges Bank problems were discussed. 
The stimulus for organizing the Ad Hoc Commmittee was the belief that the BTF 
would not draw sufficiently upon the scientific community for its design. The member
ship of the Ad Hoc Committee was carefully arranged; all the disparate groups in
volved in the Georges Bank conflict were represented save governments. The extent 
to which the Ad Hoc Committee affected the design of the monitoring program finally 

produced by the BTF is hard to measure. Eventually the work of the two groups con
verged. Indeed, one oceanographer, whose contribution to the finally accepted moni
toring program was large, worked both with the Ad Hoc Committee and the Scientific 

Advisory Committee to the BLM, a group having important input to the BTF. 

Even before the tracts leased in sale 42 were occupied, DOl made plans for a 
second sale involving Georges Bank-sale 52. Sale 52, to be somewhat larger than 
42 and to include some tracts in deeper water, was originally scheduled for October 

1982, but in May 1981 , DOl Secretary James Watt moved the sale to August 1982, a 
part of his general plan for expediting OCS leasing. Then there began again a series 

of bargainings, ultimately to fail, between Massachusetts and environmental groups 
on the one hand and DOl on the other. On 2 March 1983, not quite a month before 
the often postponed sale was to have been held, Massachusetts and the Conserva
tion Law Foundation and 1 0 other organizations filed parallel suits against Secretary 
Watt and Commerce Secretary Malcolm Baldridge seeking to block sale 52, citing 
violations of NEPA and other laws. On 28 March 1983, the day before the scheduled 

sale date, the U.S. District Court in Boston found for the plaintiffs and granted a pre
liminary injunction against the sale. The defendants, represented by the Department 
of Justice, carried the case to the U.S. Court of Appeals, which on 16 September 
1983 upheld the decision of the lower court. As a result DOl canceled sale 52 and 
proceeded with plans for sale 82, a much larger one wholly overlapping the sale 52 

area. 
The Outer Continental Shelf Lands Act requires that the secretary of the Depart

ment of the Interior periodically issue a 5-year national leasing schedule. In order to 
accelerate the leasing process, a schedule was developed in 1982 under Secretary 
Watt that reduced prelease environmental programs and increased the acreage of

fered in a lease sale. The plan introduced the " areawide" leasing concept under 
which an entire planning area would be offered for lease initially, with no specific tract 
selection until just before the sale. As a result California, a number of other coastal 
states including Massachusetts, and a group of environmental organizations brought 
suit against DOl. The plaintiffs argued that this " streamlined" leasing program vio

lated provisions of OCSLA, but the U.S. Court of Appeals for the District of Columbia 
circuit found in favor of DOl and the schedule remained intact. 
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Lease sale 82, which encompassed the area of sale 52 and much more, was to 
have been the first Atlantic sale conducted · under the new procedures, but was can
celed (for lack of bids) in September 1984. In another recent legal action relating to 
OCS development, the U.S. Supreme Court reversed the opinions of the lower fed
eral courts, finding that the CZMA did not require that federal leasing activity on the 

OCS be consistent with the coastal zone management plans of the states. 
The early system of environmental studies in connection with OCS leasing-the 

"baseline" approach-has been replaced gradually with programs that ask more spe
cific questions and are more intimately linked to decision making; the studies of drill
ing discharges that were commissioned in connection with the issuance of the 

NPDES permits and the Georges Bank monitoring program offer a good example. 
The preparation of Environmental Impact Statements, cumbersome if nothing else, 
has been made simpler in other OCS regions by the preparation of regional EISs to 
which supplements can be added as more information is required or becomes avail
able, and in the . future this system will be used in the Georges· Bank region. Another 
simplifying administrative action was taken when DOl Secretary Watt combined the 

prelease sale functions of the Bureau of Land Management and the postlease sale 
ones of the Conservation Division of the Geological Survey und~r the aegis of the 
Minerals Management Service. 

These and other such developments in the process of OCS leasing no doubt will 
continue to be viewed by most according to their views on the desirability of drilling 

on Georges Bank at all-as "steamrollering" in one view, as administrative efficien
cies in the other. Most would agree, however, that OCS leasing on the bank has 
gone through a necessary, lengthy, and expensive evolution. 

Notes 

1 . The final EIS tor lease sale 42, 
held on 18 December 1979, gave es
timates of 123 million barrels of oil 
and 0.87 trillion cubic teet of gas tor 
the 128 tracts being offered on the 
southwestern quadrant of Georges 
Bank, all but a small part of which 
were in the USGS's Province 49. An 
addendum to the final EIS for lease 
sale 52, originally scheduled for Octo
ber 1982 and canceled 13 months 
later, gave "revised conditional mean 
estimates" of 55.7 million barrels of 
oil and 280 billion cubic feet of gas 
for the 540-block area of the sale in 
the USGS's Provinces 49 and 50 on 
southwestern Georges and along the 
continental slope to the west Lease 
sale 82, which encompassed the 
lease-sale area 52 and more, was to 
have been held in September 1984, 
but was canceled for lack of bids. 
The final EIS gave " conditional mean 
resource estimates" of 140 million 
barrels of oil arid 3.1 trillion cubic feet 
of gas for the 2,988 blocks of the 
lease-sale area, principally on south
ern Nantucket Shoals and Georges 
Bank in the USGS's Provinces 49 
and 50 and beyond into deeper 
water. The original lease area tor this 
sale included all of Georges Bank not 
previously leased, much of Nantucket 
Shoals, and the adjacent sea bottom 
out to a depth of about 2,800 m. 
However, Congress in the DOl Ap
propriations Act for fiscal year 1983 

prohibited DOl from expending funds 
on leasing and preleasing activities in 
a substantial part of this area, and 
this prohibition was repeated for the 
years 1984 and 1985. The conditional 
mean resource estimate for the 
lease-sale area before it was con
stricted by the Congress was 21 0 
million barrels of oil and 4.9 trillion 
cubic feet of gas. 

2. Water-based drilling fluids are 
30-75% water. Clay and barite (na
tive barium sulfate), which together · 
with water form the bulk of the fluid, 
lignite and lignosulfonate for thinning 
the mud and preventing the clays 
from flocculating, and caustic soda 
(sodium hydroxide) for ·keeping the 
mud alkaline, thus helping to prevent 
corrosion of the drill pipe, make up 
more than 90% of the weight of sol
ids added. For solving unusual prob
lems, many other materials are 
sometimes added in small quan
tities- among them petroleum. 
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In discussing the petroleum potential of Georges Bank 
Basin (figure 50.1), we set forth the general requisites for 
oil and gas accumulation and consider them in light of 
what is known of the geology and geophysics of the re
gion. Then we describe the pertinent drilling history in 
and adjacent to the basin and the techniques for estimat
ing undiscovered petroleum resources. Finally we quote 
the most recent estimates for the area. Our main conclu
sion is that although promising structures, reservoirs, and 
seals are present in Georges Bank Basin, the lack of iden
tified, adequate hydrocarbon source rocks limits the ba
sin's potential for commercial accumulations of oil and 
gas. 

Requirements for Petroleum Potential 

All oil and gas fields share four attributes-proper struc
tures, reservoirs, seals, and hydrocarbons. The explorer 
for oil and gas looks for their coexistence. 

Structure 
The first requirement for petroleum accumulation is 
proper structure. Structure is relief on a rock formation. 
This relief may be a result of (1) the folding and faulting 
of subsurface beds by tectonic forces (forces related to 
the deformation of the earth's crust), (2) depositional pro
cesses building limestone reefs or bodies of quartz sand, 
or (3) erosional shaping by the removal of previously de
posited rocks and sediments. All these processes can in
teract, and to a degree, such interaction is inevitable. For 
example, a tectonically controlled fault block in deep 
basement rocks can create a seafloor high where the pro
duction of carbonate sediments by carbonate-secreting 
organisms, a depositional process, subsequently forms a 
carbonate platform. Growth of the platform can continue 
in shallow water in step with regional subsidence so that 
platform sediments can attain thicknesses measured in kil
ometers. On the slopes of platforms, beyond the habitat 
of carbonate-secreting organisms, erosion related to 
slumping and sliding, currents, and chemical and biologic 
activities can alter the platform. Ultimately, the platform 
owes its location, shape, and internal structure and com
position to a combination of tectonic, depositional, and 
erosional processes. 

Proper structure creates configurations that can trap oil 
and gas. Because oil and gas are lighter than the water 
contained in most pore space, they tend to be trapped in 
relatively high positions, such as the crests of folds, 
faulted blockS, limestone reefs, and quartz-sand bodies 
(figure 50.2). 

Reservoir 
The sec~nd requirement for the accumulation of petro
leum is the presence of reservior rock in a structurally 
high position. Proper reservoir rock must have a volume 
and porosity sufficient to hold hydrocarbons and be 
permeable enough to allow their removal. Porous sand
stones and cavernous limestones are examples of poten
tial reservoir rocks. 

Seal 
The third requirement is a seal over reservoirs occurring 
on the crest of structural highs and at both the top and 
base of reservoirs pinching out or terminating on t he 
flank of a structural high. Sealing formations must have 
permeabilities so low that even on the scale of geologic 
time-tens to hundreds of millions of years-the amount 
of hydrocarbons lost due to leakage through the seal is 
insufficient to reduce them below the commercial mini
mum. Salt, anhydrite, and shale are common seals, but 
impervious carbonate rocks and cemented quartz sands 
can also serve. When reservoir rock on a structural high 
is surrounded by a seal, a trap is formed. 

Hydrocarbons 
The fourth requirement is the existence of a commercial 
quantity of recoverable hydrocarbons in the reservoir. By 
commercial quantity we mean that the value of recovera
ble hydrocarbons must exceed exploration, leasing, drill
ing, transportation, and other costs by an amount 
sufficient to ensure a profit comparable to that which can 
be earned at similar investment levels in other business 
ventures. This necessitates the existence of source rock of 
sufficient quality, quantity, and maturation and of migra
tion paths from the source rock to the reservoir of suffi
cient permeability to make possible the transportation of 
a commercial volume of hydrocarbons to the reservoir. 

Petroleum generation is primarily a temperature-de
pendent chemical process acting on the organic matter in 
shales (Phillippi, 1965). If shale rich in organic carbon is 
buried to a great enough depth so that the temperature is 
sufficiently high, fluid hydrocarbons available for migra
tion will be formed. According to Phillippi (1965), the 
optimal temperature of initiation for the bulk of mature 
oil is 115°C. However, additional time for maturing can 
compensate for a lower than optimal temperature (Hood, 
Gutjahr, and Heacock, 1975). Because the temperature 
for oil generation is greater than that necessary for sterili
zation, Phillippi reasoned that oil generation must be a 
sterile process. Chemical reaction rates under sterile con
ditions generally increase exponentially as temperature 
rises. Pressure is a factor only because it affects gas/ liquid 
equilibria and component concentrations. Once the 
amount of oil exceeds the sorption limit of the matter 
from which it has originated, compaction squeezes it in 
the direction of decreasing pressure. 

Ascertaining the quantity, quality, and degree of matur
ation of potential source beds is most useful for deciding 
whether to participate in the exploration of a new prov
ince. Temperature gradients set temperature-depth limits 
above which shales of a given age cannot produce mature 
hydrocarbons. These data can also be used to predict 
depths below which liquid hydrocarbons would be de
stroyed due to excessive heat. The nature of the source 
material, together with temperature, can be useful in 
making qualitative judgments of the type of hydrocarbons 
one may encounter in new areas. Generally, source mate
rials originating in continental environments and rich in 
woody plant matter produce gas, whereas marine shales 
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most often generate oil. Thick, organically rich source 
beds with proper temperature histories and permeable 
routes to reservoir beds are most desirable. With the first 
discovery of gas or oil in commercial accumulations in a 
new area, source studies become a much less important 
part of an exploration program. 

It is worth reemphasizing that the four attributes for pe
troleum potential must coexist. Traps with elements that 
form subsequent to the migration of the petroleum from 
the source rocks will be barren. 

Petroleum Geology of Georges Bank Basin 

Clearly, the geologic and geophysic data available for 
Georges Bank Basin (chapter 5) provide ample evidence 
for the existence of potential traps, that is, coexisting 
structures, reservoirs, and seals. 

Structure 
The block-faulted basement rocks give rise to structural 
highs upon which overlying sediments are draped to form 
traps. Salt originally deposited in lows has been subjected 
to sufficient overburden pressure to cause flow. The re
sult has been the formation of uplifted swells and pierce
ments creating structural highs with potential reservoir 
rocks on their crests and flanks. The carbonate platform 
edge or reef (figure 50.2) is a major depositional structure 
whose crest and flanks are loci for trapping oil and gas. 
Patch reefs-local depositional highs-formed in the 
platform interior are also potential traps. Faults related to 
shelf-edge topography and underlying basement structure 
that are down thrown toward the basin create rollover 
closures that have been lucrative petroleum producers in 
other areas. 

Reservoir and Seal 
The kinds of rocks that create reservoirs and seals are 
present in Georges Bank Basin, grading from subaerially 
deposited sandstones arid siltstones beneath the inner 
shelf to marine sandstones, shales, and limestones be
neath the outer shelf (figure 5.16). Reeflike carbonates, 
probably with evaporites, at the ancient shelf edge appear 
to grade basinward into marls and mudstones. These 
rocks constitute a full range of potential reservoirs and 
seals. Possible reservoirs include quartz sands and porous 
carbonates, while potential seals are represented by 
shales, tight carbonates, and evaporites. 

Hydrocarbons 
Analyses of the organic carbon content of the rocks of 
Georges Bank Basin are discouraging (Miller eta!., 1982). 
Such analyses usually consist of two measurements-total 
organic carbon content and type of organic matter. To be 
considered potential source rock, shales must have a min
imum organic content of 0.5% by weight, carbonate 
rocks 0.3%. The type of organic matter suggests whether 
the source rock will produce oil or gas at thermal matu
rity. The remains of marine organisms tend to produce 
oil; terrestrial plant remains tend to produce gas. 
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Figure 50.1 
The oil-exploration areas of 
Georges Bank Basin and Bahimore 
Canyon Trough. "Basin" and 
"trough" designate areas of thick 
sedimentary rock having the shape 
suggested by the name. The con
tour lines connect points of equal 
thickness of sedimentary rock 
(km). The straight lines show the 
locations of the seismic profiles 
from which sediment thickness was 
principally determined. Also shown 
are the lease sale 42 blocks. 
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Figure 50.2 
This schematic cross section of the 
Georges Bank area showing sedi
ment relations has been altered to 
show the sorts of structures in 
Georges Bank Basin that can form 
hydrocarbon traps (after figure 5.2): 
( 1) updip pinchouts or stratigraphic 
traps; (2) patch reefs consisting of 
local deposits in the platform inte- · 
rior; (3) _salt piercement or diapiric 
structure; (4) drape folds over bur-

. ied basement highs; (5) fault anti-
cline or rollover structures; and (6) 
old carbonate shelf edge or reef. 
Sea level is at 0 depth. The vertical 
exaggeration is 12.5: 1. 
Hydrocarbon traps are in black. 
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In the well COST G-1 (figure 5 .16) the only rock with 
an organic content sufficiently high · to be considered a 
potential source lay between 1,400 and 1,900 m. Ac
cording to Smith and Shaw (1980), this rock contains 
both oil- and gas-prone kerogen types, but is thermally 
immature and would have to be more deeply buried or 
be subjected to higher temperatures in order to generate 
large quantities of oil or gas. 

In the G-2 well, a dominantly clastic section at about 
3,000 m has an average organic content of about 0.6% 
by weight; the predominantly carbonate-rock section be
low 3,000 m, about 0.25% (Smith, 1980). Smith con
cludes that, with few exceptions, the entire sedimentary 
section penetrated by COST G-2 contains sufficient or-

. ganic carbon to be considered potential source rock. 
Smith's conclusion, however, is based on the supposition 
that carbonate rocks need contain only 0.2% of organic 
carbon to qualify as potential source rock. If the mini
mum for carbonate rocks is 0.3%, as stated by Tissot and 
Welte (1978), then the source potential of the section be
low 3,000 mat COST G-2 is marginal. 

The possibility for gas generation exists at COST G-2 
in the Jurassic section below 5,500 m (Miller et al.; 
1982). Hunt (1981) corroborates the relatively poor qual
ity of samples from the G-2 well and agrees that the gas 
potential of the Jurassic section is the most attractive ex-

. ploration target. If we consider the source-rock potential 
of the carbonate section together with the low permeabil
ity of the rock below 3,000 m, the chances of finding 
significant hydrocarbon deposits on the continental shelf 
of Georges Bank Basin are low. 

Wildcat (Exploratory) Wells 

The unsuccessful exploratory drilling done in Georges 
Bank Basin so far (figure 1 in the introduction "Conflict-
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ing Uses" by Backus) is limited and does not rule out this 
area for future resource development. It does indicate 
that the restricted area of thick sedimentary section be
neath the shallow shelf is no explorationist's dream. The 
strategy now to be followed is to move the search to 
deeper water, where the conditions of sediment deposi
tion were more marine and hold open the possibility of 
higher-quality source rock. With this in mind, a good 
measure of what may transpire on Georges Bank can be 
gained by considering developments to the south in Balti
more Canyon Trough and to the north in the Scotian 
Basin. 

In Baltimore Canyon Trough wildcat drilling, which 
began in March 1976, was concentrated in the vicinity of 
the Great Stone Dome and along the shelf edge (figure 
50.3). The Great Stone Dome, inferred to be an Early 
Cretaceous mafic intrusion (Mattick et al., 1976; Schlee 
et al., 1976), appeared to be the largest and most promis
ing single structure on the shelf. The 6 wells drilled on 
the structure reported no "shows" of oil and gas. By Jan
uary 1981, 17 additional wells had been put down along 
the edge of the continental shelf. Significant hydrocarbon 
shows (mainly gas) were reported from 5 of these, proba
bly all drilled on the same structure. 

Although the combined daily flows of these five wells 
total about 2.5 million m3 (90 million cubic feet), a com
mercial field has yet to be established. It has been esti
mated that it would require a daily flow of about 5.7 
million m3 (200 million cubic feet) and reserves of about 
34 billion m3 (120 billion cubic feet) of natural gas to 
warrant establishment of an offshore production platform 
and a pipeline to transport gas to shore (Crawford, 
1978). 

Tenneco's well 642-2 (figure 50.3) was the most en
couraging one drilled in Baltimore Canyon. Gas flowed 
from Jurassic sands at 4,020 m at 12 million cubic feet 

per day with 100 barrels of condensate. Oil flowed from 
a thin Lower Cretaceous sandstone at 2,535 m at the rate 
of 640 barrels per day. These results show that source 
rocks are delivering gas and oil to reservoir beds at the 
shelf edge. Because such rocks have not been identified 
beneath the shelf, it is logical to search for them in the 
thick sedimentary section seaward beneath the continen
tal slope. 

Prior to the drilling of the COST wells, the deep stra
tigraphy of Georges Bank Basin, which had been inferred 
from seismic-reflection data, was assumed to be similar 
to that of the Nova Scotia Margin. The latter place had 
been extensively drilled (figure 50.4; Mciver, 1972; Jansa 
and Wade, 1975a,b; Given, 1977; Eliuk, 1978), andre
sults from COST G-1 and G-2 (Amato and Bebout, 
1980; Amato and Simonis, 1980; Poag, 1982; Folger and 
Schlee, 1983) confirmed the relative stratigraphic similar
ity between the Scotian Shelf and Georges Bank. In the 
Scotian Basin, Late Triassic sandstone, shale, and ~alt are 
rift-phase sediments ·that fill structural lows above Paleo
zoic metasediments. The deeper sections of the G-1 and 
G-2 wells (figure 5.16) are suggestive of the same sort of 
setting. In both basins limestones and dolomites of Juras
sic age on the southeastern margin interfinger northwest
ward with terrigenous sandstones, shales, and coals. The 
Scotian Basin had a more prolific quartz sand source pro
vided by the seaward growth of the Sable Island delta 
system (Eliuk, 1978). 

Exploration in the Scotian Basin began in the 1960s, 
and more than 70 wells have been drilled. In June 1982 
Mobil Oil Corporation announced that sufficient gas re
serves (at least 3 trillion cubic feet) had been established 
to justify construction of a pipeline and development of 
their Scotian Basin prospect. From this one may infer that 
10 or 15 years of exploration may be required to estab
lish a commercial quantity of hydrocarbons on Georges 
Bank and that the petroleum to be produced there is apt 
to be gas. 

Petroleum Resource Estimates 

Perhaps no aspect of the Georges Bank exploration expe
rience has been as poorly understood as how the U.S. 
Geological Survey estimates . undiscovered recoverable oil 
and gas. This section will describe that process and pres
ent the most recently derived estimates. 

The Georges Bank estimates have been made as part of 
a nationwide assessment of 137 separate provinces (Miller 
et al., 1975;, Dolton et al., 1981), in ~hich all available 
geologic, geophysic, and drilling information is consid
ered. Such a survey makes clear the vast difference be
tween the amount of information available from little
explored areas and that from areas where thousands of 
wells have been drilled and hundreds have produced. 
Thus a single unit of the U.S. Geological Survey's Oil and 
Gas Branch, the Resource Assessment Group (RAG), has 
been organized to ensure the standardization of estima
tion throughout the United States and its territories. 
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Figure 50.3 
Lease tracts and wells in Baltimore 
Canyon Trough. Drilling to date. has 
failed to find oil or gas resources 
justifying development. 
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RAG contacts earth scientists familiar with the geology 
of the various onshore and offshore provinces of the 
United State~. In cooperation with these area experts, the 
attributes of actual and potential oil and gas accumula
tions within each basin are determined. Structures are 
mapped at various stratigraphic levels. The types, sizes, 
and numbers of various structures are reviewed. Sediment 
volumes are determined, and the basin's stratigraphy is 
considered as it pertains to questions regarding reservoirs, 
seals, and source rocks. Where the degree of maturation 
of source materials is in doubt, the basin's temperature 
history is studied. Where drilling has taken place, particu
lar attention is given to the quantities of hydrocarbons es
tablished. These quantities are related to particular 
structural and stratigraphic settings in order to judge best 
how structure and stratigraphy in less-explored parts of 
the basin may affect resource distribution. Province folios 
are compiled in identical formats basin by basin. 

After data compilation, a committee composed of 
RAG members and area experts within the Geological 
Survey meets to review the geology and to make esti
mates for the province in question. The petroleum geolo
gist from RAG who coordinated the data compilation 
goes before the committee and summarizes the province's 
folio. Then members of the committee make first-round 
estimates of the amounts of undiscovered recoverable 
petroleum. 

A range of estimates is given because experience has 
shown that individual estimates are subject to sizable er
rors. Separate estimates are made for oil and gas. Four 
values are derived. First, a low estimate is given. This is 
the amount that the estimator feels has a 95% probability 
of being exceeded. Second, an estimate is proposed of 
the amount most likely to be present. Third, a high esti
mate is given. This is the amount that the estimator feels 
has only a 5% probability of being exceeded. Finally a 
grading factor or marginal probability is assigned to the 
estimates. This represents the committee member's judg
ment of the probability of the occurrence of recoverable 
oil and gas. In areas with proven oil and gas reserves, this 
factor is 1, representing certainty that undiscovered re
coverable hydrocarbons are present. In areas where little 
or no production history exists, this grading factor or 
marginal probability is commonly 0.6 (60%) or less. 

The committee records and reviews these first-round 
estimates. Members are called upon to defend extreme 
positions. Rounds of estimates and arguments are con
ducted until the committee chairman is satisfied that the 
range of estimates has reached an acceptable grouping. 
Estimates from the final round consist of four sets-the 
marginal, low (0.95 probable), high (0.05 probable), and 
most likely values. The estimates from each of the several 
assessors are averaged for each set, and the results are the 
committee's final values. 

At this point the role of the earth scientist in the esti
mating process ends and that of the statistician begins. A 
well-established premise underlying the statistical treat
ment is that the amounts of hydrocarbon resources in 
the producing basins of the world have a log-normal distri-
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bution; in simplest terms this means that typically the 
exploration of a basin at first yields a few very large ac
cumulations and thereafter a large number of relatively 
small accumulations or fields. (The difference between 
highly productive and marginally productive basins is the 
existence in the former of a few large oil and gas fields.) 
Statisticians fit a log-normal curve to the values for high, 
low, and most likely amounts of recoverable oil and gas 
provided by the estimates committee. Such a curve can be 
used to get province estimates, 1 which can then be added 
to similarly derived estimates for other provinces to arrive 
at a total for the nation's recoverable oil and gas 
resources. 

The estimates given here for ·the Georges Bank area are 
actually for North Atlantic provinces 49 and 50 (figure 
50.4), of which Georges Bank Basin is only a part. How
ever, the difference is insignificant because the Gulf of 
Maine and the portion of the Long Island Platform that 
make up the remainder are not considered prospective. In 
these last places crystalline basement rocks occur at shal
low depths beneath thin veneers of sedimentary rocks. 
These basement ~ocks lack the porosity and permeability 
necessary to serve as reservoirs, and their temperature his
tories have been so severe that any source materials they 
may have once contained have been destroyed. 

The estimates presented here {table 50.1) are for undis
covered, recoverable total crude oil and natural gas be
neath the continental shelf and slope out to water depths 
of 2,500 m (figure 50.4, provinces 49 and 50). Informa
tion is inadequate for making assessments beyond a depth 
of 2,500 m. Earlier estimates of undisco~ered oil and gas 
in the Georges Bank area were made by Miller et al. 
(1975). The most recent estimates (Dolton et al., 1981) 
are the ones in table 50.1. 

Finally readers should know that there exists an~ther 
set of estimates made in conjunction with lease sales that 
are different from, although confused with, the basinwide 
estimates made by RAG. These other estimates are made 
by the U.S. Geological Survey's Conservation Division, 
now a part of the Department of Interior's Minerals 
Management Service (MMS). The purpose of these esti
mates is to arrive at a minimum acceptable bid for each 
3-mile X 3-mile tract put up for lease. The individual es
timates are kept confidential, but their sum is published 
in the Environmental Impact Statement for each lease sale 
(see note 1 in the introduction "Conflicting Uses" by 
Backus). The only specific relation that this sum has to 
the basinwide estimates of RAG is that it is generally less 
than the province or basinwide estimate because individ
ual lease sales rarely involve all of a province or basin. 

Tract estimates are revised after each lease sale and can 
vary drastically as drilling experience discounts or elevates 
a tract's value. The basinwide estimates of RAG, on the 
other hand, are much less influenced by a single round of 
drilling and are infrequently revised; 6 years separated the 
estimate by Miller et al. (1975) and the revision by Dol
ton et al. (1981). 

Certain tracts on the shelf in Georges Bank Basin ini
tially attracted bids of around $100 million. Now that 
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Table 50.1 
Estimates of total undiscovered oil and gas for the North 
Atlantic provinces 

Low" Highh Mean< 

North Atlantic shelf (0-200 m) 

Oil (billions of barrels) 0 2.1 0.4 

Associated gas, dissolved in recoverable oil 
(trillions of cubic feet) 0 2.5 0.6 

Nonassociated gas · 
(trillions of cubic feet) 0 7.2 1.9 

North Atlantic slope (200- 2,500 m) 

Oil (billions of barrels) 0 3.8 1.0 

Associated gas 
(trillions of cubic feet) 0 4.6 1.1 

Nonassociated gas 
(trillions of cubic feet) 0 7.9 2.1 

a. The low estimate has a 95% probability (19 chances in 20) of being
exceeded. 
b. The high estimate has only a 5% probability (1 chance in 20) of 
being exceeded; that is, it is 95% probable that the amount is less than 
the high estimate. . 
c. It is equally probable that the undiscovered amount exceeds or is less 
than the mean estimate. 

eight dry holes have been drilled there, it is very likely 
that the MMS will assign much lesser values as minimum 
acceptable bids in subsequent lease sales. It has been sug
gested that the companies drilling the eight dry holes 
have withheld information concerning their tests in order 
to discourage competition and to make minimum accept
able bids lower in future sales. But while these companies 
have paid dearly for their proprietary information and can 
do with it as they will, they cannot mislead the federal 
government. MMS personnel are present on the drill rigs 
to witness production tests and have access to the sam
ples taken and measurements made. This information is 
held in confidence by the MMS, but does influence the 
determination of minimum acceptable bids in future lease 
sales. 

Reviewed by Kenneth 0 . Emery and David W . Folger 

Note 

1. The central value taken from the 
curve is now called the mean. 
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The Jurisdictional Framework 
for Petroleum Development 
Milner S. Ball, Donna R. Christie, and 
lan Townsend Gault 

Georges Bank is one of several loci of an institutionalized 
contest between the U.S. federal government and the 
coastal states and the Canadian federal government and 
the Atlantic provinces. Although the allocation of powers 
and responsibilities between the federal and state govern
ments and the federal and provincial governments differs, 
the dynamic tension between the components that evi
dences the healthy functioning of those governments is 
the same. 

In the context of offshore resources, the federal! state 
and federal/provincial contention has been especially vig
orous due to the value of the food and fuel at stake, and 
it has been especially complex because of the nature and 
politics of the subject. It is the nature of fish, tides, and 
fossil fuels to refuse to conform to boundaries set by leg
islatures or courts and to resist the nice, clear distinctions 
preferred in law and governmental design. The politics of 
marine resources is a clash of seemingly irreconcilable in
terests in fish, minerals, recreation, and environmental 
protection. · 

Development of continental-shelf mineral resources is 
under the authority of the federal governments. But the 
development has a variety of effects on the adjacent 
states and provinces. The coastal states and the Atlantic 
provinces want a voice in what is done on the continental 
shelf seaward of their borders and a share of the reve
nues. Coastal states are now by law included in the pro
cess of deciding how the continental shelf is to be 
developed; Nova Scotia's participation in the process was 
guaranteed by a federal/provincial agreement. However, 
the extent of the inclusion of the states and provinces, as 
well as revenue sharing, are the subjects of recent and 
ongoing conflicts in the legislatures and the courts. 

The U.S. Federal/State Framework 

Background 
Prior to World War II and the first hints of concern 
about overfishing and offshore sources of oil and gas, 
there was little reason for a jurisprudence of marine de
velopment. For centuries the prevalent international pat
tern had provided for unowned, free high seas with a 
skirt of national territorial waters clinging about the land 
masses. The boundaries of the nearshore territorial seas 
were never universally fixed, but a breadth of 3 nautical 
miles, as claimed by the United States, was not 
uncommon. 

The more recent turmoil of international and domestic 
marine claims dates from the Truman Proclamation of 
1945, which for the first time stated a nation's right to 
control the adjacent continental shelf beyond the limits 
of traditional territorial waters (Truman Proclamation, 
1945). The proclamation deliberately avoided reference 
to the question whether the extensive offshore areas 
claimed by the United States would be under state or fed
eral control. In cases involving California, Louisiana, and 
Texas, the Supreme Court soon determined that it was 
the national government and not the coastal states that 
had paramount rights to the territorial sea (Ball, 1982; 

Charney, 1983). But this resolution of the issue was 
short-lived, for in 1953 Congress passed both the Sub
merged Lands Act, 43 U.S.C. 1301 et seq., and the Outer 
Continental Shelf Lands Act, 43 U.S.C. 1331 et seq., 
whose effect was to establish the present coastal state ti
tle to the 3-nautical-mile territorial sea and corresponding 
seabed and to retain for the federal government the con
tinental shelf seaward of that boundary. 

This solution has never gone down well or completely 
with the coastal states, which have continued to contest 
it. As late as 1975 in U.S. v. Maine, 420 U.S. 515, the 
Atlantic coastal states were futilely attempting to claim ti
tle to the continental shelf. Several states persist in retain
ing legislative claims to jurisdiction over extensive areas 
beyond the territorial sea. On the assumption that the 
present division is finally accepted, it is no more likely to 
be successful and absolute for all purposes than any of 
the many earlier attempts to draw boundary lines on 
water. The fray will start anew if the United States joins 
the majority of coastal nations in claiming a 12-mile ter
ritorial sea. 

Recent Legal Setting 
There is .a vast array of federal statutory, judicial, and 
regulatory law bearing on development of outer-continen
tal-shelf resources. Of this law, there are three statutes in 
particular that have figured in federal! state decisions 
about Georges Bank. These are the National Environ
mental Policy Act, 43 U.S.C. 4321-4369; the Outer Con
tinental Shelf Lands Act as amended in 1978, 43 U.S.C. 
1331-1343, 145 6; and the Coastal Zone Management 
Act, 16 U.S.C 1451 et seq. 

Until recently, leases of the outer continental shelf for 
oil and gas development did not involve the states or in
volved them directly very little. The sites were located 
beyond coastal-state territory, and their leasing was con
ducted under a closed system that largely involved only 
the oil companies and the secretary of the interior (Ball, 
1982). The first real opportunity for state participation 
came with the National Environmental Policy Act of 
1969 (NEPA). NEPA does not specifically provide for 
state participation in federal decisions, and it is not spe
cifically directed at outer-continental-shelf activities. 
Nevertheless, it has been a major instrument available to 
the states for pressing their interests with the national 
government. NEPA requires that any proposal or recom
mendation by federal agencies for actions· significantly 
affecting the quality of the human environment be ac
companied by an Environmental Impact Statement (EIS) 
(Fryer, 1979). 

States, as well as interested citizens, can participate in 
the preparation of these impact statements and can then 
challenge their sufficiency in court after their completion. 
It is by means of such challenges that states have forced 
the halt or delay of lease sales, as Massachusetts did in 
Massachusetts v. Andrus, 594 F.2d 872, to delay action 
on Georges Bank (Fryer, 1979). Such actions technically 
can do no more than delay leasing and buy time for the 
states politically so as to enable them to force their atten-

tion upon the federal government (Breeden, 1976). But 
NEPA-based suits have served to pry open the leasing · 
process for at least some state involvement. Federal agen
cies may try to include coastal states in the early stages of 
planning in order to forestall litigation or in response to 
state political pressure. 

It was not until 1978, in amendments to the Outer 
Continental Shelf Lands Act (OSCLA), that direct coastal
state participation in outer-continental-shelf oil and gas 
leasing was institutionalized. These amendments require · 
the secretary of the interior to plan comprehensive, 5-
year leasing programs; coastal-state governors and local 
government executives must be consulted both before 
and after the completion of these programs. Further, 
when a lease is proposed the recommendation of gover
nors and local executives must be solicited. Also, the en
vironmental and technical studies required by these sales 
are to be coordinated with the affected states. Last, the 
various stages of the leasing process may each require an 
Environmental Impact Statement subject to state partici
pation and review Gones, Mead, and Sorenson, 1979; 
Krueger and Singer, 1979). 

In connection with the 1978 OCSLA amendments, 
Congress also amended the Coastal Zone Management 
Act (CZMA). The express purpose of the CZMA, which 
was originally enacted in 1972, is to protect coastal re
sources by encouraging states to develop protection and 
management plans for their coastal areas. Two federal in
ducements have been offered to the states to develop 
federally approved coastal-management plans, both of 
which are related to outer-continental-shelf resource de
velopment. Economic assistance, a subject to be taken up 
later, is one inducement. The other is the so-called fed
eral consistency provision. If a state puts an approved 
program in place, then federally conducted or supported 
activities must be carried out "in a manner which is, to 
the maximum extent practicable, consistent with [the] 
state management program." The 1978 amendments also 

·provide specifically that oil and gas exploration, develop
ment, and production affecting a state's coastal zone re
quires state concurrence that the activity is consistent 
with its management plan (Anonymous, 1979). 

The major point of controversy recently has been 
whether the leasing of continental-shelf tracts by the De
partment of the Interior is a federal activity "directly af
fecting" the coastal zone and, therefore, required by 
section 301(c) (1) of the CZMA to be consistent with the 
state plan to the "maximum extent practicable." Several 
states, including California, Massachusetts, and New Jer
sey, had raised legal challenges to determinations by for
mer Secretary of the Interior James Watt that the sale of 
leases did not directly affect the coastal zone. 

Secretary of the Interior v. California, 104 S. Ct. 656 
(1984), was the first Supreme Court case to address the 
federal consistency issue. Writing for a 5-4 majority, 
Justice Sandra O'Connor found that federal OCS lease 
activities were not required by section 307(c) (1) to be 
consistent with the state's coastal plan. The "directly af
fects" language of that section, she concluded, was the 
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result of a congressional Conference Committee compro
mise and was intended to reach only federal activities on 
federal lands that are physically located within a state's 
coastal zone. Moreover, the court stated that section 
307(c) (3), which deals specifically with consistency re
quirements for OCS exploration and development plans, 
not section 307(c) (1), was the "more pertinent provi
sion." Because that section does not require or even 
mention consistency in the lease-sale stage, the court de
termined that Congress did not intend lease sales to be 
subject to. consistency review. The court also concluded 
that since a lease sale grants no exploration, develop
ment, or production rights, possible effects could not be 
direct in any event. Legislation has been introduced in 
both the Senate and the House of Representatives to 
overcome the court's decision and correct what some leg
islators have characterized as a serious misreading of the 
CZMA. 

It should be noted that even if the Department of the 
Interior is forc~d to recognize that leasing directly affects 
the coastal zone, the controversy will not be entirely re
solved. The consistency determination for federal activi
ties is made by the federal agency with state review. 
Because the federal agency is not required to disapprove 
an activity if the state objects, further disputes are likely 
to arise over negative consistency determinations. Another 
legal battle is likely to emerge concerning the meaning of 
"maximum extent practicable." 

Although the CZMA was apparently intended to create 
a substantive duty for federal agencies to conform to 
state coastal-management policy, the act does not provide 
for state participation in the formation of decisions. The 
consistency requirement of the CZMA allows in express 
terms no more than an opportunity for the states to 
block implementation of federal decisions. The federal 
district court in California v. Watt, 520 F.Supp. 1359, 
has noted the obvious by concluding that the most effi
cient means for resolving controversy and achieving con
sistency is to include the coastal states from the start in 
planning for continental-shelf development. 

Georges Bank 
The state of Massachusetts, fishermen, and environmen
talists opposed leasing Georges Bank sites for oil and gas 
activities. They filed a se~ies of suits to forestall lease sale 
42, the most recent of which cqncluded with a settle
ment. The plaintiffs in these suits drew their arguments 
from NEP A, CZMA, and OCSLA, among others. Their 
arguments that the leasing of Georges Bank should be 
stopped were initially successful. When suit was first 
filed, the amendments to OCSLA were under considera
tion by Congress, a · factor that was decisive in the first 
court decision enjoining the sale of leases. After passage 
of the amendments to the act and further judicial action, 
the sale was held (Ball, 1982). 

After 3 years of litigation, exploratory drilling on 
Georges Bank began in the summer of 1981 (chapter 56). 
The drilling could be viewed as a clear-cut defeat for en
vironmentalists and fishermen. But the next step in the 

ongoing decision-making process for Georges Bank devel
opment is neither unsupervised nor unencumbered. It is 
going forward under the terms of the court-allowed 
settlement and OCSLA. The states, fishing interests, envi
ronmentalists, several federal agencies, the oil industry, 
and the courts are all involved (Ball, 1982; see also chap
ters 54 and 55). 

In addition to the settlement, the OCSLA amendments 
of 1978 and CZMA also govern the decision-making 
process for oil and gas development on Georges Bank. 
The result is that leasing, exploration, and development 
have been worked into a lengthy process with incremen
tal stages allowing for participation and review by the 
public, the affected coastal states, the secretary of the 
interior, and the federal courts. 

Distribution of Benefits 
Coastal states have pressed and continue to press for 
sharing revenues from outer-continental-shelf develop
ment. The federal Congress has repeatedly entertained the 
possibility, but so far has not adopted a system of 
straight sharing. 

The coastal-state argument for revenue sharing pro
ceeds along one or both of two basic lines: coastal states 
have some interest in the resources off their shores and in 
principle ought to receive some benefit from their exploi
tation; the adjacent coastal states are negatively affected 
by outer-continental-shelf development, and the detri
mental consequences ought to be compensated. Although 
there are reasonable federal counterarguments, the real 
reason for federal reluctance to divide its offshore reve
nues is the fact that they are a steady source of income in 
a time when the federal fisc is being tightly squeezed. 

The first argument of the coastal states-that they 
have a sufficient interest in offshore resources to warrant 
sharing in principle-can always draw on the example of 
other federal resources. When resources are found on or 
under federal lands lying within the borders of a state, 
profits from their exploitation are shared with that state. 
Moreover, the state can tax the development. For exam
ple, coal is mined on federal lands lying within the state 
of Montana. Royalties reserved under leases to mine this 
coal are shared directly with Montana. In addition, Mon
tana levies a severance tax of 30% of the contract sales 
price for the same coal. At present, coastal states can nei
ther take a share of the income from outer-continental
shelf leasing off their coasts nor tax the fuels severed. 
The federal government can point out that all the people 
of the United States own the outer continental shelf and 
that, therefore, the coastal states' citizens have no prefer
ential right to its resources. But this argument fails in 
view of the treatment of resources on other federal lands; 
all the citizens of the United States own the coal under 
federal land located in Montana, but Montana takes a 
share of lease royalties and levies a severance tax none
theless. The federal government's strongest argument is, 
of course, that the resources do not lie within the coastal 
states' boundaries. 

The second coastal state argument-that the adjacent 
states suffer compensable impact from outer-continental
shelf leasing-has received at least a partial response 
from Congress. In addition to loans, guarantees, and 
grants that have been available to coastal states for the 
preparation and implementation of coastal-management 
plans, CZMA also includes provision for Coastal Energy 
Impact Program (CEIP) grants. These grants are made to 
coastal states according to a formula that includes such 
factors as the amount of acreage of outer-continental
shelf lands leased in areas adjacent to the state, the vol
ume of oil and gas produced on this acreage, and the 
amount of such oil and gas that first comes ashore in the 
state; that is, there is some correlation between the CEIP 
grants and possibly detrimental offshore energy activity. 
CEIP grants can be used to provide public services and 
facilities necessitated by continental-shelf development 
and to prevent, reduce, or ameliorate unavoidable loss of 
environmental orc.recreational resources. Neither CEIP 
nor coastal-plan-implementation funding is likely to con
tinue, given the Reagan administration's efforts to elimi
nate all CZMA funding. 

The 1978 amendments to OCSLA also created two 
funds that can be drawn on to cover direct losses that 
may be suffered by a state or its citizens in consequence 
of oil and gas development on the outer continental 
shelf. One of these is the Offshore Oil Pollution Fund, 
which provides monies for cleanup costs and losses re
sulting from oil spills. The other is the Fishermen's Con
tingency Fund, which provides compensation for damage 
to fishing gear. Experience in the North Sea and the Gulf 
of Mexico has shown that debris from offshore mineral 
development can be as much a problem as oil pollution 
from drilling. The Fishermen's Contingency Fund directly 
compensates fishermen for gear lost or damaged . by oil 
production debris and for the resultant lost profits. 

The Canadian Federal/Provincial Relation and Outer
Continental-Shelf Development 

Background 
The development of federal jurisdiction over offshore 
minerals in Canada has basically paralleled the experience 
of the United States. The 1867 British North America 
Act (BNA), and now the Constitution Act, set out the 
distribution of rights and powers in the Canadian federal 
system. The federal government has exclusive jurisdiction 
over fishing, shipping and navigation, customs, and inter
national trade. Like the U.S. Constitution, however, the 
BNA was silent on the question of offshore minerals. 

In 1967 the Canadian Supreme Court in Reference Re 
Offshore Mineral Rights of British Columbia, 1967 S.C.R. 
292, held that the federal government has control. of the 
resources of the seabed and subsoil of the territorial sea 
and continental shelf. As in the case of the Atlantic 
states, however, the Canadian coastal provinces have 
not been prevented from claiming rights in offshore areas 
by this initial determination by the Supreme Court of 
Canada (Charney, 1983; Townsend Gault, 1983). In the 



Atlantic provinces it was clear that the jurisdictional 
dispute was an impediment to offshore oil development. 
Recognition of this drawback and the need for economic 
development in the Atlantic provinces led the federal 
government and the provinces to seek a political, rather 
than judicial, solution to the problem. The result was a 
decade of negotiations intended to set aside jurisdictional 
differences and to let the two governments work together 
to provide for administration and management of off
shore mineral resources on the east coast (Townsend 
Gault, 1983). 

In 1977 the federal government and the provinces of 
Nova Scotia, New Brunswick, and Prince Edward Island 
signed a memorandum of understanding concerning joint 
management and administration of offshore resources. · 
The regime was to be implemented through a formal, 
comprehensive agreement that would provide for exclu
sive management by the provinces of the adjacent seabed 
to 5 km, joint management of the continental shelf be
yond 5 km, and revenue sharing (Harrison, 1978). The 
agreement was never concluded; Nova Scotia withdrew 
from the memorandum of understanding and reinstated 
its claims to Georges Bank and the Scotian Shelf (Char
ney, 1983; Townsend Gault, 1983). 

Recent Legal Setting 
In March 1982 two major developments occurred that 
affect Canadian offshore development-the entry into 
force of the Canada Oil and Gas Ad, S. C. 1980-81, 
-82, C. 61, establishing a new regime for all "Canada 
Lands," which include offshore seabeds, and the conclu
sion of the Canada/Nova Scotia Offshore Resources 
Agreement. The Canada Oil and Gas Act establishes a re
quirement for a minimum level of 50% Canadian owner
ship of oil and gas production on Canada Lands, defines 
royalties, and provides a means for the participation of 
Canadian industry in supplying goods and services for ac
tivities on Canada Lands. In the Canada/ Nova Scotia 
Agreement, Nova Scotia agreed to adopt the Canada Oil 
and Gas Act and to employ the federal administrative 
structure-the Canada Oil and Gas Lands Administration. 

The federal minister of energy, mines and resources is 
primarily responsible for development of the offshore re
gion. The minister will act on decisions and recommenda
tions of the Canada/Nova Scotia Offshore Oil and Gas 
Board, which is composed of three federally appointed 
members and two members appointed by Nova Scotia. 
The minister is empowered, if in disagreement with a de
cision by the board, to propose a substitute, but b'efore 
such a substituted decision is final, the province has the 
right to delay implementaton and request reconsideration. 
The agreement clearly gives the federal government the 
ultimate say in matters such as pace of development 
(Townsend Gault, 1983). · 

The principal advantages of the agreement to Nova 
Scotia are in the economic development and revenue
sharing provisions. The agreement provides for sharing 
royalties in varying degrees until Nova Scotia reaches a 
prescribed level of economic development, application of 

provincial taxes, and a Canada/Nova Scotia Development 
Fund. Nova Scotians will have first priority for jobs and 
industry participation, and the province is entitled to re
ceive oil and gas produced from the Scotian Shelf suffi
cient to cover its present and future domestic needs. In 
addition, Nova Scotia will have the right to acquire 50% 
of the share of the Canadian government of offshore gas 
fields and 25% of its share of offshore oil fields. 

Through the Canada/Nova Scotia Agreement, the two 
levels of government chose a primarily political solution 
to the problem of who would control and who would 
benefit from offshore development. Although Nova Sco
tia yielded the major administrative authority to the fed
eral government, the economic benefits to the province 
are manifest. The question of offshore jurisdiction has 
been deferred. Article 1 of the Canada/ Nova Scotia 
Agreement specifically provides that the instrument is a 
"political instrument ... [intended to] survive any deci
sion of a court with respect to ownership and jurisdiction 
[over minerals in the area subject to the agreement]." 

Unfortunately, steps to execute the Canada/Nova Sco
tia Agreement have been taken very slowly. Legislation 
will soon be introduced, however, at both the federal 
and provincial levels to implement the agreement. Be
cause the Canadian Supreme Court is unlikely to overturn 
a recent decision of the Court of Appeal of the Supreme 
Court of Newfoundland finding federal jurisdiction be
yond a 3-nautical-mile territorial sea, the Canada/ Nova 
Scotia Agreement is likely to become the model for fed
eral/provincial resource management (Townsend Gault, 
1983). 

Environmental Protection 

The primary purposes of the states' campaign to have a 
voice in U.S. decision making concerning continental
shelf development have been to gain revenues for the 
states and to protect the environment, thereby protecting 
the interests of their citizens in their beaches, waters, and 
fisheries. The issue of revenue allocation for future Cana
dian exploitation of the Scotian Shelf and Georges Bank 
has been settled by the Canada/ Nova Scotia Agreement 
in a manner that can be considered advantageous com
pared with the virtually adversarial roles still maintained 
in the federal/state relation in the United States. There is 
also the argument, however, that Nova Scotia has "sold 
out" environmental concerns for economic development. 
Therefore it is also of interest to consider the role of 
environmental assessment and protection in the two 
systems. 

The process and programs involved in the attempt to 
identify, assess, and minimize the environmental impacts 
of U.S. oil and gas development on Georges Bank have 
been discussed in detail in chapters 54 and 55. Canada 
has leased areas of Georges Bank (figure 50.4), but no 
drilling on Georges Bank has taken place under Canadian 
authority. The discussion of the Canadian environmental 
assessment procedures will, therefore, be of general 
scope. 

529 Jurisdictional Framework for Petroleum Development 

Unlike the U.S. Environmental Impact Statement (EIS), 
which is mandated by the National Environmental Policy 
Act, Canada's federal Environmental Assessment and Re
view Process (EARP) is completely nonstatutory. EARP 
was instituted by the Canadian Cabinet in 1973, and, like 
the U.S. EIS procedure, provides a means for determining 
and considering in the decision-making process the envi
ronmental impact of federal projects, programs, and ac
tivities. The procedures for implementing EARP have 
been published as a guide, the introduction to which in
dicates that EARP is conceived primarily as a planning 
tool rather than as a regulatory process (Franson and Lu
cas, 1976). 

EARP is based largely on a self-assessment approach. 
Early in the planning process, an initiating department or 
agency must screen a project for potential environmental 
impact following criteria developed by the Department of 
Environment. If the results of an initial screening are 
deemed sufficient for making a judgment, the initiator 
must determine whether there is any potentially signifi
cant adverse environmental impact. It is important to 
note that an environmental effect is considered significant 
if it has the potential to create public concern or contro
versy. If there is no potential impact, no further action is 
required by EARP. If the impact cannot be determined 
by screening, the initiator must prepare an Initial Environ
mental Evaluation to permit the agency or department to 
make the decision concerning significant impact (Franson 
and Lucas, 1976). 

If the initiator finds that the environmental impact is 
significant, either on the basis of the original screening or 
the evaluation, the project is referred to the minister of 
environment for formal EARP review. This self-assess
ment decision is the sole basis for initiating the assess
ment and . review process. In the case of offshore oil and 
gas permitting, for example, the general decision that ex
ploration has no significant impact, and that only produc
tion may, has meant that the environmental assessment · 
procedure in Canada starts at a much later stage than in 
the United States. There are no provisions for review or 
challenge of an initiating department's decision as to sig
nificant impact. 
· The Federal Environmental Assessment Review Office 

of the Department of Environment establishes an Envi
ronmental Assessment Panel for each project referred to 
it. The panel issues guidelines for the Environmental Im
pact Statement, which in the case of oil development, js 
prepared and paid for by the oil companies and not by 
the government, as is the case in the United States. The 
panel will review the EIS, obtain public reaction, and pre
pare a report containing recommendations for the minis
ter of environment. The minister of environment and the 
minister of the initiating department decide whether to 
accept the report and whether to make the report public. 
If the ministers disagree, the decision may be referred to 
the cabinet (Franson and Lucas, 1976). 

Since EARP is nonstatutory, an Environmental Assess· 
ment Panel's report has no legally binding force. The 
problem of reviewing a decision whether to make an as-
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sessment or a request that further research be done for 
an assessment is even more difficult than implementing a 
panel's recommendations. Because no legal duty is in
volved, the grounds for any legal proceedings are ex
tremely narrow and probably limited to challenges based 
on lack of procedural fairness (Franson and Lucas, 1976). 
EARP has been much criticized in Canada because of its 
nonstatutory basis and the recommendatory nature of its 
findings. But the process does seem to wield a certain 
amount of moral authority; it will be very difficult for 
the government to permit development to proceed in the 
face of an extremely unfavorable finding by a panel. It is 
significant that the process only comes into play when 
production is proposed-that is, when permit holders 
have made commercial discoveries that they are entitled 
by law to develop (upon approval of their development 
plans)-and pursuant to the essentially political determi
nation that work ought to proceed. It is too early to say 
whether Canada is willing to disregard environmental 
standards in pursuit of political objectives for energy self
sufficiency; the next few years will be very important in 
this respect (Townsend Gault, 1983). 

The Canada Oil and Gas Act effects changes in the en
vironmental regulations applicable to offshore operators. 
The government is invested with broad discretionary 
power to deal with serious environmental problems in 
any area to which the act applies. Interest holders in Can
ada Lands will be required to contribute to an Environ
mental Studies Revolving Fund, which is to be maintained 
at a maximum of $15 million. Contributions will be 
fixed according to the area, and the minister can order 
additional payments when the fund falls below $7.5 
million. 

The act makes provision for the disclosure of confiden
tial information if required in connection with an envi
ronmental study, inquiry into an oil spill, or the status of 
offshore activities. The act also prescribes penalties in the 
event of noncompliance with the environmental provi
sions; cancellation of a license is the ultimate sanction for 
failure to comply. 

Rigorous protection of the environment and of the 
fishing industry are major objectives also addressed in 
the Canada/Nova Scotia Oil and Gas Agreement. Coop
erative environmental assessments meeting the review 
requirements of both the federal and provincial govern
ments are to be established, and the agreement also pro
vides for public review in Nova Scotia before production 
systems are chosen. In addition, the agreement provides 
for the creation of a Canada/ Nova Scotia fisheries advi
sory committee to assist the Offshore Oil and Gas Board. 

Conclusion 

The jurisdictional conflicts over the offshore of the 
United States and Canada have followed almost parallel 
paths. In the case of Georges Bank, however, the paths 
have begun to diverge. Although both federal govern
ments now assert paramount interests to the offshore 

areas, including Georges Bank, the United States has es
tablished its superior legal interest by adjudication, and 
Canada has reached a primarily political solution. In nei
ther case, however, is the conflict between the two levels 
of government completely resolved. The efforts of the 
states for a voice in decision making ~nd a share of the 
revenues continues, and environmental protection remains 
a high priority. Although the Canada/Nova Scotia Oil 
and Gas Agreement has been signed, negotiations to im
plement the agreement continue, and the economic needs 
of Nova Scotia are likely to dominate environmental con
cerns. This conflict between the levels of government in 
the two countries can be criticized for having deterred 
offshore oil development, but perhaps the better view is . 
that the conflicts are examples of federalism doing its job 
of balancing interests in an activity that involves so many 
factions. 

Reviewed by Sarah Chasis and Daniel P. Finn 
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The Potential Effects of 
Drilling Effluents on Marine 
Organisms on Georges Bank 
Jerry M. Neff 

A semisubmersible drilling rig, like those used for oil and 
gas exploration on Georges Bank, in many ways resem
bles a small ship. For instance, the Alaskan Star, 
launched in 197 6 and used on Georges Bank during the 
winter of 1981- 1982, is 276 feet (84.1 meters) long and 
200 feet (61 meters) wide (Camacho and Remson, 1977). 
It displaces about .10,580 long tons (10,750 metric tons) 
and has a working crew of more than 100 people. During 
exploratory drilling, several liquid, solid, and gaseous 
wastes are produced on the rig, some of which are dis
charged to the ocean. Liquid and solid wastes that can be 
discharged include cooling water from machinery, deck 
drainage, domestic sewage, drill cuttings, and drilling 
fluids . In addition, submerged parts of the rig may be 
protected against fouling and corrosion with paints and 
sacrificial electrodes that release small amounts of metals 
(aluminum, copper, mercury, indium, tin, zinc) to the 
water column (Dicks, 1982). Oily waste water, such as 
that from deck drainage, is passed through an oil/water 
separator. Domestic sewage is treated in an activated
sludge system. Waste water can contain up to 50 parts 
per million (ppm) of oil upon discharge. 

The principal discharges from drilling rigs are those di
rectly associated with the drilling itself-drill cuttings and 
drilling fluids. Drill cuttings are particles of crushed rock 
produced by the action of the drill bit as it deepens the 
drill hole. Drilling fluids (whose functions we discuss 
later) are specially formulated mixtures of clays and other 
materials suspended in water. During the drilling of a typ
ical exploratory well, between 200 and 2,000 metric tons 
of drilling fluid can be used and up to 1,200 metric tons 
of drill cuttings produced. Drill cuttings and water-base 
drilling fluids, but not oil-base fluids, can be discharged 
to the ocean if a National Pollutant Discharge Elimina
tion System (NPDES) permit is granted by EPA. NPDES 
permits for Georges Bank exploratory drilling do allow 
discharges of water-base drilling fluids and cuttings, but 
limit the rate for discharge to 30 barrels/ hour (4,770 li
ters/ hour) and require a 10 : 1 dilution of drilling fluids 
before discharge. Drill cuttings (containing about 5% 
drilling-fluid solids) are discharged continuously during 
actual drilling, whereas drilling fluids can be discharged 
intermittently in small amounts during drilling and in 
bulk at the end of the drilling operation (McGuire, 1975; 
Ray, 1979; Neff, 1982). 

The two principal environmental concerns relating to 
the ocean discharge of drill cuttings and used drilling 
fluids are (1) that the discharges can be directly lethal, 
can produce deleterious sublethal responses in sensitive 
organisms, or can alter the physical characteristics of 
benthic habitats by accumulating on the bottom; and (2) 
that metals and organic compounds sometimes present in 
drilling fluids and cuttings can be accumulated by marine 
org~nisms in concentrations that ultimately could be 
harmful to them or to their consumers, including man. 
Because of these concerns the National Academy of Sci
ences has critically reviewed information on the fate and 
effects of drilling fluids and cuttings discharged to the sea 
(National Academy of Sciences, 1983). The purpose of 

this chapter is to review the scientific literature dealing 
with the fate and effects of drilling fluids and cuttings in 
the marine environment, with emphasis on the potential 
impact of such discharges on the plants and animals of 
Georges Bank. 

Exploratory Drilling on Georges Bank 

Preparations for lease offering No. 42 of 206 blocks, 
each 3 miles X 3 miles (23.3 km2

), on southern central 
Georges Bank began in June 1975 with a "Call for Nom
inations and Comments" (Bureau of Land Management, 
1981; see also chapter 55). The sale, originally scheduled 
for January 1978, was delayed by legal suits and the re
sulting injunctions until 19 December 1979. Of the origi
nal 206 blocks, 90 were withdrawn before the lease sale. 
Of the remaining 116 blocks, 73 were bid upon; 63 of 
these bids were accepted. Exploratory drilling began in 
July 1981 in block 410 in 140m of water (chapter 56). 
A total of eight exploratory wells were drilled by five oil 
companies or consortia of oil companies during 
1981-1982 (figure 1 in the introduction "Conflicting 
Uses" by Backus). All wells were reported to be dry. 

Initially, it was estimated that during the remainder of 
the initial 5-year lease period for lease area 42, approxi
mately 35 exploratory wells would be drilled (Bureau of 
Land Management, 1977) and that up to three explora
tory rigs would be operating in the lease area at any one 
time. Were significant finds of oil or gas made, it was es
timated that between 150 and 420 development wells 
would be drilled from 11-28 stationary platforms during 
the development phase lasting 8-11 years. The produc
tion phase, during which no drilling would take place, 
would last about 20 years. Howeve.r, because of the dis
couraging initial results of exploration and the rapidly 
changing picture of petroleum supply and demand, it is 
now uncertain how much additional exploration will take 
place in this area. 

Two additional lease offerings were scheduled for the 
North Atlantic outer continental shelf, including Georges 
Bank (chapter 55 and figure 1 in the introduction "Con
flicting Uses" by Backus). Lease offering No. 52, origi
nally scheduled for March 1983, was delayed by court 
injunction, then canceled. Lease offering 82, scheduled 
for February 1984, but subsequently canceled, was to 
have included any unleased blocks in lease areas 42 and 
52 as well as much of the remainder of the bank and the 
continental slope south and southwest of Georges Bank 
to depths in excess of 4,000 m. 

Use and Composition of Drilling Fluid 

Functions 
Drilling fluids, often called "drilling muds," perform sev
eral functions integral to the rotary drilling process. They 
transport cuttings to the surface, balance subsurface and 
formation pressure, prevent blowout, and cool, lubricate, 
and partly support the drill bit and drill pipe. Drilling 
fluids are formulated to perform these functions opti-

mally (McGlothlin and Krause, 1980). During drilling, the 
mud engineer continually tests the drilling fluid and ad
justs its composition to counteract changes in down-hole 
conditions. Thus the composition of a drilling fluid is 
changed continually as the well is drilled. No two drilling 
fluids are identical. 

The drilling-fluid handling system is an important part 
of any modern drilling rig and consists of several parts 
(Ray, 1979). Drilling fluid is pumped under high pressure 
from the drilling-fluid holding tanks on the rig down 
through the drill pipe to issue through nozzles on the 
drill bit. There it hydraulically removes cuttings produced 
by the chiseling of the drill bit. The drilling fluid, carry
ing cuttings with it, then passes up through the annulus 
(the space between the drill pipe and the borehole wall 
or casing) to the drilling-fluid return line. The drilling 
fluid passes through several screens (shale shakers) and 
other devices that remove the cuttings from the fluid. 
Then the drilling fluid is returned to the holding tank for 
recirculation down-hole, and the cuttings are discharged 
to the ocean. 

Composition 
Water-fresh or salt-comprises about 30-75% of 
water-base drilling fluids (National Academy of Sciences, 
1983). Five ingredients-barite, clay, lignosulfonate, lig
nite, and caustic-account for over 90% of the weight of 
materials added to the water (Perricone, 1980). There are 
more than 1,000 additional trade-name or generic mate
rials available for drilling-fluid formulation (World Oil, 
1980). However, only about 10-20 of these are used in 
drilling a typical well. Most of these special chemicals 
(and certain special processes) are used only to solve unu
sual problems. 

Use 
The kinds and amounts used of both ordinary and special 
ingredients in drilling the eight exploratory wells in lease 
area 42 on Georges Bank are listed in tables 52.1 and 
52.2. The amount of drilling-fluid solids used per well 
ranged from 717.7 to 1,035.2 metric tons, with a total 
for the eight wells of 8,727.2 metric tons. Of the total, 
5,724.4 metric tons were barite and 3,004.8 metric tons 
bentonite clay. Probably not more than about half of this 
drilling mud was discharged to the ocean. The remainder 
was left in the drilled holes or retained on board the rigs. 
Some diesel fuel and mineral oil (Mentor 28) was used in 
two wells to help free stuck pipes. Most of this oil was 
not discharged to the ocean (E. P. Danenberger, Minerals 
Management Service, Hyannis, Massachusetts, personal 
communication). 

A typical 18,000-foot (5,486-m) hole produces about 
1,150 metric tons of drill cuttings. By taking this depth 
as the average for the eight wells drilled on Georges Bank 
in 1981- 1982, the total amount of drill cuttings dis
charged was about 9,200 metric tons. Thus a total of 
about 14,000 metric tons of drilling-fluid solids and cut
tings have been discharged on Georges Bank. 
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Table 52.1 
Types and quantities of solid ingredients used to formulate drilling fluids used for the eight exploratory wells on Georges Bank during 
1981-1982• 

Solids 
Well (block number) 

(metric tons) 133 975 410 312 187 145 273 357 

Barite (BaSO 4 ) 507.1 351.4 509.9 1,083.1 1,201.5 368.4 409.3 1,285.5 
Bentonite clay 225.3 231.6 582.5 320.4 500.6 312.9 257.5 574.0 
Caustic soda (NaOH) 20.0 26.1 39.5 47.9 75.6 15.9 32.2 55.8 
Lignite 17.9 17.0 24.7 51.3 0.4 
Chrome lignosulfonate 21.3 31.9 27.6 16.3 65.5 7.0 5:2 39.2 
Sodium bicarbonate 0.8 3.7 4.2 0.2 
Lime [Ca(OH), CaO] 1.8 0.1 1.2 1.1 1.1 1.9 0.2 3.4 
Sodium acid pyrophosphate 0.2 0.4 0.1 0.1 
Nut plug (lost circulation material) 0.2 1.0 22.4 0.4 2.8 0.7 18.9 
Mica (lost circulation material) 0.7 0.9 8.2 
Aluminum stearate (defoamant) 0.4 0.1 0.2 0.02 O.Dl 0.2 
Drispac (sodium carboxymethyl cellulose) 0.2 1.6 6.4 15.6 17.8 7.0 8.8 8.0 
Soda ash (Na2C03) 0.1 6.8 1.0 3.4 1.3 4.6 5.5 2.9 
Salt (NaCl) 64.2 4.4 
Sulf-X11 (zinc sulfon~te/zinc carbonate; H 2 2.9 1.1 

scavenger) 
Poly RX (lignosulfonate polymer/sodium 8.8 2.0 23.9 

carbonate blend; high-temperature thinner) 
Spot (weighted calcium oleate/asphalt 2.1 

mixture; spotting fluid) 
Super-Col (beneficiated bentonite) 31.7 
Chemtrol-X 45.2 
Super shale Trol 202 10.0 
XC polymer (xanthan polymer; viscosifier) 0.1 
WO 30 (calcium carbonate) 0.05 

. Calcium chloride 2.4 

Total solids 796.0 736.7 1,193.6 1,524.0 2,014.2 717.7 722 2,023.5 

a. The actual amounts of drilling fluids discharged to Georges Bank are less than the totals listed here. 

Table 52.2 . 
Types and quantities of liquid ingredients (other than make-up water) used for drilling four of the eight ~xploratory wells on Georges 
Bank during 1981-1982• 

Liquids (liters) 

Foam ban (blend of phosphoric acid tributyl 
ester, alcohol, and refined hydrocarbon 
carrier; defoamant) 

Torque trim (liquid triglycerides and alcohol; 
lubricant) 

Lube 106 (blend of glycerol monooleates 
and mixed long-chain alcohols; lubricant) 

MD (modified alkanolamid and sodium 
acid pyrophosphate; detergent) 

Diesel oil 

Free pipe (oil-soluble surfactants) 

Scale ban (acrylic polymer) 

LD-8 (surfactant, defoamant) 

WO defoamer 

Aqua spot (water~soluble surfactant) 

Mentor 28 (mineral oil) 

Total liquids 

Well (block number) 

410 310 

113.6 

113.6 

2,498.3 

605.7 

37.9 

16,216.7 

416.4 

19,775.0 

187 

1,722.3 

56.8 

8,422.5 

359.6 

4,788.5 

1,041.0 

16,390.8 

273 

624.5 

7,005.0 

7.629.5 

a. No liquid ingredients were reported for the other four wells. The actual amounts of these materials discharged to Georges Bank are less than the 
amounts used. 

Potential Fate of Drilling Fluid and Cuttings Discharged 
to Georges Bank 

Discharge Practice 
During normal exploratory drilling, several drilling-fluid 
and cuttings-related effluents are discharged to the ocean. 
Typical discharges and discharge rates from an offshore 
rig are summarized in table 52.3. The only more or less 
continuous discharge during normal drilling is of cuttings 
from the shale shakers. Although most of the drilling 
fluid is separated from the cuttings during passage 
through the shale shakers, discharged cuttings can contain 
5-10% of drilling-fluid solids. Discharges of the finer 
fractions of cuttings by the other solids-control equip
ment listed in table 52.3 is intermittent. The amount of 
cuttings discharged per day depends on the distance 
drilled that day and the diameter of the hole. Hole diam
eter decreases in stages with hole depth from about 92 
em near the surface to about 16.5 em at a depth of 
about 4,600. m. Thus the rate of discharge of cuttings de
creases as hole depth increases. In addition, actual drilling 
may occur only one-third to one-half the time during a 
2-3 month drilling operation (Ray, 1979). 

Used drilling fluids may be discharged intentionally in 
bulk several times during a drilling operation. Some drill
ing fluid may be discharged to make space in the mud 
tanks for the addition of water or other ingredients in or
der to change fluid properties. Change from one type of 
drilling fluid to another may require bulk discharge. At 
the end of an exploratory drilling operation, most of the 
drilling fluid not left in the hole is discharged in bulk. 
Bulk drilling-fluid discharges can involve 100-2,500 bar
rels (15,900-397,500 liters) and last 15 minutes to an 
hour. Discharge can take much longer if the permit under 
which it is conducted restricts discharge rate or requires 
predilution (Ayers et al., 1980; Ray and Meek, 1980). 

Dispersion 
Observation in offshore environments where waves and 
currents are moderately to highly energetic has shown 
that drilling fluids discharged to the ocean usually are di
luted to background concentrations (based on the con
centration of total suspended solids) within 1,000-2,000 
m of the discharge pipe and within 2-3 hours of dis
charge, depending on current speed (Ayers et al., 1980; 
Ray and Meek, 1980; National Academy of Sciences, 
1983). As much as 90% of the discharged solids settle di
rectly to the bottom (Brandsma et al., 1980). The re
maining 10%, including clay-size particles and soluble 
materials, is diluted by the current and dispersed over a 
large area. 

The distance from a drilling rig to which drilling-fluid 
solids are dispersed and their concentration in bottom 
sediments depend on the type and quantity of drilling 
fluids discharged, hydrographic conditions at the time of 
discharge, and the height above bottom at which the dis
charge was made (Gettleson and Laird, 1980). Because 
barite (barium sulfate) is a principal ingredient of many 



Table 52.3 
Sources, discharge rates, and discharge frequencies of 
continuous discharges of drilling fluids and drill cuttings' 

Sou"rce Rate (liters/ hour) Frequency 

Shale shakers 
Desander 
Desilter 
Centrifuge 
Sand trap 
Sample trap 

160-320 
480 
2,545-2,700 
4,770 
87,500-420,000 
240-480 

a. From Petrazzuolo (1983). 

Continuous during drilling 
2-3 hours/ day during drilling 
2-3 hours/day during drilling 
1-3 hours every 2-3 days 
2-10 minutes every 2-3 days 
5-10 minutes every 2-3 days 

drilling fluids used on the outer continental shelf of the 
United States and is both very dense and insoluble in sea
water, barium frequently is used as a marker for the frac
tion of drilling fluid that settles. In several investigations, 
barium concentration in bottom sediments (and, by impli
cation, drilling-fluid concentration) was highest near the 
rig and decreased markedly with distance from the rig 
(Gettleson and Laird, 1980; Meek and Ray, 1980; Tro
cine, Trefry, and Meyer, 1981; EG&G Environmental 
Consultants, 1982; see also chapter 16). After explora
tory drilling on Georges Bank, small amounts of cuttings 
were detected in bottom sediments within about 200 m 
of the exploratory wells in blocks 312 and 410 in water 
depths of 79 and 140 m (Bothner et al., 1982, 1983; see 
also chapter 16). Elevated barium concentrations (up to 
1,014 ppm compared with a background of about 250 
ppm) in the clay-size fraction of sediments were detected 
up to 65 km downcurrent of the drill site in block 312. 
The maximum increase in barium concentration in the 
top centimeter of bulk sediment (sediment in which no 
distinction is made between components of various parti
cle sizes) between pre- and postdrilling surveys was about 
sixfold (from 29 to 172 ppm) within 200 m of the rig 
site in block 410 and about fivefold near the drill site in 
block 312. No statistically significant increases in the 
concentrations of chromium or other drilling-fluid-associ
ated metals were detected in bulk surficial sediments dur
ing or after drilling. 

Visible accumulations of drilling discharges, primarily 
drill cuttings, have been reported on the bottom near 
drilling platforms in ·the Gulf of Mexico (Zingula, 1975), 
offshore Southern California (Bascom, Mearns, and 
Moore 1976), and on the Middle-Atlantic outer conti
nental shelf (EG&G Environmental Consultants, 1982), 
but not on Georges Bank (Battelle/ Woods Hole Oceano
graphic Institution, 1983). These piles can be as much as 
a few meters high and 100-200 m in diameter. 

Bothner eta!. (1983) estimated that between 21 and 
31% of the barite, and by inference 21-31% of the set
tleable fraction of drilling fluid, discharged during drilling 
in block 312 on Georges Bank remained within 6 km of 
the drill site. After drilling, barite deposited near the well 
site decreased in concentration with a half-life of 0.4 
years. Somewhat higher concentrations were found in 
sediments west of the drill site than east of it, due to the 
mean westerly current on this part of the bank. The re
maining 69-79% of the drilling-fluid solids presumably 

were carried to greater distances from the rig site. Drill
ing-fluid solids, like other fine-grained materials, are win
nowed out of the sediments on Georges Bank and 
deposited in certain areas, such as the Mud Patch, down
current from the rig sites (Bothner eta!., 1981, 1983; see 
also chapters 4, 13, and 16). 

Fate on Georges Bank 
On the southern flank of Georges Bank in the vicinity of 
the blocks of lease sale 42, the mean current in all sea
sons and at all depths is to the southwest, approximately 
parallel to the local isobaths (Butman and Beardsley, 
1982; Butman et al., 1982; see also chapter 11). The 
mean speed is strongest near the surface (typically 15 em/ 
sec at 10-15 m) and decreases with depth to about 3.5 
em/sec at 75 m. Mean current speeds are highest in Sep
tember and lowest in March. The mean residence time of 
surface water over the southern flank of Georges Bank is 
32-46 days (Magnell et al., 1981). Superimposed on the 
mean current are the semidiurnal clockwise rotary tidal 
currents. The major axis of the tidal ellipse is oriented 
northwest/ southeast, and maximum tidal current veloci
ties on the upper bank are in the range of 35-75 em/ sec 
(Aaron et al., 1980). Frequent gales and nonheast storms, 
particularly in winter, produce waves more than 10 m 
high. The combination of tides, currents, and storm 
waves over Georges Bank creates a high-energy environ
ment with excellent vertical and horizontal mixing. 

A surface deposit containing a large fraction of fine
grained silt and clay and covering an area of approxi- . 
mately 13,000 km2 ·to thicknesses as much as 13 m exists 
on the floor of the continental shelf south of Cape Cod 
at depths between 50 and 200 m (Bothner et al., 1981; 
Twichell, McClennen, and Butman, 1981); Evidence that 
this area, called the Mud Patch, is a site of active sedi
ment deposition is provided by recent in~estigations of 
the vertical distribution in sediment cores of the isotopes 
14C and 210Pb (Bothner and Johnson, 1981; Bothner et 
al., 1981; see also chapter 16). Best estimates of present
day sediment deposition rates are about 25 cm/ 1,000 
years in the central portion and 30 cm/ 1,000 years at the 
eastern end of the deposit. Based on an average sedimen
tation rate of 25 cm/1,000 years, sediments are accumu
lating in the Mud Patch at a rate of about 84 million 
metric tons per year. 

Because the net flow in this area of the continental 
shelf is southwestward, it is thought that the fine-grained 
sediments of the Mud Patch originate on Georges Bank 
and Nantucket Shoals. If this is so, other fine-grained 
materials, such as the solids in drilling fluids discharged 
from drilling rigs on Georges Bank, could be carried to 
and deposited in the Mud Patch. If all 14,000 metric 
tons of drilling-fluid solids and drill cuttings discharged 
to the ocean during the drilling of the eight exploratory 
wells on Georges Bank in 1981- 1982 were carried by 
prevailing currents to the Mud Patch, it would represent 
0.01 2% of the estimated 84 million metric tons of fine
grained sediments deposited there during the year of 
drilling. 
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If it is assumed that the drilling effluents were evenly 
distributed in the upper centimeter of the sediments of 
the Mud Patch, the increase in barium concentration (the 
dominant heavy element in drilling fluid) in the sediments 
would be less than 0.5 ppm, which can be compared 
with a natural background in those sediments of about 
250 ppm (Bothner et a!., 1982). Other possible deposi
tional areas containing fine-grained sediments have been 
identified northwest of the Great South Channel in the 
Gulf of Maine (station 41 in figure 16.3) and on the shelf 
edge immediately east and west of Lydonia and Oceanog
rapher canyons (Twichell, 1982; Butman, personal com
munication). The submarine canyons also are thought to 
be depositional sites or, more likely, routes of transport 
of fine-grained sediments off the bank (Butman, personal 
communication). 

Toxicity of Drilling Fluids to Marine Animals 

Drilling-Fluid Ingredients 
Of the five drilling-fluid ingredients that make up more 
than 90% of most drilling-fluid additives used on the u.s. 
outer continental shelf, only chrome (and ferrochrome) 
lignosulfonate and caustic soda (sodium hydroxide) show 
even moderate toxicity to marine animals-concentra
tions causing 50% mortality in 96 hours (96-hour LC50) 

of 100-1,000 ppm (Neff, 1982). The toxic effects on 
marine organisms of sodium hydroxide are due exdu
sively to pH elevation. Because of the high bufferilig ca
pacity of seawater and the rapid dilution expected for 
this soluble material following its discharge, no bio
logically significant change in pH occurs when drilling 
fluids are discharged to the ocean (National Academy of 
Sciences, 1983). The two main ingredients of drilling 
fluids-barite and bentonite clay- are virtually inert toxi-

. cologically, but they can cause damage to marine organ
isms that are intolerant of suspended particulate material 
through physical abrasion or clogging. The most sensitive · 
species can tolerate exposure to 100 ppm or more of sus
pended clay-size particles for at least a day (McFarland 
and Peddicord, 1980). Field studies of drilling-fluid dis
persion near exploratory rigs in the Gulf of Mexico and 
off California, Alaska, and New Jersey have shown that 
concentrations of suspended particles drop to 1-10 ppm 
in the drilling-fluid plume within 1-3 hours of discharge 
(National Academy of Sciences, 1983). Thus damage to 
organisms in the water column from drilling discharges is 
unlikely. 

Chromium is one of the most abundant metals in most 
drilling fluids. Most is complexed with lignosulfonate. 
During use, the chrome lignosulfonate becomes adsorbed 
to the bentonite clay (McAtee and Smith, 1969). The 
chromium associated with chrome lignosulfonate is in the 
trivalent state (Skelly and Dieball, 1969). When hexava
lent chromate is added to a drilling fluid to improve the 
working characteristics of the chrome lignosulfonate, it is 
reduced rapidly to the trivalent state and becomes ad
sorbed to the lignosulfonate fraction. Trivalent chromium 
tightly complexed with organic and particulate material is 
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much less toxic than ionic hexavalent chromium in solu
tion. Most other metals detected at elevated concentra
tion in some drilling fluids (mercury, lead, zinc, cadmium, 
and copper) are present primarily as trace impurities in 
the barite or bentonite clay. The metallic impurities in 
barite are in the form of highly insoluble sulfides (Kra
mer, Grundy, and Hommer, 1980; Macdonald, 1982). 
Pipe-thread lubricant (pipe dope) can contain several per
cent of metallic zinc, lead, and copper (Ayers et al., 
1980). These insoluble metals are not bioavailable1 to 
marine organisms and therefore are not toxic. 

Diesel fuel (No. 2 fuel oil) sometimes is added to 
water-base drilling fluids to improve the lubricating prop
erties of the fluid when drilling a slant hole. As much as 
2-4% may be added under some circumstances. A "pill" 
of oil or oil-base drilling fluid may be used to help free 
stuck pipe. This pill may or may not be kept separate 
from the bulk-mud system, recovered, and disposed of 
onshore. Even when the pill is kept separate, a small 
amount of oil · from the pill can get into and become 
mixed with the bulk drilling fluid. Payne et al. (1982) 
reported concentrations up to nearly 500 ppm of diesel 
fuel in some samples of drilling fluid from the drilling rig 
in block 312. 

There is growing evidence that this diesel fuel can con
tribute significantly to the toxicity of the drilling fluids 
containing it. Conklin et al. (1983) showed a direct corre-

·lation between the acute toxicity to grass shrimp, Palae
monetes pugio, of 18 used drilling muds collected at 
different depths from an exploratory well in Mobile Bay, 
Alabama, and the concentration in the muds of petro
leum hydrocarbons from No. 2 fuel oil. The drilling 
muds contained 170 to 8,040 mg petroleum/ liter and 
had acute toxicities (96-hour LC50) of 14,560 to 360 mg 
mud/liter of water. 

Whole Drilling Fluids 
A used drilling fluid, especially a treated mud from a 
deep hole, is an extremely heterogeneous mixture. It con
tains water-soluble materials, clay-size particles of moder
ate density that settle slowly in seawater, and denser or 
larger particles that settle rapidly (Ayers, Sauer, and An
derson, 1983). In addition, the bentonite day in the mud 
flocculates upon contact with seawater, forming larger 
particles that settle faster than dispersed clay. This makes 
it difficult to design a bioassay protocol in which test or
ganisms are exposed uniformly and reproducibly to a 
drilling fluid/ seawater mixture that simulates at least 
roughly the exposure an organism might be subject to in 
the vicinity of the drilling-mud discharge from an off- · 
shore platform. Several approaches have been taken. 

Approximately 415 acute lethal bioassays lasting 
48-144 hours have been reported with 68 drilling-fluid 
samples and 70 species of marine organisms in 59 genera 
(Petrazzuolo, 1983). Several drilling fluid/ seawater mix
tures were used to simulate different types of exposure in 
the natural environment. When these bioassays are nor
malized to account for the uneven testing of different 
species, 44% of the tests had LC50 values in excess of 

100,000 ppm, and 46% of the tests had LC50 values be
tween 10,000 and 100,000 ppm. Of the LC50 values, 6% 
fell between 1,000 and 10,000 ppm, and 1-2% were in 
the 100-1,000-ppm range. No LC50 could be calculated 
for the remaining 2% of the bioassays. Thus 90% of the · 
bioassays performed gave LC50 values in excess of 10,000 
ppm, which levels have been defined as practically non
toxic by the Intergovernment Maritime Consultative 
Organization of UNESCO, F AO, and the World Meteo
rological Organization (IMCO/FAO/ UNESCO/WMO, 
1969) . . 

The estuarine copepod Acartia tonsa and the oceanic 
copepod Centropages typicus were the most sensitive spe
cies tested (EG&G Bionomics, 1976; Gilbert, 1981) and 
were nearly equally so. Several other northwestern Atlan
tic species were among the most sensitive tested-the 
larvae of lobsters (Homarus americanus), embryos and ju
veniles of the ocean scallop (Placopecten magellanicus), 
and the mysid shrimp Neomysis americanus. 

Gerber et al. (1980, 1981) determined the acute toxic
ity of a used, lightly treated, chrome lignosulfonate drill
ing mud from an exploratory rig on the Middle Atlantic 
outer continental shelf to several species of marine ani
mals from the coast of Maine (table 52.4). Many of these 
species also occur on Georges Bank, and the drilling fluid 
tested was similar to fluids used there. The 96-hour LC50 

of the liquid phase ranged from 5,000 ppm for larval 
lobsters (Homarus americanus), to greater than 100,000 
ppm for several species, including adult lobsters. When 
the rapidly settling fraction of the drilling fluid was 
mixed with clean natural marine sediment, it was toxic at 
concentrations ranging from 19% to more than 100% 
(100% meaning that full-strength drilling fluid was not 
toxic). Again, the lobster was the most sensitive species 
tested. All in all, this drilling mud had a low order of 
acute toxicity to North Atlantic marine animals. 

When NPDES permits were granted for offshore drill
ing on . the Middle Atlantic outer continental shelf in 
1978, the Offshore Operators Committee, Task Force on 
Environmental SCience,2 and the Environmental Protec
tion Agency, Region II, developed a list of eight drilling
fluid types that included virtually all of the water-base 
muds commonly used on the U.S. outer continental shelf. 
Bioassays, performed according to EPA protocols, are 
conducted on field samples of drilling fluids representa
tive of the eight types. If the results are within the ac
ceptable range, operators are allowed to discharge fluids 
of the tested types without performing additional bioas
says. If special .additives are used, approval of the EPA 
regional administrator is required for ocean disposal. 

The generic-mud concept was incorporated into the 
NPDES permits for EPA Region I. Only the three generic 
drilling fluids that were used on the bank have been 
tested by two private laboratories-ERCO, Inc., and Bat
telle New England Marine Research Laboratory. Three 
species of marine animals were used-the copepod Acar
tia tonsa, the mysid shrimp Mysidopsis bahia, and the 
ocean scallop (Placopecten magellanicus). The 96-hour 
LC50 values ranged from 5,540 ppm for Acartia tonsa ex-

Table 52.4 
Acute toxicity of a used lightly treated chrome lignosulfonate drilling fluid from an exploratory rig 
on the Middle Atlantic outer continental shelf to several species of marine animals from the coast 
of Maine·b 

96-hour LC50 

Suspended 
Liquid phase particulate Solid phase 

Species (ppm) phase (ppm) (%) 

Crustaceans 
Crangon septemspinosa 98,000 71 
Carcinus maenas 100,000 89 
H omarus american us 

Stage V larvae 5,000 
Adults 100,000 19-25 

Eurytemora herdmani 
4°C 88,000 800,000 
16-17°C 67,000 580,000 

Mollusks 
Macoma bathica 100,000 100 
Placopecten magellanicus 49 
Littorina littorea 100,000 
Thais lapillus 100,000 83 

Polychaete worm 
N ereis vir ens 100,000 100 

Echinoderm 
Strongylocentrotus droebachiensis 100,000 55 

Fish 
Fundulus heteroclitus 100,000 

a. From Gerber et aL (1980, 1981). 
b. The 96-hour LC50 values are expressed as ppm mud added for liquid and suspended particulate phase bioas
says and as percent drilling mud mixed with natural marine sediment for the solid phase bioassays. 

posed to a treated lignosulfonate freshwater mud to more 
than 200,000 ppm in several other bioassays. 

Chronic/Sublethal Effects 
The chronic and sublethal effects of drilling fluids have 
been investigated in 35 species of marine animals, includ
ing 10 species of corals, 5 species of mollusks, 15 species 
of crustaceans, 1 species of polychaete worm, 2 species 
of echinoderms, and 2 species of teleost fish. Investiga
tions that utilized species indigenous to the northwestern 
Atlantic, including Georges Bank, are summarized in table 
52.5. In actual drilling operations, unfractionated drilling 
muds, like those used in the experiments discussed here, 
will never reach the bottom and accumulate there 1n an 
unfractionated form. Thus results of these studies must 
be extrapolated to field situations with caution. 

All of the drilling fluids evaluated were of the chrome 
or ferrochrome lignosulfonate type, the kind most fre
quently used in exploratory drilling on the U.S. outer 
continental shelf. Several of the drilling fluids tested, in
cluding the most toxic ones, are known to have con
tained high concentrations of diesel fuel or other 
petroleum. These included drilling fluids from Mobile 
Bay, Alabama (not permitted for ocean disposal), and the 
Jay field, Florida (Gilbert, 1981; Atema et al., 1982; 
Bookhout et al., 1982), and a medium-weight mud from 
the Gulf of Mexico (Gerber et al., 1980, 1981). 



Table 52.5 
Summary of investigations of sublethal and chronic effects of drilling fluids on marine animals from the northwestern Atlantic Oceana 

Species 

Mollusks 
Atlantic oyster, Crassostrea virginica 

C. virginica 

Mussel, Modiolus modiolus 

Mussel, Mytilus edulis 

M. edulis 

Ocean scallop, Placopecten 
magellanicus (juveniles) 

P. magellanicus (2-day larvae) 

P. magellanicus (2-day larvae) 

P. magellanicus (2-day larvae) 

P. magellanicus (2-day larvae) 

Crustaceans 
Grass shrimp, Palaemonetes pugio 
larvae 

Sand shrimp, Crangon septemspinosa 

Atlantic cancer crab, Cancer irroratus 

C. irroratus (stage III larvae) 

Cancer crab, Cancer borealis 

Green crab, Carcinus maenus 

Mud crab, Rhithropanopeus harrisii 
larvae 

Blue crab, Callinectes sapidus larvae 

American lobster, Homarus americanus 
(adults) 

H. americanus (larvae) 

H . americanus (adults) 

H . americanus (adults) 

H. americanus (adults) 

H. americanus (stage IV larvae) 

H. ameri~anus (stage IV and stage V 
larvae) 

Echinoderm 
Sand dollar, Echinarachnius parma 
embryos 

Teleost fish 
Killifish Fundulus heteroclitus embryos 

F. heteroclitus embryos 

Drilling-mud type 

Used chrome lignosulfonate muds, Mobile Bay, 
Alabama 

Unidentified chrome lignosulfonate 

Used high-weight chrome lignosulfonate mud, 
Cook Inlet, Alaska 

Used medium- and high-weight chrome lignosul
fonate muds, Gulf of Mexico 

Used medium- and high-weight chrome lignosul
fonate muds, Gulf of Mexico 
Used medium- and high-weight chrome lignosul
fonate muds, Gulf of Mexico 

Filtered suspension (liquid phase) of used chrome 
lignosulfonate mud, Mobile Bay, Alabama 

15 May mud 
29 May mud 

Liquid phase of used chrome lignosulfonate 
mud, Mobile, Bay, Alabama, 4 September mud 

Liquid phase of used "Gilsonite" mud 

Liquid phase of used "EXXON" mud 

Used medium- and high-weight chrome lignosul
fonate muds, Gulf of Mexico 

Used low-weight chrome lignosulfonate mud, 
Middle Atlantic OCS (Outer Continental Shelf) 

Liquid phase of used chrome lignosulfonate 
mud, Mobile Bay, Alabama 

Liquid phase of used chrome lignosulfonate 
mud, Mobile Bay, Alabama, 4 September 1979 

Used medium-weight chrome lignosulfonate 
mud, Gulf of Mexico 

Used low-weight chrome lignosulfonate mud, 
Middle Atlantic OCS 

Used low-weight chrome lignosulfonate mud, Jay 
Field, Florida 

Used low-weight chrome lignosulfonate mud, Jay 
Field, Florida 
Used low-weight chrome lignosulfonate mud, 
Middle Atlantic OCS 

Used medium-weight chrome 
lignosulfonate mud, Gulf of Mexico 
Used medium- and high-weight chrome lignosul
fonate muds, Mobile Bay, Alabama 

Unknown 

Used chrome lignosulfonate mud, Mobile Bay, 
Alabama, 26 June 1979 

Used chrome lignosulfonate mud, Jay Field, 
Florida, 29 July 1980 

Used chrome lignosulfonate mud, Jay Field, 
Florida, and Mobile Bay, Alabama 

Used chrome lignosulfonate mud, Mobile Bay, 
Alabama, 26 June 1979 

Used chrome lignosulfonate mud, Mobile Bay, 
Alabama, 26 June 1979 

Used freshwater chrome lignosulfonate mud, 
Gulf of Mexico 

a. Only the lowest concentration of drilling fluid eliciting a particular response is given. 

Exposure concentration and duration 

100 ppm, 100 days flow-through 

4,000 ppm 

30,000 ppm 

33,000 ppm 

250 ppmb 

49.4 ppmb 

1,000 ppm, 96 hours 
100 ppm, 96 hours 

100 ppm, 96 hours 

3,000 ppm, 96 hours 

10,000 ppm, 96 hours 

10,000-15,000 ppm liquid phase for duration of 
larval development 

33,000 ppm liquid phase, 96 hours 

100 ppm, 20 days flow-through 

100 ppm, 4 days 

160,000 ppm suspension, 96 hours; 33,000 ppm 
liquid phase, 96 hours 

33,000 ppm liquid phase, 96 hours 

100,000 ppm mud aqueous fraction and sus
pended particulate phase, complete larval 
development 

50,000 ppm mud aqueous fraction and sus
pended particulate phase 
10,000 ppm liquid phase, 96 hours 

2,000 ppm liquid phase 

10 ppm suspension, 3-5 
minutes 

1-2 mm layer, 4 days 

7 mm layer, 4 days 

7.7 ppm suspension 

1-4 mm layer 

3,816 ppmb suspension, duration of development 

3,816 ppmb suspension, duration of development 

10,000 ppm liquid phase, duration of 
development 

b. Concentrations originally reported as ppm suspended solids, converted here to estimated ppm total mud added. 

Responses 

Reduced rate of shell regeneration 

Altered tissue-free amino acid concentrations 
and ratios 

Reduced rate of byssus thread formation 

Decreased filtration rate and increased rate of 
respiration and ammonia (NH3) excretion 

Decreased rate of shell growth 

Decreased rate of shell growth 

Significant inhibition of shell formation 
Significant inhibition of shell formation 

Significant inhibition of shell formation 

Significant inhibition of shell formation 

Significant inhibition of shell formation 

No effect on duration of any intermolt periods 
or on duration of larval development; significant 
increased mortality at molting 

Decrease in activity of the enzyme glucose-6-
phosphate dehydrogenase in muscle tissue 

No effect on survival or molting rate 

Temporary inhibition of feeding 

Increase in activity of enzymes aspartate amino
transferase and glucose-6-phosphate dehydrogen
ase in heart tissue 

Increase in activity of enzymes aspartate amino
transferase and glucose-6-phosphate dehydrog
enase in muscle 

No effect on survival or development rate to 
first crab stage 

Significant decrease in survival to megalopa and 
altered larval behavior development 
Increase in activity of the enzyme aspartate ami
notransferase and decrease in activity of enzyme 
glucose-6-phosphate dehydrogenase in heart 
tissue 

Increase in duration of larval development by 3 
days 
Decreased chemosensory response of walking leg 
chemosensors to food cues 

Inhibition of feeding behavior 

No effect on feeding behavior 

Partial inhibition of molting, delayed detection 
of food cues 

Delays in burrow construction, altered burrow
ing behavior 

Depressed fertilization, delayed development, de
velopmental anomalies 

Retarded embryonic development, depressed em
bryonic heartbeat rate 

Depressed hatching success, depressed embroynic 
heartbeat rate, developmental anomalies 
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536 Conflicting Uses 

Biologic responses were detected at nominal drilling
mud concentrations ranging from 10 to 160,000 ppm 
suspended in water or as a layer 1 mm to 12 em thick of 
drilling fluid on natural sediment. In many cases sublethal 
or chronic effects were observed only at concentrations 
approaching those that were acutely lethaL However, in 
some cases sublethal responses were observed at drilling
fluid concentrations one to two orders of magnitude 
lower than the acutely lethal concentrations. In this latter 
category are experiments with the American lobster 
(Homarus americanus) and the ocean scallop (Placopecten 
magellanicus), both extremely important commercial spe
cies on Georges Bank. 

In adult lobsters, seawater suspensions of used drilling 
muds, heavily treated with chromate and diesel oil, inter
fered with neurologic responses to food at concentrations 
as low as 10-100 ppm (Derby and Atema, 1981). In 
lobster larvae, drilling-mud suspensions of 7.7 ppm or 
more caused a decrease in the rates of molting and 
growth and inhibited feeding (Atema et al., 1982). Similar 
responses were observed in lobster larvae by Gerber et al. 
(1981), using a more typical drilling mud (but still con
taining some diesel oil) at nominal mud concentrations of 
2,000 ppm or higher. Atema et al. (1982) also reported a 
variety of. behavioral responses in adult and postlarval 
lobsters during exposure to layers 1-7 mm thick on natu
ral sediment of unfractionated, heavily treated drilling 
muds (table 52.5). 

Gilbert (1981) reported a significant inhibition of shell 
growth in 2-day-old embryos of the ocean scallop during 
exposure to seawater extracts of several used drilling 
muds at nominal concentrations ranging from 100 to 
10,000 ppm. The most toxic muds had been heavily 
treated with chromate and/ or diesel oil. When young 
scallops were exposed for 40 days to about 50 ppm of a 

. used medium-weight drilling mud containing diesel oil, 
the rate of shell growth decreased significantly (Gerber et 
al., 1981). 

Studies of acute lethal, sublethal, and chronic effects 
show that for the majority of used offshore drilling fluids 
examined, concentrations of mud in water lower than 
10,000 ppm are not likely to cause serious acute damage 
to marine organisms. Sublethal and chronic effects are 
sometimes seen in sensitive species at 10-1,000 ppm of 
whole mud in water. By using field data on the rate of 
dispersion and dilution of drilling fluids following dis
charge to the ocean and a conservative application factor 
of 0.01 to extrapolate to a no-effect concentration from 
the acute lethal toxicity value, it is possible to estimate 
the time after and distance from the discharge that drill
ing fluids are rendered innocuous to organisms living in 
the water column (table 52.6). Of the species tested, 82% 
will be safe within 11.1 minutes and about 100 m of the 
discharge (assuming a current speed of 15 em/sec). This 
is a conservative estimate, since virtually all studies of 
acute, chronic, and sublethal effects are performed with 
exposures substantially longer than 10 minutes. 

There could, however, be localized effects on benthic 
organisms where drilling fluids and cuttings settle on the 

Table 52.6 
Estimated transport time and distances for dispersion of discharged generic drilling fluids required to obtain chronic no-effect 
concentrationsa 

Distance (m) at Cumulative 
Chronic effects Required dilution Transport· frequency of 
criterion value factor to reach time 

current speed (em/sec) 
acute and chronic 

(ppm) criterion (minutes) 5 15 studies(%) 

1,000 103 0.452 1.36 4.08 44 
100 104 11.1 33.3 99.9 90 

10 105 29.8 89.0 267 96 
1 106 241 723 2,169 100 

a. Based on laboratory evaluation of acute lethal and chronic/sublethal effects and field measurements of the dispersion rate of drilling fluids (adapted 
from Petrazzuolo, 1983). • 

bottom, directly under and downcurrent from the dis
charge. There has been substantial concern expressed that 
the commercially important lobster and ocean scallop on 
Georges Bank could be harmed by drilling-fluid dis
charge, particularly since larvae and juveniles of both spe
cies seem to be quite sensitive to drilling fluids. Although 
ocean scallops are more abundant on the northeastern 
part of the bank and in the Great South Channel, com
mercial quantities of scallops (an average of 0.75 bushels 
per 15-minute tow) also occur in the eastern part of the 
area of lease sale 42 (MacKenzie, Merrill, and Serchuk, 
1978). 

Lobsters do not occur regularly in the lease-sale area, 
but are abundant in the submarine canyons immediately 
to the south. It is quite unlikely that sufficient drilling 
fluid would be swept into the canyons to have an impact. 
However, these lobsters make migrations across the bank, 
possibly for spawning, in spring and summer, with a re
turn to the edge of the shelf in fall and winter (Cooper 
and Uzmann, 1971). These migrations take the lobsters 

. through the area of lease sale 42. 

Availability of Metals to Marine Organisms 
Water-base drilling fluids usually are mixtures of clays, 
inorganic minerals, and a variety of organic and metallo
organic compounds in fresh or salt water. The metals 
commonly found in drilling fluids include aluminum, bar
ium, chromium, cadmium, copper, iron, mercury, lead, 
and zinc. Compounds containing barium, chromium, iron, 
and zinc are added intentionally to some drilling fluids. 
The other metals are trace contaminants of barite and 
bentonite clay or are present in the pipe-thread lubricant, 
which can get into the drilling fluid. The accumulation 
from drilling fluids of several of these metals by a wide 
variety of marine organisms has been studied in the 
laboratory (Brannon and Rao, 1979; Liss et al., 1980; 
McCulloch, Neff, and Carr, 1980; Page et al., 1980; 
Rubinstein, Rigby, and D'Asaro, 1980; Gerber et al., 
1981; Carr, McCulloch, and Neff, 1982). 

These studies show that metals associated with used 
drilling fluids have a very limited availability to marine 
animals. Statistically significant accumulation of chro
mium and barium can occur. Chromium and barium 
taken up from used drilling fluids by ocean scallops (Pla
copecten magellanicus) accumulated primarily in the kid-

ney; little or no metal accumulated in the edible adductor 
muscle (Liss et al., 1980). Much of the accumulated 
metal was released from the tissues quite rapidly when 
the animals were returned to clean seawater (Liss et al., 
1980; McCulloch, Neff, and Carr, 1980). 

Field Studies 
The few field studies on the effects of drilling-mud dis
charges on demersal, benthic, and structure-fouling com
munities around offshore drilling rigs tend to corroborate 
the predictions of laboratory studies-that ecosystem ef
fects of drilling-fluid and cuttings discharge to the ocean, 
when impact can be detected at all, are confined to a rel
atively small area around and downcurrent from the 
point of discharge and are restricted to the benthos. The 
most important of these in terms of Georges Bank are an 
exploratory-rig monitoring study on the Middle Atlantic 
outer continental shelf (EG&G Environmental Consult
ants, 1982) and the ongoing Georges Bank Benthic Moni
toring study (Bothner et al., 1983; Payne et al., 1983; 
Battelle/Woods Hole Oceanographic Institution, 1984). 

The first study was a 2-year one performed around an 
exploratory-drilling site in approximately 120 m of water 
in New Jersey 18-3 block 684 off Atlantic City, New 
Jersey (EG&G Environmental Consultants, 1982). A large 
number of stations around the rig site were sampled 1 
year before drilling started, 2 weeks after the cessation of 
drilling, and 1 year after the cessation of drilling. Certain 
predators-squirrel hake (Urophycis chuss), crabs (Cancer 
spp.), and the starfish Astropecten americanus-became 
more abundant in the immediate vicinity of the site and 
to the south between the predrilling and first postdrilling 
surveys. These animals may have been attracted by the in
creased relief afforded by accumulations of cuttings or by 
clumps of mussels (Mytilus edulis) that had fallen off the 
drill rig. One year after drilling, the hake and crabs were 
no longer concentrated near the site, and the starfish was 
patchily distributed among scattered cuttings away from 
the main pile. Sessile benthic animals, such as the sea-pen 
Stylatula elegans, were subject to burial by drill cuttings 
within about 150 m of the discharge. At the second post
drilling survey, sea-pens were completely absent from the 
main cuttings pile, although they were seen nearby among 
scattered patches of cuttings. 



Before drilling commenced, macroinfaunal benthic ani
mals were more abundant in the vicinity of the rig site 
than at a nearby BLM Benchmark station (8,011 ani
mals/ m2 versus 3,064 animals/m2). Immediately after 
drilling, macroinfaunal abundance at the rig site had 
dropped to 1,729 animals/m2, but it had risen to 2,638 
animals/m2 1 year later. These changes in abundance ap
plied equally to the four principal taxonomic groups
polychaetes, echinoderms, crustaceans, and mollusks. Po
lychaetes dominated the macroinfauna at the study site at 
the time of all three surveys. However, their relative 
abundance dropped from 78% of total individuals in the 
predrilling period to 70% in the first postdrilling survey 
and 66% in the second. The relative abundance of poly
chaetes at the nearby BLM Benchmark station was 70%. 
Mollusks were the only group to return to predrilling 
abundance within 1 year. 

Species richness of the macroinfauna (number of spe
cies/0.02 m2) at the rig site dropped from 70 ± 7 in the 
predrilling survey to 38 ± 10 immediately after drilling, 
then rose again to 53 ± 8 by 1 year later. Shannon diver
sity (H') and evenness (J') showed only very small differ
ences among the three surveys. Diversity decreased 
slightly in the postdrilling surveys, probably related in 
part to increased evenness. These changes in richness, 
species diversity, and evenness were similar at stations 
near the well site and at the three stations considered to 

· be beyond the influence of drilling discharges. 
Benthic infaunal composition and abundance in the 

two postdrilling surveys were more similar to those from 
the BLM Benchmark Program in the area, particularly 
those from BLM station A3 near the drilling site (Boesch, 
1979), than to those from the predrilling survey. Thus 
the predrilling survey may not have been a suitable base
line against which to compare the two postdrilling 
surveys. 

Some samples of mixtures of brittle stars, mollusks, 
and polychaetes collected near the rig site during the first 
and second postdrilling surveys showed slightly, but sta
tistically significant, elevated concentrations of barium 
and chromium in comparison with animals collected in 
the predrilling survey. Other metals associated with drill
ing discharges were not accumulated by these animals. 
Concentrations of barium and chromium in their tissues 
could not be correlated with concentration gradients of 
these metals in the sediments from which the samples 
came. 

EG&G Environmental Consultants (1982) concluded 
that the physical and biologic effects of drilling dis
charges on the benthic environment of a low-energy part 
of the Middle Atlantic outer continental shelf persisted 
for at least a year after the cessation of drilling. How
ever, there was evidence of substantial recovery during 
the year following the cessation of drilling, especially if 
the BLM Benchmark samples gave a better picture of the 
normal infaunal benthic composition and density of the 
area than the predrilling survey did. 

The second field study is the Monitoring Program 
being performed for the Minerals Management Service on 

Georges Bank (chapters 16, 19, and 28). During the first 
2 years of the program, benthic samples were collected at 
four seasons Guly, November, February, and May) from 
47 sampling stations upcurrent from, in the vicinity of, 
and downcurrent from the blocks leased in lease sale 42 
(figure 52.1; see also figure 1 inthe introduction "Con
flicting Uses" by Backus). Rig sites were monitored in 
blocks 312 and 410, where drilling began in December 
and July 1981. Little impact on the abundant and diverse 
benthic macroinfauna from drilling was observed during 
the first 2 years of monitoring (Battelle/Woods Hole 
Oceanographic Institution, 1983, 1984; see also chapter 
28). In block 312, where drilling started shortly after the 
second monitoring cruise, the're was a change in abun
dance of several species at stations near the rig where 
Bothner et a!. (1982) showed that barium (and by infer
ence drilling-fluid solids) accumulated between the first 
and fourth cruises. In February 1982, shortly after drill
ing started, i:he abundance of some species had increased 
at stations closest to the rig and declined at stations far
ther away. The abundance of the corophiid amphipod 
Erichthonius rubricornis, an epifaunal suspension feeder, 
showed a marked decline in February at all of those sta
tions at which barium had accumulated by the following 
May, but not at other stations in the vicinity of the rig. It 
is doubtful that this change was due directly to the accu
mulation of discharged drilling fluids, since this appears 
to have occurred later. Rather, E. rubricornis (and certain 
other species around the rig) may have been influenced 
by the accumulation of drill cuttings, most of which were 
discharged during the drilling of the near-surface hole 
early in the operation (Ayers eta!., 1980). However, se
vere storms in February 1982 caused substantial sediment 
resuspension and bottom scour at these stations. Change 
in sediment texture due to the storms probably was the 
major cause of the infaunal changes seen near the rig in 
February. Most of the macrofauna! species showing pop
ulation declines near the rig site in February experienced 
substantial increases in May 1982 and remained relatively 
stable during the second year of monitoring. Thus any 
possible drilling impact apparently was of short duration. 

Payne et a!. (1982) could find no increase in the con
centration of barium, chromium, or any of several other 
metals in the tissues of the clam Arctica islandica or four
spot flounder (Paralichthys oblongus) from the vicinity of 
exploratory drilling rigs on Georges Bank. A few mollusk 
samples collected in February and May 1982 contained 
slightly elevated levels of petroleum hydrocarbons, but 
the source of these could not be identified. 

The much milder impact on the benthos in the imme
diate vicinity of a rig site on Georges Bank than on that 
in the vicinity of one on the Middle Atlantic outer conti
nental shelf probably is due in large part to the difference 
in the amounts of drilling muds and cuttings accumulat
ing on the bottom at the two sites. In the lower-energy 
environment of the Middle Atlantic outer continental 
shelf, more effluents accumulated; consequently impact 
on the benthos was greater there. 
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We can conclude from the results of these studies that 
the impact of drilling fluid and cuttings discharges on 
benthic communities is related to the amount of material 
that accumulates, which in turn is related to current 
speed, water depth, and related hydrographic factors. In 
high-energy environments, little drilling fluid and cuttings 
accumulate and impact on the benthos is minimal. In 
low-energy situations, more material accumulates, and 
there can be temporary reductions in the abundance of 
certain benthic species near the drill rig due to burial, in
compatibility with clay, or the toxicity of components of 

·the drilling fluid or cuttings. Other species can be at
tracted by the increased relief and shelter provided by the 
rig and by the pile of cuttings (the reef effect). Changes at 
the well site not associated with mud and cuttings dis
charges can obscure the effects of the discharges. Benthic 
marine animals exposed to realistic concentrations of 
used drilling fluids are unlikely to accumulate enough 
fluid-associated metal to be a hazard to themselves or to 
predators, including man. 

Potential Long-Term Impact of Development and 
Production 
If commercial quantities of oil or gas are discovered on 
Georges Bank, between 150 and 420 development wells 
might be drilled froin 11 to 28 stationary platforms over 
a period of 8-11 years. During the development phase of 
the Georges Bank field, there will be physical disturb
ances and a variety of solid and liquid wastes produced, 
some of which will be discharged to the ocean (table 
52.7). The principal effluents (in terms of volume and en
vironmental concern) discharged during development of 
an offshore field are drilling fluids, drill cuttings, and 
produced water. (Produced water comes from connate or 
"fossil" water that is trapped in the reservoir with the 
fossil fuel or water that has leaked or been pumped into 

Figure 52.1 
The semisubmersible oil rig Rowan 
Midland viewed through the A 
frame of R/V Eastward on block 
312 during a Georges Bank Moni
toring Program cruise in February 
1982. 
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the formation during drilling or production.) Develop
ment wells usually are shallower than exploratory wells. 
Further, some of the fluid used in drilling one well may 
be used for drilling the next. Thus less fluid is discharged 
in drilling a typical development well than in drilling a 
typical exploratory one. If we assume that 800 metric 
tons of cuttings and 500 metric tons of drilling fluid sol
ids will be discharged for each development well, then a 
total of 195,000-546,000 metric tons of drilling-fluid 
solids and drill cuttings will be discharged to Georges 
Bank over the development period of 8-11 years. 

During the development drilling of a field, the usual 
practice is to bring wells into production as they are 
drilled. Thus drilling and oil and gas production go on 
simultaneously from a development platform during the 
development phase. Sometimes the major effluent associ
ated with oil and gas production is produced water. Pro
duced water is pumped to the surface with the oil and 
gas and must be separated from the hydrocarbons before 
they are processed further. Produced water can be dis
charged to the ocean following treatment for removing 
the particulate oil. 

Produced water usually, but not always, is a brine with 
a concentration of dissolved solids up to nearly 10 times 
that of seawater. In addition, produced water can contain 
elevated levels of several metals (table 52.7) and the 
slightly water-soluble, low-molecular-weight aromatic and 
aliphatic hydrocarbons. The EPA restricts the concentra
tion of oil and grease in discharged produced water to a 
monthly average of 48 ppm and a daily maximum of 72 
ppm (Environmental Protection Agency, 1979). 

The hypothesized impact of these development and 
production discharges is summarized in table 52.7. Drill
ing-fluid solids and cuttings are unlikely to accumulate in 

Table 52.7 
Major impact-causing agents and hypothesized major long-term 
impacts associated with oil and gas development on Georges 
Bank 

Impact-causing agents 

Physical structure of platform 

Discharge of drilling fluids 
and cuttings• 

Produced water dischargesb 

Oil spills 

Impact 

Reef effect 

Effects restricted to benthos 
where drilling fluid solids and 
cuttings accumulate, due to 
burial, chemical toxicity, sedi
ment texture changes, and 
metal bioaccumulation 

Effects restricted primarily to 
benthos, due to chemical tox
icity and bioaccumulation of 
hydrocarbons and metals 
Long-term impact primarily 
due to destruction of pelagic 
eggs and larvae and deposition 
of hydrocarbons on bottom 

a. Quantities based on 150-420 development wells: 800 metric tons 
cuttings/well + 500 metric tons mud/well = 1,300 metric tons solids 
discharged/well. Total discharge = 195,000- 546,000 metric tons.· 
b. Per platform, 0-1.6 million liters/ day may contain up to 48 ppm oil 
and elevated levels of metals (barium, beryllium, cadmium, chromium, 
copper, iron, lead, nickel, silver, and zinc). 

significant quantities over time on Georges Bank. Thus 
long-term impact is likely to be similar to the short-term 
one described above for exploratory-drilling discharges. 

Metals and hydrocarbons in produced water might 
have a transitory near-field impact on water-column or
ganisms. Rapid dilution will prevent significant area-wide 
ecologic impact. Some of the metals and hydrocarbons 
will adsorb to suspended particles in the water column 
and settle to the bottom, where they may accumulate in 
bottom sediments. There may be local benthic impact 
where these materials accumulate. 

Other long-term effects of development include acci
dental oil spills and the reef effect of the platform struc
ture. The possible effect of spills is treated in chapter 53. 
The platform will attract predatory fish and invertebrates, 
which will feed on the benthic fauna and on platform
fouling organisms. The increased biologic production 
around the platform by the fouling community and pre
dators will result in increased deposition of organic detri
tus in the sediments near the platform, altering the 
benthic community. 

Reviewed by judith M. Capuzzo and James P. Marum 

Notes 

1. "Bioavailable" means that the mate
rial is in a form that can interact chem
ically with the tissues of organisms or 
be ac.cumulared by them. 

2 . The Offshore Operators Committee 
is a group of representatives of petro
leum companies involved in offshore 
exploration and development. 
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Much of the public interest in Georges Bank stems from 
concerns over the potential for harmful effects from the 
development of petroleum there. Will oil pollution ac
company development and cause serious harm to the rich 
biotic resources of the bank? Will the fish catch be ad
versely affected? 

Our ability to predict effects depends upon knowledge 
of (a) the Georges Bank environment, (b) the amount of 
petroleum that is there, (c) the effects of petroleum on 
marine biota at the concentrations and exposure times 
expected, and (d) the factors that affect recruitment1 to 
the commercial fisheries. While a great deal is known 
about many aspects of the Georges Bank environment, 
much uncertainty surrounds the last three topics listed. 

If petroleum is found on Georges Bank, the find may 
be large or small, and it may be found as oil, natural gas, 
or both. These factors affect the potential for harm, 
which is probably much greater from oil production than 
from natural gas production.2 Even if quantities of petro
leum sufficient for commerical production are not found 
on Georges Bank, some spillage of oil will continue to 
occur there from fishing vessels and merchantmen and as 
a result of the transportation to northeastern cities of 
crude and refined oils in tankers. 

Very low concentrations (from less than 1 J,Lg/L to 1 
mg/L) of oil and oil hydrocarbons have been found to 
have harmful effects on various marine organisms in lab
oratory tests Qacobson and Boylan, 1973; Johnson, 
1977; Steele, 1977; Kiihnhold et al., 1978). But what 
sort of concentrations of oil now occur on Georges 
Bank? What sort of concentrations can be expected if oil 
is developed? And if oil concentrations are high enough 
to have toxic effects, will the effects cause significant 
biologic changes on the bank? 

This chapter attempts to answer some of these ques
tions or explains why they cannot now be answered. 
However, it is not a comprehensive review of the litera
ture on oil pollution and does not cover all of the poten
tial effects of oil on Georges Bank. The general potential 
for damage from petroleum is discussed regardless of the 
source of the petroleum. Because of the economic impor
tance of the Georges Bank fisheries, I emphasize potential 
effects on the fisheries and those parts of the ecosystem 
that support the fisheries; the discharge of drilling fluids, 
another concern relating to offshore oil production, is 
discussed in chapter 52. 

Present Sources and Amounts of Oil in the Georges Bank 
Environment 

Georges Bank is not free from hydrocarbons at present, 
but concentrations tend to be very low. The water col
umn on the bank typically contains less than 1 J,Lg/L or at 
most a few J,Lg/L of petroleum hydrocarbons (Boehm, 
1980; Hoffman and Quinn, 1980; see also chapters 15 

, and 19). Concentrations in the sediment range from less 
than 1 J,tglg dry weight to 20 J,tglg dry weight, with the 
higher concentrations occurring in the finer-grained sedi
ments (Boehm et al., 1979; see also chapters 15 and 19). 

The sources of these hydrocarbons are both man-made 
and natural. Hydrocarbons in the latter class include 
products from the erosion of hydrocarboniferous sedi
ments, fallout from forest fires, seepage from the bottom, 
and (probably most important on Georges Bank) hydro
carbons produced by plants and animals living there. The 
hydrocarbons produced by marine organisms differ from 
those in man-made products. Those made by marine or
ganisms are mostly paraffins and are nontoxic and readily 
degraded. Those introduced into the environment by hu
mans contain more toxic and persistent compounds (Na
tional Academy of Sciences, 1975). 

Hydrocarbons introduced by human activities taking 
place away from Georges Bank include those from oils in 
sewage and runoff from highways. These can be trans
ported to the bank by the movements of water and sedi
ment described in chapters 11 and 13. The fallout with 
dust and rain of combustion products from homes, indus
try, and motor vehicles (National Academy of Sciences, 
1975) delivers hydrocarbons directly to the surface waters 
of the bank (chapters 15 and 19). These inputs are prob
ably small because of the great distance of the bank from 
centers of population. In addition, ;1 small amount of oil 
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is washed from the decks and hull of every ship that 
passes the bank, and some fishing vessels and ships may 
discharge oil-contaminated bilge waters on the bank and 
in adjacent waters. 

The recent incidence of large oil spills affecting 
Georges Bank has been low. Only two tanker accidents 
are reported for the area; the Keo broke in half 220 km 
southeast of Nantucket in November 1969 and spilled its 
entire cargo of 32,000 tons of No. 4 fuel oil; the Argo 
Merchant grounded 54 km southeast of Nantucket in De
cember 1976 and spilled its entire cargo of 28,000 tons 
of No. 6 fuel oil thinned with a cutting stock resembling 
No.2 fuel oil (figure 53.1; Grose and Mattson, 1977). 
Another tanker, the Grand Zenith, disappeared some
where off the New England coast in January 1977. Fol
lowing this accident, tar balls washed ashore on Cape 
Cod (Brown, Lynch, and Ahmadjian, 1978). 

Oil Released during Exploration 

Generally, very little oil is released during exploratory 
drilling for petroleum (Department of the Interior, 1977). 
Although accidents resulting in large spills can occur, as 
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Figure 53.1 
The spread of the surface slick of 
the Argo Merchant oil spill. The 
vessel went aground on 15 Decem· 
ber 1976 (near the upper left end 
of the distribution for 19 Decem
ber) and broke in half on 21 
December. 



in the case of the Ixtoc blow~ut,3 they are exceedingly 
rare. Similarly, chronic releases of oil tend to be small 
during this stage. A detailed analysis of hydrocarbons in 
sediments on Georges Bank revealed no indication of oil 
contamination from the first year of exploratory drilling 
there (Payne et a!., 1982). 

The Probable Frequency and Size of Large Oil Spills on 
Georges Bank during Production 

Any le~el of offshore oil production presumably results in 
an increased incidence of oil spill (Stewart and Devanney, 
1978). In environmental impact statements for lease sales 
42 and 52 on Georges Bank, the Department of the Inte
rior (1982) estimated that there would be 5.92 spills of 
1,000 barrels (153 tons) or more and 3.23 spills of 
10,000 barrels (1,530 tons) or more for every billion bar
rels (153 million tons) of oil produced. These estimates 
include spills from transporting the oil ashore as well as 
spills from production activities. The Department of the 
Interior has made conditional mean estimates of undis
covered recoverable oil resources of 30 million tons for 
lease sale 42 and 265 million tons for lease sale 52. 
Their high-find estimates are 81 million tons for lease 
sale 42 (Department of the Interior, 1977) and 972 mil
lion tons for lease sale 52 (Department of the Interior, 
1982). However, in April 1982 the Department of the 
Interior drastically reduced its conditional mean estimate 
for lease sale 52 from 265 million tons to 8.6 million 
tons because of their analysis of the exploratory wells 
drilled in the area of lease sale 42 (Department of the 
Interior, 1982, Addendum). A field on Georges Bank of 
8-16 million tons would be profitable if it could be ex
ploited with a small number of wells and a floating pro
duction facility (Danenberger, personal communication, 
January 1983). For a field on the continental rise or slope 
to be worth exploiting, it probably would have to be 
larger than 24-48 million tons. 

Using the Department of the Interior's spill-incidence 
estimate of 5.92 large spills (1,000 barrels or more) for 
every billion barrels (153 million tons) of oil produced, 
an 8.6 million ton oil field on Georges Bank would have 
one chance in three of having a major spill, with the 
odds 2 : 1 that this would be a tanker spill rather than a 
platform spill. However, there is a large uncertainty con
cerning the quantity of oil that might be produced on 
Georges Bank. If the combined high-find estimates used 
in the impact statements for lease sales 42 and 52 were 
to prove true-1.05 billion tons-more than 40 large 
spills would be likely. Again, two-thirds of these spills 
would probably result from tanker accidents, and one
third from accidents involving production platforms or 
the pipelines that connect platforms (Department of the 
Interior, 1982). The mean sizes for spills, regardless of 
the size of the oil field developed, are estimated as 4,000 
tons for platforms and pipelines and 7,300 tons for tank
ers (Department of the Interior, 1977), although not all 
of the tanker accidents would be on Georges Bank itself, 
of course. 

The spill estimates themselves are uncertain and may 
be low. For both frequency and magnitude of tanker 
spills, for instance, the Department of the Interior has re
lied on worldwide statistics for 1969-1972 (Department 
of the Interiot:, 1977, 1982). Worldwide rather than 
United States spill incidences were used because the sam
ple size is larger and the variance smaller. However, these 
worldwide statistics may suffer from serious underreport
ing (Devanney and Stewart, 1974). For example, two
thirds of the largest oil spills occurring in 1971, a typical 
year, were not reported in sources generally available to 
governments and to the public (Butler, 1978). This was 
determined by a study of oil company and insurance in
dustry records, information which is at least partly confi
dential. The underreporting for smaller spills is even 
greater (Butler, 1978). 

In U.S. waters, where the reporting of oil spills is prob
ably better than for the world as a whole, Froehlich and 
Bellantoni (1981) estimate that 13% of all the large ma
rine oil spills occurring between 1974 and 1977 went un
reported or unrecorded; the National Academy of 
Sciences (1975) estimated that as much as 30% of spills 
in U.S. waters may go unreported. Also, the small tankers 
likely to be used on Georges Bank (50,000 tons or 
smaller; Department of the Interior, 1977) have more ac
cidents and spill a higher percentage of their oil than the 
average worldwide statistics suggest (Devanney and Stew
art, 1974; Goldberg eta!., 1981). 

It has been argued that tankers bringing oil ashore 
from outer-continental-shelf (OCS) production on 
Georges Bank would supplant the tankers now used to 
import oil to the northeast (Travers and Luney, 1976). 
This is not necessarily true (Chaisson, Smith, and Fay, 
1978; Manners, 1982); if refinery capacity permits, there 
may be more total tanker traffic. However, even if OCS 
tankers replace the tankers now importing oil, the likeli
hood of oil spillage on Georges Bank would increase 
(Chaisson, Smith, and Fay, 1978; Stewart and Devanney, 
1978). Most tanker spills occur during loading and un
loading or while tankers are approaching or leaving port 
and loading facilities, and loading on Georges Bank 
would likely result in more oil spillage there. 

Chronic Oil Release during Production 

If petroleum production proceeds on Georges Bank, oil 
also would be introduced to the bank through the 
chronic releases associated with day-to-day operations. 
These chronic discharges include the oil released with 
formation water (the brines associated with the geologic 
formations in which the oil is found), the small routine 
spills associated with producing and transporting oil, the 
discharge of oil-contaminated water from tankers and 
storage platforms, and the discharge of oil-contaminated 
drill cuttings (chapter 52). Such chronic releases have 
never been fully quantified for an offshore oil field where 
the oil is tankered ashore, the method of transportation 
proposed for Georges Bank (Department of the Interior, 
1977). Table 53.1 gives some estimates for chronic re-
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lease were a 1.05 X 109-ton oil field to be developed on 
Georges Bank. 

The formation water produced from an oil platform 
can vary from 20 to 150% of the volume of oil pro
duced, with proportionately more formation water pro
duced at the end of a field's lifetime (Brooks, 1975; 
Department of the Interior, 1982). On average, the vol
ume of the formation water released into the sea is 
roughly equal to the volume of oil produced (Department 
of the Interior, 1977). The Environmental Protection 
Agency requires that formation water not be discharged 
unless it contains less than 72 mg/L of oil on any given 
day and unless the monthly mean is less than 48 mg/L of 
oil (Department of the Interior, 1982). Thus an 8.6-mil
lion-ton field might legally release 400 tons of oil mixed 
with formation water over the life of the field; a 1.05-
billion-ton field might release 50,400 tons. The oil dis
charged in formation water is greatly enriched in aro
matic fractions compared with the parent oil (Lysyj et a!., 
1981). These aromatic fractions are the most soluble and 
toxic (National Academy of Sciences, 1975; Lysyj eta!., 
1981). Oil discharged in formation water is much less 
likely to evaporate than is spilled oil because it is more 
soluble and because it is released beneath the sea surface. 
Lysyj et a!. (1981) studied the effectiveness of several 
techniques used to reduce the hydrocarbon concentration 
in formation waters from the Cook Inlet (Alaska) oil 
field. They found that while treatment generally reduced 
the concentration of suspended oil and volatile aliphatic 
hydrocarbons by more than 90%, aromatic hydrocarbons 
were generally reduced by only 30-50%. Thus treatment 
greatly reduces the concentration of the substances that 
cause sheens on the water, but is less effective in reduc
ing toxicity (C. S. Johnston, 1980). Half of the oil dis
charged from treated formation water in Cook Inlet was 
composed of the highly toxic aromatic hydrocarbons 
benzene, toluene, and xylene/ ethylbenzenes (Lysyj et a!., 
1981). The discharge of oil in formation water from oil 

Table 53.1 
Estimates of oil spillage and chronic oil releases if a 
1.05 x 109-ton oil field is developed on Georges Bank 

Oil spillage 
Type of spills (tons) 

Large-platform spills: 13 ( + ), 
4,000 tons each 

Large-tanker spills: 27 (+), 7,300 
tons each 

Small spills from platforms and 
connecting pipelines 

Formation waters 

Drill cuttings 

Small spills when loading tankers 

Discharges of storage-platform 
displacement waters 

Discharges of tanker-ballast water" 

52,000 (+) 

197,000 (+) 

10,000 (+) 

50,400 

10,500-26,250 

(3,700,000) 

a, Discharge of tanker-ballast water in offshore oil fields is prohibited 
by a 1981 Coast Guard order. 
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fields such as those in the North Sea may be greater than 
thought since "the approved infrared monitoring proce
dure can greatly underestimate both total oil and particu
larly aromatic hydrocarbon concentrations" (C. S. 
Johnston, 1980). 

Small (less than 150 tons) spills from platforms and in
terconnecting pipelines take place during offshore oil pro
duction. These can be considered another chronic source 
of released oil. Using the accident data reported for off
shore oil platforms and pipelines in U.S. waters for 
1964-1972 (Devanney and Stewart, 1974; Department of 
the Interior, 1977) and assuming that all accidents were 
reported, one can estimate that these small spills might 
release about 70 tons were an oil field of 8.6 million 
tons exploited, and 10,000 tons were a 1.05-billion-ton 
oil field exploited (table 53.1). 

The chronic discharges associated with tankering oil 
ashore are greater than the small spills associated with 
production platforms and connecting pipelines (Depart
ment of the Interior, 1977; Chaisson, Smith, and Fay, 
1978; Manners, 1982). These tanker-related discharges 
include spills associated with loading (Devanney and 
Stewart, 1974; Manners, 1982), discharges from storage 
platforms (Addy, Levell, and Hartley, 1978; C. S. John
ston, 1980; Read, 1980; Schreiner, 1980), tank washings, 
and other routine operations (Department of the Interior, 
1977; Johnston, 1980). Oil is piped ashore from most 
offshore oil fields, rather than tankered-pipelines move 
all of the oil from fields in the Gulf of Mexico and 80% 
of the oil from fields in the North Sea (C. S. Johnston, 
1980; Manners, 1982). Thus there are few data relating 
to transporting oil from offshore fields by tankers, the 
likely mode of transportation for Georges Bank. 

Recent information indicates that most of the small 
spills associated with oil production in the North Sea 
have occurred during the loading of tankers (Manners, 
1982). The few data that exist suggest that such small 
spills (any small spill large enough to cause a visible 
sheen) may be as frequent as one spill in five loadings 
(Devanney and Stewart, 1974). 

When oil is tankered ashore in the North Sea, it is gen
erally stored in platforms before being loaded onto the 
tankers. As it is loaded, the oil is displaced in the plat
form by seawater. When the platform is again filled with 
oil, the contaminated seawater is replaced and, after 
treatment to remove some of the oil, released to the sea. 
If such platforms were used on Georges Bank (their use is 
currently permitted in U.S. waters), the discard of the 
treated displacement waters would result in the release of 
86-215 tons of oil from a 8.6-million-ton field, and 
10,500-26,250 tons from a 1.05-billion-ton field (calcu
lated using data from Read, 1980). 

Since January 1981 the U.S. Coast Guard has required 
that all tankers used in transporting oil ashore from off
shore fields be fitted with segregated ballast tanks. This 
avoids the contamination of the ballast water with oil 
and the subsequent discharge of oil to the sea along with 
the ballast water. The importance of this requirement to 
Georges Bank is shown by the fact that 0.35% of all of 

the oil carried is discharged to the sea if ballast tanks and 
oil tanks are not kept separate (Department of the Inte
rior, 1977). For a Georges Bank field of 8.6 million tons 
the discharge of oil would be 30,000 tons; for a 1.05-
billion-ton field, the discharge would be 3.7 million tons. 
That nonsegregated ballast tankers might be used on 
Georges Bank was one of the major fears of environmen
talists at the time the first leases were proposed in 197 6. 
Tankers with nonsegregated ballast are still allowed for 
transporting oil ashore from offshore fields in other 
countries; and such tankers are allowed in U.S. waters as 
long as they are smaller than 40,000 tons (20,000 tons if 
built since 1982) and are not involved in transporting 'oil 
from offshore fields (Federal Register, 1980). 

Offshore oil production accounts for only a small 
amount of the oil introduced into the world's oceans
perhaps 2% in an average year (National Academy of Sci
ences, 1975). However, such a statistic says nothing of 
where the oil is introduced; that is; "the lack of geo- · 
graphical specificity is likely to conceal the · severity of the 
problem in those offshore areas where oil production is 
presently concentrated" (Manners, 1982). According to 
R. Johnston (1980), "On a global basis offshore opera
tions make only a small contribution to oil input to the 
sea. However, in the U.K. context current North Sea oil 
activities and associated onshore developments present a 
significant threat to the marine environment." 

How Toxic Is Oil? 

Petroleum is composed of a vast number of individual 
compounds, the principal groups of which are alkanes, 
cycloalkanes and cycloalkenes, aromatics, and com
pounds containing sulfur, oxygen, and nitrogen (hetero 
atoms; chapter 19). Alkanes have straight and branched 
carbon chains and are usually saturated (that is, all of the 
available bonds on the carbon atoms are filled with hy
drogen atoms), although some unsaturated molecules are 
created in refining. Alkanes are widely made by organ
isms of all sorts-plant waxes are usually mostly paraf
fins. Alkanes are readily metabolized by organisms and 
present little danger to them unless present in quantities 
sufficient to suffocate them. Cycloalkanes are saturated 
compounds in which some of the carbon chains are 
formed into rings. These are relatively inert molecules, 
more resistant to degradation than the alkanes and rela
tively nontoxic (National Academy of Sciences, 1975). 
Aromatics are also ring compounds, but the rings have al
ternating double bonds; that is, the compounds are unsat
urated. The aromatics with one and two rings, benzenes 
and naphthalenes, are quite soluble as hydrocarbons go 
and are volatile and toxic (National Academy of Sciences, 
1975). Compounds with greater numbers of rings are 
more toxic per unit weight of hydrocarbon than those 
with one or two rings (Capuzzo, 1985), but are so much 
less soluble that in nature they can be less harmful be
cause organisms may encounter lower concentrations of 
such compounds in their dissolved state. Some aromatics 
with four and five rings are teratogenic and carcinogenic, 

especially when organisms degrade them by initially at
taching oxygen atoms to their molecules. It is principally 
the effects of the aromatic compounds that are of con
cern in chronic oil releases and oil spills, particularly if 
the spills are too small to have a coating and smothering 
effect. Compounds containing heteroatoms can also be 
toxic, but these compounds have generally received less 
study. 

An extensive and often contradictory literature exists 
on the toxicity of oil. Reliable data relating toxicity to 
the concentration of oil have only been obtained in the 
last decade (Anderson et al., 1981). In earlier work the 
concentration of oil to which organisms were exposed 
was not measured and was probably less than assumed, 
since much of the oil added could have been lost through 
evaporation, biodegradation, and adsorption to container 
walls (Anderson et al., 1974; Neff et al., 1976). The easi
est studies to perform, and therefore the most numerous, 
are laboratory ones that measure the acute, lethal toxicity 
of oil or oil hydrocarbons to single species of organisms 
over short periods of time, usually 96 hours. However, 
damage to the organism can occur at concentrations of 
oil much lower than those that cause immediate death 
(Steele, 1977; Rossi and Anderson, 1978). 

Such sublethal effects include alterations in behavior 
Oacobson and Boylan, 1973; Linden, 1977; Pearson et 
al., 1981), growth rate (Gilfillan and Vandermeulen, 
1978), and reproductive success (Steele, 1977; Kiihnhold 
et al., 1978). Oil and oil hydrocarbons can have deleteri
ous effects at concentrations as low as a few ,ug/L or 
even less. For instance, fertilization of macroalgae was 
completely inhibited by 0.2 ,ug/L of No. 2 fuel oil 
(Steele, 1977). Concentrations of 1 to a few ,ug/L of the 
water-soluble fraction of kerosene were found to disrupt 
the normal feeding behavior of snails and crabs Oacobson 
and Boylan, 1973; Johnson, 1977). Most of the water
soluble fraction of kerosene used in these studies con
sisted of benzenes, so such studies are quite appropriate 
in considering the potential effects of formation water 
discharges, in which benzene is a major fraction (Lysyj et 
al., 1981). 

Evidence for the importance of sublethal effects in the 
coastal environment was reported by Krebs and Burns 
(1977, 1978). After the spill from the barge Florida in 
West Falmouth, Massachusetts, they found behavioral 
changes in salt-marsh fiddler crabs not directly killed by 
the oil spill. The crabs dug abnormally shallow burrows 
and moved more slowly when threatened. Because they 
moved more slowly, they were more vulnerable to preda
tion; and because their burrows were abnormally shallow, 
they were more likely to succumb to freezing in winter. 
Linden (1980) studied the clam Macoma balthica follow
ing the Tsesis spill in the Baltic Sea south of Stockholm. 
He found that clams collected from the spill area 1 week 
after the spill burrowed into clean sand in the laboratory 
significantly more slowly than clams from a control area. 
The slower burrowing presumably would subject the 
clams to greater predation. Pearson et al. (1981) demon
strated that when littleneck clams burrow more slowly 



because of oiling, they are subjected to greater predation 
by Dungeness crabs. 

One flaw with many toxicity studies has recently come 
to light. The toxicity of an oil can increase as it is de
graded. Photooxidation in particular can increase toxicity 
(Lacaze and Villedon de Na'ide, 1976; Larson, Hunt, and 
Blankenship, 1977). Ultraviolet radiation at the sea sur
face can rapidly oxidize certain hydrocarbons, producing 
compounds, such as peroxides and phenols, that can be 
more toxic than the parent compounds. Yet toxicity stud
ies are usually conducted in the laboratory under illumi
nation insufficient to cause this photooxidation. 
Consequently, the potential for toxicity can be underesti
mated. Larson, Hunt, and Blankenship (1977) showed 
that exposure to ultraviolet light approximating the level 
found in nature increased the toxicity of an oil to yeasts 
fourfold. Light was also found to increase the toxicity of 
a crude oil to the alga Phaeodactylum sp. (Lacaze and 
Villedon de Na'ide, 1976). Microbial degradation also 
can result in the formation of hydrocarbons more toxic 
than the parent compound (Hinga et al., 1980; Varanasi 
and Gmur, 1981). 

A problem with extrapolating laboratory toxicity stud
ies to the field situation is the variability of species in 
their tolerance to pollution. Pollution-tolerant species 
also tend to be resistant to other forms of stress and are 
called "opportunistic" because they readily colonize envi
ronments in which stress has eliminated most other spe
cies. Toxicity studies often use opportunistic species 
because they are easier to maintain under the stressful 
conditions of laboratory culture. Such studies may not 
show the damage that oil pollution can do to the less re
silient species that cannot be kept in the laboratory at all. 

A problem related to the differential sensitivity of spe
cies to pollution is that organisms are often more sensi
tive at one point in their life cycles than at others. In 
general, larvae are much more sensitive than adults (Ro
senthal and Alderdice, 197 6; Wells and Sprague, 197 6; 
Caldwell, Calderone, and Mallon, 1977; Kiihnhold et al., 
1978). (For more information on the toxicity of oil, see 
the review by Capuzzo, 1985.) 

The Effects of Oil on Ecosystems 

Extrapolations from laboratory studies of populations of 
single organisms to the complex communities of the real 
world are very difficult if not impossible. To speculate on 
the effects of oil on Georges Bank ecosystems one must 
examine what has been learned about the effects of oil at 
the ecosystem level elsewhere. Such knowledge has in
creased rapidly during the last decade, but is still rather 
limited, particularly for pelagic systems. Here I consider 
petroleum's effects on benthic and pelagic systems, draw
ing on studies of oil spills and studies conducted in meso
cosms4 and existing offshore oil fields. 

There is general agreement that oil in sufficient con
centration has deleterious effects on benthic communities 
(Addy, Levell, and Hartley, 1978; d'Ozouville et al., 
1979; Boucher, 1980; Elmgren et al., 1980a,b; Linden 

et al., 1980; Sanders et al., 1980; Cabioch et al., 1981; 
Glemarec and Hussenot, 1981; Grassle, Elmgren, and 
Grassle, 1981; Elmgren and Frithsen, 1982; Teal and 
Howarth, 1984). Massive kills of the benthic fauna have 
occurred when sufficiently large quantities of oil have 
reached the bottom following spills (Sanders et al., 1980; 
Cabioch et al., 1981; Teal and Howarth, 1984). Oil in 
sediment, even at relatively low concentrations (a few g/ 
m2 or 100 J.tg/g; Elmgren and Frithsen, 1982), can change 
the structure of the benthic community whether the oil 
comes from a spill (d'Ozouville et al., 1979; Boucher, 
1980; Elmgren et al., 1980a,b; Linden et al., 1980; San
ders et al., 1980; Cabioch et al., 1981; Glemarec and 
Hussenot, 1981; Elmgren and Frithsen, 1982) or from 
chronic pollution, such as that associated with some as
pects of offshore oil production (Addy, Levell, and Hart
ley, 1978; Elmgren et al., 1980b; Grassle, Elmgren, and 
Grassle, 1981; Elmgren and Frithsen, 1982). Sensitive 
species die or emigrate and are replaced by oil-tolerant, 
opportunistic species. The total number of species in the 
community decreases, and generally the biomass de
creases. A partial exception to this generality was the 
finding of Elmgren et al. (1980a) after the Tsesis spill. 
There the clam Macoma balthica was the major contribu
tor to the benthic biomass before the spill. Since this 
clam appears to be a relatively pollution-tolerant species 
(Elmgren et al., 1980a), its numbers were unaffected by 
the oil, and community biomass did not decrease mea
surably, although species diversity did. Gilfillan and 
Vandermeulen (1978) have shown that oil can decrease 
production in commercially important benthic species, 
such as Mya arenaria, the soft-shelled clam. 

The effects of a chronic-oiling experiment on benthic 
organisms in the University of Rhode Island's Marine 
Ecosystems Research Laboratory (MERL) mesocosms 
were similar to those seen in a variety of oil spills 
(Elmgren and Frithsen, 1982). In the MERL experiment 
decreases in abundance and biomass of both the macro
fauna and meiofauna were seen at concentrations of oil 
of approximately 100 }.lg per gram of sediment in the up
per 2 em (figure 53 .2; Grassle, Elmgren, and Grassle, 
1981; Elmgren and Frithsen, 1982). Ampeliscid amphi
pods and ostracods were particularly sensitive to the oil. 
The mesocosm experiments allow a discrimination of 
cause and effect that is seldom possible after oil spills 
and help to estimate the concentrations of oil in sediment 
necessary to cause significant effects on the benthos. 

Natural oil seeps provide another opportunity for ex
amining the effects of chronic oil input on benthic eco
systems. Benthic communities in areas of intense and 
moderate seepage were compared with the benthos in 
nearby areas without seepage in the Santa Barbara Chan
nel, California. The concentration of hydrocarbons dis
solved in the interstitial waters of the sediment in the 
areas of intense seepage were 1.3 mg/L; in the areas of 
moderate seepage they ranged from 45 to 110 J.tg/L 
(Stuermer et al., 1982); in the areas without seepage con
centrations ranged from 0.2 to 5.0 J.tg/L. The areas of 
moderate seepage had a community structure similar to 
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Figure 53.2 
The effect of low-level additions of 
oil on the benthic meiofauna in 
MERL mesocosms. (a) The number 
of individuals { x 1 0'/m') by taxa 
in the upper 2 em of sediment in 
cores and in MERL oiled and con
trol tanks. Both the cores and the 
tank sediments were taken in Nar
ragansett Bay in June 1977. {b) 
The number of ostracods ( x 1 03/ 

m') in the upper 2 em of sediment 
in oiled MERL tanks and in con
trols, February-October 1977. The 
lines follow one oiled tank (solid 
line, filled circles) and one control 
tank (dashed line, open circles). 
Two samples were taken in August 
(SA and SB). The period during 
which oil was added to the treated 
tanks in order to maintain a certain 
level of dissolved oil is shown. 
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that of the nonseepage areas (Spies and Davis, 1979; 
Davis and Spies, 1980; Stuermer et al., 1982). The same 
species of organisms were present in the two kinds of 
places, but the deposit feeders were more abundant and 
certain amphipods were less so at the sites with seepage. 
Animal densities were higher in the moderate seeps, per
haps because of organic enrichment resulting from pro
duction by chemosynthetic bacteria supported by sulfides 
in the seepage (Spies, Davis, and Stuermer, 1980). In the 
areas of intense seepage the community structure was that 
of a highly stressed system. Typically, nematodes and 
capitellid polychaetes, well-known opportunists (Grassle 
and Grassle, 1974), were the only infaunal organisms 
present in any abundance (Spies and Davis, 1979). Why 
the MERL mesocosm experiment resulted in a benthic 
community so different from the one at the moderate
seepage site in Santa Barbara, which had a similar level of 
oiling, is probably related to the fact that the latter com
munity has been naturally evolving under oiling for thou
sands of years, although the community at the site of 
intense seepage shows clearly that there are limits to such 
adaptation. 

Some of the effects of oil in benthic ecosystems would 
not have been predicted from knowledge of effects on 
populations of individual species. For instance, popula
tions of benthic ciliates and foraminifera increased signifi
cantly during the MERL experimental oilings, apparently 
because of the reduced bioturbation and predation that 
resulted from smaller populations of macroscopic animals 
(Elmgren et al., 1980b; Grassle, Elmgren, and Grassle, 
1981). Another unanticipated ecosystem-level effect oc
curred after the Tsesis spill. The hatching success of her
ring eggs, which develop on the sediment surface, 
spawned in the spring after the spill was only about half 
as great in oil-contaminated sediments as in control areas 
(Nellbring et al., 1980). Apparently this was not a direct 
effect of the oil on the eggs, but rather was due primarily 
to increased fungal infection of the eggs. Normally, gam
marid amphipods graze the fungi, keeping the infection of 
the eggs low. It is presumed that the spilled oil killed the 
amphipods and that the resulting uncontrolled infection 
caused the low hatching success (Nellbring et al., 1980). 

It may appear paradoxical that oil, which is less dense 
than water and therefore should be expected to float, can 
end up in sediments. Nonetheless, sedimentation of oil 
seems to be a general process that occurs following most 
oil spills, whether nearshore or off (table 53.2; Teal and 
Howarth, 1984). One mechanism for the sedimentation 
of oil offshore is by adsorption onto clays and other sedi
ment particles suspended in the water (Meyers and 
Quinn, 1973). Another is uptake by phytoplankton, fol
lowed by the sedimentation of the phytoplankton (Lee et 
al., 1978). Zooplankton have been found to feed on par
ticles of oil following several spills (Conover, 1971; 
Grose and Mattson, 1977; Johansson, 1980), and the 
sedimentation of oil in their fecal pellets can be large 
(Conover, 1971). This has not been observed after all 
spills and is dependent upon, among other factors, the 

abundance of zooplankton at the time of the spills Go
hansson, 1980). 

Oiled sediments do not necessarily stay at the place of 
sedimentation, but can be moved elsewhere (Blumer et 
al., 1971; Kolpack et al., 1971; Beslier et al., 1980). Oil 
preferentially adsorbs to finer-grained, organic-rich sedi
ments, and since these sediments are the most mobile, 
the sorbed oil can be widely transported (Beslier et al., 
1980). In the Georges Bank area, it seems likely that oil
contaminated sediments would come to lie in low-energi 
environments, such as the Mud Patch south of southeast
ern New England, and perhaps in submarine canyons 
(chapter 4). Coarse sediments on the high-energy parts of 
Georges Bank would probably be cleaned of most oil 
within a year following a spill as the finer-grained, oil
contaminated particles were winnowed away. This pro
cess was well documented following the Amoco Cadiz 
spill in France (Beslier et al., 1980). On the other hand, 
oil in the fine-grained sediments of the low-energy parts 
of the bank could persist because the anoxic conditions 
typically found in such sediments favor the preservation 
of oil hydrocarbons, particularly the aromatic fraction. 
Oil has been observed in some anoxic sediments for 
6-12 years after a spill, the limits of observation at pres
ent (Thomas, 1977; Gilfillan and Vandermeulen, 1978; 
Krebs and Burns, 1978; Teal, Burns, and Farrington, 
1978; Thomas, 1978; Sanders et al., 1980; Gundlach et 
al., 1982; Teal. and Howarth, 1984). Some of the effects 
of the oil persist for as long as the oil remains (Krebs and 
Burns, 1978; Gilfillan and Vandermeulen, 1978; Sanders 
et al., 1980; Teal and Howarth, 1984) or longer (South
ward and Southward, 1978; Thomas, 1978). 

Most of the clearly documented effects of spilled oil 
on benthic ecosystems are associated with nearshore spills 
rather than with those in offshore areas, such as Georges 
Bank. Offshore spills have proved very difficult to exam
ine, and there are very few studies of them and their ef
fects. However, the small amount of evidence available 
suggests that oil concentrations in sediments offshore re
main sufficiently low as to cause little harm. Thus after 
the Argo Merchant spill, very little oil could be found in 
the bottom sediments or benthic fauna of Georges Bank 
and Nantucket Shoals except in the immediate vicinity of 
the wreck (MacLeod et al., 1978a,b). Similarly, there was 
little evidence of much accumulation of oil in the sedi
ments from the Bravo blowout6 in the North Sea in the 
few weeks following the spill (Audunson, 1977), even 
though sediment-trap studies a month after the spill 
clearly showed sedimentation of oil (Mackie, Hardy, and 
Whittle, 1978). 

In contrast with the lack of evidence for the introduc
tion of much oil into offshore sediments following spills, 
there is convincing evidence that chronic oil release from 
oil production contaminates sediments. Ward, Massie, 
and Davies (1980) found evidence of sediment contami
nation with aromatic hydrocarbons (measured by ultra
violet fluorescence) within 30 km of oil rigs in several 
fields in the North Sea (figure 53.3). Audunson (1977) 
also reported low-level contamination (maximum concen-

Table 53.2 
Evidence for the sedimentation of oil following seven particularly large or well-studied spills' 

Direct chemical Chemical Analysis of 
analysis of analysis zooplankton guts Sediment 

Spillb sediments' of benthic fauna or fecal pellets traps 

Florida 
Arrow 
Argo Merchant 
Bravo 
Tsesis 
Amoco Cadiz 
Ixtoc I 

+ 
0 

+ 
+ 

a. From Teal and Howarth (1984). 

+ 
+ 

0 

+ 
+ 
0 

0 

+ 
+ 
0 
+ 
0 
0 

0 
0 
0 

+ 
+ 
0 
0 

b. The Argo Merchant, Bravo, and Jxtoc I spills occurred in offshore regions. 
c. Key: +, observed; -, not observed, or observed only occasionally; 0, no pertinent observations, or data 
collected but interpretation is ambiguous. 
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Figure 53.3 
Concentration of oil, measured by 
ultraviolet fluorescence, in the bot
tom sediment as a function of dis
tance from the nearest oil rig in 
several fields in the North Sea. 
[After Ward, Massie, and Davies 
(1980)] 

Figure 53.4 
Numbers of (a) individual animals 
and (b) animal species in the ben
thos as a function of distance from 
an offshore oil storage platform in 
the Ekofisk field of the North Sea. 
In (a), r (the correlation coefficient) 
is 0.78; in (b), r is 0.70. [Addy, Lev
ell, and Hartley ( 1978)] 
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tration of 5 J.Lg per gram of sediment) of sediments near 
the Ekofisk field in the North Sea. He concluded that 
this hydrocarbon contamination probably came from 

. small random spills and chronic discharges. That such 
low-level contamination can have biologic effects is indi
cated by the results of Addy, Levell, and Hartley (1978). 
These authors found decreases in both the number of in
dividual animals arid the number of animal species in sed
iments within about 5 km of a storage platform in the 
Ekofisk Field after 4 years of operation (figure 53.4). Al
though several factors associated with the platform, such 
as domestic waste or physical disturbance of the sedi
ment, may have caused this, the most likely factor is the 
accumulation of oil hydrocarbons in the sediments as a 
result of the routine discharge of the platform's displace
ment water as new oil was pumped into the storage 
tanks. Oil released in formation waters may also have 
been important. The release of oil in formation waters, 
which probably would be allowed on Georges Bank (De
partment of the Interior, 1977, 1982), is estimated to 
have made up' more than half of the chronic oil discharge 
in the North Sea in 1980 (Read, 1980). 

That chronic oil release can result in elevated levels of 
hydrocarbons in the sediment has been most clearly dem
onstrated by the MERL mesocosm studies (Gearing et al., 
1980; Grassle, Elmgren, and Grassle, 1981; Elmgren and 
Frithsen, 1982; Farrington et al., 1982). A dispersion of 
No. 2 fuel oil in water was added for 25 weeks to the 
inlet seawater of flow-through tanks containing seawater, 
sediments, and benthic animals and designed to mimic a 
coastal ecosystem. The oil-in-water dispersion consisted 
of 190 J.Lg oil per liter of water. By 20 weeks the upper 2 
em of sediment contained over 100 J.Lg of oil hydrocar
bons per gram of sediment. Contamination of the benthic 
fauna had increased by at least an order of magnitude 
(Farrington et al., 1982). Mass budget calculations 
showed that roughly half the oil added to the water had 
become incorporated into the sediment (Gearing et al., 
1980). 

Oil has been produced offshore in the coastal waters 
of the Gulf of Mexico for about 40 years. Have any ef
fects of chronic oil discharge on the benthic communities 
been seen there? Three large studies have addressed this 
question-the Offshore Ecology Investigation (OEI) con
ducted by the Gulf Universities Research Consortium 
(GURC), 1972-1974; the Central Gulf Platform project, 
1978-1979 (Bedinger et al., 1980); and the Buccaneer 
Field project, 1976-1980 (Middleditch, 1982). The 
GURC study produced a large series of reports by the 23 
principal investigators and a consensus report (Morgan et 
al., 1974). Most of the GURC studies were published in 
the Rice University Studies, as was a critique by Bender, 
Reish, and Ward (1979). 

The consensus report of the GURC study (Morgan et 
al., 1974) concluded that petroleum production had had 
no major effects on bottom communities, a conclusion 
widely disseminated (see discussion by Sanders, 19 81, and 
Sanders and Jones, 1981) and strongly challenged by 
Sanders (1981) and Carney (1985). These critics, as well 

as others (Bender, Reish, and Ward, 1979), point out that 
the sites chosen for control in the GURC benthic studies 
could easily have been as polluted as the study sites cho
sen immediately adjacent to the oil rigs. Sanders (1981) 
notes that many of the original reports by the GURC 
principal investigators contained statements of concern 
over the adequacy of their controls, but these concerns 
were not stated in the more widely distributed consensus 
report. The concentration of petroleum hydrocarbons in 
the sediment was not determined at any of the GURC 
sites, although the concentrations of total hydrocarbons 
at the near-platform and control sites were not different, 
perhaps reflecting a long history of chronic oil pollution 
(Bender, Reish, and Ward, 1979; Sanders, 1981; Carney, 
1985). Despite this shortcoming, Bender, Reish, and 
Ward (1979) concur with the conclusion of the GURC 
consensus report that every indication of ecologic good 
health was present at the near-rig sites. Their view is 
based on high rates of primary and secondary production 
and their belief that pollution-tolerant, opportunistic spe
cies, such as the polychaete worm Capitella capitata, were 
absent. Sanders (1981) "refute[s] their interpretation by 
showing that despite ,the organic-rich ecosystem, the 
benthic fauna is, indeed, decidely reduced relative to 
densities found in other studies and that the majority of 
the benthos in the OEI study area is composed of two 
species, both of which have been documented as precise 
indicators of severely polluted environment." 

Both the Central Gulf Platform study (Bedinger et al., 
1980) and the Buccaneer Field study (Middleditch, 1982) 
conclude that any long-term impact on the benthos is 
confined to the immediate vicinity of oil-production plat
forms. Carney (1985), in a detailed analysis, concludes 
that these as well as the GURC studies were too poorly 
designed to reach this conclusion: "The persistence of 
unfounded conclusions based upon poorly designed stud
ies should be a matter of considerable concern." He 
notes in both Bedinger et al. (1980) and Middleditch 
(1982) that statistical analyses were widely misused and 
that the exposure of the benthic communities to petro
leum hydrocarbons was not determined. Moreover, none 
of the studies considered how to determine oil-induced 
changes in light of the considerable environmental varia
tion near the mouth of the Mississippi. Any final conclu
sion on the ecologic health of the benthos in the area of 
oil and gas production in the Gulf of Mexico will have 
to await better-designed studies that incorporate simulta
neous measurements of oil hydrocarbons and measures of 
benthic community structure and functioning. The choice 
of suitable control sites will be difficult and critical, and 
the lack of data on conditions prior to oil production 
may limit our understanding. 

Changes in benthic community structure on Georges 
Bank could adversely affect commercial fisheries because 
commercially important fish feed on benthic invertebrates 
there. A decreased rate of benthic production could de
crease fish production. Amphipods, particularly ampelis
cids, are both among the most important foods for some 
fish (Langton, 1983; Maciolek-Blake et al., 1984) and 
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sensitive to oil pollution, disappearing as a result of spills 
and chronic discharge (d'Ozouville et al., 1979; Elmgren 
et al., 1980a,b; Sanders et al., 1980; Cabioch et al., 
1981; Elmgren and Frithsen, 1982; Teal and Howarth, 
1984). Their loss from the community might slow the 
growth of adult fish or result in decreased spawning. 

Because they are much more difficult to study, much 
less is known of the potential effects of dissolved and 
suspended oil on pelagic ecosystems than of the potential 
effects of sedimented oil on the benthos. Merely to mea
sure the concentrations of hydrocarbons dissolved in sea
water has proved difficult, particularly after a spill, since 
sampling equipment is easily contaminated by the surface 
slick. The natural variations, both spatial and temporal, 
in plankton populations are great, making it extremely 
difficult to determine subtle effects of oil pollution. Thus 
the evidence is contradictory; yet some of it indicates that 
damage to the pelagic system of Georges Bank could oc
cur from relatively low concentrations of oil (as low as a 
few J.Lg/L), concentrations such as result from spills or 
that could result from the chronic discharge associated 
with oil production. 

Oceanographers generally have not been concerned 
with the potential effects of oil spills on the plants and 
animals of the water column because they have assumed 
that sufficiently high concentrations of oil do not remain 
in the water column long enough to cause problems (Lee, 
Takahashi, and Beers, 1978). Following the Argo Mer
chant spill in December 1976, however, concentrations of 
dissolved oil remained elevated throughout Georges Bank 
for at least 5 months (Boehm, Perry, and Fiest, 1978; see 
also chapter 19). Concentrations of oil under the slick 
immediately after the spill were as high as 250 J.Lg/L 
(Grose and Mattson, 1977). As part of baseline studies 
for offshore oil development, numerous samples for dis
solved hydrocarbons were taken on Georges Bank and 
Nantucket Shoals in February, May, August, and Novem
ber 1977 (Boehm, Perry, and Fiest, 1978). Analysis was 
by gas chromatography/mass spectrometry. Concentra
tions throughout Georges Bank and Nantucket Shoals 
ranged from 10 to 100 J.Lg/L in February, with a mean of 
44 J.Lg/L. By May, five months after the spill, concentra
tions had fallen, but were still above the levels to which 
they eventually fell; they ranged from 1 to 50 J.Lg/L, with 
a mean of 11 J,Lg/L. Concentrations fell to background 
levels-generally less than 1 J.Lg/L-by August and re
mained low into the winter of 1977-1978 (Boehm, 
Perry, and Fiest, 1978; Hoffman and Quinn, 1980; see 
also chapter 19). The background levels measured were 
probably mainly due to hydrocarbons of biotic origin, 
while the elevated concentrations were clearly from pe
troleum (Boehm, Perry, and Fiest, 1978; see also chapter 
19). That the high values in February 1977 were not just 
the result of seasonal changes in inputs from a variety of 
sources was shown by the finding of only background 
concentrations the following winter (Hoffman and Quinn, 
1980; see also chapter 19) and by the fact that the oil 
examined in February 1977 had a "fingerprint" resembling 
that of slightly weathered Argo Merchant oil (chapter 19). 
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These data following the Argo Merchant spill show 
that dissolved oil can stay in the water column of 
Georges Bank at elevated concentrations for at least 5 
months following a spill. This is long relative to the life 
cycles of many species in the plankton, and the concen
trations were high enough that they may have had harm
ful effects on some phytoplankton, although this was not 
studied. The persistence of the dissolved oil was much 
longer than the few days usually assumed (Department of 
the Interior, 1977; Royal Society, 1980). 

Investigations into whether chronic oil discharges result 
in elevated concentrations of dissolved petroleum hydro
carbons in the water column over offshore oil fields are 
as few as the studies of such concentrations following 
spills. Ward, Massie, and Davies (1980) found that con
centrations of dissolved oil hydrocarbons in the North 
Sea in 1977 measured by ultraviolet fluorescence were 
often elevated within 20 km of oil rigs (figure 53.5). The 
ultraviolet fluorescence method largely measures polynu
clear aromatic hydrocarbons, not total dissolved hydro
carbons, and the method is difficult to calibrate. Thus 
the values reported by Ward, Massie, and Davies (1980) 
tend to be much lower than those found by Gunkel et al. 
(1980) using an infrared fluorescence method 2 years ear
lier along a similar transect? Nonetheless, the concentra
tions reported by Ward and coworkers approached those 
shown to have effects in the Controlled Ecosystem Pollu
tion Experiment (CEPEX). It should also be noted that 
the volume of oil released chronically from rigs in the 
North Sea is expected to rise considerably because of the 
increased discharge of production water as the fields be
come older (C. S. Johnston, 1980). Read (1980) estimates 
that this may lead to a discharge increase from offshore 
oil installations of the United Kingdom of more than an 
order of magnitude between 1978 and 1988. At the time 
of the survey by Ward, Massie, and Davies (1980), little 
formation water in the northern United Kingdom fields 
had been discharged because the fields were new (R. 
Johnston, 1980). 

One concern is that chronic low-level oil discharge or 
oil persisting from spills may change the species composi
tion of the phytoplankton adversely. Compared with 
most of the continental shelf of eastern North America, 
the phytoplankton communities of Georges Bank are 
dominated by relatively large diatom species (chapters 20 
and 21). Some large species of diatoms-Thalassiosira 

· pseudonana (Pulich, Winters, and Van Baal en, 197 4) and 
Ceratualina bergonii (Lee et al., 1977)-are sensitive to 
oil; growth is inhibited by concentrations as low as 40 
~g/L of fuel oil (figure 53.6). Certain other phytoplank
ton species, particularly small-celled diatoms and nanofla
gellates, are less adversely affected by oil (Lee, Takahashi, 
and Beers, 1978), and photosynthesis in some species can 
be stimulated by low concentrations of oil, as Parsons, 
Li, and Waters (1976) have demonstrated for the nano
flagellate Chrysochoromulina kappa. These differential 
sensitivities to low concentrations of oil can result in 
some species replacing others, as shown by the CEPEX 
experiments. 

In studies in the CEPEX mesocosms, which were de
signed to mimic a pelagic ecosystem, Lee et al. (1977) 
found that a single addition of oil (initially 40 ~g/L, de
creasing to zero within 2 weeks) resulted in the replace
ment of the sensitive diatom Ceratualina bergonii by the 
nanoflagellate Chrysochromulina kappa. A similar bloom 
of Chrysochromulina kappa was caused in an earlier me
socosm experiment by the addition of 20 ~g/L of oil 
(Parsons, Li, and Waters, 1976). In two other experimen
tal oilings in which diatoms of the genus Chaetoceros 
were initially dominant, no major changes in phytoplank
ton species composition took place (Lee, Takahashi, and 
Beers, 1978). Apparently Chaetoceros species are more re
sistant to oil than are Ceratualina or Thalassiosira spe
cies, although in other microcosm experiments in which 
the system was exposed to fuel oil for 9 days with an ini
tial concentration of 100 ~g/L, large-celled (20-50 ~m) 
Chaetoceros species were replaced by small-celled ( <5 
~m) Chaetoceros species (Lee, Takahashi, and Beers, 
1978). 

In oil-addition experiments in the MERL mesocosms, 
no major changes occurred in the phytoplankton species 
composition (Elmgren et al., 1980b). In those experi
ments nanoflagellates and small centric diatoms, such as 
Leptocylindrus minimus, dominated both oiled and con
trol systems. These species were apparently quite resistant 
to oiling (Elmgren et al., 1980b). 

To date, very little work has been done on the abun
dance and composition of phytoplankton in offshore oil 
fields (Royal Society, 1980). Similarly, the way in which 
phytoplankton-species composition is affected by actual 
oil spills has received little study, in part because this has 
proved very difficult under spill conditions (Teal and 
Howarth, 1984). The best data on effects of a spill on 
phytoplankton probably are those from the Tsesis spill. 
There, phytoplankton species composition was not 
changed, but nanoflagellates, which may be relatively in
sensitive to oil (Parsons, Li, and Waters, 1976; Lee, Tak
ahashi, and Beers, 1978; Johansson, 1980) were already 
dominant at the time of the spill Qohansson, 1980). After 
the Bravo spill, diatoms dominated the phytoplankton 
both before and immediately after the spill (Rey, Seglem, 
and Johannessen, 1977). Two weeks later, Phaeocystis (a 
colonial flagellate) was found at some stations, but dia
toms were still dominant (Rey, Seglem, and Johannessen, 
1977). The Bravo spill is somewhat unusual in that only 
low levels of aromatic hydrocarbons were detected in the 
water, probably because the oil shot 50 m into the air at 
a temperature of 75-90°C before falling to the water, 
greatly facilitating evaporation (Audunson, 1977). The 
highest concentration found by Rey, Seglem, and Johan
nessen (1977) was only 1 ~g/L of aromatic hydrocar
bons. After the Torrey Canyon spill, the nanoflagellate 
Chrysochromulina kappa was found to dominate (Smith, 
1968), as in the CEPEX oiling experiments. However, 
there were no prespill data. After most other oil spills, in
cluding IXTOC, Amoco Cadiz, and Argo Merchant, there 
were few if any observations on phytoplankton-species 
composition (Teal and Howarth, 1984). 
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Figure 53.5 
Water-column concentration of dis-
solved oil, measured by ultraviolet 
fluorescence, as a function of dis-
tance from the nearest oil rig in 
several fields in the North Sea. 
[After Ward, Massie, and Davies 
(1980)] 

Figure 53.6 
Changes in the standing stock of 
the diatom Ceratualina bergonnii, 
whose abundance is measured by 
concentration of cellular carbon, in 
CEPEX mesocosms exposed to oil 
(light line) and in control meso-
cosms (heavy line). Petroleum was 
added on day 7 (indicated by ar-
row) so as to achieve an initial 

f 
8 10 13 16 19 

Day 
concentration of 40 l'g/L. [Lee et 
al. (1977)] 



There are many factors in addition to pollution that 
can cause dominance by nanoplankton, and many parts 
of the world ocean are so dominated because of food
web interactions or for reasons controlled by the circula
tion of the water (Eppley and Weiler, 1979). However, 
the phytoplankton of Georges Bank has an unusual abun
dance of large species, particularly on the shallower parts 
of the bank (chapter 21). 

Of what concern are changes in the species composi
tion of the phytoplankton? Greve and Parsons (1977) 
have speculated that a change from an ecosystem domi
nated by large phytoplankton (as is often the case on 
Georges Bank) to one dominated by small phytoplank
ters, such as nanoflagellates, might alter food chains to 
the detriment of the production of commercially valuable 
fish species. Their hypothesis is that communities domi
nated by large diatoms result in food chains leading to 
large zooplankton, then to young fish, and that commu
nities dominated by nanoflagellates have food chains 
leading to small zooplankton, then to ctenophores and 
medusae. Thus Greve and Parsons (1977) conclude that 
" the release of very small amounts of hydrocarbons in 
ocean areas where oil exploration is in progress could 
cause a decrease in the harvestable fisheries of those areas 
through indirect interference in the natural food web." 
Their hypothesis is unproved, but if true, could be impor
tant for Georges Bank resources. 

Another possible result of the change in phytoplankton 
toward smaller species might be to increase the number 
of steps in the food chain, thereby decreasing the effi
ciency with which the energy of primary production is 
transferred to fish (Ryther, 1969). This too would de
crease fish production. In the CEPEX experiment, where 
the nanoflagellate Chrysochromulina sp. replaced the 
large diatom Ceratulina sp., microzooplankton biomass 
(rotifers and tintinnids) also greatly increased as their 
food source, the nanoflagellates, increased (Lee et al., 
1977; Lee, Takahashi, and Beers, 1978). This is indica
tive of a long food chain. 

Oil can cause other changes in pelagic ecosystems. Bac
terioplankton frequently bloom after oil spills or experi
mental oilings, perhaps because of increases in the 
hydrocarbon-degrading component of the bacterioplank
ton (Lee, Takahashi, and Beers, 1978; Davis, Heffernan, 
and Sieburth, 1979; Johansson, 1980). The bacterial up
take of nutrients is potentially enough to limit phyto
plankton nutrient uptake and production where nutrients 
are low (Lee, Takahashi, and Beers, 1978). In some situa
tions spilled oil has stimulated phytoplankton production, 
apparently as a result of reduced grazing pressure ~y zoo
plankton Uohansson, 1980). The complexity and tem
poral and spatial variability of pelagic ecosystems, 
combined with relatively little research on the effects of 
oil on pelagic ecosystems, severely limit knowledge of 
these effects at present (Lee, Takahashi, and Beers, 1978; 
Teal and Howarth, 1984). 

Direct Effects of Oil on Fish and Shellfish 

Previous sections have dealt with the effects of oil on the 
ecosystems that support fisheries. Oil can also have direct 
effects on fish and shellfish. Oil spills have been shown 
to kill adult fish (Hampson and Sanders, 1969; Hess, 
1978), contaminate fish (Mackie, Hardy, and Whittle, 
1978; MacLeod et al., 1978a,b; Neff and Haensly, 1981) 
and shellfish (National Academy of Sciences, 1975; Gilfil
lan and Vandermeulen, 1978; Boehm et al., 1980; Lase
ter et al., 1981), reduce the growth of fish and shellfish 
(Gilfillan and Vandermeulen, 1978; Conan and Friba, 
1981), and perhaps decrease fish recruitment (Laubier, 
1980; Desaunay, 1981). Of these effects, the potential 
for decreases in recruitment, although controversial 
(Royal Society, 1980; Royal Commission on Environmen
tal Pollution, 1981), is probably of most concern for 
Georges Bank, and this will be discussed in some detail. 
Contamination of shellfish may also be a serious prob
lem, since many shellfish concentrate oil to fairly high 
levels-up to 30 mg oil per gram dry weight of tissue 
(Boehm et al., 1980). Contamination of shellfish can per
sist as long as the sediments they live in remain contami
nated, which can be at least 6-12 years for fine-grained, 
organic-rich sediments (Gilfillan and Vandermeulen, 
1978). Contamination of fish appears to be much less of 
a problem (Teal and Howarth, 1984). (Contamination is 
discussed in more detail by Capuzzo, 1985.) 

The factors that control fishery recruitment are very 
poorly understood (Hennemuth, Palmer, and Brown, 
1980), making it nearly impossible to predict with any 
certainty how oil pollution will affect recruitment. None
theless, numerous lines of evidence suggest ways in which 
oil may reduce recruitment. For instance, oil pollution 
may lead to decreased spawning (Nellbring et al., 1980), 
can kill fish eggs and larvae (Miranov, 1968; Johannes
sen, 1976; Grose and Mattson, 1977; Kiihnhold et al., 
1978; Longwell, 1978; Nellbring et al., 1980; Teal and 
Howarth, 1984), and can delay the development of fish 
eggs (Kiihnhold et al., 1978). 

If the sediments of spawning grounds become contami
nated with oil, decreased spawning may result (Nellbring 
et al., 1980). No one knows how much of a decrease in 
spawning is necessary to cause a decrease in recruitment, 
but clearly a large enough decrease in spawning will de
crease recruitment. Contaminated spawning grounds may 
have another adverse effect on recruitment; exposure of 
adult fish during gonad maturation to an average concen
tration of 10 ,ug/ L of dissolved oil for 10 days can cause 
reduced survival and growth of the larvae coming from 
the eggs laid by such fish (Kiihnhold et al., 1978). 

One of the few studies of the effects of oil on fish eggs 
following a spill was conducted after the Argo Merchant 
spill on Nantucket Shoals. Although this investigation 
was limited, the evidence suggests a major effect. An av
erage of 20% of cod eggs and 46% of pollock eggs were 
dead or damaged at all stations sampled near the oil slick 
(Grose and Mattson, 1977; Longwell, 1978). This finding 
has been quite controversial, in part because the data set 
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is limited and in part because the highest mortalities were 
found at stations with little or no evidence of the slick 
(Grose and Mattson, 1977). This might lead one to ask 
whether the oil was in fact responsible for the mortality, 
but the presence or absence of a slick can be a very poor 
indicator of subsurface oil concentration (Teal and How
arth, 1984). The greatest contamination of zooplankton 
with oil also occurred at stations having no obvious slick 
(Grose and Mattson, 1977). Because zooplankton con
tamination and fish-egg mortality were correlated (figure 
53.7), it has been suggested that zooplankton contamina
tion is a better indicator of the presence of oil in the 
water column than a surface slick and that the oil indeed 
caused significant fish egg mortality (Teal and Howarth, 
1984). Evidence for high pilchard-egg mortality was re
ported after the Torrey Canyon spill, although there the 
use of oil dispersants may have caused or contributed to 
the mortality (Smith, 1968). 

Two recent British reports have stated that oil spills are 
unlikely to have any major impact on stocks of commer
cial fish (Royal Society, 1980; Royal Commission on En
vironmental Pollution, 1981). In part, this is based on 
assumptions that oil is not dispersed in harmful concen
trations to depths greater than 1 or 2 m (Royal Commis
sion on Environmental Pollution, 1981) and that 
evaporation rapidly removes the more toxic constituents 
of an oil slick so that the toxicity of a spill becomes neg
ligible in a matter of hours (Royal Society, 1980). An 
evaluation of two recent oil spills shows that these as
sumptions are poor ones, particularly when applied to 
Georges Bank. Immediately after the Argo Merchant spill 
on Nantucket Shoals, concentrations of oil of up to 210 
,ug/ L were detected at a depth of 20 m (Vandermeulen, 
1982). As noted earlier, elevated concentrations of oil, 
including toxic aromatic hydrocarbons, persisted for at 
least 5 months, and the dissolved hydrocarbons were uni
formly mixed from top to bottom on Georges Bank dur
ing this time (Boehm, Perry, and Fiest, 1978; see also 
chapter 19). Storm-wave action, tidal mixing, and the 
lack of water-column stratification probably all contrib
uted to mixing the oil deeply (Vandermeulen, 1982; 
Wiseman, Payne, and Akenhead, 1982). 

A near-uniform contamination of the water column 
also occurred following the Amoco Cadiz spill, with con
centrations of up to 100 ,ug/ L found at a depth of 100 
m (Marchand, 1978). Once oil is dispersed in the w~ter 
column, the toxic components are much more slowly lost 
than they are from a surface slick (Vandermeulen, 1982). 
The rapporteurs in a recent report of the Canadian De
partment of Fisheries and Oceans on the effects of off
shore oil production on fish stocks conclude that "with 
respect to impacts on fish, there is clear evidence from 
laboratory studies that given the expected range of hydro
carbons in the water column there would be lethal, as 
well as sublethal, effects on the eggs and larvae of teleost 
fish" (Wiseman, Payne, and Akenhead, 1982). 

Most of the commercially important fish on Georges 
Bank have planktonic eggs or larvae or both (Bigelow and 
Schroeder, 1953; Colton and Temple, 1961). These drift 
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Figure 53.7 
Correlation between the contamina
tion of zooplankton and the death 
of fish eggs following the Argo 
Merchant spill. Symbols represent 
individual stations and signify 
whether an oil slick was clearly vis
ible (Y), barely visible (S), or not 
visible (N); r is 0.84. [Data: Grose 
and Mattson ( 1977); figure: Teal 
and Howarth (1984)] 

Figure 53.8 
Concentration of oil hydrocarbons 
normally found on Georges Bank, 
found on Georges Bank after the 
Argo Merchant spill, and found 
within 15 km of oil rigs in the North 
Sea (heavy lines), all compared 
with concentrations shown in labo
ratory and mesocosm studies to 
have deleterious effects on living 
things (thin lines). Key: (1) water 
column under spills; (2) Georges 
Bank 2 months after Argo Mer
chant; (3) Georges Bank 5 months 
after Argo Merchant; (4) within 15 
km of North Sea oil rigs; (5) back
ground on Georges Bank; (6) de
creased viability of fish eggs and 
larvae; (7) change in phytoplankton 
species composition; (8) disruption 
of normal feeding of snails and 
crabs; (9) inhibition of fertilization 
by macroalgae; (10) uptake of naph
thalene by cope pods; and ( 11) 
mortality of adult fish. 

for 4-5 months before developing into juvenile fish capa
ble of strong swimming. Because the time required for a 
water parcel to complete a revolution in the clockwise 
gyre that flows around Georges Bank at some seasons is 
only about 2 months (chapter 11), fish eggs and larvae 
spawned at many times and places on Georges Bank will 
be carried through the oil and gas lease areas during their 
development into juvenile fish. If oil is produced, chronic 
oil pollution may be sufficient to kill these eggs and lar
vae (figure 53.8). Johannessen (1976) found that 10-25 
~tg!L of the water-soluble components of a crude oil ad
versely affected the hatching of capelin eggs, and Mira
nov (1968) reported that 10-100 .ug/ L of refined oil 
products caused 40-100% mortalities in plaice eggs. 
Kiihnhold et a!. (1978) found that exposure of winter 
flounder eggs to 100 .ug!L of water-accommodated No. 
2 fuel oil significantly reduced their hatching. As dis
cussed earlier, the composition of this water-accommo
dated fuel oil is likely to be similar to the composition of 
oil released in formation waters during oil-field develop
ment in that both are enriched with the most soluble aro
matic hydrocarbons. Vandermeulen and Capuzzo (1983) 
concluded that petroleum concentrations in the range of 
2-10 .ug/ L can decrease larval fish viability. 

Georges Bank is not a closed hydrologic system, and 
there is a considerable exchange of water between the 
bank and its surroundings that varies with the seasons 
(chapters 10-14 and 38). Were an oil field to be devel
oped, the oil-induced mortality of fish eggs and larvae 
from chronic pollution would be greatest when the bank 
was . hydrologically most closed, since the circulation of 
recently spawned eggs and larvae through the oil field 
would be greatest at that time. Because primary produc
tion is high on Georges Bank (chapter 21), and it is gen
erally a favorable environment for larval development 
(Colton and Temple, 1961), the times when the bank is 
hydrologically most closed may be the time when the 
survival of fish eggs and larvae is greatest, resulting in 
large year classes. Thus oil production on Georges Bank 
might have relatively little effect on fishery recruitment in 
years when recruitment would have been low in any 
event, but it might significantly harm recruitment in years 
when recruitment otherwise would have been high. Com
mercial fisheries depend heavily on the production of 
large year classes, even though such year classes occur 
sporadically. Thus the reduction in their size would have 
significant economic effects. 

The two recent British reports (Royal Society, 1980; 
Royal Commission on Environmental Pollution, 1981) 
have concluded that even if an oil spill or chronic pollu
tion killed large quantities of fish eggs or larvae, no ma
jor effect on recruitment would be likely. This conclusion 
seems based largely on .the bel-ief that oil-caused mortality 
would be dwarfed by an already immense natural mortal
ity (Royal Commission on Environmental Pollution, 
1981) and that " the effects of density-dependent mortal
ity are likely to compensate for additional density-inde
pendent losses caused by oil pollution" (Royal Society, 
1980). That is, these reports believe that when oil kills 

some fish eggs or larvae, the remaining ones have a 
greater chance of survival. However, even assuming that 
such compensating mechanisms are very important, a 
model developed by Spaulding et a!. (1983) suggests that 
an oil spill on Georges Bank could significantly reduce re
cruitment in the commercial fisheries there. In a typical 
run of their model that predicted a 41.6% mortality rate 
of cod larvae caused by an oil spill, the resulting cumula
tive loss of the year class was estimated to be 24%. 

Such assumptions about density-dependent compensa
tion are based on observations in unpolluted environ
ments, and the effects of pollutant-induced mortality on 
density-dependent mortality have never been tested. It is 
at least arguable that density-dependent compensating 
mechanisms are not likely to be important following an 
oil spill, if the spill kills entire patches of larvae while 
leaving other patches unaffected. Density-dependent com
pensating mechanisms would work within patches rather 
than between patches if, for example, cannibalism among 
larvae were a major kind of density-dependent compensa
tion, as it may well be on Georges Bank (Ellertsen et a!., 
1981; Reed, Spaulding, and Cornillion, 1981). Models of 
effects of oil spills on fish recruitment are very sensitive 
to assumptions about density-dependent compensation 
among fish larvae (Reed, Spaulding, and Cornillion, 
1981). 

Low concentrations of oil have sublethal effects on 
fish eggs and larvae that also may be important to re
cruitment. For instance, oil can delay the hatching of eggs 
and slow the growth of larvae (Kiihnhold et a!., 1978). 
Since eggs and larvae are very susceptible to predation 
(0iestad, 1982; Ellertsen et al., 1981), a slower develop
ment rate could greatly increase mortality by predation. 
Furthermore, predation on fish eggs and larvae may be a 
major factor controlling recruitment (Cushing, 1976; 
Laurence eta!., 1979; 0iestad, 1982). Indeed, Cushing 
(1976) has hypothesized that the larval growth rate, by 
changing the time of exposure to predation, may be the 
most important factor controlling recruitment. Thus sub
lethal concentrations of oil could decrease recruitment by 
slowing development. 

On Georges Bank, competition for food between fish 
larvae and certain zooplankton species also may be im
portant in determining fishery recruitment (Davis, 1984). 
If so, low-level oil discharge might affect recruitment by 
affecting competition between the fish larvae and the · 
zooplankton, if these groups differ in their sensitivity to 
low levels of oil. 

Despite a seeming potential for an oil spill or chronic 
oil pollution to affect fishery recruitment adversely, there 
is no conclusive evidence that recruitment to stocks in 
fact has been affected (Royal Society, 1980; Royal Com
mission on Environmental Pollution, 1981; Mcintyre, 
1982; Teal and Howarth, 1984), except perhaps in local
ized, nearshore waters or small bays (National Academy 
of Sciences, 1975; Laubier, 1980; Desaunay, 1981). Al
though there was a significant mortaiity of pilchard eggs 
following the T orrey Canyon spill, there was no detecta-



ble effect on the population of adult pilchards in follow
ing years (Royal Commission on Environmental Pollution, 
1981). This also appears to be the case for cod and pol
lock stocks following the Argo Merchant spill. (This as
sessment is based on unpublished stock assessment data 
of the National Marine Fisheries Service, Woods Hole, 
Massachusetts.) However, the natural variability in fishery 
recruitment is great (Hennemuth et al., 1980), and be
cause of this large variability, it is unlikely that the reduc
tion of a year class from an oil spill could be detected by 
stock assessment methods unless the reduction was very 
large (Longhurst, 1982; Sinclair, 1982; Ware, 1982; Wise
man, Payne, and Akenhead, 1982). The rapporteurs of 
the recent Canadian report on offshore oil and fish 
stocks stated that "the consultation was adamant that a 
distinction be made between 'no statistically detectable 
effect' on stock recruitment and 'no effect.' There is con
cern that 'no detectable effect' may be interpreted by 
some as no effect on fish stocks as a consequence of a 
major oil spill" (Wiseman, Payne, and Akenhead, 1982). 
The executive summary of the same report states that 
"due to wide annual variability in populations, existing 
juvenile and pre-recruit surveys have very large confidence 
limits and it is unlikely that mortalities less than an order 
of magnitude would be detectable. Although precision of 
adult stock estimates is much better, it would still only 
be possible to detect mortality when it reached 25% in 
the 'best case' stock, and in most cases mortalities higher 
than 25% may well go undetected" (Longhurst, 1982). 

As for oil spills, there is little evidence to show that 
chronic oil pollution associated with offshore oil produc
tion either has or has not affected fishery recruitment in 
such areas as the Gulf of Mexico and the North Sea (Na
tional Academy of Sciences, 1975; Manners, 1982). 
However, the Royal Society (1980) report notes that 
monitoring in offshore oil fields has largely not investi
gated effects on the species composition and abundance 
of the fish fauna. Catches per unit effort of commercially 
valuable fisheries have fallen in both the Gulf of Mexico 
(National Academy Of Sciences, 1975) and the North Sea 
(Manners, 1982), but in both cases it is impossible to dis
tinguish the impact of oil pollution from the effects of 
other pollutants, overfishing, other alterations of the en
vironment, and natural fluctuations. In any event, the 
National Academy of Sciences (1975) warns against gen
eralizing from either the Gulf of Mexico or the North 
Sea to other areas. There are at least some reasons to 
suspect that the hydrology of Georges Bank and its im
portance as a nursery ground for larval fish may make 
fishery stocks there particularly vulnerable to oil pollu
tion (Howarth, 1979; Scarratt, 1982). 

Protecting Georges Bank 

How can the biotic resources of Georges Bank best be 
protected from oil spills? And if oil is developed on 
Georges Bank, what sort of management strategy can 
provide an adequate level of environmental protection? 

I believe that there are only a few means for doing these 
things. 

There are two principal approaches to minimizing dam
age from oil spills. One is to contain and clean up the oil 
that has been spilled. The other is to minimize the spill
ing. The second strategy is probably preferable for all 
parts of the ocean (Hall et al., 1978) and is the only 
choice for Georges Bank, where oil-spill cleanup is pres
ently impractical and will probably remain so (Milgram, 
1977; Stewart, 1977; Hall et al., 1978; Poley, 1981). 
Preventing spills by such steps as requiring double-bot
tomed hulls on tankers and carefully controlling tanker 
routes would minimize oil spillage from tanker accidents 
on Georges Bank. 

A variety of approaches might be used to protect 
Georges Bank from the chronic pollution associated with 
oil production. Current practice in most offshore oil 
fields is to set discharge standards mainly on the basis of 
the ready availability of inexpensive control technologies; 
information relating to environmental quality plays little 
role (Fischer and von Winterfeldt, 1978). "Best available 
technology" is used without determination of its ade
quacy, and there is little incentive to improve offshore 
pollution-control technology. 

Another approach to managing waste disposal-what 
might be called "adaptive" management-would be to 
allow oil discharges and to monitor for environmental ef
fects, since it is impossible to predict with any precision 
what effects oil discharge will have on natural ecosystems 
and commercial fisheries. As adverse effects were found, 
discharge standards could be tightened. This is more or 
less the approach that the Minerals Management Service 
and the Environmental Protection Agency have taken for 
discharges of drilling fluids and cuttings during explora
tory drilling in the area on Georges Bank of lease sale 42. 
However, I think this approach is potentially dangerous 
in that it does not take into account the large uncertain
ties involved. Major deleterious effects, such as a de
crease in what would otherwise have been a large year 
class of fish, could go unnoticed by a monitoring 
program. 

A more conservative approach in the face of such un
certainty would be for managers to assume that the most 
damaging of potential effects will in fact occur. Regula
tion then would be aimed at keeping discharges below 
levels at which there is any reasonable chance of harm. 
Exactly what concentrations should be considered suffi
ciently low is open to argument, but based on the infor
mation presented here, I believe that amounts of 
dissolved aromatic hydrocarbons in the water column 
should be kept well below 1 ~g/L everywhere at dis
tances beyond a few hundred meters from points of 
discharge. Such an approach is very different from the 
regulation procedures now used and would call for a 
more sophisticated monitoring of oil hydrocarbons in the 
environment than has been conducted so far on any oil 
field; such monitoring is now possible. 
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Improvements in the regulation of offshore oil produc
tion depends on new knowledge. There are many pressing 
needs, but perhaps state-of-the-art monitoring of oil hy
drocarbons in the waters and sediments of existing off
shore oil fields, such as those in the North Sea and the 
Gulf of Mexico, should be accorded the highest priority. 
Better studies on the fate of petroleum hydrocarbons in 
such environments are also needed. Further research on 
the effects of low-level oil pollution on natural ecosys
tems, both pelagic and benthic, is another critical need. 
Experimental mesocosms, such as those used in the 
MERL and CEPEX projects, are probably the most eco
nomical approach to such studies, but field studies in 
areas of chronic discharge should also be performed. Any 
studies on the response of the biota to oil discharge must 
be tied closely to analyses of the kinds and amounts of 
oil hydrocarbons. Because they have so far been largely 
ignored in offshore oil studies, I believe that pelagic stud
ies should be emphasized, as difficult as they may be to 
carry out. The relation between phytoplankton-species 
composition and fishery production is one obvious area 
of research. 
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Notes 

1. Recruitment is the introduction of 
new fish of harvestable size into a fish
ery (chapter 48). 

2. Some oil spillage can occur in a nat
ural gas field if "wet" gas (gas contain
ing 10-50 barrels of oil per million 
cubic feet of gas) rather than "dry" gas 
is found (Science and Public Policy 
Program, University of Oklahoma, 
1975). 

3. Ixroc I was an exploratory well in 
the Bay of Campeche (Gulf of Mexico) 
that blew out in June 1979 and was 
not capped until March 1980. The oil 
lost to the sea was estimated at 
0.45-1.4 million tons-the world's 
largest spill. 

4. Mesocosms are experimental ecosys
tems consisting of enclosures generally 
larger than 10 m3• They are designed 
to mimic natural communities as much 
as possible, but they allow experimen
tal manipulations with replication and 
under controlled conditions that are 
seldom possible in nature. Results from 
two different mesocosm projects are 
cited in this chapter. The Controlled 
Ecosystem Pollution Experiment (CE
PEX) used very large plastic bags sus
pended in Saanich Inlet (British 
Columbia) for examining planktonic 
ecosystems; the Marine Ecosystem Re
search Laboratory (MERL) used large 
tanks near Narragansett Bay (Rhode 
Island) containing both seawater and 
sediments. Most studies at MERL are 
devoted to the study of benthic and 
planktonic ecosystems and the coupling 
between them. 
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5. Low-energy environments are sub
jected to little wave action and only 
low-velocity currents. High-energy en
vironments are subjected to regular 
wave action, high-velocity currents, or 
both. 

6. Platform Bravo in the Ekofisk field 
in the North Sea blew out for a week 
in April 1977. Twelve thousand tons 
of oil reached the sea surface from this 
spill. The oil shot 50 m into the a.ir at 
a temperature of 7 5-90°C, so that 
much of it evaporated before hitting 
the sea surface. 

7. This points up the difficulty of 
measuring low levels of dissolved oil 
hydrocarbons and the need for labora
tories to intercalibrate. There is a 
pressing need for studies of dissolved 
hydrocarbons in offshore oil fields us
ing better analytical procedures, such 
as gas chromatography I mass 
spectrometry. 
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The authority for the environmental-protection programs 
that accompany outer-continental-shelf (OCS) leasing for 
petroleum development comes principally from the Outer 
Continental Shelf Lands Act of 1953 (OCSLA) and its 
1978 amendments, the National Environmental Policy 
Act (NEPA) of 1969 and the Clean Water Act (CWA, 
formerly the Federal Water Pollution Control Act) of 
1972. The Coastal Zone Management Act of 1972 has 
also influenced the development of these programs. 
Taken as a whole, this legislation has increased the num
ber of factors to be considered as OCS areas are identi
fied for leasing, explored, and brought into production. 
The most far-reaching set of changes to the leasing pro
gram since its inception in 19 53 was wrought by the 
1978 amendments to the OCSLA Qones, Mead, and Sor
enson, 1979; Krueger and Singer, 1979).1 

Although the basis for decision making on OCS mat
ters has been broadened in many ways, the role of envi
ronmental information has attracted particular attention 
(General Accounting Office, 1981a,b), especially over the 
last decade, in part due to heightened public awareness of 
environmental matters. At present, lease sales are seldom 
conducted in environmentally sensitive areas without seri
ous court challenges. This is true for Georges Bank, 
which is widely perceived as an area especially rich in liv
ing resources. The possibility that leasing would lead to 
contamination of these resources sparked debate early in 
the process (Finn, 1980a), and the bank has been the ob
ject of an extensive set of environmental-protection 
programs. 

Lease sale 42 (December 1979), the first sale in the 
Georges Bank region, occurred soon after the implemen
tation of certain federal regulations requiring increased 
attention to environmental matters. Subsequent to lease 
sale 42 the Department of the Interior (DOl) modified 
the national . OCS leasing program, calling for a shift in 
emphasis in environmental programs, especially at the 
prelease stage (Department of the Interior, 1982). Section 
18 of the OCS Lands Act requires that the secretary of 
the interior periodically prepare a national leasing sched
ule for a 5-year period. Under Secretary Watt the DOl 
developed an accelerated schedule, the so-called stream
lined leasing progra,m. The program has two key compo
nents-the prelease environmental programs are reduced 
in number and scope, and the acreage offered in an OCS 
lease sale is significantly increased. The prelease environ
mental programs for lease sale 42, therefore, are rela
tively extensive compared with those envisioned for 
future OCS lease sales. 

The following sections describe some of the environ
mental-protection questions associated with OCS leasing 
activities and the principal environmental programs that 
have been developed for Georges Bank. In measuring the 
success or failure of these programs, it is necessary to 
keep in mind their original objectives. The stated objec
tive of many was to provide decision makers with infor
mation about the actual and potential effects of oil and 
gas development. These programs, often the product of 
intense negotiation in a charged political atmosphere, 

have in the past modified public opinion and gained po
litical acceptablility for OCS development, activities that 
can carry major economic significance. The development 
of a rigorous monitoring program for Georges Bank, 
which will be described, helped ease public concerns over 
environmental impacts. 

The Primary Environmental-Protection Questions 

The environmental-protection questions associated with 
petroleum development in the marine environment in
volve the pollutants of concern, the resources likely to be 
affected, and the nature and extent of environmental im
pact that might occur. 

Pollutants of Concern 
The major pollutants of concern are hydrocarbons (Na
tional Academy of Sciences, 1975; Travers and Luney, 
1976; MacLeish, 1977) and drilling fluids (Neff, 1980; 
Haughton et al., 1981; Petrozzuolo, 1981). As the ques
tions of effects become more clearly defined, particular 
trace contaminants, certain fractions of the organics in
volved, and other materials may emerge as the chief ob
jects of study (Struhsaker, Eldridge, and Echeveirria, 
1974; Middleditch, Basile, and Chang, 1979; Newbury, 
1979; Conklin, Doughtie, and Rangu Rao, 1980; Liss et 
al., 1980). The Final Environmental Impact Statement 
(FEIS) on Georges Bank lease sale 42 (Department of the 
Interior, 1977) anticipated that source pollutants would 
include drill cuttings, domestic and sanitary wastes, and 
formation waters as well as those directly derived from 
petroleum and drilling fluids. It estimated total discharges 
of as much as 320,000 tons of cuttings, 126,000 tons of 
drilling muds, and 131 million gallons of domestic and 
sanitary wastes during exploration, concluding that these 
would be the major pollutants associated with the ex
ploratory phase. Similarly, the study estimated that, 
should petroleum finds be high, total discharges of as 
much as 418,000 tons of cuttings, 110,000 tons of 
muds, and 661 million gallons of domestic and sanitary 
wastes would be discharged during development and over 
the life of the producing field. The study suggested that 
during development and production formation waters and 
accidental discharges of oil would comprise the major 
pollutants and noted that formation waters, which are 
anoxic and can contain hydrocarbons and other trace 
contaminants, can range from 20 to 150% of the oil vol
ume produced. 

The concern for the impact of drilling fluids, the single 
most important pollutant associated with exploration, 
was particularly high (Haughton et al., 1981). Drilling
fluid discharges can range from 100 to 200 barrels per 
day over the life of a typical exploratory well, with occa
sional bulk discharges of 100-2,000 barrels. Numerous 
potentially toxic substances are associated with this dis
charge, principally barium, cadmium, and other metals 
asssociated with barite; chromium associated with ferro
chrome lignosulfonate; and biocides and other organic 
compounds (chapters 16 and 52). In addition, up to 
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5,000 tons of rock cuttings can be produced from a sin
gle exploratory well (Rieser and Spiller, 1981). Several 
New England states joined forces to commission their 
own study on the subject (Rieser and Spiller, 1981), 
under the auspices of the New England River Basins 
Commission. The study was intended to aid the states in 
decision making on leasing issues. 

Resources Likely to Be Affected 
Numerous components of marine ecosystems have been 
the object of impact studies as a result of petroleum de
velopment in the sea (chapter 53). Representative studies 
for fish include Anderson et al. (1977), Saba and Stege
man (1977), and Law (1978); for benthic communities, 
Nunes and Benville (1978), Straughan and Hadley (1978), 
Tagatz and Tobia (1978), Pequegnat and Jeffrey (1979), 
Tagatz, Ivey, and Oglesby (1979), and Neff (1980); for 
planktonic organisms, Lee et al. (1977), Corner (1978), 
and Ustach (1979); for sea birds, King and Lefever 
(1979), King et al. (1979), Dubrawski and Falandysz 
(1980), and Levy (1980); for marine mammals and tur
tles, Cetacean and Turtle Assessment Program (1982); 
and for bacterial communities, Hollaway, Faw, and Size
more (1980). Benthic communities and benthic organ
isms, because they are relatively easy to study and are 
food for man, have often received particular attention in 
biologic studies, as was the case for Georges Bank. The 
discussion of impact on biologic communities in the FEIS 
pertaining to Georges Bank lease sale 42 was organized 
into impact on plankton, including the eggs and larvae of 
all species, and on benthos, fish, mammals, and birds. 

Nature and Degree of Impact 
Pollution in the sea is difficult to assess. Concentrations 
are often low, and deleterious effects can occur far from 
the source of the pollutants. The list of questions con
cerning effects is a long one; they relate to long-term ver
sus short-term effects, the effects of spills versus the 
effects of chronic low-level discharges, the proper geo
graphic and temporal scales of study, the mechanisms 
that incorporate pollutants into the environment, the ulti
mate fates of pollutants, the presence of sinks for con
taminants, the presence of areas of particular sensitivity, 
the nature and degree of sublethal effects on organisms 
as contrasted with acute toxic effects, and the nature of 
the alterations that occur at various levels in biologic sys
tems, ranging from the cellular level to the level of eco
system interaction (Capuzzo, 1981). 

The studies that have accompanied Georges Bank lease 
sale 42 reflect many of these concerns. Impact on the 
benthic community has been emphasized in the monitor
ing program that has accompanied exploratory drilling 
(chapters 16, 28, 52, and 53). A great deal of effort has 
gone also into determining the basic patterns of ocean 
circulation in the region. This work has been oriented to
ward understanding the long-term fate and effects of pol
lutants introduced into the Georges Bank gyre (Butman et 
al., 1982b; see also chapter 11), including pollutant trans
port by off-shelf and along-shelf currents to possible 



sinks in canyon heads and in the Mud Patch south of 
Martha's Vineyard (Bothner et al., 1981; see also chap
ters 4 and 13). The canyons along the shelf/slope break 
have been singled out as sensitive habitat for lobsters, ti
lefish, and other marine organisms (chapter 6). Lobsters 
and their larvae, because of their commercial importance, 
were studied to determine their vulnerability to sublethal 
effects resulting from chronic low-level exposure to hy
drocarbons and other pollutants (Atema, 1977; Thurberg 
et al., 1977). 

As Georges Bank lease sale 42 loomed in the mid-
1970s, it became clear that most questions of environ
mental impact could not be answered with any certainty. 
Studies that had reported only minimal effects from oil 
and gas development in the Gulf of Mexico, where oil 
development has been established for some time (Morgan 
eta!., 1974), were challenged on the basis of their scien
tific validity and their applicability to the Georges Bank 
environment (Sanders and Jones, 1981); other studies had 
suggested that catastrophic events, such as major spills, 
could have significant long-term impact (Sanders et a!., 
1980). Scientists, representatives of industry, and environ
mentalists debated the question of impact in a series of 
public and private forums (Robadue and Tippie, 1980; 
see also chapter 55). 

OCS Leasing and Environmental-Protection Programs 
for Georges Bank 

As a result of the implementation of the accelerated OCS 
oil and gas leasing program by Interior Secretary James 
Watt in July 1982 (Department of the Interior, 1982), 
leasing is now managed by the Minerals Management 
Service (MMS), which is comprised of the Conservation 
Division of the U.S. Geological Survey (USGS) and parts 
of the old Bureau of Land Management (BLM). The re
vised leasing program retains a structural similarity to its 
predecessor; its formalized procedures maintain, for ex
ample, a separation of events preceding the lease sale 
from those following the sale. 

Formal steps in the prelease phase begin with the filing 
of Resource Reports from relevant federal agencies, 
which identify generally the resources of the region in
volved in the sale. These are followed by a Call for In
formation by the MMS, which usually draws replies from 
the states, public-interest groups, and the oil and gas in
dustry, as well as additional comment from federal agen
cies. The information received can range from indications 
by the industry of areas of particular interest within the 
sale region to statements from others outlining environ
mental concerns. The subsequent Area Identification de
scribes the actual area to be leased within the original 
region, taking into account these comments and the 
USGS estimates of recoverable petroleum resources (chap
ter 50). 

Once the area of the lease sale has been identified, an 
Environmental Impact Statement (EIS) is prepared by the 
MMS. Numerous consultations with the affected states, 
federal agencies, and others can occur at this time, partie-

ularly in the period between the release of the draft EIS 
and the final version. Consultations between the DOl and 
the Fish and Wildlife Service (FWS) and National Marine 
Fisheries Service (NMFS) over endangered species can be 
particularly important. Stipulations or special conditions 
can be imposed on all or parts of the lease area as a re
sult of consideration of endangered-species questions, 
geologic hazards to drilling, and other factors. 

The publication of the Notice of Lease Offering by the 
MMS is preceded by the issuance of the Secretarial Issue 
Document, in which environmental, social, and economic 
costs and benefits of the proposed sale and its alterna
tives are weighed. Stipulations on particular blocks eligi
ble for leasing or for the sale area as a whole will 
generally be announced at this time. If court challenges 
to the sale are not pending at this point, the sale can be 
held as announced. 

After the leases have been sold, an Exploration Plan 
and Environmental Report must be filed with the MMS 
by the leaseholder before exploratory drilling can begin. 
In this report, the type and quantity of wastes to be gen
erated during drilling are described and environmentally 
sensitive areas within the leased tracts are identified (U.S. 
Geological Survey, 1982). The basis for final DOl ap
proval of exploration plans is an additional Environmen
tal Assessment, prepared by the MMS in response to the 
leaseholder's report. Before exploratory drilling can be
gin, however, a National Pollution Discharge Elimination 
System (NPDES) permit must be issued by the Environ
mental Protection Agency (EPA). This permit is intended 
tb regulate platform discharges under the provisions of 
the Clean Water Act. 

The first Georges Bank lease sale, L.S. 42, was initiated 
with a Call for Nominations (under the old leasing rules) 
in June 197 5. The sale was not held until four and a half 
years lat-er (December 1979), as a result of litigation and 
other delays. Exploratory drilling commenced in July 
1981, after another lengthy delay while EPA considered 
the issuance of permits for the discharges associated with 
exploratory drilling. The second Georges Bank lease sale, 
L.S. 52, originally scheduled for 1982, also was delayed 
considerably, then canceled in November 1983. 

Lease sale 82 was the first regional sale in the North 
Atlantic to be conducted under the revised leasing proce
dures embodied in DOl's 5-year leasing schedule for 
1982-1986. Under the revised procedures, the potential 
sale area can encompass the entire planning area, and the 
portion finally identified for sale can be significantly 
larger than lease areas offered under the old rules have 
been. Lease sale 82 involved about 25 million acres of 
the 60 million acres within the original call area. (The 
sale was canceled in September 1984; see chapter 55.) In 
comparison, the original sale area for L.S. 42 was about 
16 million acres, of which 1.2 million acres were subject 
to study in the sale's EIS. One hundred and sixteen 
blocks totaling about 670,000 acres were finally offered 
for sale, and bids were received and accepted on 63 
blocks, an area of about 370,000 acres. 

553 Environmental-Protection Programs 

Prelease Programs 

The Environmental Studies Program 
During the 1970s the source of much environmental 
information about OCS areas was the Environmental 
Studies Program of the BLM (table 54.1). The BLM 
Benchmark Studies Program was based on the premise 
that a statistically sound picture of the status of a system 
at some time-a baseline-could be developed against 
which changes during and after petroleum development 
could be compared (Interagency Commission on Ocean 
Pollution Research, Development, and Monitoring, 
1981). The North Atlantic OCS study, conducted by the 
Energy Resources Company (1978), was initiated in 1976. 
It was intended to determine the range of hydrocarbon 
and trace-metal concentrations in sediments and benthic 
animals and to characterize benthic communities in the 
area of the lease sale prior to the onset of exploration. 
An attempt was also made to quantify the natural varia
tion in benthic populations in the belief that such base
line information was a necessary precursor to later 
monitoring. 

The Environmental Studies Program for the North At
lantic and Georges Bank has changed considerably since 
its inception in 1973. The program's initial orientation 
toward so-called baseline or background studies has given 
way to an emphasis on fate and effects questions (table 
54.1). 

These changes in the Environmental Studies Program, 
which have not been limited to the Georges Bank region, 
have been made not only to reduce the overall level of 
funding (some $38 million have been spent in the North 
Atlantic region; table 54.1), but also to provide informa
tion thought to be of more relevance to decision makers. 
The present Environmental Studies Program for Georges 
Bank is largely centered around the Georges Bank Moni
toring Program. Marine mammals and sea turtles, includ
ing several endangered species, have also been surveyed in 
some of the program's recent work (Cetacean and Turtle 
Assessment Program, 1982). 

Resource Reports 
In the past, resource reports filed with the secretary of 
the interior by pertinent federal and state agencies, often 
including the U.S. Geological Survey, the Fish and Wild
life Service, and the National Park Service, together with 
evaluations of geological hazards conducted by U.S. Geo
logical Survey, formed the basis for initial tract-selection 
and deletion decisions in the area identified for sale. For · 
lease sale 42 lease stipulations were placed on seven 
tracts at the head of Lydonia Canyon to avoid slumping, 
a hazard identified in studies of the tracts initially se
lected for sale (Department of the Interior, 1979b). 

The Environmental Impact Statement 
Since OCS leasing is considered a major federal action 
significantly affecting the quality of the environment, the 
National Environmental Policy Act requires the DOl to 
prepare an Environmental Impact Statement (EIS) prior 
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Table 54.1 
The BLM Environmental Studies Program: major studies related to Georges Bank oil and gas leasing, 1973- 1983 

Number of studies (level of funding X $1 million) 

Year iuitiated Meteorology/physical Baseline 
or renewed oceanography surveys Geohazards 

1973 1 (0.202) 
1975 1 (0.048) 
1976 3 (5.382) 2 (4.496) 1 (1.896) 
1977 
1978 4 (3.628) 1 (1.000) 
1979 1 (1.284) 
1980 1 (4.652) 1 (3.265) 
1981 1 (0.824) 1 (1.252) 
1982 
1983b 

Totals 9 (14.5) 4 (4.7) 5 (8.7) 

a. Usually of specific classes of organisms, such as marine mammals. 
b. Only the period through July is included. 

to conducting a lease sale. The purpose of the EIS is to 
inform the federal decision maker about all the relevant 
environmental consequences of the proposed action. 

The EIS process for lease sale 4 2 was controversial; the 
adequacy of the consideration given to environmental is
sues was brought into question. The DOl published the 
draft EIS for lease sale 42 in October 1976. The docu
ment was widely criticized by federal and state agencies 
and citizens' groups for failing to address adequately such 
issues as the long-term effects of chronic oil pollution 
(Finn, 1980b). Ten months later the DOl issued the final 
EIS, which incorporated a number of the earlier sugges
tions, yet failed to consider fully, according to the U.S. 
Circuit Court in Massachusetts v. Andrus, either the risk 
to the fishery or the marine sanctuary management op
tion that the National Oceanic and Atmospheric Admin
istration (NOAA) of the Department of Commerce had 
proposed (U.S. Circuit Court, 1979). As a result, the DOl 
published a supplement to the final EIS (Department of 
the Interior, 1979a) in April of 1979, two and a half 
years after the draft EIS had appeared. 

Postsale: Exploration Phase 

Exploration Plans 
Provisions of the Coastal Zone Management Act 
[CZMA, Section 307(c)] known as the "federal consist
ency" provisions require that significant federal actions 
directly affecting the coastal zones of states with ap
proved Coastal Zone Mangagement Plans be subject to 
review by the states for consistency with those plans. In 
New England, as elsewhere, this consistency certification 
has provided an opportunity for the states to convey their 
environmental concerns directly to industry and to the 
federal government. A Supreme Court decision in 1984, 
however, excludes OCS lease sales from state consistency 
review (chapter 51). 

Biologic Fate and Social/ Risk 
surveys• effects economic assessments Totals 

1 (0.2) 
1 (0.068) 2 (0.1) 
1 (0.026) 7 (11.8) 

1 (0.170) 1 (0.009) 2 (0.2) 
1 (3.705) 1 (0.612) 1 (0.236) 8 (9.2) 

1 (0.120) 2 (1.4) 
1 (0.394) 1 (0.954) 4 (9.3) 
1 (0.101) 1 (0.117) 4 (2.3) 
1 (0.250) 5 (2.703) 1 (0.150) 7 (3 .1) 

2 (0.444) 2 (0.4) 

4 (4.4) 10 (4.0) 6 (0.6) 1 (0.95) 39 (38) 

The National Pollution Discharge Elimination System 
Permit 
The Georges Bank NPDES permits were not issued until 
18 months after the lease sale took place. One reason for 
the delay was that the discharge application for lease sale 
42 was the first permit processed under the EPA's ocean 
discharge regulations issued in October 1980 (Environ
mental Protection Agency, 1980). Similar delays have oc
curred in Alaska, Southern California, parts of the Gulf 
of Mexico, and the Middle Atlantic states. To be consist
ent with the goals of the accelerated leasing program, the 
EPA may issue general permits for entire OCS regions in 
the future, a practice used in the Gulf of Mexico. 

The NPDES permit process is intended to prevent 
ocean discharges that may cause " unreasonable degrada
tion" to the marine environment. Before issuing a permit, 
the EPA is required to make a number of detailed deter
minations concerning the effects of the intended dis
charges. Because of the great controversy surrounding 
Georges Bank, the agency was unwilling to make such 
determinations without first commissioning a number of 
studies of the effects of drilling muds on the biota of 
Georges Bank. 

The "unreasonable degradation" standard is a rigorous 
one defined in these regulations (Environmental Protec
tion Agency, 1980) as 

(1) s~gl:"lificant adv~~se changes _in ec?system diversity, pro
ductlV!ty and. stab!ltty of the biOlogical community within 
the area ?f discharge and surrounding biological 
commumtles; 

(2) threats to human health through direct exposure to 
pollutants or consumption of exposed aquatic organisms; 
or 

(3) loss of aesthetic, recreational, scientific or economic 
values which are unreasonable in relation to the benefits 
derived from the discharge. 

In attempting to arrive at a " no unreasonable degrada
tion" determination for Georges Bank lease sale 42, the 

administrator of EPA Region I considered several factors, 
including the toxicity of the material to be discharged, its 
transport and fate, its potential for accumulation in plants 
and animals, the composition and vulnerability of the 
biologic communities, and the impact on the fishery (En
vironmental Protection Agency Region I, 1981). 

Despite the commissioned studies and a large body of 
prior work on the fate and effects of drilling-mud dis
charges, the regional administrator felt that the available 
information was insufficient for making the "unreasona
ble degradation" determination. The ocean discharge reg
ulations allow the regional administrator to issue a permit 
even though the "no unreasonable degradation" determi
nation cannot be made, provided that (Environmental 
Protection Agency, 1980) 

(1) the discharge will not cause " irreparable harm," as 
determined by a monitoring program conducted during 
the course of the drilling, and 

(2) there are no reasonable alternatives to on-site disposal 
of the wastes. 

In June 1981 the regional administrator determined 
that the exploratory drilling in lease area 42 would not 
cause irreparable harm and issued provisional 3-year dis
charge permits. As a condition of these permits the dis
chargers were required to monitor the environment in 
order to provide the EPA with information for complet
ing the decision on unreasonable degradation. This re
quirement was satisfied primarily by the monitoring 
program devised by the Biological Task Force. 

The Biological Task Force Monitoring Program 
"Biological task forces" (BTFs) have been established and 
funded by the DOl in several OCS development areas to 
assist the MMS supervisor in carrying out his charge to 
protect biologic resources during the development. Such 
task forces are made up of representatives from various 
federal agencies with affiliated advisory committees of 
outside technical consultants. Representatives of regional 
organizations and the affected states can also be involved. 

The Georges Bank BTF differs from other BTFs in that 
it was created by an interagency agreement between 
NOAA (the parent organization of the National Marine 
Fisheries Service, NMFS) and the DOl in September of 
1979 (chapter 55). This agreement was one result of the 
conflict between these two agencies concerning the pro
posed designation of Georges Bank as a Marine Sanctuary 
(Finn, 1980b). 

The Georges Bank BTF is a five-member group made 
up of one representative from each of the (then) BLM, 
the EPA, NOAA, the USGS, and the FWS. The purpose 
of the Georges Bank BTF is "to advise the Geological 
Survey's Oil and Gas supervisor on those aspects of oil 
and gas operations resulting from lease sale 42 that affect 
biological resources on Georges Bank and their habitats, 
including the enforcement of stipulations relating to the 
protection of biological resources and habitats and the 
design of environmental studies and surveys, as well as 



periodic sampling of environmental conditions" (Bio
logical Task Force, 1979). 

Although the Georges Bank BTF was created as a 
purely advisory group, its influence was bolstered consid
erably by the December 1980 settlement in Massachu
setts v. Andrus. In this settlement the DOl agreed to 
make a "good faith consideration" for approval and 
funding of all future studies recommended by the 
Georges Bank BTF (Hildreth and Johnson, 1983). 

The development of the Georges Bank monitoring pro
gnim has been the task force's principal activity. The pro
gram it developed was approved in April 1981, and the 
first survey took place in July of the same year, just be
fore exploratory drilling began. The program (Biological 
Task Force, 1981) attempted to combine long-term (re
gional) and short-term (site-specific) studies in order to 
address questions concerning 

the quantities and physical and chemical characteristics of 
materials discharged during drilling operations; 

the areas and concentrations in which discharged mate
rials accumulate (notably the heads of canyons and the 
Mud Patch); 

the background levels of contaminants in sediments and 
biota, and the levels of detectability above background; 

the changes in benthic populations which take place as 
OCS activity proceeds, and their possible relation to 
changes in pollutant levels associated with drilling 
discharges. 

In the monitoring design established by the BTF, 19 
stations are arrayed along three cross-shelf transects up
stream, downstream, and through the area of lease sale 
42, as well as in potential depositional areas and on the 
crest of Georges Bank (figure 28.1). This array comprises 
the regional, long-term aspect of the program. Twenty
nine stations are concentrated within 6 km of the explo
ration rig in lease block 312, so that detailed, site-specific 
information can be collected (figure 28.2). Samples are 
collected quarterly for monitoring changes in (1) petro
leum hydrocarbon and metal content of sediments and 
benthic organisms (chapter 16), (2) sediment texture, and 
(3) populations of benthic communities (chapter 28). 
Both the upstream control stations and the multidiscipli
nary approach of the monitoring program are intended to 
separate natural variability from changes attributable to 
drilling. 

In order to tie the monitoring data more directly to ex
ploratory activity, detailed reports on the quantities and 
characteristics of discharges of drilling muds and cuttings 
are required of rig operators. All accidental discharges of 
hydrocarbons, regardless of volume, must also be 
reported. 

The BTF has also tried to link the monitoring program 
to other studies in the Georges Bank region. For exam
ple, some of the sampling procedures are similar to those 
used in the BLM benchmark studies, and some of the 
stations in the long-term design are ones occupied in the 
earlier study. 

Furthermore, provisions have been made for the peri
odic review of the program and its results, so that strate
gies can be modified as necessary (U.S. Geological Survey, 
1982). The BTF has appointed a Scientific Review Board, 
which has been involved directly in developing sampling 
and data-analysis strategies. The MMS announced in Oc
tober 1982 that the program's monitoring activities 
would be extended to the then proposed lease sale 52. 

Postsale: Development and Production Phase 
There are environmental-protection programs governing 
production drilling, although no such drilling has yet 
taken place on Georges Bank. Prior to the commence
ment of development and production, regulations under 
the OCSLA require the leasee to prepare a plan describ
ing the location and scope of the drilling operation (30 
C.F.R. s. 250.34; C.F.R. = Code of Federal Regulations). 
This Development and Production Plan is to be accom
panied by an Environmental Report that reviews the envi
ronmental impact of the activities proposed. Both of 
these documents must be approved by the MMS, and the 
Environmental Report is again subject to a consistency 
review by each affected state having an approved coastal 
zone management program. If approval of the plan con
stitutes a major federal action significantly affecting envi
ronmental quality, the NEPA requires that an EIS be 
prepared; the DOl has already indicated that the first pro
duction drilling on Georges Bank will be subject to the 
NEPA process. New NPDES permits will also be re
quired for production drilling, since the discharges will 
differ in nature and volume from those in exploratory 
drilling. 

Other Programs and Studies 
The work of the Georges Bank monitoring program is 
supported by or related to a number of other ongoing 
survey programs not discussed in any detail here. For ex
ample, the NOAA/NMFS Ocean Pulse Program regularly 
examines a number of properties of the water column 
not covered in the BTF program. The Manned Undersea 
Research and Technology (MURT) program surveys sub
marine canyons by means of submersibles, while Marine 
Resources Monitoring, Assessment and Prediction (MAR
MAP) studies fishery ecosystems. The USGS is conducting 
sediment transport studies in the Georges Bank region, in
cluding a long-term canyon dynamics experiment (Butman 
et al., 1982a). 

In order to answer some of the more difficult "fate 
and effects" questions that have been posed, new studies 
may be needed. The BTF explicitly noted several areas of 
investigation left out of the programs developed so far. 
These include studies in the water column of the suble
thal effects of pollution on plankton and nekton and on 
the settling of planktonic larvae, the tracking of rig dis
charges, and caged-mussel experiments, which could be 
used to determine the presence or absence of pollutants 
having cumulative effects (Biological Task Force, 1981). 

It has been proposed by a scientific advisory committee 
to the MMS that a long-term (10-year) study of the sub-
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tle environmental effects of OCS activity be undertaken. 
The study would involve parallel investigations of areas 
with a long history of OCS activity, such as the Gulf of 
Mexico, and frontier OCS areas, such as Georges Bank 
and the Alaskan OCS. Development of the study is being 
coordinated through NOAA's National Marine Pollution 
Program Office, though the MMS would retain program 
leadership through its place on the Interagency Commit
tee on Ocean Pollution Research, Development, and 
Monitoring (Department of Commerce, 1982). 

Critique of Environmental-Protection Programs 

Some of the environmental-protection programs devel
oped in conjunction with lease sale 42 have been sug
gested as models for other OCS lease sales; others have 
been cited as examples of poor management. The BLM's 
baseline monitoring programs, such as the ERCO Bench
mark Series, have been widely criticized. The Office of 
Technology Assessment (1976), the National Academy of 
Sciences (1978), the General Accounting Office (1978), 
and an intergovernmental advisory committee made up of 
representatives from federal agencies (Interagency Com
mission on Ocean Pollution Research, Development, and 
Monitoring, 1981) have all found the benchmark proc 
gram inadequate for assessing the impacts of OCS devel
opment. The National Academy of Sciences (1978) 
criticized the program for failing to address directly the 
question of the fate and effects of petroleum in the ma
rine environment; the Office of Technology Assessment 
(197 6) criticized it for failing to coordinate its results 
with the OCS decision process. 

These criticisms gave rise to major changes in the Envi
ronmental Studies Program (Bureau of Land Manage
ment, 1978). In 1978 the BLM deemphasized its baseline 
approach and set out to develop environmental studies 
that dovetailed better with the OCS decision-making pro
cess. Such a shift is evident in the environmental-studies 
program for Georges Bank (table 54.1), and in 1981 an 
interagency review of the BLM's program concluded that 
it had become better tuned to management decisions 
(Interagency Commission on Ocean Pollution Research, 
Development, and Monitoring, 1981). 

Under the DOl's accelerated leasing program, which is 
designed to quicken decisions, site-specific environmental 
studies will be confined to sensitive or unique areas, 
though some regional reconnaissance studies described by 
the DOl as "broader in scope than monitoring studies" 
will continue. The program will emphasize general "fate 
and effects" studies as the most logical companion to 
site-specific, postlease monitoring. Industry is to assist 
with monitoring in the vicinity of wells. 

Future lease sales on Georges Bank will see fewer stud
ies designed to facilitate tract-by-tract selection and dele
tion. Also, regional investigations of geologic hazards will 
not be supplemented by tract-by-tract ones such as were 
used to place stipulations on the Lydonia Canyon tracts 
in lease sale 42. Instead, postleasing surveys conducted by 
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the petroleum industry will be relied upon. In addition, a 
single regional EIS for the North Atlantic OCS region will 
be prepared and followed with supplements emphasizing 
the cumulative effects of leasing and information ac
quired since the most recent lease sale. Such "tiering" of 
EISs already has become standard practice in other OCS 
regions. Thus regional investigations of geologic hazards, 
the BLM Environmental Studies Program, other determi
nations made with respect to issuance of the NPDES per
mits, and the results of the mo~itoring program will 
likely be the main instruments for answering environmen
tal questions relating to Georges Bank leasing (Depart
ment of the Interior, 1982). 

It is difficult to gauge the overall effectiveness of the 
EISs that have been prepared for Georges Bank lease 
sales. The lengthy EIS process has provided ample oppor
tunity for the ventilation of public concerns. Many deci
sion makers in the states, however, have found EISs of 
limited use due to both perceived inadequacies and long 
delays in their release (Sides, 1982). Delays from legal 
challenges can ca.use much of the information in an EIS 
to become obsolete or irrelevant for management deci-

. sions (Interagency Commission on Ocean Pollution Re
search, Development, and Monitoring, 1981). 

The NPDES permit process and the BTF monitoring 
programs are an important departure from the purely de
scriptive baseline approach. They focus instead on testa
ble hypotheses concerning the potential effects of certain 
discharges. These programs, which allow drilling to occur 
in conjunction with discharge limitations, a monitoring 
program, and procedures for modifying operations, also 
have built-in management response. The shift in emphasis 
from the baseline approach to discharge limitations and 
monitoring represents an attempt to design environmental 
programs that search more directly for environmental im
pact. While this effort is a significant first step, further 
refinements may well be needed to improve the utility 
of environmental studies for sound OCS resource 
management. 

The requirement that development plans and environ
mental reports be prepared prior to production drilling 
can serve as an important additional environmental safe
guard. This requirement assures that significant informa
tion obtained between the issuance of permits for 
exploratory drilling and the decision to produce oil can 
be considered (Shafer, 1978). If midcourse alterations of 
plans are to be based on these reports, it is important 
that they be well prepared. 

A number of concerns remain regarding the integration 
of useful and timely environmental information into OCS 
decision making. One concern that bears directly on fu
ture Georges Bank leasing activity has to do with tract 
deletion and stipulation decisions. Although one might 
expect deletions and stipulations for environmentally sen
sitive tracts to be used more liberally in the absence of 
detailed prelease environmental studies, the DOl re
mained reluctant to make tract deletions in preparing for 
Georges Bank lease sale 52. Nearly a third of the tracts 
originally included in the proposed sale became subject to 

disputes with the states. The controversy was similar to 
the one that had developed over lease sale 42. Issues cen
tered on the protection of habitat for comm~rcially im
portant species and on the feasibility of deep-water 
drilling arose in this renewed state/federal dispute. The 
procedures outlined for future lease sales under the accel
erated leasing program may not make the resolution of 
deletion and stipulation controversies any easier. 

Conclusion 

A major improvement in the management of ocean re
sources is the development of parallel and complementary 
systems of scientific study and decision making. The es
tablishment by the DOl of the Biological Task Force and 
of such other advisory boards as the Regional Technical 
Working Groups (which meet occasionally to review re
gional activities relating to OCS leasing) are steps in that 
direction. Now that the monitoring program is in place, 
it remains to be seen what else the Georges Bank Bio
logical Task Force can accomplish. Public discontent 
with Georges Bank leasing has not disappeared, and 
several troublesome environmental issues have yet to be 
adequately addressed. The effects of exploration and de
velopment on endangered species of whales and turtles, 
for example, are far from adequately resolved. Numerous 
questions also remain concerning the safety of drilling in 
the deeper waters of the shelf/slope region, the primary 
area of interest in lease sales 52 and 82. 

A lesson to be learned from the Georges Bank environ
mental program is that even very extensive studies will 
not eliminate uncertainty and that decision making must 
proceed in spite of it. Environmental programs have not 
fully determined the effects of OCS petroleum activities 
and are unlikely to do so in the near future. Environmen
tal decision making with respect to leasing may well have 
become more efficient in recent years, but one cannot 
unequivocally attribute this improved efficiency to the en
vironmental studies themselves. The increasing familiarity 
of state and regional decision makers with OCS issues is 
in part responsible. Although environmental studies tend 
to focus almost exclusively on the risk component of the 
risk/ benefit ratio, the benefits of OCS leasing in the 
North Atlantic may ultimately control what takes place 
there. 
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Note 

L Oil pollution by intentional dis
charge on the high seas is controlled 
by the International Convention for the 
Prevention of Pollution of the Sea by 
Oil (1954). The convention prohibits 
the discharge of oil or oily mixtures 
within certain " prohibited zones." 
Among the prohibited zones generally 
defined are the areas within 50 miles 
of the coast of the United States and 
within 100 miles of the coast of Can
ada; however, most of Georges Bank is 
included in a special prohibited zone 
for the Northwest Atlantic defined by 
"a line drawn from latitude 38°47' N, 
longitude 73°43' W, to latitude 
39°58' N, longitude 68°34' W; thence 
to latitude 42°05' N, longitude 64°37' 
W, thence along the east coast of Can
ada at a distance of 100 miles fr~m 
the nearest land." In addition, 1971 
amendments to the Canadian Shipping 
Act provided for pollution-prevention 
regulation of vessels within an area 
coextensive with Canadian Fishing 
Zones. The 1977 extension of fishing 
zones by the United States and Canada 
in effect also created a 200-mile pollu
tion control zone (M'Gonigle and 
Zacher, 1977). 
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In January 197 4 President Richard Nixon announced his 
administration's plans to increase petroleum production 
on the nation's outer continental shelf (OCS), a place 
where there had been only limited activity before. The 
president's action was in part stimulated by the oil em
bargo put into effect that winter by the Organization of 
Petroleum Exporting Countries (OPEC). At the time, the 
United States annually was spending $23 billion to import 
approximately 2.3 billion barrels of petroleum. Govern
ment and oil-industry analysts felt that increased domestic 
production was critical because increasing fuel costs were 
escalating inflation. The administration viewed the OCS 
as a "key near-term solution to the national energy de
pendence problem" (Ligon, 1974). 

In October 1974 the government announced plans to 
lease 10 million OCS acres in 1975, an increase of 7 mil
lion acres from previous years. The principal goal was to 
provide the opportunity for exploration in each major re
gion of the OCS as soon as possible in order to achieve 
production quickly and be able to reduce substantially 
the nation's reliance on imports beginning 5-15 years 
hence (Carter, 1974). Thus at the end of 1974 the De-

. partment of the Interior (DOl) made its first proposal for 
leasing on Georges Bank. 

DOl's plans were implemented at a time when environ
mental awareness was growing all across the country. 
Concern about offshore oil development was especially 
great following the Santa Barbara oil spill in 1969. 
Coastal states, environmental groups, and the fishing in
dustry saw the need to secure a role in the decision mak
ing accompanying the federal management of public 
resources. Grassroots efforts pushed Congress to pass 
many pieces of environmental legislation, 1 several of 
which were related to offshore oil and gas development 
(chapter 51 and 54), and the law originally authorizing 
offshore leasing, the Outer Continental Shelf Lands Act 
of 1953 (OCSLA), came under heavy criticism. 

DOl's accelerated leasing program stimulated a number 
of actions and reactions. DOl began preparing a general 
environmental-impact statement (EIS) for its leasing plan 
as required by the National Environmental Policy Act 
(NEP A). Congress and others were concerned not only 
with the adequacy of existing laws and regulations gov
erning offshore petroleum development but also with the 
adequacy of environmental information for the various 
regions proposed for leasing-information important for 
calculating the costs and benefits of oil development. In 
1974 the executive branch's Council on Environmental 
Quality (CEQ) issued a report entitled "OCS Oil and Gas: 
An Environmental Assessment." CEQ ranked the pro
posed OCS regions according to the environmental risks 
posed in each by drilling for oil. The National Academy 
of Sciences Committee on Science and Public Policy took 
issue with CEQ's ranking of the Atlantic OCS regions, 
stating that the criteria used were inadequate and 
incomplete. 

In New England, where a 200-year-old fishing gro~nd 
was proposed for lease, there was great concern over the 
possible harm that might accompany oil and gas develop-

ment. Nonetheless, public reaction to DOl's plans for 
Georges Bank ranged from vehement opposition through 
guarded acceptance to enthusiastic support, and a lengthy 
effort began to accommodate both the regional interest 
in protecting a valuable fishery and a flourishing coastal 
tourist trade and the national interest in reducing the 
country's dependence on imported oil. 

New England concerns were centered around the per
ception that the benefits and costs of offshore oil devel
opment on Georges Bank would be unevenly distributed. 
If petroleum were found and developed, New England 
felt that it would see little of it, particularly if the find 
were oil, but there were even doubts as to the final desti
nation of any gas that might be developed (Colgan, 
1982). Furthermore, all of the revenue coming from OCS 
leasing accrued to the federal treasury.2 The costs, on the 
other hand, were viewed as being wholly local ones. 
From Massachusetts's perspective, spilled oil was a threat 
to the Georges B~mk fishery, and therefore to the Massa
chusetts fishing industry. In addition, the probability of a 
spill coming ashore on Martha's Vineyard and Nantucket 
was greater than for other coastal areas (Department of 
the Interior, 1977), and the state was concerned about 
the possibility of impact on the tourist industry and on 
coastal water quality. 

Other coastal states, both in and out of New England, 
shared such concerns, and the states (in New England, 
particularly Massachusetts and Maine) together with envi
ronmental groups and the fishing industry sought to have 
the OCSLA amended and to work with DOl in establish
ing a regulatory framework that would provide strict en
vironmental safeguards for drilling on Georges Bank. 
Amendment of the OCSLA, begun in 1973, was finally 
accomplished in 1978.3 In addition, the Coastal Zone 
Management Act of 1972 was amended in 1976, creating 
a Coastal Energy Impact Program to provide funds to 
coastal states to plan for the location of onshore support 
facilities for offshore development. These revenues could 
also be used to mitigate impacts that states incurred from 
existing coastal energy facilities, such as oil refineries. It 
also provided grants to the states that enabled them to 
hire staff to work specifically on OCS oil and gas issues. 

Preparing for a Lease Sale on Georges Bank 

In June 1975 DOl took the initial step in preparing for 
the first lease sale on Georges Bank-sale 42-by re
questing expressions of oil-industry interest. DOl also 
asked the states and the public to identify tracts that 
should be withheld from leasing or leased only under 
special conditions and to suggest issues that should be 
examined in the environmental-impact statement (EIS). 

At the request of the New England states, the North
east Fisheries Center of the National Marine Fisheries 
Service (NMFS) in Woods Hole compiled fishery data for 
Georges Bank for the years 1964-1972 and sent them to 
DOL This information was to be used in selecting all of 
the tracts that would be analyzed in the EIS and offered 
for lease. 

The Politics of Oil Drilling 
on Georges Bank: 
A State's Perspective 
Patricia E. Hughes and Katrina Van Dusen 

The New England governors requested the New Eng
land Regional Commission (NERCOM) to investigate po
tential fishing-industry I petroleum-industry interactions 
and provide information on the onshore facilities that 
might be required to support drilling on Georges Bank. 
NERCOM contracted the fisheries work to the Coastal 
Resources Center at the University of Rhode Island. 
Much of the research on space needs for OCS support fa
cilities and the potential socioeconomic and environmen
tal impact of this development was conducted by the 
states themselves. In addition, the New England River 
Basins Commission, with funds from DOl, prepared a re
gional analysis of the economics of OCS development in 
the Georges Bank region. 

The study by the University of Rhode Island (URI) for 
NERCOM provided an overview and analysis of New 
England's fisheries by port and fishery and described the 
economic status and potential of the region's fishing in
dustry. The study compiled information on domestic fish
ing grounds from NMFS data and from interviews with 
New England fishermen. Fishermen's views on potential 
problems stemming from oil-industry operations on the 
bank also were solicited. The study investigated probable 
onshore and offshore conflicts between· the fishing and 
petroleum industries and made recommendations for 
eliminating or mitigating them. At the time, this study 
was the most important tool available to the New Eng
land states and others for assessing the potential impact 
of petroleum development on the bank. 

In addition to the URIINERCOM study, the American 
Petroleum Institute provided funds to the Woods Hole 
Oceanographic Institution (WHOI) to identify specific 
areas of conflict between the two industries and to rec
ommend ways to reduce them. As a part of its analysis 
the WHOI study estimated the amount of area that 
would be lost to fishing (and the consequent loss in 
catch) due to rig placement. 

In 1975 Richard B. Allen of the Atlantic Offshore 
Fishermen's Association reported in the National Fisher
man on his trip to view firsthand the interaction between 
the fishing and oil industries in the North Sea. In addi
tion to reporting the problems experienced by fishermen 
as the result of oil development,4 Allen described Brit
ain's Fisheries and Offshore Consultative Group, com
prised of fishing and oil-industry representatives, which 
handled claims of lost or damaged fishing gear and func
tioned generally as a forum for interindustry communica
tion. This North Sea information was built upon by the 
fishing industry and Massachusetts and used by them in 
working with DOl on the specific restrictions to be 
placed on Georges Bank drilling and in developing pro
posals for a gear compensation fund. 

Early in 1976 the New England governors provided a 
copy of the NERCOM study, which was entitled "Fish
ing and Petroleum Interactions on Georges Bank," to 
DOL At the same time, Massachusetts submitted specific 
recommendations on tract deletions, mitigation measures, 
and lease stipulations for proposed sale 42 (Common
wealth of Massachusetts, 1976a). These recommenda-



tions were developed on the basis of the NMFS fisheries 
data, the findings of the NERCOM study, and informa
tion on the North Sea experience. The recommended 
lease stipulations addressed both the problem of preemp
tion of fishing grounds due to the presence of rigs, pipe
lines, and platforms and the problems of debris and oil 
spills.5 The recommendations formed the basis of further 
consultation between Massachusetts and DOl concerning 
sale 42. The Nantucket Planning and Economic Develop
ment Commission, the Massachusetts Forests and Parks 
Association, and the Atlantic Offshore Fishermen's Asso
ciation recommended that certain tracts be withdrawn 
from further consideration. Of the other New England 
States, Maine and Rhode Island generally supported the 
proposed lease stipulations. Maine recommended that 
traffic lanes be designated for supply vessels and that any 
protrusions on the seabed be shrouded to avoid damaging 
fishing gear. Maine and Connecticut recommended that 
there be an environmental assessment after exploration 
but prior to allowing development and production. In 
January 1976 DOl announced the results of the Call for 
Nominations. DOl selected 206 tracts for further envi
ronmental analysis. These tracts were selected from the 
1,927 tracts nominated by 18 oil companies, modified by 
recommendations from the states and others on tracts to 
be deleted. 

Environmental Studies Program 

A critical review by federal agencies, the states, and pub
lic interest groups of DOl's general environmental-impact 
statement for the leasing of 10 million acres of the outer 
continental shelf of the United States showed many gaps 
in understanding oceanographic processes at work in var
ious OCS areas. The CEQ report and the National Acad
emy of Science's review of that report also raised the 
issue of the adequacy of environmental information for 
proceeding with OCS development. DOl established a 
committee to help in developing an environmental studies 
program for each OCS region. Representatives of the 
New England states participated on the committee for 
the Georges Bank region, and DOl and its scientific advi
sory committee sought advice and recommendations from 
the scientific community. In May 197 5 the DOl-sup
ported Georges Bank Environmental Assessment Program 
conference was held at Bentley College in Waltham, 
Massachusetts. The objectives of the conference were 
(1) to summarize available information on Georges Bank; 
(2) to identify additional research needs; and (3) to for
mulate recommendations for baseline and monitoring 
programs adequate for the determination of the environ
mental affects of petroleum development (New England 
Natural Resources Center, 1975). In many respects, the 
resulting recommendations formed the basis for DOl's 
North Atlantic Environmental Studies J:>rogram. Much of 
the research initiated under this program was not avail
able for incorporation into the final EIS for sale 42, al
though some information was available by the time 
drilling actually began in July 1981. 

The Environmental-Impact Statement for Lease Sale 42 

In October 1976 the draft environmental-impact state
ment for proposed sale 42 was distributed for public re
view and comment. The New England states and the 
environmental community reviewed the draft and pro
vided detailed comments to DOL Included in the draft 
EIS were the proposed operating orders for the Georges 
Bank region and the proposed lease stipulations. Operat
ing orders specify the procedures and practices that must 
be followed during exploration, development, and pro
duction; they cover such areas as well-blowout preven
tion, plugging and abandoning wells, and training for rig 
personnel. Massachusetts's comments on the orders and 
stipulations, which reflected many of the concerns ex
pressed by Maine and New. York, environmental groups, 
and the fishing industry, recommended that drilling muds 
and cuttings be discharged below the sea surface and that 
all material transported offshore that could be lost or jet
tisoned overboard be marked so that liability could be 
established if a gear claim was made. Also recommended 
was the requirement of a training program for rig and 
supply-vessel personnel to familiarize them with North 
Atlantic fishing operations in an effort to avoid conflicts 
between the two industries (Commonwealth of Massa
chusetts, 1976b). 

Massachusetts had made similar recommendations ear
lier when DOl announced plans to revise the operating 
orders and develop lease stipulations for the Georges 
Bank region. Since DOI had not finalized them, Massa
chusetts, Maine, and the Conservation Law Foundation 
(CLF), a nonprofit membership organization dedicated to 
the conservation and protection of New England's natu
ral resources, restated their recommendations on orders 
and stipulations in their review of the draft EIS because 
of the importance they placed on stringent regulation of 
Georges Bank drilling. These recommendations were simi
lar to the amendments to the OCSLA then being consid
ered by the Congress. In mid-December 1976, just days 
before the states and others submitted their comments on 
the draft EIS to DOl, the Argo Merchant ran aground on 
Nantucket Shoals, spilling 7.7 million gallons of No. 6 
fuel oil and posing a threat to fishing grounds and coast
line as well. Actually, the spill had only a small measura
ble effect (chapters 19 and 53), but public awareness 
concerning Georges Bank and oil drilling increased dra
matically. Now the states and the environmental commu
nity were even more strongly committed in their efforts 
to have DOl adopt their recommended operating orders 
and lease stipulations. In addition, Congress was pres
sured to move quickly on the OCSLA amendments. 

Fishing-Industry Efforts 

During this time the Ne~ England fishing industry, led 
by the Atlantic Offshore Fishermen's Association, Boat
owners United, the Cape Cod Coalition of Commercial 
Fishermen, the Massachusetts Inshore Draggermen's Asso
ciation, and the New England Fisheries Steering Commit-
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tee, and the oil industry, led by Shell, engaged in 
discussions that were independent of the federal and state 
governments. Although compensation for fishing gear lost 
or damaged because of petroleum operations was an is
sue, the most serious tension between the fishing and oil 
industries centered on each one's attitude toward the 
other and each one's perception of the other's attitude. 
As Richard Allen said in his article on his North Sea trip, 
"Fishermen's general feeling was ' that the oil people con
sider their work to be top priority and that every other 
activity must be modified to suit their needs. One gets 
the feeling from talking to the oil people that when the 
fishermen have problems, it's because they haven't done 
what the oil people told them to." These attitudes were 
altered to some extent in New England once the two in
dustries began talking to one another, although the prob
lems to be overcome were considerable, as the following 
story shows. 

For several weeks prior to the Argo Merchant ground
ing, a semisubmersible rig had been undergoing repairs in
side Narragansett Bay, Rhode Island, prior to moving 
onto Georges Bank to drill the first COST (Continental 
Offshore Stratigraphic Test) well. The rig belonged to 
ODECO, Inc., which was not a member of the inter
industry group established to foster communication and 
reduce offshore conflict-the New England Marine In
dustries Council (NEMIC). This made communication be
tween fishermen and the rig operators difficult. The New 
England Fisheries Steering Committee (NEFSC), through 
its port representative, tried to contact the company 
about the times and route the rig would take to Georges 
Bank. One fisherman had already lost some gear when 
the rig came into the bay, and the NEFSC representative 
wanted to avoid other incidents. The rig manager, once 
contacted, was frank about his reluctance to notify fish
ermen of the rig's movements. He had done that on one 
occasion in Japan, attempting to minimize gear conflict, 
and was ambushed for his trouble. Fishermen, he said, 
had put substantial amounts of old fishing gear in the 
path of the rig and were waiting with their .cameras when 
the rig arrived. A great deal of adverse publicity and liti
gation followed. The NEFSC representative tried without 
success to assure the rig manager that his concerns were 
not valid and that the intent was to notify the offshore 
lobstermen of the rig's course so that they could clear 
their gear out of the way and avoid, not create problems. 
A few days after the Argo Merchant grounded, the rig 
manager contacted the NEFSC. Under pressure from the 
American Petroleum Institute to avoid further damaging 
publicity on the heels of the Argo Merchant, he was, with 
great apprehension, willing to negotiate a route from 
Davisville to Georges Bank (personal communication, 
James D. O'Malley, 1984). The NEFSC was able to pro
vide the location of most of the offshore lobster gear, 
and an acceptable route was worked out. Some lobster 
gear had to be moved, and for its part, ODECO accepted 
an extra day's travel at a cost of about $19,000. The 
semisubmersible moved from Narragansett Bay to the 
"Southeast Part" of Georges Bank without incident, and 
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weeks before the COST hole was completed, the 
ODECO manager called the NEFSC to plan the route 
back . . 

The two industries, through NEMIC, began discussions 
of a proposed plan of gear compensation. to be funded by 
the oil industry, modeled after ones established in the 
British and Norwegian sectors of the North Sea. The par
ticipating oil companies wt:re reluctant to establish a fund 
specific to the Georges Bank region, as they felt that a 
fund would then be required in other parts of the coun
try where offshore drilling was proposed. In addition they 
wanted the fund to cover only damages that were unattri
butable; it was felt that if the company at cause could be 
identified, the fishermen should seek damages from that 
company rather than from the fund. The fishermen be
lieved that the fund should be established to take care of 
any drilling-related damage or loss of fishing gear in the 
Georges Bank region. In November 1976 a resolution 
was introduced before the National OCS Advisory Board 
recommending the establishment of a gear compensation 
fund, either federally or privately financed. NEMIC mem
bers then realized that if they did not establish an interin
dustry fund, the federal government would establish a 
fund, and neither group wanted the government involved. 
Four companies agreed in principle to the plan proposed 
by NEMIC, and in December the oil-industry fund was 
formed with implementation to occur once the sale was 
held. There were a number of details to be worked out, 
and negotiations between the fishing and oil industries 
continued, but by March 1977 the negotiations broke 
down because the fishing industry wanted the fund to be 
more comprehensive than the oil companies had in
tended. The fishing-industry representatives decided to 
support the federal fund proposed as an amendment to 
the Outer Continental Shelf Land Act. The oil companies 
did offer to renegotiate a fund, but the fishing industry 
declined. 

Although the discussions did not result in an industry 
gear compensation fund and review board, representatives 
of the two industries did attempt to work together to re
duce the possibility of conflict. between them. 

Final Environmental-Impact Statement and Proposed 
Notice of Sale 

In August 1977 DOl published the final EIS for sale 42 
and in October issued the Proposed Notice of Sale. The 
notice listed the tracts to be offered, set forth the lease 
stipulations, and fixed the sale date for 31 January 1978. 
. Both the final EIS and the Notice of Sale (NOS) omitted 
some of the stipulations recommended by Massachusetts 
as well as other changes proposed by the state. 

Just before Christmas 1977, the Rules Committee of 
the House of Representatives declined to release the OC
SLA amendments. Less than a month remained before 
sale 42, and few of the safeguards important to the 
states, the fishing industry, and environmentalists had 
been put in place. Therefore, Massachusetts encouraged 

DOl to implement administratively the major provisions 
of the OCSLA amendments. 

Massachusetts and the Conservation Law Foundation Sue 
over Sale 42 

Efforts to implement administratively some of the pro
posed OCSLA amendments were unsuccessful, and early 
in January 1978 Massachusetts and the Conservation Law 
Foundation urged DOl Secretary Cecil B. Andrus to delay 
sale 42 until the OCSLA amendments had been approved 
by Congress. Massachusetts had warned DOl that it 
would oppose sale 42 unless the safeguards afforded by 
the amendments were in effect. But DOl refused to delay 
the sale, and on 19 January 1978 CLF and Massachusetts 
filed suit in the U.S. District Court for the District of 
Massachusetts, in Boston, against the secretaries of the 
Department of the Interior and the Department of Com
merce and the administrator of the National Oceanic and 
Atmospheric Administration (NOAA).6 The suits claimed. 
that seven federal statutes had been violated and that the 
three defendants had neglected their duties. 

On 23 January 1978 the House Rules Committee 
released the OCSLA amendments. Two days later the 
District Court heard arguments on the request for a pre
liminary injunction that would prohibit DOl from hold
ing sale 42. On 28 January Judge Arthur Garrity enjoined 
the lease sale, stating that it would be a breach of the 
DOl secretary's duty to safeguard the fisheries if he pro
ceeded with the sale without awaiting the enactment of 
the protections embodied in the OCSLA amendments. 
Judge Garrity stated that "in combination with the OCS 
Lands Act they [the Magnuson Fishery Conservation and 
Management Act (FCMA) and Coastal Zone Manage
ment Act] place upon the Secretary of the Interior the af
firmative duty of taking all steps reasonably possible to 
meet the Congressional objective set forth in the FCMA 
Act, that is to say, the preservation of fishery resources 
and preservation and conservation of this natural re
source, as well as the objectives of the OCS Lands Act" 
(Massachusetts v. Andrus, 1979a). 

Judge Garrity also found that the final EIS was inade
quate in two major respects-first, that it contained an 
inadequate assessment of the costs and benefits of delay
ing the lease sale, particularly in light of the environmen
tal protection that the OCSLA amendments could 
provide, and second, that it was deficient in that it did 
not discuss the possible management of Georges Bank as 
a marine sanctuary. In granting the temporary injunction, 
Garrity stressed the fact that this was not an effort to 
prohibit leasing on Georges Bank. Rather, he said, "The 
plaintiffs are looking for a delay of a relatively few 
months to preserve a resource that has taken millions of 
years to accrue, and which will be with us for better or 
worse for untold centuries to come" (Massachusetts v. 
Andrus, 1979a). DOl postponed sale 42 and the Justice 
Department, on behalf of DOl, appealed Judge Garrity's 
decision to the U.S. Court of Appeals for the First Cir-

cuit. The Court of Appeals heard arguments in March, 
but did not reach a decision for another 11 months. 

In September 1978 President Carter signed into law the 
amendments to the OCSLA, and DOl began rulemaking 
on the amendments almost immediately. At this time 
Governor Michael Dukakis of Massachusetts asked At
torney General Francis Bellotti to withdraw from the 
lawsuit. The governor had told DOl Secretary Andrus 
that he would support the conduct of sale 42 if the OC
SLA amendments were enacted. Bellotti refused to with
draw from the case, which was still on appeal. On 20 
February 1979 the Court of Appeals vacated the injunc
tion and remanded the case to the District Court. In 
doing so, the Court of Appeals made several suggestions 
to DOl on how to proceed with the lease sale and stated 
what actions the court believed to be within the secre
tary's authority. First, the court suggested that DOl dis
cuss the management of Georges Bank as a marine sanc
tuary in the final EIS. The Court of Appeals also said 
that "should there be particular areas of Georges Bank 
that are uniquely important to the fishery, for example, a 
key breeding area or the like, management by the Secre
tary of Commerce, the administrator of the Fishery Act, 
rather than by the Secretary of the Interior might be ad
vantageous. At least the question seems worth exploring" 
(Massachusetts v. Andrus, 1979b). Second, the court indi
cated that, clearly, the District Court, upon remand, 
would have jurisdiction over whether DOl had met the 
requirements of NEP A and the OCSLA as amended. 
Third, the Court of Appeals stated that the OCSLA, even 
prior to being amended, placed a duty upon the secretary . 
of DOl to protect renewable resources on the OCS, in
cluding fisheries, and that the amendments to the OCSLA 
provided that the secretary balance the protection of the 
renewable resources of the OCS and the exploration and 
development of oil and gas resources. The court stated 
that "the Act . was never framed so as to mandate the 
singleminded exploitation of oil and gas resources at the 
expense of other important resources" (Massachusetts v. 
Andrus, 1979b). As a result of this opinion, DOl pre
pared a supplemental EIS that considered the option of 
managing Georges Bank as a marine sanctuary. 

Georges Bank Marine Sanctuary Nomination 

The Marine Protection, Research, and Sanctuaries Act of 
1972 gives the secretary of the Department of Commerce 
the authority to designate marine sanctuaries for the pur
pose of preserving or restoring areas for their conserva
tion, recreational, ecologic, or esthetic values. In the 6 
years following enactment few marine sanctuaries were 
designated. In his May 1978 environmental address, Pres
ident Carter instructed the secretary of the Department of 
Commerce to identify potential marine sanctuaries in 
areas where development seemed imminent. In August 
1978 the Northeast Fisheries Center of the NMFS in 
Woods Hole suggested to its Washington office that 
Georges Bank be considered a candidate. Maine and 



Massachusetts and the fishing industry were skeptical of 
NMFS's recommendation. While this was not a formal 
nomination, personnel from NOAA, the agency within 
the Department of Commerce responsible for the sanctu
aries program, discussed the idea with the states. Depend
ing upon the purposes of the designation, activities could 
be regulated, restricted to certain parts of the sanctuary, 
or prohibited if it were shown that the activity would 
harm the area. NOAA believed that NMFS's recommen
dation was worth discussing, since it was a means ofin
stituting many of the safeguards Massachusetts and others 
wanted to require of drilling operations on Georges Bank. 
Massachusetts was not sure how the nomination would 
affect the course of its lawsuit on the conduct of sale 42, 
then on appeal. The fishing industry saw such a nomina
tion as a way for NMFS to usurp the management re
sponsibilities of the New England Fishery Management 
Council, established under the FCMA, and they were 
concerned that fishing might somehow be limited within 
the sanctuary. The fishing industry was so vocal in its op
position to the nomination that Congressman Gerry 
Studds (D-Mass.) opposed the nomination, and NOAA 
did not pursue the matter at this time. 

In May 1979, just prior to DOl issuing its draft supple
ment to the EIS, the Conservation Law Found<\tion for
mally nominated Georges Bank as a marine sanctuary.7 It 
was proposed that the New England Fishery Management 
Council be the manager of the sanctuary, as the sanctu
ary's purpose was the protection and management of the 
area's fishery resources. The nomination document did 
not specify that any activity be prohibited in the sanctu
ary; however, oil and gas activities were identified as 
needing regulation should the area be designated. NOAA 
reviewed the nomination and requested comments from 
interested parties. In August NOAA declared Georges 
Bank an active candidate for sanctuary designation and 
held public hearings. At the hearing in New Bedford, 
many fishing industry representatives voiced their opposi
tion to the sanctuary, but some industry representatives at 
the Gloucester hearing supported it. 

DOl was adamantly opposed to the nomination and 
negotiated with NOAA to have it withdrawn. DOl Secre
tary Andrus and President Carter had worked hard to win 
passage of the OCSLA amendments and agreed with the 
concept of federal/state cooperation embodied in. them. 
The Carter administration saw the OCSLA, as amended, 
as a comprehensive management scheme and could not 
support an entirely different approach for Georges Bank 
(Colgan, 1982). On 21 September 1979 DOl Under Sec
retary James Josephs announced that his agency and 
NOAA had reached a compromise. NOAA had agreed to 
withdraw Georges Bank as an acti~e candidate for desig
nation as a marine sanctuary in return for DOl's deletion 
of 12 biologically sensitive tracts on Georges Bank at the 
head of Lydonia Canyon. 

DOl and NOAA also agreed to establish the Georges 
Bank Biological Task Force (BTF) for the purpose of 
advising DOl on biologically sensitive areas, designing 
environmental studies, and recommending mitigating mea-

sures should oil and gas activity adversely effect the re
gion. The Fish and Wildlife Service, the Conservation 
Division of the U.S. Geological Survey (USGS), and the 
Bureau of Land Management (BLM)-three agencies of 
DOl-NOAA, and the Environmental Protection Agency 
(EPA) each were to be represented by one member. The 
BTF agreement included a charter specifying the responsi-

. bilities of each of the members and the general responsi
bilities of the group (Biological Task Force, 1979; see 
also Chapter 54). Many viewed the establishment of BTF 
as a signal that DOl had acknowledged the biologic im
portance of the Georges Bank region and would consider 
it in making decisions on where drilling would occur, 
whether special conditions should apply, and whether ad
ditional environmental information was necessary to al
low drilling to continue. 

In the meantime the New England fishing industry con
tinued to work to protect its interests on Georges Bank. 

·In the fall of 1979 Teamsters President Frank Fitzsim
mons wrote to Secretary Andrus urging him to protect 
the bank's fisheries. His letter was the result of pressure 
from the N ew Bedford Fishermen's Union and followed 
a meeting Secretary Andrus had had in New Bedford 
with representatives of the New England fishing industry. 
Further, a group of Gloucester fishing-industry represen
tatives and city officials held a rally in Washington, D.C., 
to protest oil and gas leasing on Georges Bank. At the 
end of October, Massachusetts Governor King met with a 
group of fishing-industry representatives and city officials 
from New Bedford and Gloucester and stated that Mas
sachusetts would not allow drilling activities on Georges 
Bank if the fishery were threatened. 

Lease Sale 42 

On 28 September 1979 DOl issued a final NOS, setting 6 
November as the date for sale 42. Massachusetts and the 
Conservation Law Foundation responded to the notice by 
filing a continuation of their original suit on 5 October, 
arguing that the secretary of DOl still was neglecting his 
duty to protect the natural resources of Georges Bank. 
CLF and Massachusetts argued that DOl had violated 
NEPA because the analysis of the alternative of managing 
Georges Bank as a marine sanctuary in the supplemental 
EIS did not discuss the actual nomination. They also 
claimed that NOAA and DOl together violated NEPA 
because the decision to drop the sanctuary nomination 
had been made by the two agencies together and was 
therefore a major federal action requiring an EIS, which 
had not been prepared. 

The District Court heard the case beginning on 31 Oc
tober and on 5 November denied the request for an in
junction prohibiting the lease sale. The Court of Appeals 
heard arguments the same afternoon. The court was una
ble to reach a decision by the end of the day, but granted 
the .plaintiffs a temporary restraining order prohibiting 
DOl from opening bids until noon on 6 November. On 
the morning of the lease sale, Massachusetts and CLF 
presented their arguments before Supreme Court Justice 

561 The Politics of Oil Drilling: A State's Perspective 

William Brennan, who continued the temporary restrain
ing order. The case went back to the Court of Appeals 
for arguments on regular appeal, and on 17 December 

· 1979 the court ruled against CLF and Massachusetts.8 On 
the very next day lease sale 42 was finally held, almost 
23 months after the date initially proposed; 116 tracts 
were offered, and DOl accepted $816.5 million for 63 of 
them. 

Georges Bank Monitoring Program 

In February 1980, 2 months after sale 42, the Georges 
Bank Biological Task Force (BTF) held its first meeting in 
Hyannis, Massachusetts, at the office of the North Atlan
tic district supervisor for the U.S. Geological Survey. 
Allen E. Peterson, Jr., then northeast regional director of 
the National Marine Fisheries Service and NOAA's repre
sentative on the BTF, was elected chairman. During the 
meeting the EPA representative, WilliamS. Beller, out
lined his agency's recommendation that limited environ
mental surveys be conducted on each sale 42 tract. The 
BTF discussed the merits of field monitoring; there was 
some agreement that a long-term monitoring program 
was important and that the acquisition of some baseline 
data might be necessary. A Monitoring Subcommittee, 
chaired by H. Suzanne Bolton of EPA, was established. 
The group expanded and contracted as members of the 
scientific community and other consultants of various 
sorts participated, but it was in the subcommittee meet
ings that the general outline of the Georges Bank Moni
toring Program developed. 

At its first meeting in Woods Hole in March 1980, the 
Monitoring Subcommittee developed a preliminary "Con
sensus Program" that included a rig-monitoring study for 
each of three oceanographic and benthic infaunal zones 
among which the impact from the discharge of drilling 
muds and cuttings might differ. The Consensus Program 
outlined the rig studies in detail and briefly discussed the 
need for studies of both short-term, near-field effects and 
long-term, regional ones. The draft program was widely 
circulated for review. At its second meeting in May 1980, 
the subcommittee discussed the criticism received, most 
of which was directed at its short-term focus and Jack of 
clear direction for long-term, regional studies. 

. Other efforts were made to design a monitoring pro
gram for Georges Bank. An independent group, called the 
Ad Hoc Committee, comprised of representatives from 
the fishing and oil industries, environmental and scientific 
communities, and academia developed a proposal. The 
Ad Hoc Committee shared their proposal with the BTF 
Monitoring Subcommittee and · worked independently · 
with DOl in an effort to have their program adopted. 

In July 1980 the BTF submitted its revised recommen
dations to Elmer P. Danenberger, North Atlantic district 
supervi~or of the U.S. Geological Survey's Conservation 
Division. The program proposed that a single rig study be 
conducted in 75- 95 m of water at one of the first ex
ploratory wells being planned. Based on the results of 
this study, the need for and location of additional rig 
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studies in areas of the bank with different depths, cur
rents, and sediment regimes would be determined. The 
objectives of the rig study were to quantify and charac
terize the physical and chemical composition of the drill
ing muds and cuttings and to determine the fate of these 
discharges and their effects on the benthic community. 
The program also recommended that a number of far
field stations be monitored seasonally and that a research 
program concerning the physical and biologic dynamics 
of the bank be initiated. Monitoring at the far-field or 
long-term stations was to include sampling to determine 
the fate of discharges in the water column and their ef
fects on the plankton. 

In October 1980 two advisory committees to DOl, the 
North Atlantic Regional Technical Working Group 
(R TWG) and the OCS Scientific Advisory Committee 
(SAC), reviewed the proposed program at the request of 
DOL Both recommended that DOl not fund the program 
as proposed, feeling that it lacked clear objectives. At the 
end of October, DOl announced partial approval of the 
BTF program, agreeing to support the rig-monitoring 
study. DOl felt that the process-oriented studies proposed 
were more appropriate for the Environmental Studies 
Program and pointed to the National Research Council's 
review of the Environmental Studies Program in 1978, 
which had concluded that " baseline" studies did not pro
vide DOl with information that could be tied to leasing 
decisions. 

The BTF established a Working Group of the Moni
toring Subcommittee to revise the BTF program in re
sponse to DOl's decision. The members of the working 
group were H. Suzanne Bolton, EPA, Washington; Brad
ford Butman, USGS, Woods Hole; Barry R. Clark, North 
Atlantic District Office, Conservation Division, USGS, 
Hyannis; and Bruce Higgins, NMFS, Gloucester. Eiji Ima
mura of BLM's New York OCS Office worked closely 
with the group. At the same time, the Ad Hoc Commit
tee took the OCS Scientific Advisory Committee's recom
mendations and organized a meeting in Woods Hole with 
members of the national and regional staffs of BLM's 
Environmental Studies Program to discuss implementaion 
of the SAC recommendations. The Studies Program staff 
in Washington felt that the SAC recommendations should 
be adopted. The objectives used by the Working Group 
in developing the final program were similar to the SAC 
recommendations, and the involvement of the Studies 
Program staff with both the Working Group and the Ad 
Hoc Committee expedited DOl's approval of the pro
gram submitted by the BTF in April 1981. 

National Pollutant Discharge Elimination· System 
(NPDES) Permits 

Eighteen months elapsed between sale 42 and the issu
ance of the first of the National Pollutant Discharge 
Elimination System permits (in June 1981), without which 
drilling on Georges Bank could not begin. The long delay 
can be attributed largely to the fact that the permits were 
the first processed under EPA regulations implemented in 

October 1980 and required a thorough assessment of the 
fate and effects of drilling discharges as provided by sec
tion 403(c) of the Clean Water Act of 1970. The states 
were given a role in developing the permit restrictions 
and requirements because the Coastal Zone Management 
Act of 1972 specifically says that states with approved 
programs of coastal-zone management are entitled to re
view federal actions for consistency with the state's 
coastal policies (so-called federal consistency review). Spe
cifically mentioned in the act are the permits required of 
oil companies prior to the commencement of drilling. In 
New England, Maine, Massachusetts, Rhode Island, and · 
Connecticut had CZM programs, but only Maine and 
Massachusetts conducted a thorough review of the 
NPDES permits for Georges Bank. Connnecticut deter
mined that they were not likely to experience any impact 
from Georges Bank drilling, and Rhode Island, being sup
portive of offshore drilling, conducted only a perfunctory 
review (Colgan, 1982). 

Although exploratory drilling rigs routinely discharge 
several other effluents (such as kitchen wastes, deck 
drainage, and sewage), the EPA, the states, and the public 
were most concerned about the potential for environmen
tal harm from drilling muds and cuttings (chapters 52 and 
54). In an effort to understand better the environmental 
risks, Maine, Massachusetts, New Hampshire, and New 
Jersey together funded an independent study published by 
the New England River Basins Commission (Rieser and 
Spiller, 1981). The study was a critique of current re
search on drilling effluent, in particular that which had 
been the basis for discharge limitations and conditions in 
other OCS areas. This study (as well as other informa
tion) was shared with the EPA by the states. 

Following extensive in-house research, many meetings 
with Maine and Massachusetts, and many public hear
ings, EPA concluded that it could not be determined 
whether exploratory drilling on Georges Bank would 
cause "unreasonable degradation" of the marine environ
ment following the ocean discharge criteria set forth in 
section 403(c) of the Clean Water Act (Environmental 
Protection Agency, Region 1, 1981). To enable a deter
mination at some future date, EPA decided to let drilling 
proceed, but required a monitoring program and allowed 
the BTF one to serve. Further, to ensure that drilling did 
not cause "irreparable harm," as defined by the ocean 
discharge criteria in the Clean Water Act, restrictions 
were written into the permits as strict as any that had 
previously been required in U.S. waters-discharge of 
drilling muds and cuttings at 10 m below the surface, 
10 : 1 predilution, and a limit of 30 barrels/hour. These 
restrictions were imposed chiefly to minimize impact on 
fish eggs and larvae in the water column through maxi
mum dispersion of the muds and cuttings. With these , 
special restrictions in place, Massachusetts and Maine 
found that the activities proposed in the N PDES permit 
applications would be consistent with their policies of 
coastal-zone management. EPA Region 1 issued the first 
permits to Exxon, Getty, Mobil, and Shell on 24 June 
1981, to take effect 30 days later. On 10 July the semi-

submersible drill rig Z apata Saratoga, arrived on block 
410, a Shell tract 155 miles southeast of Nantucket, to 
find the Research Vessel Eastward also there taking the 
first of the predrilling benthic samples of the monitoring 
program. On 24 July Shell and Exxon (on block 133) 
spudded the first wells (chapter 56). 

Lease Sale 52 

Early in 1979 DOl issued a Call for Nominations for 
sale 52, but later postponed further action in response to 

complaints that plans for a second Georges Bank sale 
should not proceed when sale 42 had not yet taken 
place. Secretary Andrus issued a new Call for Nomina
tions for sale 52 on 31 December 1979 (about 2 weeks 
after sale 42), and on 1 July 1980 DOl announced the 
tracts they proposed for lease-540 of the total of 3,000 
in the "call area"; a small number of these were adjacent 
to the tracts leased in sale 42, but the majority were on 
the continental slope and in deeper water on the conti
nental rise. 

DOl published a draft EIS in September 1981, which, 
in response to issues raised by the public, addressed alter
natives to the proposed sale, including deletion of tracts 
at the heads of the submarine canyons and inside the 
200-m isobath, to protect fishery resources, and tracts in 
deep water. DOI held a public hearing on the draft EIS in 
Boston on 19 November 1981. Nearly 50 pieces of spo
ken or written testimony were presented by private citi
zens, public-interest groups, and agencies of federal, state, 
and local governments. Affected states and environmental 
groups agreed that a delay of the sale and the deletion of 
tracts in environmentally sensitive areas were necessary. It 
was felt prudent to include in the final EIS the results of 
the first year of the Georges Bank Monitoring Program 
and fivepngoing DOl-funded environmental studies. 

As planning for sale 52 continued, a marked contrast 
evolved between the tactics used by the states and the en
vironmental groups and those that had preceded sale 42. 
In the years leading up to sale 42 the emphasis had been 
on the development of a satisfactory legal structure 
within which to conduct OCS leasing. In relation to sale 
52 the states and other parties concentrated on the use of 
scientific information-much of it new-to support rec
ommendations on tract deletions and mitigating measures 
and otherwise to promote environmental protection 
within the new legal framework. 

DOl proceeded with plans to hold sale 52 in August 
1982, disagreeing with those who thought the sale should 
be delayed. On 26 April 1982 DOl published the pro
posed NOS, and the final EIS followed soon after. As he 
had done with sale 53 in California, DOl Secretary Watt 
determined that sale 52 did not " directly affect" the 
states' coastal zones, thus challenging the states' authority 
to review lease sales under the consistency provisions of 
the CZMA. The proposed NOS set out a sale area un
changed from the draft EIS, and the final EIS was but 
little changed from the draft. The latter contained one 
surprise- the resource estimates were dramatically lower 



than those used in the draft. The oil estimate had been 
lowered by a factor of about 30, and the gas figure by 
nearly 20. However, the discussion of the environmental 
impact remained almost unchanged. 

Through the governor's review provided for in section 
19 of the OCSLA, the states continued to pursue their 
earlier demands for tract deletions and a delay in the 
sale. After difficult negotiations the sale was delayed, 
partly to allay state concerns, but also because DOl was 
undergoing an important reorganization. The prelease sale 
functions of the Bureau of Land Management and the 
postlease sale functions of the Conservation Division of 
the U.S. Geological Survey were being combined in a sin
gle agency-the Minerals Management Service. During 
the months that sale 52 was delayed, the U.S. Court of 
Appeals for the Ninth Circuit (State of California) handed 
down its decision in California v. Watt (1983a), a suit re
sulting from the conduct of sale 53. The Court of Ap
peals agreed with the Federal District Court's opinion 
that DOl's sale of offshore oil and gas leases had direct 
effects on a state's coastal zone and is therefore subject 
to review by the states for consistency with their coastal 
policies and that DOl must provide a state with a deter
mination of how its proposed lease sale is consistent with 
the state's coastal policies. 

On 25 February 1983 DOl issued a final NOS that 
listed 488 tracts. Of the 98 tracts that Massachusetts and 
others had wanted deleted, 52 had been deleted, lessen
ing but not eliminating environmental concerns. Thus 
Massachusetts and the Conservation Law Foundation 
filed suit in District Court on 2 March 1983, citing viola
tions of four laws-NEPA, OCSLA, CZMA, and the En
dangered Species Act. On 28 March 1983 Judge David 
Mazzone ruled in favor of the plaintiffs on all four 
counts and granted a preliminary injunction against sale 
52, then scheduled for 29 March 1983 (Conservation 
Law Foundation v. Watt, 1983). 

DOl and a coalition of oil companies immediately ap
pealed the District Court's decision. On 16 September 
1983 the U.S. Court of Appeals for the First Circuit ruled 
in favor of Massachusetts and CLF (Massachusetts v. 
Watt, 1983). The Court of Appeals upheld the lower 
court on the basis of the NEPA argument, citing the 
drastic decrease in the resource estimates between draft 
and final EIS-only casually discussed in the final EIS. 
The Court of Appeals found the revised resource esti
mates a "significant new circumstance" sufficient to re
quire an EIS supplement. Rather than redo the EIS, DOl 
canceled sale 52 on 21 November and proceeded with 
plans for a new sale- sale 82- a much larger one com
pletely overlapping the area of the one canceled. 

The Accelerated Leasing Process 

A significant change in the leasing process that affected 
federal/state consultation came with the appointment of 
James Watt as secretary of the Department of the Interior 
(chapter 54). Secretary Watt proposed an accelerated leas
ing program that scheduled 42 lease sales over a 5-year 

period and encompassed nearly every acre of the U.S. 
outer continental shelf. The secretary proposed a 
"streamlined" prelease planning process that reduced the 
lead time for sales from 3 to 1.5 years, while greatly in
creasing the size of the lease offerings. Secretary Watt 
also introduced the "area-wide" leasing concept, meaning 
that an entire planning area would be offered initially 
without specific tract selection until just before a sale. 

Concerns over Watt's approach were expressed by 
coastal states and environmental groups in other regions 
as well as by those whose interests focused on Georges 
Bank. Specifically, the program was criticized because it 
(1) did not adequately weigh environmental factors in its 
risk/ benefit analysis, (2) did not allow enough time be
tween sales in each planning area, (3) offered for lease in 
each sale an area so large as to prevent adequate environ
mental analysis, and ( 4) removed meaningful state and 
public participation from the planning process. In a coop
erative effort several states challenged Secretary Watt's 
leasing program in federal court (California v. Watt, 
1983b). The suit was unsuccessful, and DOl has re
mained committed to the program. However, lease sales 
have not taken place at the rapid rate originally 
planned-in part because of legal actions taken against 
individual sales. 

Lease Sale 82 

Planning for sale 82 was begun in November 1982 under 
Secretary Watt's new leasing program. The area initially 
considered included coastal waters, the Gulf of Maine, 
much of Georges Bank, and the adjacent continental 
slope and rise, totaling about 60 million acres. In re
sponse to comments received from the Call for Informa
tion, this was reduced to 25 million acres in the draft 
EIS. There was broad dissatisfaction among the states and 
environmental groups over the adequacy of the draft EIS 
and over DOl's decision to hold a single public hearing in 
New York City, far away from most of the concerned 
and affected parties. Between the issuance of the draft 
and the final EIS there were three significant occurrences. 
First, in 1983 Congress attached to the DOl appropria
tion bill a " leasing moratorium" amendment, part of 
which prohibited leasing of an additional 9 million acres 
initially included in lease sale 82.9 Second, the Supreme 
Court reversed the decision of the Court of Appeals (Cal
ifornia v. Watt, 1983a), ruling that the conduct of lease 
sales by the federal government (including sale 82) does 
not affect a state's coastal zone and that states with a 
CZM program do not have the right to review lease sales 
for "federal consistency" with the state's coastal policies. 
Third, William Clark replaced James Watt as secretary of 
DOl and announced changes to Secretary Watt's leasing 
program. These included reducing the size of a lease sale 
earlier in the process through more consultation with the 
affected states and the oil industry concerning the acreage 
of greatest interest to each. In keeping with the last, Sec
retary Clark halted plans for sale 82 in January 1984 so 
that DOl officials could gather additional information. 
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Despite the secretary's accommodation, few states were 
satisfied with the final sale plans announced in August. 
DOl divided the sale into two parts, postponing sale of 
the eastern portion (part 2) until after the International 
Court of Justice (1984) had fixed the United States/ Can
ada boundary in the Gulf of Maine,10 and scheduling the 
sale of the undisputed western portion (part 1) for 26 
September 1984. 

Once again Massachusetts and the Conservation Law 
Foundation filed suit in District Court, suing Secretary 
Clark when he would not agree to delete all tracts in 
water shallower than 400 m. Under contention were 
149 tracts that DOl said were of high interest to industry, 
but that Massachusetts felt must be deleted to protect 
Georges Bank fishery resources. Citing violations of the 
OCSLA and NEPA, District Court Judge David Mazzone 
decided in the commonwealth's favor on 25 September 
1984, granting a preliminary injunction against the sale 
(Massachusetts v. Clark, 1984). Only a few hours after 
the announcement of Judge Mazzone's decision, DOl 
canceled the sale scheduled for the following day. Sealed 
bids must be submitted to DOl at least 24 hours in ad
vance of a sale, and none had been received-an unprec
edented occurrence in OCS leasingY 

Conclusion 

More than ten years have passed since DOl first an
nounced plans to lease acreage on Georges Bank for pe
troleum exploration, and the potential of Georges Bank 
as an oil and gas reservoir is no more certain than it was 
in 1974. In addition to continued opposition by New 
Englanders, other factors have dampened hopes for a sig
nificant oil or gas find in the Georges Bank region. The 
eight wells drilled on sale 42 tracts were all "dry" holes, 
and subsequently the resource estimates were significantly 
lowered by the Minerals Management Service. When no 
bids were submitted for part 1 of sale 82, it appeared 
that oil-company interest in the region had been lessened 
by poor drilling results along with a glut in the oil 
market. 

At the same time, we have greatly expanded other as
pects of our knowledge of Georges Bank, improved our 
understanding of the impacts of exploratory drilling, and 
developed a legal structure for leasing. This was accom
plished through a mix of cooperation and litigation, lob
bying and public participation. The Outer Continental 
Shelf Lands Act was successfully amended as a result of 
persistent, diligent work-by the states, which were 
granted a role in a prelease planning process that had 
been mainly a federal one; by fishermen, who gained a 
gear compensation fund and regulations requiring the 
marking of oil-industry equipment that might go to the 
bottom and subsequently damage fishing gear; and by the 
public (most conspicuously through the efforts of certain 
environmental organizations), which gained more strin
gent environmental safeguards and the requirement that a 
detailed, 5-year leasing program be developed and period
ically revised by DOL The states and the scientific com-
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munity helped design DOl's Environmental Studies 
Program for the Georges Bank region. The field program 
for monitoring the effects of exploratory drilling on 
Georges Bank came into being through a most intricate 
process involving numerous agencies of the federal gov
ernment (those represented by the Biological Task Force 
and others), the states, fishermen, the oil industry, the 
scientific community, and the public at large. State and 
public concern and expertise were also critical in the 
development of the requirements of the NPDES permits 
issued by the EPA to drillers following lease sale 42. 

Despite th75e gains, the interested parties have not yet 
agreed as to ' what is necessary in order to protect the 
Georges Bank fishery from the risks of oil and gas devel
opment. New scientific information on the ocean pro
cesses that contribute to the high productivity of Georges 
Bank and a greater appreciation of the importance of the 
domestic fishery have led several states, including Maine, 
Massachusetts, New York, and New Jersey, to oppose 
drilling in certain critical areas of the bank. DOl, the oil 
industry," and others feel that drilling can be conducted 
safely with the environmental safeguards now in place. A 
better understanding of the potential impact of petroleum 
development on the Georges Bank fisheries will come 
from ongoing research and should be incorporated into 
the decision-making process, but it is unlikely that there 
will ever be complete agreement as to whether "fish and 
oil" can coexist on Georges Bank, and the success of off
shore leasing in the Georges Bank region is dependent 
upon all parties striving to achieve a balance among com
peting interests. 
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Notes 

1. These included (1) the National En
vironmental Policy Act of 1970 
(NEP A), which assures that the poten- -
rial environmental impact of certain ac
tivities (including lease sales and other 
activities related to the development of 
oil and gas) is assessed and that public 
comment is considered; (2) the Clean 
Water Act of 1970, which establishes a 
national policy for the protection and 
maintenance of clean water and estab
lishes a permit system for the discharge 
of substances into U.S. waters; (3) the 
Coastal Zone Management Act of 
1972 (CZMA), which gives the coastal 
states a formal role in offshore leasing; 
and (4) the Marine Protection, Re
search and Sanctuaries Act of 1972, 
which provides a means for the secre
tary of the Department of Commerce 
to set aside certain ecologically signifi
cant or environmentally sensitive areas. 

2. In recent times revenue from leasing 
for petroleum exploration and develop
ment has been second (admittedly a 
distant second) only to the income tax 
as a source of Jederal revenue. 

3. The basic changes made in the OC
SLA were (1) the establishment of for
mal consultations between DOl and 
the states on offshore leasing policy; 
(2) provisions for the release of confi
dential information to the states; (3) 
the establishment of an offshore-oil
pollution fund; (4) the establishment of 
a fishermen's-gear compensation fund; 
(5) requirements for use of best avail
able and safest technology in offshore 
operations; and (6) the requirement 
that DOl develop and periodically re
vise a 5-year leasing program. 

4 . These problems included (1) fishing 
gear damaged or lost because of oil
company debris left on the bottom; (2) 
loss of access to fishing grounds; (3) 
maneuvering conflicts; a·nd (4) snagging 
of gear or breaking of pipelines when 
the latter were inadvertently trawled 
over. 

5. It was recommended that lease stip
ulations require (1) burial or shrouding 
of pipelines; (2) prohibition of dumping 
of equipment and provisions and for 
recording ownership on all drilling
related equipment that could be lost 
overboard; (3) combining of structures 
to minimize preemption of fishing area; 
( 4) use of pipelines to transport oil 
ashore and establishment of pipeline 
corridors; (5) establishment of traffic 
lanes for supply vessels; and (6) estab
lishment of a board comprised of fish
ing and oil interests to observe the 
implementation of the lease 
stipulations. 

6. Cecil B. Andrus, Juanita M. Kreps, 
and Richard A. Frank, respectively. 
CLF fi led on behalf of the National 
Coalition for Marine Conservation, the 
Cape Cod Commercial Fishermen's Co
alition, the Massachusetts Audubon 
Society, the Massachusetts Inshore 
Draggermen's Association, the Nan
tucket Land Council Defense Fund, the 
Association for the Preservation of 
Cape Cod, and the Friends of the 
Earth. 

7 . Any person can recommend a site 
for consideration as a marin~ sanctu
ary. The regulations specify that certain 
information be submitted with the 
nomination, including a description of 
the features of the area that make it 
distinctive, a description of the present 
and future uses of the area, a summary 
of who should manage the area and 
why, and a summary of the activities 
that should be regulated to ensure pro
tection of the area. 

8. A year later, in December 1980, a 
settlement agreement resolving the liti
gation over lease sale 42 was signed by 
all patties. One of the terms committed 
NOAA to reconsider the designation of 
Georges Bank as a marine sanctuary. 
Another committed DOl to giving seri
ous consideration to approval and 
funding of future studies recommended 
by the Georges Bank Biological Task 
Force. 

9. A leasing moratorium that included 
the Georges Bank region was first im
posed in 1983 and adopted again in 
1984. 

10. On 12 October 1984 the Inter
national Court of Justice resolved the 
boundary dispute, drawing a line that 
lay between the boundaries claimed by 
the United States and Canada, thus giv
ing Canada about one-quarter of the 
bank. Thus a part, but not all, of the 
acreage included in the deferred east
ern portion of sale 82 now lies in U.S. 
waters. 

11. Actually, DOl received 149 sealed 
bids from Greenpeace, USA. These 
bids, which were returned when the 
sale was canceled, were for the 149 
tracts under contention by Massachu
settS and DOl. The bids were of a 
nonmonetary nature, such as the value 
of the Georges Bank fishery for a cer
tain tract. 
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The drilling rig Alaskan Star. 

Exploratory Drilling, 
1981-1982 
Elmer P. Danenberger 

On 10 July 1981, after years of debate, planning, and ne
gotiation for permits, the Zapata Saratoga, a semisubmer
sible drilling rig under contract to Shell Offshore Inc., 
arrived on location on Georges ·Bank 155 miles southeast 
of Nantucket. The rig was greeted by an unhappy lob
sterman, protesters who had sailed from New Bedford, 
scientists collecting benthic samples, and a bomb threat. 
If there had been any doubt before, it was now very clear 
to the crew of the Saratoga that they were no longer in 
the Gulf of Mexico. 

Mooring-line problems and insufficient anchor weight 
prevented the crew from securely mooring the rig. With 
the attention of the news media focused on the opera
tion, the skeptics were delighted. The initial delays 
proved to be an omen, as almost 10 months elapsed be
fore the well was completed-a dry hole (that is, no oil 
or gas finds) to 15,5 68 feet. 

While the Saratoga was experiencing its mooring diffi
culties, the Alaskan Star, under contract to Exxon, was 
quietly moved onto location about 40 miles away and 
commenced drilling at 1:45 a.m. on 24 July, just hours 
ahead of the Saratoga. The well was drilled to a depth of 
14,118 feet with few problems, but proved to be a dry 
hole. On 24 November 1981 the Alaskan Star moved to 
a new location some 125 miles southeast of Nantucket 
and about 20 miles from its first hole. Drilling went 
quickly, but the results there were similar-a dry hole; at 
14,605 feet it was plugged and abandoned. The rig was 
contracted to Tenneco after that, moved another 20 
miles, and drilled a third dry hole to a depth of 18,127 
.feet on Lydonia Canyon block 187. 

The Saratoga and Alaskan Star were to be joined by 
two more mobile drilling units as the rig count peaked at 
four. The Rowan Midland, under contract to Mobil, ar
rived on location on 21 November 1981. Seventeen days 
were required to moor the rig satisfactorily; the wire-rope 
mooring system was too light for the job, and "piggy
back" anchors had to be rigged to supplement the pri
mary ones. The rig drilled two dry holes for Mobil and 
left. The last rig to arrive on Georges Bank was the Aleu
tian Key, which began drilling for Conoco on 13 May 
1982. This rig departed on 25 August. Shell, the first 
operator to arrive on Georges Bank, was the -last to go, 
leaving on 27 September after its second dry hole. (See 
table 56.1 for a summary of this drilling history; see also 
figure 1 in the introduction "Conflicting Uses" by 
Backus.) 

Drilling from floating semisubmersible drilling rigs is 
done in essentially the same way throughout the world. 
Semisubmersibles vary principally in displacement, hull 
shape, number of stabilizing columns, deck arrangement, 
and mooring systems. The actual manner in which a hole 
is drilled is dictated more by geologic factors than by 
type of rig or oceanographic conditions. These factors 
include rock type, fracture gradients, permeability, pore 
pressures, and the presence and nature of fluids and 
gases. Except for some near-surface instability that caused 
problems in setting the initial casing strings at some loca
tions, geologic conditions proved generally to be favora
ble for exploratory drilling. 

The most serious operating problems arose from the 
mooring failures of the Saratoga and the Midland. A re-

view indicates that these failures were due more to the 
mooring arrangement and the poor condition of the 
mooring lines than to wind and sea. The Saratoga suf
fered six line failures; two, affecting a single line, oc
curred during the initial anchoring in July; four, affecting 
three lines, occurred later on, in November. Two of the 
failures involved wire rope. The remaining four involved 
connectors linking wire rope and chain. (The Saratoga 
uses a combination of chain and wire rope.) Analyses of 
the mooring arrangements indicated that the one used 
first-2,000 feet of wire rope and 2,200 feet of chain 
pretensioned to 200 kilopounds-might fail in storms of 
moderate intensity. All wire rope and connecting links 
were replaced and the inspection and maintenance pro- . 
gram were improved. The amount of wire rope deployed 
was reduced to 500 feet and chain substituted in the ca
tenary. With the modified arrangement, horizontal mo
tion of the rig lifted chain rather than straining wire rope. 

The mooring-system safety factors proposed by an 
American Petroleum Institute committee of mooring spe
cialists could now be achieved. (These were similar to 
those adopted by the Norwegian Maritime Directorate.) 
Safety factors (minimum breaking strength divided by 
maximum line tension) are 3.0 when the marine riser is 
connected to a well and 2.0 when it is disconnected. 
These safety factors were applied in the review by the 
Minerals Management Service (MMS) of new drilling ap
plications for the North Atlantic. 

The Midland, which employs eight wire-rope mooring 
lines, also experienced line failures. During a storm on 16 
December 1981, while the mooring lines were being r~
placed on the Saratoga, the No. 8 line on the Midland 
failed. Once this line was repaired, the rig's mooring sys
tem performed satisfactorily for the remainder of the 
winter. However, during a severe spring storm (on 6.April 
1982 with winds of 105 miles/hour, 30-foot seas, and 
35-foot swells), three of the Midland's windward moor
ing lines failed in succession, leaving the rig 200 feet off 
location. The remaining lines held, and no further prob
lems were experienced during the storm~ All wire on the 
parted mooring lines was replaced before drilling re
sumed. The MMS then required additional independent 
studies of the failures and the mooring system's adequacy 
for North Atlantic operations. Laboratory analyses indi
cated that cable fatigue was the probable cause of the in
itial failure, with most of the fatigue occurring before the 
storm. The second arid third line failures were primarily 

. the result of sharp increases in tension precipitated by · the 
first failure. Further review indicated that the Midland 
could operate on Georges Bank with the prescribed safety 
factors if the wire rope were new. Before beginning Mo
bil's second well, all of the remaining wire rope was re
placed, and the well was drilled without incident. 

Both Shell and Mobil had followed proper procedures 
in making the wells themselves secure prior to the moor
ing-line failures. Therefore loss of well control or damage 
to wellhead equipment was not a potential problem dur~ 
ing these incidents. To reduce the probability of mooring 
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Table 56.1 Diagram of a drilling rig: 
Exploratory-well statistics, Georges Bank (1) motion compensator; (2) marine 

Approximate 
riser and guideline tensioners; 
(3) diverter; (4) telescopic joint; 

Company distance (5) marine riser joint; (6) flex joint; 
(lease#: Water southeast of Depth (7) blowout preventer stack; (8) 

block#/ depth Latitude (N) Nantucket Date on Spud Date off BMP Postabandonment high-pressure wellhead housing; (9) 

well#) Rig (feet) Longitude (W) (miles) location date' location (feet) survey complete 30-inch wellhead housing; (10) per-
manent guide structure; ( 11) tern-

Exxon porary guide base; ( 12) squinch 
(OCS-A 0170: Alaskan 225 40°49'05" 112 7/22/ 81 7/24/ 81 11/24/81 13,808 12/2/ 81 joint; (13) threaded connector. 

133/1) Star 67°56'03" 

Shell 
(OCS-A 0218: Zapata 452 40°34'24" 7/ 10/ 81 7/24/ 81 8/ 8/81 875 
410/ 1)' Saratoga 67°12'32" 

(OCS-A 0218: Zapata 452 40°34'24" 155 8/ 8/ 81 8/ 10/ 81 3/ 31/ 82 15,043 4/20/ 82 
410/1R) Saratoga 67°12'32" 

Mobil 
(OCS-A 0200: Rowan 260 40°39'27" 125 11/21/ 81 12/8/ 81 6/27/ 82 19,652 7/2/82 
312/ 1) Midland 67°45'55" 

Exxon 
(OCS-A 0153: Alaskan 209 41 °00'24'' 125 11/24/ 81 11/25/ 81 3/ 10/ 82 14,313 3/21 / 82 
97 5/1) Star 67°37'19" 

Tenneco 
(OCS-A 0182: Alaskan 300 40°46'15" 140 3/ 10/ 82 3/ 12/ 82 8/22/ 82 17,744 8/25/ 82 
187 / 1) Star 67°23'19" 

Shell 
(OCS-A 0210: Zapata 265 40°36'51" 128 4/2/ 82 4/ 14/ 82 9/27/82 19,090 10/ 19/ 82 
357 / 1) Saratoga 67°44'41" 

Conoco 
(OCS-A 0179: Aleutian 300 40°49'59" 145 5/ 9/ 82 5/ 13/ 82 8/25/ 82 14,115 8/ 30/ 82 
145/ 1) Key 67°17'06" 

Mobil 
(OCS-A 0196: Rowan 302 40°41'04" 140 6/ 28/ 82 6/ 30/ 82 9/ 13/ 82 15,190 9/29/82 
273/ 1) Midland 67°30'12" 

a. Date upon which drilling began. 
b. Below mud line. 
c. #1 was abandoned and cemented when a conductor casing became stuck in the drill hole. #lR was begun nearby. 



failures in the future, MMS intends to verify mooring-sys
tem safety factors, giving consideration to the age of ma
terials and maintenance history. 

Although drilling procedures on Georges Bank did not 
differ greatly from procedures elsewhere, they were sub
ject to a number of special requirements. Drilling fluids 
were discharged at a depth of 10 m and were limited to 
30 barrels per hour. Operators were required to sample 
drilling discharges regularly and submit analyses to the 
Environmental Protection Agency. All drilling and work
boat personnel participated in a fisheries training program 
that emphasized the importance of the Georges Bank 
fishery and taught methods for minimizing interference 
between commercial fishing and petroleum exploration. 
Oil-spill equipment and personnel trained in its use were 
maintained at offshore locations; MMS and the Coast 
Guard conducted surprise drills to test response capabili
ties. Each abandoned drilling site was surveyed by side
scan sonar for debris that might have been left on the 
seafloor. 

The first round of Georges Bank drilling ended 
abruptly when all four rigs departed during the 5 weeks 
beginning in late August 1982. Despite proclamations to 
the contrary in the local press, all eight of the Georges 
Bank exploratory wells, which had cost $12-35 million 
apiece (not including the lease), were "dry holes"; that is, 
none showed the characteristics of commercially exploita
ble reservoirs. Company announcements regarding the dry 
holes have been confirmed by MMS; on the basis of a 
review of formation test data, well logs, core data, and 
other geologic and engineering data, MMS determined 
that none of the wells was capable of producing oil or 
gas in sufficient quantity to make production profitable. 
Had any of the wells showed hydrocarbons present in 
amounts of commercial significance, the information 
·would have been released to the public, as required by 
Securities and Exchange Commission regulations. 

567 Exploratory Drilling, 1981-1982 
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Georges Bank attracts or repels vessels depending on their 
missions. Fishermen from New England ports have long 
been drawn to the bank by its rich fishing grounds-re
cently they have been joined there by crews of geologists; 
technicians, and drilling-rig workers exploring for oil and 
gas. Others have occasional business on Georges: scien
tific researchers and surveyors, for instance. But there is a 
major class of traffic for which the bank is an obstacle. 
This is the traffic of coasting and transoceanic vessels 
carrying passengers or cargoes of one kind or another, 
whose entire concern with Georges is to get past its dan
gers efficiently and safely. 

For a large part of the marine traffic in and out of 
such ports as New York, Boston, Portsmouth, Portland, 
St. John, and Halifax, the logical course skirts Georges 
Bank or passes through the Great South Channel, the 
principal north/south transit route for vessels that cannot 
or do not use the Cape Cod Canal. Boston-bound traffic 
might pass Georges Bank to port or starboard. New 
York-bound traffic would most likely approach south of 
the bank and enter the Nantucket/ Ambrose traffic lanes. 

Though the proximity of these ports to Georges draws 
traffic close along its flanks, there is another effect as 
well; public attention is fixed on the natural resources of 
the bank-fish and shellfish, minerals, oil, and gas. In 
this respect, compared with more remote areas, such as 
the Grand Banks of Newfoundland, Georges Bankis far 
more in the public's view, and there is more concern 

. about adverse consequences from exploitation. Pressures 
for resource utilization and the countervailing pressures 
for environmental protection build up quickly. Both the 
exploitation and the protection of resources are activities 
that generate traffic. 

This discussion is concerned principally with civilian 
marine surface traffic, mainly that of fishermen and cargo 
carriers. There are other kinds of traffic in the Georges 
Bank region, of course. The Coast Guard sends flights 
over Georges almost daily for search and rescue and for 
law enforcement. These flights are made from Cape Cod 
or Brooklyn or from cutters at sea. From Brunswick, 
Maine, the Navy sends routine reconnaissance flights out 
over a wide ocean area that includes Georges Bank. 
Coast Guard and Navy pilots become thoroughly familiar 
with surface traffic on the bank. There is also certain 
submarine traffic, but like air traffic, this will be men
tioned only in passing. A transit lane for submerged sub
marines passes through the Great South Channel (figure 
57.1). Places on Georges or nearby may serve for con
cealment of submarines to some extent, but generally the 
water is too shoal over the bank for submerged opera
tions. (Indeed, naval operations of any kind are very lim
ited.) There is occasional use of research submersibles as 
well (chapter 6). 

Shoals and Currents 

There is a depth of 19 feet (Mean Low Water) charted 
on the northwestern tip of Cultivator Shoal, and a depth 
of 21 feet on Georges Shoal. A typical New England 

fishing dragger might draw 15 or 16 feet of water when 
loaded, and a commercial cargo vessel 20-30 feet. Tank
ers can draw twice that or more. The menace of sea 
waves and swell is magnified in shallow waters; running 
seas can significantly reduce the effective depth for safe 
navigation. 

The strong currents to be found on Georges shift di
rection clockwise round the compass with the progress of 
the tide; there is no slack water. These currents can inter
act with seas and swell to produce exceptionally danger
ous conditions, and they may be further affected by the 
wind. The effects are difficult to predict. This uncertainty 
gives mariners who have no strong reason to be on 
Georges a good reason to stay away. 

Charts and Navigational Aids 

The area has been well charted for navigation, mainly by 
government agencies. Recent hydrography by the oil 
companies, part of their well-publicized exploration of 
Georges, is doubtless of very high quality, but commer
cial competition has so far kept many results unavailable 
to the public. The hydrographic work of the National 
Ocean Survey (formerly the U.S. Coast and Geodetic Sur
vey) is used regularly to revise charts and publications, 
such as the U.S. Coast Pilot, available to all mariners. Re
liable and accessible data of this kind encourage traffic in 
the area; shipmasters can set short and efficient courses 
past the hazards of Georges Bank, confident that these 
are accurately plotted. Mariners equipped with good 
charts and sounding equipment can use the varying 
depths over much of Georges to pinpoint their ships' po
sitions. Because of the distinctive nature of the bottom 
topography, a series of soundings will often indicate quite 
precisely a vessel's location. 

There are no regular navigational buoys on Georges 
Bank. A few weather and oceanographic buoys are lo
cated at the extreme southwest, in the vicinity of Little 
Georges. Private marks are set out from time to time in 
connection. with research or resource exploration; for in
stance, at present there are four charted buoys in place · 
near the head of Lydonia Canyon. Though for some pur
poses such buoys may be placed with great precision, 
their published positions-if any-should probably be 
treated with caution. 

Three exploratory oil rigs located for a while on 
Georges made excellent navigational marks (they are now 
gone); their positions were well established and published 
by the Coast Guard in Local Notices to Mariners. The 
rigs could be seen day or night in clear weather, and on 
radar in fog or heavy weather. They were as useful as 
conventional lighthouses on the coast, and additionally, 
they gave search and rescue helicopt~rs a place to land at 
sea. (A regular lighthouse was once proposed for Georges 
Bank; see chapter 1.) 

Present-day navigation on Georges Bank is done mainly 
with electronic aids. Cape Cod is at least 60 nautical 
miles west of the western edge of Georges Bank proper, 
out of sight, and too far away to furnish a dependable 

Marine Surface Traffic 
Thomas F. Murphy, Jr. 

radar fix for vessels with the usual equipment, but cover
age by LORAN C radio-navigational signals is excellent. 
The signals are strong, and the transmitters favorably -lo
cated. Vessels may routinely fix their positions within a 
few hundred feet. Omega navigation, a worldwide low
frequency radio-wave system, is also used. Because of the 
accuracy of these systems, work can be done far closer to 
shoals and wrecks than a prudent skipper who relied only 
on traditional methods of position finding would allow. 
Fishermen have intimate knowledge of the hazards in 
areas that they work regularly, often recording this 
knowledge in "hang books" for their own use. Many 
wrecks and obstructions have been plotted on official 
charts (figure 57.1).1 

Traffic Management 

On navigational charts of the Georges Bank area (for ex- · 
ample, NOAA Chart No. 13009), two pairs of traffic 
lanes are shown (figure 57 .1). Inbound and outbound 
Boston Harbor traffic lanes run N NW and SSE through 
the Great South Channel (NOAA, 1983a); inbound and 
outbound Nantucket/ Ambrose lanes run approximately 
east and west, south of Nantucket Shoals (NOAA, 
1983b). Whether inbound or outbound, vessels keep to 
the right; between the pairs of lanes there are traffic sep
aration zones about a mile wide to give a margin for er
ror. Vessels are not obliged to use these traffic lanes, but · 
maritime law strongly encourages it: " The Traffic Separa
tion Scheme has been designed to aid in the prevention 
of collisions at the approaches to major harbors, but is 
not intended in any way to supersede or alter the applica
ble rules of the road. Separation zones are intended to 
separate inbound and outbound traffic lanes and to be 
free of ship traffic, and should not be used except for 
crossing purposes. Mariners should use extreme caution 
when crossing traffic lanes and separation zones" 
(NOAA, 1983a). 

Joint action by coastal states (the United States in this 
instance) and the International Maritime Organization 
(IMO-formerly the Inter-Governmental Maritime Con
sultative Organization) has produced these traffic separa
tion schemes. Lanes in the Georges Bank area were 
established in 1967; in effect, they gave formal status to 
customary routes long used by shipmasters. 

A new "precautionary area" in the Georges Bank re
gion became effective 1 January 1984 (U.S. Coast Guard, 
1983b); this lies southeast of Nantucket Shoals, where 
the two existing traffic separation zones are closest to 
each other (figure 57 .1). According to a Local Notice to 
Mariners, traffic patterns are not altered by this new 
zone, but extra caution is advised for mariners within it. 

The most conspicuous recent error in navigation in the 
vicinity of Georges Bank was the grounding in 197 6 of 
the tanker Argo Merchant on Nantucket Shoals, some 30 
nautical miles southeast of Nantucket. In the aftermath, 
it was proposed to monitor vessels loaded with hazardous 
cargoes as they left or approached soundings. A govern
ment agency or private piloting service would do this 



Figure 57.1 
Approaches to Boston Harbor 
s~owing navigation lanes, certain 
atds to navigation, and wrecks and 
ob~tructions. Also shown are 
pomts of origin of distress calls re
corded from the region of Georges 
B~n~ by the U.S. Coast Guard, First 
Dtstnct, between February 1982 
and June 1983. Of approximately 
300 ~mergencies, some 24% were 
medtcal; the remainder were mainly 
engine failures or cases where 
~ets and gear had become fouled 
~n a boat's propeller. Not all points 
m the western sector have been 
plotted since some are so close as 
to fall on top of one another. 
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from stations on land, in a way comparable to air traffic 
control. 

Such monitoring schemes exist in New Orleans, New 
York, and San Francisco, and overseas in Rotterdam, 
Hamburg, and LeHavre (Murphy, 1979). Though they 
have been suggested for New England waters and other 
coastal areas where vessel traffic is heavy, not one has 
been implemented so far. Had commercial quantities of 
oil been found on Georges Bank, however, pressure from 
the public and environmental groups might well have led 
to some such form of traffic supervision, at least for 
tankers carrying oil ashore. 

Types of Traffic 

For fishing vessels, Georges Bank (or ordinarily some par
ticular part of it) is a destination, not a hazard to be 
avoided. Their courses to chosen grounds are often as di
rect as bottom topography will allow, though they may 
fish en route. Once on the grounds, fishing strategy gov
erns operations. A vessel may follow a school or keep to 
a depth favored by the fish sought. Fishing vessels are by 
far the most numerous type on Georges Bank itself, and 
most are trawlers or scallopers operating from New Eng
land and the Canadian Maritime ports (chapters 43 and 
44 ), though some come from the Middle Atlantic states 
or even from the southeastern or Gulf states. More than 
80% of U.S. fishing trips to the vicinity of Georges Bank 
originate in Massachusetts ports. In 1980 there were 
11,140 trips from Massachusetts and 1,5 4 7 from Rhode 
Island, according to National Marine Fisheries Service 
statistics; trips from other states numbered about 100 or 
less (R. Schultz, 1983, personal communication). 

The "200-mile limit," a fishery conservation zone, was 
established in 1977 by the United States under the Mag
nuson Fishery and Conservation Management Act of 
1976 (MFCMA; see chapters 41 and 45). Canada pro
claimed a similar zone in 1977. The whole of Georges 
Bank lies within the jurisdiction of one country or the 
other, but the boundary between the two was in dispute 
until fixed by the International Court of Justice in Octo
ber 1984 (chapter 45). 

As matters now stand, the region that includes Georges 
Bank is effectively closed to foreign fishing vessels unless 
they go through Canadian or U.S. permitting processes. 
The number of foreign vessels securing these permits is 
far smaller than the number that fished before 1977, 
with the result that U.S. and Canadian vessels on Georges 
are now a very large fraction of the total. Foreign com
mercial vessels not engaged in fishing retain the right of 
passage through the fishery conservation zone. 

Since the 1950s there have been two principal ap
proaches to regulation of fish catches in the waters off 
New England (chapter 41). Each has had some effect on 
vessel traffic. Before 1977, fisheries were regulated under 
the International Commission for Northwest Atlantic 
Fisheries (ICNAF; see chapter 41). ICNAF specified the 
areas where fishing could take place, the gear that could 
be used, and in later years the amount of fish of different 

species allowed to each country. Vessels were subject to 
inspection. Most foreign vessels then on Georges Bank 
were large factory trawlers-the most economical type 
for operating at long distance (see chapter 42). U.S. and 
Canadian trawlers were smaller. 

Under MFCMA, U.S. vessels were assigned trip quotas 
based on vessel tonnage. The regulations tended to favor 
boats in the range of 60-90 feet, the predominant size. 
In April 1982 this system of quotas was replaced with 
the "interim groundfish plan," under which each U.S. 
vessel is allowed, subject to certain restrictions on gear 
and fishing locality, to take all the fish it can hold. With 
no ceiling on catch, larger vessels came to be favored. 
Many are being built up to a limit of 200 gross tons; 
above this size, certain licensed crewmembers must be 
shipped, and many vessel operators prefer to stay clear of 
this regulation. 

From March through May, 1980-1983, an area 50 
nautical miles east of Cape Cod and another on Georges 
Bank itself were closed entirely to bottom trawling. Clo
sures of this kind are easier to enforce than catch or 
mesh restrictions, where violations may be difficult to de
tect. Any vessel spotted in a closed area must answer for 
its presence there. Between 1980 and 1983, six U.S. ves
sels were boarded and seized for closed-area violations. 
The effect on fishery conservation is difficult to deter
mine, but the effect on traffic is obvious; for 3 months 
each year there are virtually no fishing vessels to be 
found in the closed areas except those in transit. 

The density of fishing-vessel traffic on Georges Bank is, 
surprisingly, not great at any given time. The fleet is dis
persed, and collisions are rare. Conflicts do occur, how
ever, between vessels using different kinds of gear. Fixed 
gear, such as longlines, gill nets, and lobster-pot trawls, 
are fouled by trawlers and scallopers. Such conflicts were 
acute during the best days of the offshore lobster fishery. 
Lobstermen set strings of pots along the bottom on 
Georges, mainly in the canyon area on the southern 
flank; the trawls usually paralleled the depth contours 
shown on the charts. Trawlers often fished up or down 
slope across these contours, which increased their 
chances of snagging fixed gear. This happened regularly, 
particularly when the fixed gear was not well marked. 
Such encounters led to complaints and legal skirmishing, 
as might be expected. 

Marine Research Traffic 
Marine research traffic is quite common on Georges 
Bank. Though the number of research vessels to be 
found within the region is small at any one time, the na
ture of their operations can nonetheless make them sig
nificant as a factor in traffic. A recent Local Notice to 
M ariners (U.S. Coast Guard, 1983b), for instance, warned 
lobster fishermen that the NOAA research vessel Alba
tross IV planned to make 450 bottom-trawl survey sta
tions within a region including Georges Bank; the 
lobstermen were given radio frequencies and phone num
bers to call in order to tell the Albatross where their 
traps were located. In another such notice (U.S. Coast 

Guard, 1983a), mariners were advised that an oil-com
pany research vessel pursuing geophysic investigations 
southwest of Georges would be towing a streamer 
12,000 feet (2 nautical miles) long in its wake. 

Tow boats and Pipelines 
East of the Great South Channel shipping lanes, there is 
virtually no towboat and barge traffic. Indeed, it is rare 
even iri the channel, since the Cape Cod Canal is gener
ally a preferable route. There is no active designated 
dumping ground on the bank. Though pipelines and ca
bles are not traffic in the usual sense, it might be added 
here that neither is to be found at present on Georges 
Bank, though some might be installed should oil be 
found and production begun. 

Coast Guard 
The Coast Guard goes to Georges Bank mainly for search 
and rescue operations (figure 57.1) and for law enforce
ment. There is close cooperation with the Canadian 
Coast Guard, which operates vessels from various ports in 
Nova Scotia. Search and rescue is almost always in aid of 
commercial fishing vessels and is usually a tow back to 
port for a disabled vessel or helicopter evacuation of an 
injured seaman. In the last few years the U.S. Coast 
Guard's law-enforcement role has increased on the bank 
and in waters just east of it; drug smuggling is the main 
reason for this. The large number of commercial fishing 
vessels on Georges Bank makes this vessel type an ideal 
"cover" for running drugs into ports and islands along 
the New England coast. Many of the "drug boats" seized 
at sea in recent years have been bogus fishermen. 

Oilmen versus Fishermen 

Potential conflict between the fisheries and the oil indus
try has been much discussed. The two industries have co
existed for many years in the Gulf of Mexico, but 
conclusive, impartial, and convincing statements about 
the impact of each on the other are difficult to find. Oil 
rigs themselves, of course, are to some extent an obstruc" 
tion to vessels, though it has been pointed out that they 
can be useful to fishermen for navigation and rescue. Oil 
drilling can leave debris, which interferes with fishing, 
though during the recent exploratory drilling on Georges 
Bank the government pressed oil companies to clean up 
after themselves: "Shell Oil had to go back and remove 
debris, although a huge steel door that detached from the 
stern of a supply boat couldn't be found-it apparently 
was buried by shifting seafloor sands .... Exxon left its 
two sites clean" (Boston Globe, 1982). Spills or dumping 
of drilling mud may reduce fish populations. Estimating 
the duration of such impact scientifically is very difficult 
(chapters 52 and 53). The disadvantages of concurrent 
exploitation by oilmen and fishermen would not all be 
on the side of the fishermen. Oil-service traffic might be 
relatively difficult to manage safely in an active fishing 
area. Pipelines would very likely need to be buried. Oil 
operations perhaps would be held to a higher environ-



mental standard in a fishing area than they might be else
where and hence be relatively expensive. 

The Future of Marine Traffic 

A decision to produce oil and gas on Georges Bank 
would qualitatively change the nature of traffic there, but 
the results of exploration so far give no indication that 
this will happen soon. It appears that fishing vessels will 
continue to predominate on \the bank for some years. 
The patterns and intensity of this traffic will vary with 
the condition of the resources, and the nationalities of 
the boats will doubtless shift in response to political and 
economic factors. The shoals and seas to be found on 
Georges Bank will ensure, as they always have, that no 
vessel will intentionally go there that has no sound or 
profitable reason for doing so. 

Reviewed by William M. Fowler, Jr., and Linda B. Miller 

Note 

1. In an unprecedented decision on 21 
December 1984, the National Oceanic 
and Atmospheric Administration 
(NOAA) was judged liable for damages 
in a suit brought by the families of 
three fishermen drowned on Georges 
Bank on 22 November 1980 (the loss 
of a fourth man was not addressed in 
the ruling). On the strength of a fore
cast of good weather, the 52-foot Fair
wind and the 46-foot Sea Fever set out 
for Georges from Hyannis, on Cape 
Cod. Unpredicted violent winds and 
seas sank the Fairwind, with the loss 
of three men from her crew of four. 
Sea Fever's helmsman was washed 
overboard. Judge Joseph L. Tauro of 
the U.S. District Court in Boston held 
the government negligent in failing to 
repair a faulty weather buoy "critical 
to a reliable forecast." The government 
encouraged fishermen to rely upon its 
forecasting service; hence "it was obli
gated to use due care" in maintaining 
the system, or at least to warn fisher
men of its malfunction. Judge Tauro's 
decision was reversed on appeal in 
May 1986. 
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