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ABS TRACT

The most important prerequisite for understanding the
legal, political, and organizational imp3.ications of the
possible option of radioactive waste disposal deep within
the seabed  sub-seabed disposal! is a basic grasp of the
status of nuclear activities worldwide which are creating
radioactive wastes. Chapter I analyzes the technical, lega3,
political, and managerial elements of nuclear energy, espec-
ially radioactive waste management, to the degree necessary
to provide background and perspective for understanding the
sub-seabed disposa3. concept. Next is the need, addressed in

Chapter IX, for an awareness of the history of worldwide

marine disposa3. practices involving very hazardous materials,
and the recent national and international responses to these

practices. Attention is focused on the new attitudes toward

protecting the marine environment, especially on the emerging
trend of phasing out disposals posing danger to man or the

environment.

With tnis background and perspective established for

radioactive waste management and marine disposal practices,

the thesis investigates the legal and political elements in

the U.S., other countries, and international organizations,

of th possible sub-seabed disposal of radioactive wastes.

Chapter III analyzes the related domestic legal postures

of the U.S. and several other nations with nuclear energy



programs; Chapter IV includes detailed consideration of the

international legal situation surrounding sub-seabed disposal.
The existing and projected political responses to sub-seabed

disposal from the U.S., other countries, and the related

international organizations are discussed in Chapter V. A

start is made in Chapter VI toward outlining and evaluating
some of the ethical questions raised by sub-seabed disposal.

Many of the existing institutional aspects are most appro-

priately included in the discussion of closely related legal
and political elements in Chapters III - V. The future

institutional possibilities for the management and prevention

of sub-seabed disposal are analyzed separately in Chapter VII.

The research approach used is largely reflected in the

structure of the manuscript. The author first developed an

understanding of the technical realities of the commercial

and military nuclear activities creating significant radio-

active wastes, and the possible options for radioactive waste

disposal. Detailed study was then done on the science and

t chnology of the sub-seabed disposal concept.

The legal and policy research which followed was de-

signed to uncover all potential,ly applicable information for

a very new technological possibility. The general approach

consisted of:

l! An inductive process, i.e ~ , analyzing all existing

information and making reasonable forecasts and pre-

dictions; and

2! A deductive process, i.e., looking ahead to the l980's



and 1990's, and making the best possible judgments
as to likely events and situations.

The deductive approach was most important in establishing
likely institutional possibilities for the management and
prevention of sub-seabed disposal in Chapter VII.

Detailed legal research was necessary for Chapters III
and IV on the national and international legal aspects,
respectively, of the sub-seabed disposal of radioactive

waste. To this was added a major search of journals, news-
letters on science, government, environment, energy, etc.,
and the general literature of various countries in the fields
of:

l! Energy policy, law, and research and development,
especially for nuclear energy;

2! General environmental protection; and

3! Specific elements of marine pollution control, especially
law of the sea.

Important data was drawn from numerous interviews with

academics, industrialists, government officials, international

civil servants, scientists, and environmentalists, various
nationaL and international conferences, symposia, and working
groups, and numerous unpublished manuscripts from national

governments, international agencies, and academics.

A summary of the research findings and a number of con-

clusions and recommendations are presented in Chapter VIII.

From the legal viewpoint, it is important to note both that:

l! The implementation of sub-seabed disposaL of radioactive



waste is enmeshed in a complex legislative and regulatory
situation in the leading nuclear nations; the situation
is not, at least for now, as complex as that confronting
land-based disposal possibilities; and the situation is
changing since various nations have criteria and standards
development processes underway in the area of radioactive
waste management. And,

2! The legislative and regulatory framework now available is
inadequate for implementing an international program for
the sub-seabed disposal of radioactive waste, although
this framework appears to be adequate for preventing uni-
lateral implementation of sub-seabed disposal while the
national and international R a D programs continue; it is
still sufficiently early in the R 6 D process on sub-seabed
disposal to have time for developing the legal and insti-
tutional structures necessary for effective implementation.

In the closely associated area of political responses: sub-
seabed disposal presents special problems for international
environmentaL protection and international control of radio-
active material transport, Liability, etc. It also offers
unique opportunities for international cooperation on control-
ling nuclear activities, especially radioactive waste manage-
ment  including spent reactor fuel storage, handling, and
disposal! and nuclear non-proliferation  as part of an inter-
national regime to control the hack-end of the nuclear energy
production process! ~
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CHAPTER I

INTRODUCTION

The Radioactive Waste Problem

Even an abrupt halt tomorrow to all uses of nuclear

energy would not fundamentally change the radioactive waste

management problem. It would still be a serious and con-1

fused issue with important international security, energy,

and environmental implications. We must remember that nu-

clear power stations � both developed and promoted largely

by the United States--are now creating spent fuel bundles

worldwide and that military and commercial nuclear fuel re-

processing operations are producing high-level reprocessing

wastes in several countries.

There is no nuclear fuel "cycle" in most countries--

whole pieces, such as reprocessing, recycling and waste dis-

posal are missing. Figure l shows the light water nuclear

fuel cycle as it now operates  solid lines! and how it could

operate  broken lines! if either:  l! plutonium and/or

All aspects of handling, storing, transporting, pro-
cessing and packaging, and disposal of radioactive wastes
will be included under the general category of radioactive
waste management. As long as the official American policy
is to indefinitely defer reprocessing, the management of
spent fuel must also be considered to be an aspect of radio-
active waste managements Spent nuclear fuel is now a pos-
sible  or even a likely! waste product in at least the U.S.



uranium were removed  referred to as spent fuel reprocess-
ing! from the spent fuel for recycling and the resultant
wastes were sent to a final disposal facility; or �! the

spent fuel were packaged and sent directly to final dispo-
sal  referred to as the throwaway fuel cycle! . The interim
storage step for spent fuel  as a major separate facility
in addition to the temporary facility available at each
reactor! is necessary when the decision has not been made
as to whether there should be a reprocess and recycle or a
throwaway fuel cycle.

Radioactive wastes are created at every step in this
process. Mining, milling, enriching, fabricating, and burn-
ing nuclear fuel, and storing and reprocessing spent fuel
create various gaseous, liquid, and solid waste products. l

Table 1 shows the types of wastes, methods of disposal, and
approximate quantities  by volume and radioactivity! of
wastes produced at each step, starting with milling, or pro-
duction. These are the quantities which are, or would bei
produced over the period of one year.

High-level radioactive materials are generated by the
operation of nuclear reactors  spent fuel bundles! and of
military and commerciaL spent fuel reprocessing facilities

l While the discussion refers to Light water reactoroperations, it is also generally applicable to other type~of plants, such as heavy water, high-temperature gas-cooled'and liquid metal fast breeder reactors. Heavy water reac-tors burn natural uranium and thus avoid the need foruranium enrichment step.



 high-level reprocessing wastes!  Table 1! . These contain
fission products--which must be isolated for 600 to 1000

years--and the transuranic or actinide elements--which re-

quire isolation for up to a million years. Since spent1

fuel bundles contain all the uranium and plutonium, their
actinide content is considerably higher than that of high-
level reprocessing wastes. Table 2 lists the half-lives of

some of the major constituents of radioactive waste. The

general rule of thumb is that these constituents must be

isolated for periods of time equalling or exceeding ten to
twenty of their half-lives.

High-level radioactive materials are generally con-
sidered to be those with radioactivity concentrations of

hundreds to thousands of curies  the basic unit of radio-

activity intensity, or 37 billion disintegrations per second!

1 The elements actinium, protactinium, thorium, uranium,
neptunium, americium, curium, and all elements heavier than
curium are called actinides. Neptunium and all heavier ele-
ments are transuranics. Radioactive elements are most often
characterized by their half-lives--the time required for
their radioactivity to decrease by one half--and by the
type o radiation they emit. The 600 to 1000 and one million
year numbers are commonly used estimates of the time required
for the elements to decay to fairly innocuous levels. Gamma
rays  energy waves! and beta particles  electrons!  both main-
ly from the radiodecay of fission products! are generally
very penetrating and intense heat producers; gamma radiation
is the most difficult to stop with shielding; alpha radiation
from the transuranics is not very penetrating, but it continues
for extremely long periods of time. All are dangerous and high-
ly toxic, yet unless inhaled alpha particles are much less like-
ly to harm man or other organisms; see, for example, D. R.
Inglis, Nuclear Enercr � Its Ph sics and Its Social Challen e
 Reading, Mass.: Addison-Wesley Pub. Co., 1973!; R. A. Frosch,
"Disposing of High-Level Radioactive Waste," Oceanus 20  Win-
ter 1977!: 5; and J, T. Edsall, "Toxicity of Plutonium and
some other Actinides," Bull. of Atomic Scientists, September
1976, p. 27.



per gallon or cubic foot. They require heavy shielding

for handling, nearly permanent isolation, and long-term

 about 90 to 200 years! arrangements for heat removal or

dissipation which match the thermal capacity of the isola-

tion system. Without some form of cooling or stirring,

the radioactive decay produces enough heat to start high-

level wastes in liquid form boiling and spewing into the
airspace above them.

It is useful to describe the level of heat generated

by the radiodecay of high-level radioactive wastes  both

spent fuel and high-level reprocessing wastes! using three

approximate time periods' During the first period, which

lasts about three to six months, the heat output is high

enough to complicate even remote handling. This is the

time when the wastes are maintained in interim storage fa-

cilities to allow for the initial rapid decay of the short-

lived fission products.

1
The official U.S. definition of high-level 1iquid

radioactive waste �0 C.F.R. 227.74 �97S!! is still
those aqueous waste resulting from the dperation of the
first cycle solvent extraction system. . . and the concen-
trated wastes from subsequent extraction cycles . . . in a
facility for reprocessing irradiated reactor fuels." Yet
the U.S. Nuclear Regulatory Commission  NRC! and most U.S.
government agencies now also include spent fuel rods under
the category of high-level radioactive wastes for policy-
making purposes. For the purpose of controlling ocean dump-
ing  see Chapter 3, below!, the U.S., as a Party to the Con-
vention on the Prevention of Marine Pollution b Dum in of
Nastes and Other l4atter �9 December 1972; in force 30 August
1975; in ILi> ll  l972!: 1291, [hereinafter cited as the
London Conventionj!, must ultimately abide by its ban  Arti-
cle 4 and Annex 1! on the sea dumping of high-level radio-
active wastes, as defined by the Int'l. Atomic Energy Agency
 IAEA!. Although there is a binding provisional definition,
the final IAEA definition is still under development  see
Chapter 4, below!.



Continued high heat generation with easier remote han-

dling characterize the second period. This period lasts a-

bout six hundred years for high-level wastes from reproces-

sing and thousands to tens of thousands of years for spent

fuel bundles. There is a relatively rapid drop in the heat

generation by the fission products at. the two to six hundred

year point. Since the high-level waste from reprocessing

are made up largely of fission products  the uranium and

plutonium have been removed!, the heat generation drops rapid-

ly between two and six hundred years. Since the spent fuel

bundles contain large quantities of the long-lived uranium

and plutonium elements, as well as the fission products, the

heat generation remains very high for thousands of years.

The final period begins when most of the fission pro-

ducts have decayed significantly and heat generation is no

longer a problem. This extends over most of the life of high-

level waste from reprocessing and over the later stages of de-

cay of spent fuel bundles. The major differences in lengths

of the second and third time periods for the two types of

high-level wastes have an important implication for final dis-

posal: the period of high heat generation for spent fuel bun-

dles will extend well beyond the several hundreds of years

for which specially designed man � made structures might be ex-

pected to last.

The category of so-called low-level wastes generally

includes the equipment and materials contaminated at all

stages of the nuclear energy and weapons production processes.



Most of it is s'lightly contaminated materials from handling

and reactor coolant cleanup operations. They generally have

radioactivity concentrations of about one microcurie per gal-
ion or cubic foot.

The large volume of low-level wastes  Table 1! is of-

ten divided into two categories:

l! Low-level non-transuranic wastes, or those with less
-9than ten nanocuries  one nanocurie = 1 x 10 curies!

per gram of transuranic nuclides; and

2! Low-Level transuranic wastes, or those contaminated

with greater than ten nonocuries per gram of the very
long-lived alpha emitters.

The former category has generally been considered suitable

for disposal by shallow land burial. The latter has usually

been incinerated, compacted, and immobilized--often by mix-

ing with cement--prior to storage in steel drums.

A final category of medium or intermediate-level wastes

has often been used for the enormous range of materials which

falls between low-level transuranic waste and high-level

waste in activity level. The higher radiation levels of

these materials compared to those of low-level wastes dic-

tate remote handling or shielding. The heat generation

levels are low relative to high-level wastes and the overall

volume produced is small compared to low-level wastes. Med-

ium-level wastes are stored in a solid form. They will pro-

bably be deemed to require disposal along the lines of



that necessary for high-level wastes'

Four assumption.s have frequently been made in the

areas of radioactive waste management. First, that the real

waste management problem is the extremely hot  both radio-

actively and thermally!, highly toxic, and penetrating high-

level wastes with most of the fission products. This is not

as true as most past writings and presentations would have us

believe.

The management, especially disposal, of even low-level

wastes--about 90% of the total waste volume--has become

troublesome. its long-lived alpha components are increasing-

ly considered unsuitable for the traditional disposal method--

burial in twenty-foot-deep covered trenches. Large quantities

of radioactivity  curies! from buried low-level materials ac-

cummulate in the trenches, and infiltrated water and erosion

have, in some cases, caused seepage from sites into surface

and ground waters. A recent. government report in the United

l
For more detailed description, it is useful to further

identify low  transuranic and non-transuranic!, medium and
high-level radioactive wastes as rrilitary or commercial in
origin, but for present purposes these hree categories will,
unless further specified, refer to wastes of both military
and commercial origin. Appendix 1 to this paper contains a
recent and complete list of radioactive waste definitions.

2
The West Valley, N.Y. commercial burial site for low-

level waste, for example, held over 300,000 curies after l2
years of, operation. After the N.Y, Department of Environmen-
tal Conservation detected leaking from three trenches in 1975,
burial was stopped; see New York Times, 10 February 1977, p. 27
and 13 February 1977, p. 4; R. K. Lester and D. J. Rose, "The
Nuclear Wastes at West Valley, New York", Technology Review 79
 l4ay l977!: 20; and C. G. Robertson, "Nest Valley Waste Burial
Area Problems Correlated to Operating practices," and C. G.
Robertson and R. E. Berlin, "Waste Trer ch Cap Study of Reme-
dial Work for Nest Valley," Transactions of the Amer. Nuc.
Soc. l977 Annual Meeting  La Grange Park, Ill.: Amer. Nuc. Soc..
l977 , p. 290.



States criticiz'es the management of the entire shallow-land
1burial program. Serious consideration is now being given

to requiring all alpha-contaminated wastes to have the same
permanent isolation as high-level materials. 2

Next is the assumption that there is a clear dividing
line between the high, medium and low-level radioactive
waste categories for health, safety, and general management
purposes. It is increasingly clear both that there are no
such certain Lines drawn in the usage of different countries
 or even within countries! and that it is impossible to rely
on the traditionally assumed management practices for each
waste category. Although there is fairly wide usage of3

l

U.S. Nuclear Regulatory Commission, NRC Task Force Re-port on Review of the Federal/State Program for. Reculation ofCommercial Low-Level Radioactxve Waste Burial Grounds, NUREG-0217  Wash., D.C.: U.S. NRC, ldarch 1977! .
2

This is a ruling expected from the U.S. NRC in 1977.
3

An IAEA technical report. of November, 1967 established,for the eleven countries surveyed, that each country--and ofteneach organization within a country--has a different radioactivewaste classification system. The IAEA-recommended categoriesof wastes are liquid, solid, and gas, witn sub � categories based
on activity levels; see IAEA, "Standardization of RadioactiveWaste Categories," Technical Report Series No. 10  Vienna: IAEA i1970! . several other "standard" classification systems have
been recommended by organizations and individuals in the 1960's
and 1970's. With the assistance of the Lawrence Livermore Lab-
oratory in California, the NRC is developing a badly needed sys-tem for classifying radioactive wastes in the U.S. Although
still in an interim report stage, the recommended waste classi-fication system will apparently be based on the type of dispo-
sal required for a radioactive waste. Wastes would be termed"innocuous" if suitable for direct release to the biosphere.
"low-level" if suitable for storage and some minimal release,
and "high-level" if isolation for geologic time periods is re-
quired.



quantities of approximately one thousand curies per liter

for high-level wastes and less than one microcurie per liter

for low-level wastes, these are not applied consistently in

practice. And this approach leaves a huge range of mater-

ials under the medium-level category.

There are at least two major problems with the past

establishment of specific management practices for each

waste category. First is the arbitrary nature--from a radio-

biological perspective--of treating medium and low-level  es-

pecially transuranic-contaminated materials! wastes as less

important than high-level wastes since large quantities of

less radioactive substances can be at least as dangerous as

more highly concentrated sources. This is the rationale be-

hind the emerging U.S. requirement to dispose of transuranic-

contaminated wastes in the same way as high-level wastes.

Second is the past focusing of most attention, in the

area of high-level wastes, on the materials from fuel repro-

cessing operations and, in the area of low-level wastes. on

the wastes from nuclear reactor operations. Waste management

must now include major consideration of the high-level spent

fuel waste problem and of the problems raised by low-level

materials from steps other than reactor operations in the

fuel cycle, such as the large amounts of tailings left over

from the milling of uranium ore.

The third assumption is that high-level wastes are

solely those resulting from the reprocessing of spent reac-

tor fuel, i.e., that spent fuel is a resource. Given the
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major policy shift. in 1976 by then president Ford not to re-
gard spent fuel reprocessing as a ". . . necessary and inevit-
able step in the nuclear fuel cycle," and. the recent Carter
Administration thrust, to indefinitely delay both the reproces-
sing of spent fuel and the use of the breeder reactor, we
must reorient. the definition of high-level waste to take into

account the possibility of covering many unreprocessed fuel

bundles, as well as the high-level materi.als from commercial
and military reprocessing operations. Table 3 offers a com-
parison, by volume, of the cumulative radioactive waste in-
ventory with  U Recycle! and without  No Recycle! spent fuel
reprocessing and the recycling of the uranium for fuel.

Carter's fiscal year 1978 budget cuts in the breeder

reactor program further reduce the momentum to reprocess
since the only way to provide adequate plutonium to fuel
breeder reactors is by reprocessing commercial spent fuel.
Cutting back on the breeder program helps eliminate the

market for plutonium fuel and the major incentive to reprocess'
Finally, since the 1950's the general trend in the Uni-

ted States has been to assume that reprocessing simplifies the
radioactive waste management problem. This was a standard

1
See, for example, Executive Office of the President,

Statement b the President on Nuclear Polic of 27 October
1976;  Wash., D.C.: n.p., 1976! Report of the Nuclear Energy
Policy Study Group  Ford Foundation!, Nuclear Power: issues
and Choices  Cambridge, Mass.: Ballinger Pub. Co., 1977!;
Executive Office of the president, The National Ener y Plan
 Wash., D-C.: U.S. G.P.O., April 1977!; and President Carter's
receipt statements on energy policy and nuclear energy.



justification for reprocessing in the United States--and

still is elsewhere -- until recent findings that it could

actually add cost, handling, and disposal complications' 2

h'hile it has been commonly believed, particular-
ly abroad, that reprocessing to remove plutonium
decreases the long-term hazards of waste, we have
concluded that any reduction in long-term risks
is small in comparison with the more immediate
risks potentially arising in r'eprocessing and in
the use of plutonium in the active fuel cycle.
we have concluded that the international and socia.l
costs  of reprocessing and recycl ! far outweigh
economic benefits, which are very small even under
optimistic assumptions.

This introduces the relationship of waste management

to the earlier steps in the nuclear power generation pro-

cess. For many years, the waste management component of

nuclear energy and weapons programs in this country and

elsewhere received very low priority treatment in manage-

ment decisions and resource allocation. Low-3.evel wastes

1
"One must remember that reprocessing operations are

the only way to safely manage future generated wastes," J.
Couture, "A New Situation has Arisen in the Fuel Reprocess-
ing Field," Proc. of the First Pacific Basin Conf. on Nu-
clear Power Development and the Fuel Cycle  Hinsdale, Ill.-'
Amer. Nuc. Soc., 1976}, p. 556; thYs is still the trend in
at least France and West Germany.

2
See, for example, R. Krymm, "A New Look at Nuclear

Power COStS." Int'l. AtpmiC Enercy AqenC Bull. nO. 2
�976!, p. 2; and Institute of Int'1. Studies, Univ. of
California, Berkeley, for U.S. Arms Control and Disarma-
ment Agency, "Non-Proliferation and Nuclear Waste Manage-
ment," Berkeley, 1977.

3
Nuclear Energy Policy Study Group, Nuclear Power:

Issues and Choices, p. 31. It should be noted that breed-
er reactors have a much higher burnup rate for their core
fuels. This means that reprocessing spent breeder fuel
will yield high-level wastes with even more transuranics
than those in wastes from light water reactors. They
would thus pose an even greater long-tern hazard than the
high-level wastes from light water reactors.



were dumped into the sea {the U.S., U.K. and other European

countries! or buried in shallow land trenches, and high-

level wastes were stored in large steel tanks. There was

little, if any, consideration given to designing weapons,

naval reactor, or energy production operations to make the

final waste products more manageable.

On the contrary, wastes from U.S. military reprocess-

ing at Hanford, Washington, and Savannah River, South Caro-

lina, were chemically neutralized--greatly increasing the

overall volume--for storage in relatively inexpensive carbon

steel tanks. This was continued throughout the 1960's des-

pite the availability of a calcining process used success-

fully at the Atomic Energy Commission's Idaho Falls National

Engineering Laboratory near Idaho Falls, Idaho, to reduce the

volume by 9 or 10 times and leave the waste in a much more

manageable form.

A Hanford program started in 1965 to remove the princi-

pal heat-generating elements and to reduce leakage from fail-

ing storage tanks by solidification is well advanced. Yet

even this now appears to have been a very short-sighted, al-

though then inexpensive, move because it has greatly complica-

ted the problem of removing the wastes from the tanks and

1
The Atomic Energy Commission  AEC! was replaced by the

Energy Research and Development Administration  ERDA! and the
NRC in 1974-1975; see the Energy Reorganization Act of 1974,
42 U-S-CD 5814 a!  Supp. IV, 1974! . As of 19 January 1975,
all licensing and regulatory responsibilities were transferred
to the NRC, 42 U.S.C. 5S14  f!  Supp. IV, 1974!.
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preparing them for final disposal. A now often cited cost

for only recovering and solidifying all existing high-level

military wastes  created between 1946 and 1977! is 20 billion

dollars.

What are the potential waste management options?
2

Figure 2 outlines the ones which the U.S. has considered.

The partitioning of the wastes into different fractions and

recycling of certain elements for use as heat sources and

for irradiating sewage present some interesting possibili-

ties, but this only addresses a small portion. of the wastes,

and only on a temporary basis. Partitioning and transmuta-

tion--reburning in specially designed reactors--can trans-

form many of the long-lived radionuclides into shorter-

lived elements. Launch into space could completely elimin-

ate some of the wastes. But serious economic, technical,

safety, and net energy problems remain with the transmuta-

tion and space opt,ions ~

Given the existing level of environmental and politi-

cal pressures and technical constraints, it appears that

two basic and complementary choices--fully retrievable stor-

age on or in the earth's surface and geologic disposal in

1
See, for example, L. J. Carter, "Radioactive Wastes:

Some Urgent Unfinished Business," Science 195 �8 February
1977!: 661 '

2
For the most complete description of the search for

disposal options in the U.S., see U.S. ERDA, Alternatives
for tiana in Wastes from Reactors and Post-Fission OPera-
tions in the LWR Fuel C cle, Vol. 5 of 5  Springfield, Va.:
Nat'1. Tech. Info. Ser., Dept. of Commerce, 1976!; see also
Study Group on Nuclear Fuel Cycles and Waste Management, Re-

ort "o the American Ph sical Societ  n.p.: A.P.S., 1977! .
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salt, clays  on' land or in the seabed!, or rock --will be1

available for radioactive waste management over the next ten

to twenty years. While surface storage is well within reach
2

technically, and it will be required in some form for corn-

mercial spent fuel during at least the 1980's and into the

1990's, it is widely rejected as a final disposal option on

social, economic, environmental, political, and institutional
3

grounds.

With the constraints on and limitations of the waste

recycling and elimination options, geologic disposal has be-

come the focus of waste management programs worldwide. The

1
Serious pot'ential scientific and technical problems--

beyond the legal and political, obstacles--seems to point to
exclusion of ice sheet disposal as a possible alternative-
These include, primarily, the possible existence of large
" lakes" of water deep within the ice, the probable lack of
geologic predictability  stability and movement of the ice!
over the necessary time period, and the difficulty of em-
placement at a precisely pre-determined depth and location
in the ice ~

2
See, for example, Nat'l. Academy of Sciences, Interim

Stora e of Solidi. fied Hi h-Level Radioactive wastes  Wash.,
D.C.: N.A.S. P 1975! .

3
See Nuclear Energy policy Study Group, Nuclear Power:

Issues and Choices, p. 254; AT. P. Lash, et al., Citizen's
Guide: The National Debate on the Handlin of Radioactive
Wastes Pa o A to, Calx .: Natural Resources Defense Council,
1~575 , p. 25; H. M. Parker, "Radioactive Waste management in
Selected Foreign Countr ies, " Nuclear Technolo 24  December
1974!: 305; and generally, Proc. of the Int'1. S moosium on
the Mana ement of Wastes from the LWR Fuel C cle  Denver:
U.S. ERDA, July l976!; and Re ort of the Meetin of tke Int'1-
W'orkin Grou on Hi h-Level and Al ha-Bearin wastes, 3 pts-
 Vienna: IAEA, 1974! .

4
See, for example, the recent article by G. de ~larsily,

et al., "Nuclear Waste Disposal: Can the Geologist Guarantee
Isolation?," Science 197 � August 1977!: 519.



containment med'ia of primary interest include salt, shale,

granite, and clays. As illustrated in Figure 3 below, the

concept depends on a multiple barrier system: first in line

are man-made barriers--the form of the waste and the contain-

er; next are the natural barriers--the surrounding geologic

media. Over the long-term the system succeeds or fails

based on whether the geologic media--salt, rocks, or clay

on land and clay sediments in the seabed--can be shown to

isolate all the radionuclides in the wastes for the required

lperiods of time. All of the leading land-based possibilities

would involve the mining out of a major underground facility

along the lines of that shown in Figure 4.

Ne can expect vociferous debate over the isolation

time which will have to be demonstrated for man-made bar-

riers to be politically, as well as technically, acceptable.

Claims may be made that assured isolation for the first few

hundred years is sufficient since this is when the strong

heat will pose the greatest threat to natural barriers. But,

since expressions of confidence regarding technology for iso-

lating wastes which will be toxic for hundreds of thousands

of years are likely to be received ill by a skeptical public,

serious exchanges will have to focus on the merits and demerits

of the natural rather than the man-made barriers.

l
It is important to remember that the decay products

of some of the radionuclides are elements  daughters! which
are of even greater biological concern than their parents.
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A Sub-Seabed Dis osal 0 tion?

For the past three years a team of U.S. scientists

and engineers has been investigating the possibility of

geologic disposal of high-level radioactive wastes with-

in the deep seabed. Their results to date have been en-

couraging, but all statements of findings have been made
1

cautiously. Although they do not yet recommend imple-

menting the concept, they suggest, in their continuing

feasibility study, that certain clayey deep seabed sedi-

ments have strong potential for nearly permanent isola-

tion of high-level wastes for man and the environment.

Sub-seabed disposal of medium, or even low-level radio-

active wastes and troublesome chemical wastes also seems

to be a possibility.

Their focus is on very flat, inaccessible and re-

latively unproductive deep ocean floor areas in the

Releases from Nuclear Facilities into Aquatic Environments
n.p., 1975!; W. P. Bishop, ed., Seabed
First Year Report  New Itexico: Sandia
41. Talbert, ed., Seabed Disaosal Pro-
 New mexico: Sanoia Labs, 197G! .

 Otaniemi, Finland:
Disposal Program: A

Labs, 1975!; and D.
ram: Annual Re ort

1
The most concise source of information on the oceano-

graphic part of the U.S. KRDA Sub-seabed Assessment Program
is Oceanus 20  ttinter, l977!; for more. complete coverage,
see the seabed study described in W. P. Bishop and C. D.
Hollister, "Seabed Disposal � 'Where to Look," Nuclear Techno-
locpv 24  December, 1974!: 425; Bishop and Hollister, "Nu-
clear Wastes Beneath the Deep Sea Floor," Proceedin s of
the Third Int'1. Ocean Develo ment Confe"ence  Tokyo: Seino
Printing Co., 1975 ; D. R. Anderson, et al., "Release Path-
ways for Deep Seabed Disposal of Radioactive Waste," Pro-
ceedin s of the Int'1. Svm osium on Radiolocrical Im acts of
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1
central region~ of tectonic plates. These areas are be-

lieved to be more seismically inactive than any others on

the ocean floor and possibly than any place on earth. The

potential for environmental predictability over the geologic

time scale required for isolation is thus perhaps available.

~at must be established to a degree acceptable to both

the public and the scientists is that:

l. The sediments have l,arge enough sorption coef-
ficients to prevent each radionuclide from escaping
to the ocean.

2. The permeability of the sediments is eo low as
to minimize migration of the waste products when
they are 1.cached eventually into the pore water.
3. The first two factors, when taken together,
will, effectively isolate the waste within the geo-
logical medium for a period of at least several mil-
lion years.
4. Geologic processes over the disposal area have
been uniform and further that the site has suffered
little or no environmental disturbance over the
last, ten million years.
5. The emplacement, technique itself or the heat
generated by the waste will not seriously affect
the necessary containment.

Perhaps the single most important factor is the amount of

ea h radioactive element which is absorbed  sorption coef-

ficient! by the particles of sediment from the surrounding

1
For the background and details, see N. Sullivan,

Continents in Motion: The New Earth Debate  N.Y.: McGraw-
Hill, 1974!; for a layman's outline o. tectonic plate
theory, see A. Hallam, "Alfred Negener and the Hypothesis
of Continental Drift," Scientific American 232  February
1975!: 88; P. M. Hurlev, "The Confirmation of Continental
Drift," Scientific American 218  April 1968!: 52; J. W.
Dewey, "Plate Tecton'cs," Scientific American 226  May
1972!: 56; and P. A. Rona, "Plate Tectonics and Mineral
Resources," Scient fic Am rican 229  July 1973!: 86.

2
C. D. Hollister, "The Seabed Option," Oceanus 20

 Winter 1977!: 21.
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water. This is' crucial because only the radioactive par-

ticles which are not absorbed--and thus remain dissolved

in the surrounding water � are available to be diffused out-

ward through the sediments. It is so far clear that there

is a high rate of absorption of the dissolved radioactive

waste components of interest by the deep-sea sediments.

Preliminary results indicate that some of the key radio-

active elements would diffuse over about one to one hundred

feet of deep-sea sediments in ten million years. 1

It is also known that these sediments hove low per-

meability  penetration by fluids is difficult! and that they

are visco-elastic  they are self-healing after they have

been disturbed! . A series of laboratory simulation experi-

ments on hole closure by the sediments indicate that

closure of [a hole from] a completely penetrating projec-

tile would be immediate and total, but closure of a hole

left open by an emplacement rod would be gradual."

Where would the sites be located? While most work so

far has been done in a study area about 600 miles north of

Hawaii, it is still too early to focus on specific sites.

And present efforts are designed to determine only if the

type of clay from this study area will provide the required

1
G. R. Heath, "Barriers to Radioactive Waste Migra-

tion, " Oceanus 20  Winter 1977!: 28.
2
A. J. Silva, "Physical Processes in Deep-Sea Clays,N ' ' II

Oceanus 20  Winter l977!: 39.
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isolation. The next step is to identify the best submarine

geologic formations and then to locate appropriate areas for

further in situ study.

In addition to the scientific breakthrough in plate

tectonics--which undex lies the sub � seabed disposal concept--

the recent engineering advances in open ocean and deep sea-

bed operations are important for this program. Figure 5

shows the possible emplacement techniques for sub-seabed

disposal. It now appears that the most reliable and accurate

method for emplacing waste canisters would be a penetrometer--

a streamlined, ballistic shaped container--which could be

lowered from a wiqch and released just far enough above the

seabed as to reach the velocity needed to penetrate to the

depth determined to be required for isolation. A combination

of weapons and deep sea technologies would allow highly ac-

curate placement of a penetrometer at a pre-determined depth

in these visco-elastic sediments, As noted above, experi-

ments are being conducted td determine how the disturbed

sediments react to this form of emplacemen . There do not

appear to be any real technical constraints on whatever

monitoring, site location and marking operations are deemed

necessary. Yet, if flaws appear later, retrieval of large

numbers of penetrometexs after a pilot project stage--

though not impossible--can be expected to be very expensive

and difficult.

Several differences between ERDA's Seabed Assessment

Pxogram and ERDA's land-based programs should be noted.
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First, although the really serious U.S. efforts on land-

based disposal options started only in 1975-76, data has

been collected--especially on salt bed disposal--since the
1

1960's. So the Seabed Program, which started only in

1973, is relatively new and not designed. to produce an

operational repository in the 19SO's. This removes some

of the environmental and political pressures for immediate
answers.

Funding levels and management organizations are also

different. About $3 to 4 million will be spent on the sea-

bed study in fiscal year 1978, as opposed to about $78 mil-

lion for land-based options. The Seabed Program is conduc-

ted by a group of independent scientists at universities

and research institutions around the U.S.; it is managed by

Sandia Laboratories  run by Western Flectric for the U.S.

ERDA! and funded by the U.S. ERDA's Assistant Administrator

for Environment and Safety  rather than the Assistant Adminis-

trator for Nuclear Energy! . The Office of Haste Isolation--

Oak Ridge, Tennessee--of the Union Carbide Corporation

1
The disastrous performance  blundering managerial

decisions and missing important facts! of the U.S. Atomic
Energy Commission during the attempt to establish a high-
level radioactive waste disposal repository in Lyons,
Kansas, in 3.970-1972 does create a public credibility pro-
blem concerning the quality of some of this data. For ac-
counts of the ill-fated proposal to bury wastes in the
salt beds at Lyons, see D. S. Metlay, "History and Inter-
pretation of Radioactive Waste Management in the U.S.,"
Pro osed Goals for Nuclear Waste I4anaaement: A Ressort to
the U.S. NRC  Wash., D.C.: U.S. NRC, December 1976!, pp.
D-8 to D-14; Lash, pp. 34, 35; and Carter, p. 664.
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manages the land-based disposal programs. ERDA's Oak Ridge

Operations Office directs the programs under the ERDA Assis-

tant Administrator for Nuclear Energy  Figure 6!.

Finally, the Seabed Assessment Program presents legal,

political, and scientific obstacles and opportunities on an

international scale. Since implanting high-level radioactive

waste in the seabed effectivelv withdraws from common use an

area hitherto available to all on equal terms, the seabed is

not likely to be available for unilateral use by any country--

or at least not without serious international, legal and pol.i-

tical consequences. It is entirely possible that the U.S. may

be forced to abandon the program on international political

or legal grounds.

The international political and legal constraints, how-

ever, could also turn out to have some advantageous aspects.

It now seems extremely unlikely that any other country could

or would use this disposal method without an arrangement in-

volving the U.S. and certain international organizations.

This would demand serious international discussion of high-

level waste disposal.

Most important among the potential opportunities raised

are international cooperation on radioactive waste management

and on nuclear non-proliferation. The seabed disposal pro-

gram now seems more likely to address the global aspects of

the high-level waste disposal problem than land disposal

options- This is due largely to the international coopera-

tive and management arrangements necessary to the implementa-

tion of disposal in the deep seabed and the wide availability
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of such arrangements to many countries. It also seems to

be one of the leading possibilities for international waste

disposal plans under broader arrangements to control the

1further spread of nuclear weapons production capabilities.

The Worldwide Radioactive tJaste Situation:
Present Naste Inventories and Future
Trends in Nuclear Ener Production

The worldwide high-level radioactive materials inven-

tory consists of the high-level liquid wastes from repro-

cessing plants operated for weapons production and for cora-

mercial nuclear energy programs, and the spent fuel from

commercial power reactors. In the past governments often

claimed  and many continue to claim! that spent fuel could

not be included in the waste inventory since it was a re-

source. This is now misleading both because it is increas-

ingly unlikely that all spent fuel will be reprocessed and

because countries which go abroad for reprocessing services

must count on having the wastes returned. Most countries

must begin to consider unreprocessed spent uel bundles as

part of their high-level waste inventory.

The result--the U.S. is not alone in the disposal pro-

blem. There are approximately eighty million gallons of

1

An Associated Press by-line  N027! of May 1977 by A.
Gaushon noted that part of the Carter Administration's nu-
clear non-proliferation strategy wil]. involve international
sites for nuclear waste disposal. Sub-seabed disposal was
cited as the leading possibility for such international co-
operation. See, also, Chaps. 5 and 7, below. Personal com-
munications with various U.S. government officials have
since confirmed this information.
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high-level wast'es from military and commercial reprocessing

operations in the U.S., or about one-half of the total

world inventorv of this form of high-level wastes  Table 4!.

Militarv wastes still constitute by far the largest part of

these wastes which are now ready for direct disposal. They

are somewhat. less radioactive per unit volume than commer-

cial wastes, but handling--at least in the U.S.--will be

more difficult due to short-sighted past actions, such as

the above noted chemical neutralization at Hanford which

greatly increased the overall volume. The final disposal

requirement for these wastes--almost permanent isolation--

is identical to that for commercial wastes.

There are considerable quantities of high-level wastes

from reprocessing in other countries with reprocessing pro-

grams for weapons and commercial applications, such as the

U.S.S. R., France, and the U.K . The U .K., for example, has

about 0.2 million gallons of liquid high-level waste, and

expects to have about 0.5 and 2.0 million gallons by l985

and 2000 respectively. Small, but increasing, quantities

are accumulating in nations with pilot reprocessing facili-

ties- Figure 7 provides an overview of the primary non-

Communist nuclear fuel reprocessing projects. This shows

which countries must handle this form of high-level radio-

active wastes.

Every country operating nuclear reactors for energy

 Figure 8! has, or will soon have, the other form of high-

level wastes � spent fuel bundles--in storage pools and
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various low-level waste streams. And any country which

mines, mills, fabricates, or enriches nuclear fuel faces
1

the low-level waste problem.

As measured in curies, the quantity of spent com-

mercial fuel in the U.S. can now be considered as about

equivalent to that of all military wastes. Despite2

the enormous problem posed by the old military wastes
3at Hanford in the U.S, and the majox increases expected

in weapons inventories worldwide, the overriding future

problem will be the commercial wastes. This is due to

the fact that the inventory of high-level commercial

materials in most countries with nuclear energy programs

will increase very rapidly in the 19SO's and 1990's  the

1 U,S. commercial  low-level! transuranic-contamin-
ated wastes alone oresent a major disposal problem. By
the year 2000, they could, far example, amount to more
than 700,000 55-gallon drums. It is now likely that
these will have to be isolated in essentially the same
way as high-level wastes.

2
See W. P. Bishop, "The NRC and Nuclear Waste:

The Process for Decisions," paper presented at the Ato-
mic Industrial Forum Fuel Cycle Conference, April 1977.

3 The handling, processing, and transportation pro-
blems are so severe that a forthcoming report by the
National. Academy of Sciences  Committee on Radioactive
Waste Management! will apparently recommend final dis-
posal in some form on site in Hanford, Washington.
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doubling time will be about three years!. 1

It is clear that almost all nations with commitments

to nuclear energy programs have manv more reactors under

construction, on order, or announced  letter of intent!

than they now have in operation  Figure 9!. The same gen-

erally holds true for worldwide spent fuel reprocessing

facilities  Figure 7! . And nuclear weapons production pro-

grams will continue to create significant quantities of

wastes. These rapidly increasing commitments have crucial

implications for the rest of this paper.

Yet the international nuclear energy situation has

changed dramatically since about 1974. Estimates of pro-

gram expansion in the leading nuclear energy nations have

been greatly reduced. As of late l976, projections of in-

stalled nuclear capacity by 1985 were running about 254

to 40-: behind those made in 1974. Expected post Arab oil

embargo increases in nuclear programs were outweighed by

the decrease demand for energy during the worldwide econo-

mic recession in the mid 1970's, the newly arisen politi-

cal and legal barriers in key countries to licensing new

1
See J. 0. Blomeke, et al., Pro'ections of Radio-

active Wastes to be Generated b tne U.S. Nuclear Power
Tn~dustr  Oak Ridge, Tenn.: Oak Ridge Rat'1. Laboratory,
February 1974!; Expert Group of the Organization for
Economic Cooperation and Development. Reprocess~in of
S ent Nuclear Fuel in OECD Countries  Paris: OECD, Janu-
ary 1977!; and Y. Nishiwakz, "Preliminary Data on Haste
Arising from the World's Projected Nuclear Power Program-
me Based on OECD/NEA and UNSCEAR Documents," working paper
for IAEA advisory group meeting, Vienna, March 1977.
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nuclear power plants, and the increased cost of nuclear
1

power plants. This has especially been the case in

the U.S., Canada, and Japan, and in Western European

nations such as France, Sweden, England, West Germany,
Finland, Austria, Switzerland, Italy, and Belgium.
Petitions, referenda, demonstrations, strikes, site take-

overs, sabotage, bombings, and general environmental-

political opposition have forced governments to complete-
ly reassess their nuclear policies.

Virtual moratoria on new nuclear plant building or

operating exist in several countries. England has not

commissioned a power reactor since 1970. Nest German

plans in 1973-1974 for 35 reactors by 1985 were cut to
3

25. They face double capital costs for new reactors--

since opposition groups have forced the use of expensive

containment vessels--and major opposition to the siting

of a reprocessing/high-Level waste disposal facility. By

1
See, for example, "Europe's Nuclear Turn," New

York Times, 26 August l976, p. 32; the higher costs of
nuclear power pLants are largely a result of the construc-
tion and licensing delays which have been brought on by
opposition to nucLear energy.

2
See, for example, the clear shift in U.S. nuclear

energy policy in: Executive Office of the President, The
Nat'l. oner Plan.

3
See "Enthusiasm About Nuclear Power Turns to Anxiety

in West Germany," New York Times, 7 February 1977, p. 8,
col. 2; "Nuclear energy--its teething troubles and its pro-
mise for the future," German Tribune. 7 November 1976, no.
760, p. 8, col. l; and "Opposition to Nuclear Power Grow-
ing in Western Europe," International Herald Tribune, 6
October 1976, p. 5, col. 3.
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early 1977, West German administrative courts had halted

new construction.

Even in Japan, problems with uranium supply, enrich-

ment, reprocessing, and waste disposal services, and siting

have led the government and industry to reassess the fea-

sibility of increased use of coal and oil. Japan and West

Germany have been joined by Sweden in requiring utilities

to have arrangement,s for reprocessing and high-level waste

disposal before nuclear plant operating licenses are

granted. An ongoing study by a government energy commis-

sion in Sweden must convince the Parliament, by 1978, of

the feasibility of waste disposal if the nuclear energy

program is to continue.

Plans to build the first power station in ireland,

Norway, and Denmark have been postponed. Belgium has

decided not to build any reactors on the coast or on arti-

ficial islands in the North Sea. And many other coun-2

tries have postponed decisions on whether to build new

stations.

In almost all cases, this nuclear opposition has

been based--at least in part--on perceived waste manage-

ment problems. Most often the focus is on a lack of pro-

ven plans for high-level and other waste disposal, the

1�"Building of Nuclear Plants Halted in West Ger-
many," New York Times, 15 March 1977, p. 8, col. 2.

2
World Env. R t. 2 �0 August 1976!: 2; and

World E R t. 1 �7 October 1975!: 2-



2S

possibility of cross-border pollution or contamination,

or some local operation--usually reprocessing--involving

wastes from other countries. Waste management problems1

have been largely responsible for virtually halting the

expansion of nuclear programs in Sweden, Japan, West

Germany, and the U.S.

Outspoken criticism arose in the U.K. over govern-

ment plans to keep the wastes arising from the reproces-

sing of Japanese fuel. Subsequently, the British Energy

Secretary announced that foreign reprocessing- contracts

must allow for the possible return of resulting wastes

and British citizens, scientists, politicians, and en-

vironmental groups raised a huge protest against an ex-

pansion of the Nindscale reprocessing facility. The pro-

test was based largely on important international issues

of radioactive waste management, i.e., increased discharges

of liquid wastes into the Irish Sea  and thus into the

North Sea! and of gaseous wastes into the atmosphere, and

increased storage of foreign wastes in the U.K. 2

1
For a detailed review of nuclear opposition in the

U. S -, Nest Germany, France, Japan, and Sweden, see J. Sur-
re:. and C. Huggett, "Opposition to Nuclear Power," Engr
p~clic 4  December 1876!: 286-307; open debate over final
high-level waste disposal has occurred in at least the U. S.,
France, West Germany, Sweden, and Japan. In France opposi-
tion among scientists, environmental groups, trade unionsa
and politicians has been heightened by press reports and in-
formation leaks from government and industry on radioactive
waste releases and houses which have been constructed on
radioactive wastes.

See "Radiation Contamination in the Irish Sea.
Marine Pollution Bull. 8 �977!: 51; and S. Bonney, "Wind-
scale--Fower versus Pollution," Marine Pollution Bull. 8
�977!: 7.
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Strong nuclear opposition in Switzerland led to a

major report, in 1975 by the federal Energy Department and

the establishment of an investigation of local rock forma-
1tions for radioactive waste disposal. This study has

since been halted by communities which refuse to permit

further coring even for laboratory samples, of candidate

rock types. In Belgium the Eurochemic  joint European re-

processing venture! waste management problem serves as a

consp'cuous example of similar failure on the international

level. Operational, financial, and legal responsibility

for the waste was not arranged from the start. Now there

is real confusion over where and how disposal will be done.

Three characteristics of this opposition to nuclear

energy development merit careful consideration .

1! First is the particular sensitivity of national groups

to the prospect of offering territory to be used as a re-

pository for another nation's wastes.

2! Second is the highly interactive nature of the inter-

2national system on nuclear opposition issues. Environ-

mental and political groups in Switzerland, for example,

are directly affected by nuclear events in France. Opposi-

1
The Department of Geol,ogy at the University of Zurich

was conducting the study for the government using cores
taken from favorable rock types.

2
See, generally, Surrey and Huggett; H. Wasserman,

"The Clamshell Alliance: Getting it Together," and W. Hines,
"Anti-Nuclear Ferment in Europe," The Pro ressive, September
1977, pp. 14-21.



pion movements against a reactor in Lyon  France! draw pro-

testors from Switzerland, West Germany and Italy. Press re-

leases on the recent report of the U.K.'s Royal Commission

on Pollutian had itapacts on nuclear energy programs in atl

least the U.S., Japan and Western Europe. Bureaucrats,

politicians and industrialists are thus very sensitive to

the import of nuclear opposition, especially from the U.S.,

and the problems of international cooperation on nuclear

waste management.

3! Finally, there seems to be a consistent progression to

the public opposition. The first public reactions are of-

ten based on specific siting proposals. As nuclear programs

grow, opposition movements coalesce and broaden their issue

base. This is the point at which the political process be-

gins to be influenced and waste disposal often becomes a

central issue.

Apparently unscathed by such public opposition, the
2

Soviet, Union's nuclear power program is advancing rapidly.

with only five civilian nuclear stations operating by 197~P

1 Royal commission on Environmental pollution, Nuclear
power and the Environment, Sixth Report  London: NNSO, Sep-
tembe r 19 76

2 T»s is despite the reported thermal explosion in a
Soviet shallow land burial site for radioactive waste in
the Urals- ln December of 1976, the exiled Soviet Scien-

>edvedev stated that the 1958 explosion killed
hun««s of People and caused thousands of cases of radia-
tion sickness a see New York Times, 7 December l976, p. 18,
col. 1; and ABC Evening News, ' December 1976.
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the Soviet Union had maintained a very low level commitment.

But plans now call for major expansion in the late 1970's

and the 1980's. Development is concentrated in European

areas, especially the Ukraine, since it has most of the in-

dustry and population and little of the fossil fuel. By
1

1980 the overall Soviet capacity should be about equivalent

to that in France or West Germany. This should heighten

Soviet interest in and efforts on high-level waste disposal.

Eastern European nuclear energy programs are also ac-

celerating. Czechoslovakia, Bulgaria and East Germany have

plants in operation and more under construction and planned

 Figure 9! . Construction has started on at least one sta-

tion and plans have been made for further additions in Hun-

gary, Poland, Rumania and Yugoslavia. Spent fuel from most

of these countries, Finland, and elsewhere when reactors

were supplied by the U.S.S.R. is apparently returned to the

Soviet Union.

Many of the relatively wealthy LDC's, such as South

Korea, the Philippines, Iran, Mexico, Argentina, Brazil,

Taiwan, and India have ambitious nuclear programs underway.

With three reactors now in operation, India is the unques-

tioned leader in nuclear energy development and the only one

participating widely in international meetings on radio-

active waste management. Argentina and Pakistan each have

1
See, for example, "Soviet Union Steps Up Installa-

tion of Nuclear power plants," New York Times, 14 January
1977, p. Dl, col. 2.
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one power reactor in operation.
It is difficult to discern clear trends in nuclear

energy development in the LDC's. The establishment and
expansion of national programs is encouraged by the speci-
fic demonstration effect of India's major nuclear capabili-
ties  including the weapons production capability!, and by
drives for regional political power, international pres-
tige, and weapons productio~ capabilities. Dramatically
increased oil import bills in the LDC's. excess production
capacity in supplier nations' nuclear industries  due to
the major slow-down in nuclear expansion in Nestern Europe
and the U.S.!, and promotional efforts by the International
Atomic Energy Agency are also contributing to the drive for
nuclear energy stations in the LBC's. A number of factors,
such as the large increases in capital and operating costs
of nuclear plants and the lack of foreign exchange--despite
the often very easy financial terms offered, inhibit such
national development. In any case, an increasing number of
LDC's--perhaps as many as 20 by 1985--will have major nu-
clear power stations in operation.

Despite the slow � downs in the rate of expansion of in-
dustrialized nations' nuclear programs, the industry has con-
siderable inertia. Existing commitments worldwide thus al-
ready guarantee that dramatic increases in low-level waste
and spent fuel inventories will occur in the 1980's and
1990's and that the high-level waste problem will be domin-
ated by commercial nuclear programs by the 1980's. These
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levels of existing and planned national commitment to nu-

clear energy will largely determine the degree of effort

put into addressing the high-level waste disposal problem.

National Radioactive Waste Mana ement
Programs an P ans

Because many national waste management programs and

plans are similar, it is possible to sketch the general

practices and to note any distinctive features on an indi-

vidual country basis. National programs and plans are

most advanced in the areas of short-term concern, e.g.,

storage, processing, and transport. Least developed is the

long-term and problematical step of final disposal.

Low-Level Radioactive Wastes

Though there are serious efforts underway to remove

accumulative elements, such as Kr, iodine, and tritium

from gaseous wastes, they are largely a problem of the fut-

ure. Particular attention must be devoted to the design

of large capacity reprocessing plants, since gaseous

wastes from these will become a problem.

A large volume of miscellaneous solid low-level wastes

is compacted--and often burned--prior to containment in

steel drums. These are stored on land, buried in shallow

There is an exception: radon gas and radioactive dust
have always been a serious health hazard for uranium miners.
See, for example, K. Z. Morgan, "Adequacy of Present Radia-
tion Standards," The Environmental and Ecolo ical Forum

pp- 9-11, 15-17.
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trenches, or dumped into the sea. Before dumping in steel
1

drums they are generally encased in concrete or bitumen.

Since land storage is only an interim measure, and burial

and dumping � especially of transuranic-contaminated low-

level trash--face increasing problems and opposition,

there is a general movement toward better processing and
containment with disposal in fewer and more manageable

sites'

Enormous volumes of very low-level liquid wastes

are continually released to rivers and oceans. worldwide.

Reactor operations on nuclear-powered ships and in electri-
cal generating stations discharge very low-level, but mea-
surable amounts. Pipeline disposal of fuel reprocessing

wastes takes place in the U,K., Prance, India, Italy, and
West Germany. In both quantity and type of radioactive

release, reprocessing plants pose by far the most serious
problem. Nations generally plan to reduce radionuclide2

release rates. Yet at least the British are increasing

the limits for pipeline disposal from reprocessing plants.

Definitions of "lowest practicable level" vary. And over-

all volumes of liquids re3.eased will increase dramatically.

1This is not always the case. The Nuclear Energy
Agency dumping operations of June, 1976, were suspended
after one container broke open as it hit, the water--
scattering radioactive trash on the surface--and one
f3.oated. Both were from the Eurochemic operations at

See V. T. Bowen, "Non-USA Disposal of Radioactive
Waste in the Oceans: Past and Ongoing," Woods Hole, Mass.,
1976.  Mimeographed.!
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"It is quite likely, although difficult to prove, that this

category of low-level wastes will lead to more environmental

exposure than all the rest combined." �1

Medium-Level Wastes

Some countries establish a category of medium or in-

termediate-level wastes. They are either converted to high-

level solids and low-level liquids or concentrated and neu-

tralized--perhaps in a bitumen form--for tank storage. Most

countries have no real plan for solid trash--often called

medium-level, such as parts of decomrnissioned reactors.

High-Level Wastes

Most of the high-level liquid waste from spent fuel

reprocessing operations still sits in steel storage tanks

in a liquid or sludge form. Leaks and other problems with

old steel tanks have led to general use of double-walled

stainless steel tanks. This is now widely accepted to be

an interim step at best. Each country has its own proces-

sing method under investigation for high-level wastes

from reprocessing. The idea is to allow a few months

 corresponding to heat generation period one, as described

above! or even years for initial cooling  while many of the

short-lived radioactive elements decay! and then to solidify

for safer storage, handling, and transport.

H. M. Parker, "Radioactive Waste Management in Selec-
ted Foreign Countries," Nuclear Technology 24  December 1974! -'
305.
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Solidification by calcination, often but not necessarily
followed by vitrification, is a common plan. There is still
considerable debate over the integrity and long-term nature
of vitrified high-level waste, but the material could be al-
most insoluble over the short-term and would dissolve very
slowly over thousands of years.

There is also serious investigation underway in some
nations of processes which would separate certain parts of
the high-level reprocessing wastes. Removal of fission pro-
ducts such as strontium and cesium greatly eases the heat
generation problem over the first few hundred years  corres-
ponding to heat generation period two, as described above!
and allows their use as heat sources. These separation pro-
cesses are based on national plans to reprocess. The manage-
ment of the other Source of high-level waste--spent fuel bun-
dles--has not, in general, been seriously considered. Many
future stud.ies of the best way to encapsulate, store, and
dispose of spent fuel can be expected, expecially in the U.S.

Some countries such as India and Canada plan on per-
iods of retrievable storage for as long as 20 to 30 years
 similar to that now planned in the U.S.! . But there is
general agreement that solidified and/or encapsulated high-
level wastes must be permanently isolated from the biosphere .
The accepted isolation medium is stable geologic formations
with the highest potential for radionuclide retention and
the longest possible record of undisturbed  unfractured,
aseismic! existence. Host nations have programs to assess
salt, rock or clay  land or deep seabed! formations.

Radioactive Waste Management Programs
and Plans in the U.S.

The large increase in the United States ERDA waste
management budget for 1976-1977 is evidence of a very recent
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transition to a program receiving high-interest within the

the Federal Government  Figure 10! . This does not, how-

ever, address the general confusion over federal-state re-

lations in commercial low-level waste disposal, the 600,000

gallons of commercial high-level waste at West Valley, N.Y.,

the siting of high-level waste disposal facilities and other

aspects of radioactive waste management in the U.S. It also

stops far short of the waste disposal corporation recommend-
1

ed by ERDA critics.

The distinctive feature of U.S. low-level waste dis-

posal practice is that it has been done as a commercial

business on six state-owned sites under the overall super-

vision of the NRC, the Environmental Protection Agency  EPA!,

and other federal agencies. Recently identified problems2

1
See M. Willrich, "Institutional Arrangements for

Radioactive Waste Management," and W. O. Doub, "Problems
of Organizational Structure in the Federal/State System,"
Proc. of Conference on Public Policy Issues in Nuclear
Waste Mana ement  Wash., D.C ~ ::'MITRE Corp., 1977! pp. 176-
190 '

U.S. NRC, Task Force Re ort; "Under Section 274 of
the Atomic Energy Act �2 U.S.C. 2011 et. se~ �972!], in-
dividual states may assume regulatory and licensing juris-
diction over by-product, source,and special nuclear mater-
ial in quantities not sufficient to form a critical mass.
As of December 1975, NRC had concluded agreements for cooper-
ation with 2S states. . . . The NRC and EPA, among other Fed-
eral agencies, supervise state-licensed commercial facili-
ties."  Doub, p. 182.! A major problem is the lack of uni-
form criteria for the NRC-state agreements. The result is

variation in the regulations among the involved states,
as well as between the states and the Federal government.
This limited function is the only area of direct state auth-
ority in the regulation of nuclear energy.
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with this practice and the changing attitudes toward dispo-
sal requirements for transuranic-contaminated low-level
wastes have led to the pending NRC rule change which would
establish KRDA custody over most transuranic-contaminated
low-level wastes. Xf the rule passes, ERDA is expected to
require permanent geologic containment for the huge volumes

1
of transuranic wastes.

One reason for the Federal government's growing in-

terest is that radioactive waste management has become one

of the two or three major issues raised by opponents of
nuclear energy. Many groups are now focusing on high-level
waste disposal as the primary defect in increased reliance
on this power source. The situation is clearly aggravated
by the past record with the management of high-level mil.i-

2tary wastes. Severe pressure has developed on the federal
agencies with energy-related responsibilities to demonstrate
waste disposal technologies. This is a direct consequence
of environmental and political opposition to the construc-
tion and operation of more nuclear power plants prior to

l For interpretive histories of the U.S. governmental
ef forts in radioactive waste management, see, generally,
Carter; Lash; and Metlay.

2,"The growing international awareness of the dangers
inherent in commercial nuclear wastes undoubtedly has been
influenced bv the fact that, after 30 years of manufactur-
ing plutonium for nuclear weapons, the United States has
not firmly established management plans for the final dis-posal of millions of gallons of high-level wastes produced
for military programs," Frosch, p.
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the solution of waste management, especially disposa.l prob-
lems.

Proposals to bury high-level radioactive wastes at
land sites around the United States are now advancing rapid-
ly. In December of 1976, ERDA announced that six waste re-
positories in salt beds, shale, or granite would be establish-
ed by the year 2GOO. A decision on the first site, which is
scheduled to be an operational repository by 198', is ex-
pected to be made by early 1979. Two similar repositories
are planned for the disposal of military wastes. The techno-
logies for packaging, transporting, and disposing of spent
fuel bundles are supposed to be in operation by 1985.

But the nuclear energy interests. in the Federal govern-
ment are continuing to encounter opposition from environmen-
tal groups, federal agencies with other responsibi3.ities,
resource-based industries  with salt bed interests!, states,
counties, cities, and towns. Most salient of the opposi-
tion to the siting of high-level waste disposal repositories
in the U.S. has been that by states and counties. Kansas,
for example, was successful in the early 1970's in termina-
ting an effort to use its salt beds for high-level waste
disposal.

During 1976 a number of states enacted legislation
on radioactive waste disposal. Three states passed laws
initiating forrnal studies of the problem; a study in Cali-
fornia was accompanied by a ban on further nuclear power
plant construction pending state certification and federal
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approval of a high-level waste disposal technique. The1

Hawaiian legislature passed a resolution expressing concern
over the study of the disposal of radioactive waste in the
Pacific Ocean--confusing this with the U.$. ERDA Seabed
Assessment Program for studying sub-seabed disposal.2

Despite their clear defeat  the average was 2 to 1!
in all cases, nuclear opponents in six western and mid-
western states succeeded in getting nuclear initiatives
on the 2 November 1976 ballot. The initiatives included,
among other things, provisions making all future construc-
tion of nuclear plants contingent. on prior state legisla-
tive review and approval of federal waste disposal systems.
Also on 2 November 1976, non-binding advisory referenda in
two counties in Plichigan's upper peninsula separately re-
jected  by 2 to 1! any further siting there of federal

3

high-level waste disposal repositories.

1Cal. Pub. Res. CODE, Sec. 25524. 2  West. 1976! .
2 SR-6B SD-1 �976!; this concurrent resolution,passed by the Hawaiian Legislature on 5 April 1976, alsorequested the U.S. EPA to halt any plans for "undersea"disposal until their safety is "proven beyond any sha-

dow of doubt-"
See L. J. Carter, "Nuclear Initiatives: Two SidesDisagree on Neaning of Defeat," Science 194 �9 November1976!: 811, 812; and Sierra Club, "Nuclear Initiatives:Six Down," Nat' l. News Report, no. 36 � November 1976!;the opposition in Nichzgan started in the Spring of 1976when it became apparent that ERDA intended to conduct ex-ploratory drilling in local salt deposits. After thisbecame a major issue with the local press, officials,and congressmen, ERDA abandoned, at least temporarily,its plans; see Carter, "Radioactive Wastes," p. 665.
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By late Fall of 1976, the U.S. ERDA had sent letters
concerning its intention to conduct local radioactive
waste disposal studies to thirty states. Nearly complete
state veto power in the siting decision for disposal facili-
ties was guaranteed. The legal basis of such assurances is
limited. Ultimately, federal preemption would probably be
established for the siting--at least on federaL land--of

1high-level nuclear waste disposal repositories.
Yet these guarantees of vital state participation in

the siting process reflect a federal awareness that state
1

As noted above, p. 37, Section 274 of the AtomicEnergy Act of 1954 enabled the AEC  now the NRC! to turnover federal regulatory authority to the states in the
area of commercial low-Level radioactive waste management.This, however, has been a carefully circumscribed exemp-tion from a long and consistent history, built upon con-stitutional, statutory, and administrative elements, offederal preemption in the area. Without such a specific
agreement states have no authority to regulate radiologi-cal matters. Federal preemption over the siting of high-level waste disposal repositories is confirmed by both
Secs. 5842�! and �! of the Energy Reorganization Act
of 1974 �2 U.S.C. 5801-5891 �974!!, which reiteratesthat the management of high-level waste is exclusively
a federal concern, and the case law. Despite the rul-
ing in Huron Cement Co. v. Cit of Detroit �62 U.S.
440 �960!! that a state's interest in local pollution
may allow regulation of federally licensed ships, thesituation remains very different in nuclear energy.
Northern States Power Co. v. Minnesota �47 F.2d 1143,
1 ZLR 20451  8th Cir. 1971 , af 'd. 405 U.S. 1035
 l972!! held that a state statute enacting stricter pol-lution control standards  for effluent discharges from
nuclear plants! than those set under federal legislation
was preempted by the Atomic Energy Act. Among the fac-tors relied upon, the need for exclusive federal regu-
lation in the area and the pervasiveness of the feder-
al regulatory regime are especially persuasive. This
leading case has been confirmed by administrative prac-
tice and the state courts.
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legal, but especially political, powers over local radio-
active waste disposal are not insignificant. The states
involved, through procedural delays and transportation
restrictions  at least on a temporary basis!, can make
such siting an extremely difficult exercise with serious
political implications for the KRDA waste disposal pro-
gram.

State responses have been rapid to KRDA's formal
announcement, in early 1977, of an expanded study of
geologic formations for high-level waste disposal, lead-
ing to the selection of two sites by early l979. As of
July 1977, two states had enacted flat bans on such dis-
posal within their borders; nine other states had similar
bills pending. Three states had passed laws requiring
prior authorization of such disposal by the legislatures;
at least three had similar bills pending. Almost all of
these states are on ERDA's list of candidate locations
for a repository. Numerous other state laws restricting
some aspect of local radioactive waste disposal were passed
or proposed in 1977. And various states passed resolutions
expressing opposition to the local siting of any radio-

1active waste storage or disposal facilities. ~Iany cities
and towns have placed severe restrictions or complete bans
on the local transport of radioactive wastes.

1See, generally, Office of State Programs, U.S. NRC,
Information Report on State Le islation 3 �977! .
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Thus while ERDA officials are optimistic about find-
ing acceptable high-leve3. waste disposal sites, technica3.ly
and politically speaking it is nowhere near a certainty
that acceptable sites can be found. This is particularly
true as long as state and local officials seem to have
strong political, if only limited legal, power over sit-
ing decisions. Additionally, the Nuclear Regulatory Com-
mission  NRC! is still in the process of formulating goals
on high-level waste disposal. An NRC Workshop on nuclear
waste disposal repository siting in November of 1976 in
Keystone, Colorado  " Resource Potential and Environmental
Stability of the Planet Earth for the Next Million Years" !
concluded that potentially suitable sites exist in north-
ern North America, Canada, and Western Australia  pre-
Cambrian granite shield rocks!, and the mid-plate region
of ocean tectonic plates. Site suitability criteria for
high-level waste disposal are being established by the
NRC in 1977-78.

All the concerted pressure for a disposal so3.ution

on the part of environmentalists and others could have a

negative effect on developing a sensible waste management
program. The present race by ERDA to solve the disposal

problem might curtail a careful investigation, testing,
and evaluation of all serious options. It also could

lead to inadequate demonstration of technologies before

implementation, and to delays and errors that would fur-

ther heighten public distrust. Thus, the NRC and the
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public should b'e brought into the decision-making process
at a very early stage.

1

British Waste Nanaqernent Plans
Confused responsibilities and a lack of clear priori-

ties and palicies have also plagued the British waste man-
agement program. The report in 1976 by the Royal Commis-
sion on Environmental Pollution, which was released just
before the major report on legal and institutional aspects

3of radioactive waste management in the U.S., recommended
the establishment of a National Waste Disposal Corporatj.on

1 Sec. 552 a! of the Administrative Procedure Act  APA!� U.S.C. 551 e~tse ., 701 e~tse . �970!, ELR 41001! estab-lishes public access to most major rulings and decisions byfederal agencies, such as ERDA, and the NRC  through theAtomic Energy Act of 1954, sec. 181, 42 U.S.C. 2231 �970! ! .The National Environmental Policy Act  NEPA! of 1969 �2U.S.C. 4321-4349 �970!, ELR 41009!, especially as inter-preted by the courts  see, for example, Hanly v. Kleindienst Hanly II!, 471 F.2d 823 �970!, 2 ELR at 20723!, goes evenfurther in requiring public access to, and some participa-
tion in  through comment and hearing procedures!, majorfederal actions, such as radioactive waste management facil-ity siting, which significantly affect the environment. Inthe case of siting radioactive waste disposal facilities,however, it is increasingly clear that detailed proceduralarrangements  even beyond those formally required by theAPA and NEPA! for public participation in the formulationof criteria and standards and in siting decisions will beessential to effective federal regulation and policy.

2See, generally, Royal Commission on Environmental
Pollution, Nuclear Power and t'h e Environment.

3This same conclusion was reached for the U. S. in N.Willrich, "Radioactive Waste Management and Regulation,"Report to the U.S. CORDA  Cambridge: N.I. T. Energy Lab.,
1977! .
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to correct the situations It was highly critical of waste
management practices and the apparent lack of interest in
the high-level waste disposal problem. Major programs were
recommended on the ". . . two reasonable options for the
permanent disposal of high-level vitrified waste, namely
geological formations on land and below the ocean floor in
stable areas.

A hostile response by the U.K. Atomic Energy Agency
and a forthcoming government White Paper on nuclear policy
indicate that the British Royal Commission Report may not
represent official policy. The Report does, however, con-
firm the fact that British programs and plans rely heavily
on future ocean disposal for several categories of radio-
active wasteth After a few years of storage, medium-level
reprocessing wastes at Windscale are to be piped to sea.
Corroded drums of l950's weapons wastes, large volumes of
plutonium-contaminated solid wastes, increasing quantities
of low and medium-level materials and possibly even blocks
of vitrified high-level wastes are apparently destined for
ocean dumping. British Nuclear Fuels Limited plans to
seek permission for increases, by two orders of magnitude,
in the ocean dumping of radioactive wastes conducted
through the annual Nuclear Energy Agency sponsored opera-
tions.

l
Royal Commission on Environmental Pollution, pp.

150-L52.

2
Ibid., pp. 136-142.



As recent converts to the belief that solidification

and geologic isolation programs are necessary, the British

now plan on a long-term program to develop geologic high-
l

level waste disposal options. Surveys of clay and cry-

stalline rock formations have been started. A package of

research proposals from the Natural Environmental Research

Council  NERC! on disposal in land formations, in the sea-

bed and on the seabed has recently been circulated within

the government. But badly splintered governmental respon-

sibilities among British Nuclear Fuels Limited', the Atomic

Energy Authority, the National Radiological Protection

Board, the NERC  sponsoring work by the Institute of Oceano-

graphic Sciences and the Institute of Geological Sciences!,

the Ministry of Agriculture, Fisheries and Food, and the

Department of Environment leave a major leadership vacuum.

There does appear to be a real willingness to support, or

even to lead> the international research and development

effort on sub-seabed disposal which is being conducted

through the Radioactive Waste Management Committee of the

Nuclear Energy Agency. What could jeopardize the value2

of British efforts here and perhaps even the entire

l
According to statements by various British officials,

during the Second Int'l. Workshop on Seabed Disposal of
Radioactive waste, wash., D.C., March l977  in which this
author participated!, from organizations with major nuclear
waste management responsibilities, an operational reposi-
tory is expected by the year 2000.

2
Ibid.



international seabed disposal program is the yet unresolved
debate over whether the British should mount a serious
study of high-Level waste disposal onto the surface of the
sea floor. The political and legal problems of this con-
cept will be discussed in later chapters.

Waste Management in F"ance

Unique to the French program are advanced processes
for waste segregation and compaction, incineration of tran-
suranic wastes, and bituminization and vitrification of high-
level liquid wastes. A major shift has occurred in the
period of l975-1977 in their perspective on waste manage-
ment. Instead of the local, fully manageable nature of the

problem, they now stress the global implications and serious
lneed for international cooperation.

As in the U.K., national and regional/international
reprocessing operations are underway and assumed to be an

integral part of the future program. As of early 1976,
the high-level wastes from reprocessing were to be solidi-

fied, stored for 20-30 years, separated frcm the transur-

anics, and disposed of geologically. More recently the
French plan includes land-based storage or disposal for

the fission products and sub-seabed disposal for the tran-

suranics. French goals of permanent isolation and inter-

national cooperation for high-level waste disposal seem to

l
Ibid.; see, generally, Re ort of the Meetin of the

Int'l. Workin Grou ; and G. de Marsily.
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be very similar to those of the U.S.

Waste Management in West Germany
West German waste management. programs are relatively

well advanced in the non-high-level waste disposal areas.

Most distinctive is the existence of the world's only fully

operational low and medium-level waste disposal facility at

Asse. Abandoned caverns in an old salt and potash mine at

500-700 meters are filled with radioactive waste and sealed

off with salt. The medium-level operations are all done

remotely. A recent excavation is designed for medium/high-

level materials, but recent salt movement and stress mea-

surements, predictions that the mine may ultimately be

flooded, and other chemical and geologic limitations on

this site have led to an announced exclusion of high-level

wastes. This could eventually have serious implications

for the U.S. salt bed disposal efforts.

Disposal plans for higher transuranic content and

fission product wastes include individually bored holes

or mined cavities in salt domes to be located under a re-

processing facility. But environmental and political op-

position--sometimes violent since 1975--now threatens

Ibid.; and C. Frejacques, "The French Program,"
Proc. of the Int'1. S m osium on the Mana ement of LWR
Wastes, p. 18.

2
See K. Kuhn and J. Hamstra, "Geologic Isolation of

Radioactive Wastes in the Federal Republic of Germany and
the Respective Program of The Netherlands," Proc. of the
Int'1. S m osium on the Management of LWR Wastes, pp. 586,
594; and W. J. Schmidt-Kuster, "The German Program and Ob-
jective' for Management of Wastes from the LNR Fuel Cyclef"
Proc. of the Int'l. S mposium, pp. 22-~7.



49

both this disposal plan and the siting of a reprocessing
plant. Local petition and referendum rights, powers of

the courts, and confused responsibilities between the

states and the Federal government have caused delays and
1major policy shifts. In early 1977 the largest and most

densely populated state, North Rhine � Westphalia, adopted
a policy of requiring the solution of the spent fuel dis-

posal problem prior to power plant licensing. The governor

of Lower Saxony, the state with the salt domes and the in-

tended reprocessing site, stated publically to the Federal

government that such nuclear wastes should be sent to the
2

U.S. Chancellor Schmidt has since announced that con-

struction permits for new nuclear plants wilL not be gran-

ted without prior arrangements for spent fuel reprocessing
3

and ~aste disposal. This forces the issues of reproces-

sing and waste management since the pressures for continued

expansion of the nuclear energy program are severe. The

policy is based on one of the invalid assumptions discussed

above, i.e., that the reprocessing of spent, fuel is, in

part, necessary because it simplifies waste management.

See "Opposition to Nuclear Power," oner Polic 4
 December 1976!: 286-307.

I
See "Enthusiasm about Nuclear Power Turns to Anxiety

in West Germany," New York Times, 7 February 1977, p. 8;
the governor did not say how the wastes should be transpor-
ted or what the U.S. should do with them.

3
See, for example, "Germany's Sales of Nuclear Reac-

tors Sparking Discord," New York Times, 30 January 1977,
p. 10.
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Waste Management in Japan

Japan's proposed waste management program and plans

are best described by Figures ll and 12. No land burial

of low-level wastes is allowed, although l5 sites are be-

ing evaluated for possible future use. Land-based dispo-
sal efforts for low and high-level wastes shown on Figures

ll and 12 are not expected to produce any acceptable

options. So there is strong interest in ocean dumping

for low-level materials and any option for high-level dis-

posal outside of Japan; they are participating in the in-

ternational R 6 D effort on sub-seabed disposal and are

interested in island disposal or any international repro-

cessing and disposal arrangement.

A recent proposal from the Nuclear Energy Advisory

Subcommittee of the Japanese Ministry of International

Trade and Industry included actions to reduce Japan's

heavy dependence on other countries for waste disposal and
lreprocessing. But this is not easy. Japan's radio-

active waste management situation is even more problemati-

cal than those of the European nations. Nemories of Hiro-

shima and Nagasaki, mercury poisoning and other pollution

threats, problems with the nuclear-powered ship JUTSU, lo-

cal public {including very powerful fishermen and farmer

groups! and governmental opposition to facility sitings

l
See Ener Users Re ort--Current Re art, no. 81,

27 January 1977.



and transport or handling of radioactive materials, tight-

ly constrained fishing, agricultural, population settle-

ment, and seismic situations, and cultural tendencies to-

ward satisfying any and all public objections make the pro-

blem extremely complex. Earlier arrangements with the U.K.

have been changed: the wastes from reprocessing Japanese

fuel in the U.K. can now be returned to Japan by a future

U.K. government. This would add to the large amount of

reprocessing wastes which will have to be handled in Japan

after 1980.

Waste .'ianagement in Canada

Since the Candian CANDU, or near breeder reactor sys-

tem, was never premised on a need for reprocessing the natur-

al uranium fuel, the waste management program has focused

on interim spent fuel storage. Throughout the 1960's and

early 1970's, the policy was that there were no high-level

wastes in Canada since a decision on reprocessing--based

on whether it ever became economical--was years off.

Dramatically increased environmental and political

opposition to nuclear energy since 1975 has led to some

changes. Long-term spent fuel storage in cooling ponds

within reactor buildings seems to be giving way to Ontario

Hydro plans for a central fuel storage facility by 198'. 1

S. A. MayTnan, et al, "The Canadian Program for Stor-
age and Disposal of Spent Fuel and High-Ievel Wastes,"
 IAEA-SM-207/91! Proc. of the IAEA and UEA Svmposium on
Mana ement of Radioactive Wastes from the ".uclear . uel
~C cle  Vienna, ~larch l976 , p. 49
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And the close monitoring of the U.S. salt bed disposal stu-
dies has been expanded to a full geologic disposal program,
especially on the granite Canadian shield. Canada now1

seems to favor high-level waste disposal in a cavity mined
into hard rock, with salt beds as a second choice. There
is also come interest in the possibility of building a dis-
posal repository on an offshore island. They are follow-
ing the international seabed disposal program closely and
carefully monitoring research conducted in other countries
on ocean disposal methods.

Waste I<anagement in the Soviet Union
There is a limited quantity of information available on

the Soviet program. It is known that they have made a prac-
tice of injecting all levels of liquid and gaseous wastes
into deep--1000-1500 meters--and permeable geologic strata.
This does not, however, seem to be their plan for dispos-
ing of future high-level waste. An industrial scale

operation now involves storing evaporated high-level liquids
in stainless steel tanks on an interim basis. Plans call
for vitrification--an area of serious work--and then long-
term use of surface storage facilities. It now seems clear

1
See P. J. Dyne, "Canadian Geologic Isolation Program,"

Proc. of the Int'l. S m osium on the Mana ement of LWR Wastes,
p. 601; and W. W. Morgan, "The Management of Spent CANDU
fuel," Nuclear Technolo 24  December 1974!: 60.

2

See G. Vilks, "The Disposal of High Level Nuclear
Waste in the Oceans," Geoscience Canada 3  November 1976!:
295; very recently there have een indications of Canadian
interest in participation, *s an observer, in the inter-
national R and D program on sub-seabed disposal.
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that they are also in search of an acceptable final high-

level waste disposal options Other plans call for bitu-1

minization of medium-level wastes and no shipment of high-

level liquids. Given their long record of condemning radio-

active waste dumping into the sea, they would presumably

not use this disposal method. Yet there is some evidence

that they used to dump packaged solid wastes into the Paci-

fic and they did participate in a joint international scien-

tific search for a suitable dumping site in the North

Atlantic Ocean in 1960. 3

1 The deep injection, vitri fication, and other Soviet
practices and plans are described in several sources; see
Parker, p. 305; V. K. Tolpygo and B. Friedrich, "Co-opera-
tion between Member States of the Council for Mutual Econo-
mic Assistance  CMEA! in Radioactive Waste Treatment and
Burial,"  IAEA-SM-207/112! Proc. of IAEA and NEA Symposium
on Mana ement of Radioactive Wastes from the Nuclear Fuel
C~cle  Vienna:r March 1976 , p. 77; ~'J. L. Lenneeann, "padro-
active Waste Management," briefing prepared for U.S. Nat'l.
Academy of Sciences/Nat'1. Research Council Radioactive
Waste Management Committee, Wash., D.C., 15 February 1977,
p. 7 and Table 3.

2
The Soviet Union has been an outspoken critic of

past U.S. and European, especially British, dumping prac-
tices. It has accused the U.S., U.K., and France of pol-
luting the Atlantic, while emphasizing tl e view--arising
from military and political objectives--that radioactive
contamination is perhaps the most dangerous type of marine
polt.ution. In 1976 the president of the Soviet Academy of
Sciences called for an international agreement banning the
ocean dumping of nuclear wastes, see World Env. Rpt. 2
� August 1976!: 8. For further Soviet crr.tzcxsm of radio-
active pollution of the oceans, see A. Ostrovskii, "Int.'l.
Legal Protection of the Seas from Pollution," ocean Deve-
lo ment and Int'l. L. 3 �976!: 287; and A. Skarkov, "En-
vironmental Protection and Int'l. Cooperation," Tnt'1. Af-
fairs 6  Moscow, 1976!: 62.

3
New York Times, 17 February 1960, p. 12.
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Waste Management in Eastern Europe

East Germany is investigating the incorporation of
medium-level waste into concrete and the use of old salt
mines for disposal. They will study the injection of gase-
ous wastes into deep geological strata and the storage of
solidified high-level wastes. Bulgaria, Poland, Hungary,l

and Czechoslovakia are working on processes for concentra-
tion and bituminization of low and medium-level. materials.
High-level waste vitrification studies are going on in
Poland. 2

Waste lianagement in Sweden

Waste management pressure is building again in Sweden.
By 8 October l976--only weeks after the l9 September elec-
tion in which the new Prime tlinister Falldin had campaigned
to end all use af nuclear energy--government policy on
nuclear development was already shifting back to support

3previously planned expansion under stricter controls.

Tolpygo and Friedrich, p.
2

Ibid., p. 77; see World E
1, for an announcement that Czec
process to mix radioactive waste
blocks suitable for buildings!

79.

v R t. 2 � December l976j:
os o akia has an industrial
and cement to form large

3
This is regardless of the fact that Sweden seems to

have a relatively strong record for airing, discussing, and
acting on nuclear energy issues through national education
and consultation programs; see Z.C. Bupp and J. C. Derian,
"Nuclear Reactor Safety: The Twilight of Probability,"
 Cambridge: Harvard Univ. Graduate School of Business Admin.,
December l975j, pp. 4, 49.



Tentative reprocessing plans now call for using British ser-

vices in the 1980's, possibly starting national operations

in the 1990's, and storing all wastes from reprocessing and
unreprocessed spent fuels 1

The result, of opposition to further nuclear develop-

ment was a Riksdag decision in 1975 not to authorize new

nuclear plants until reactor safety and waste disposal pro-

blems had been completely reviewed. Reports in 1976 from a

government committee on radioactive waste management which

was formed in response to the Riksdag action are optimistic

as to the use of bedrock at 300-400 meters depth for dispo-

sal. Recent recommendations of this committee include:

1! a detailed geologic search for a bedrock formation--

preferably near the reprocessing plant--capable of

contai~i~g all levels of wastes {utilities presently

have a five-year capacity to store all wastes on

site since no land burial is used!;

2! strong regional/international cooperation on waste

management, especially for geologic studies, R & D

and reprocessing;

3! a unified plan and a central governmental body re-

sponsible for spent fuel and radioactive waste

management, especially for R & D;

4! a special unit in the Nuclear Power Inspectorate

1
The U.S. decision to defer reprocessing of spent

nuclear fuel has been partially responsible for the reassess-
ment of nuclear policy now underway in Sweden.
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for control of, and R & D on, safety work for
radioactive waste; and

5! a special fund to cover all future waste manage-
ment costs  utilities are to pay for all spent

fuel and radioactive waste management, including
R6 D!.

Waste Nanagement at Eurochemic/Belgium

Eurochemic operations at Nol, Belgium, have created

considerable quantities of high and especially medium-level
wastes which are now being solidified. They will be stored

on an interim basis--perhaps as long as 50 to 100 years--in
surface facilities'. Final disposal plans remain uncertain,

but Belgium has made it clear that the Nol center will not
become a permanent disposal site. Local clays are being
cored and one plan is to dispose of medium-level and alpha

2wastes in a large cavity to be mined. in clay. Belgium has

See, for example, Spe~t Nuclear Fuel and Radioactive
Waste: A Summary of a Re ort Given b the Swedish Government
Committee on Radioactive h'aste,  Stockholm: n.p., 1976!; a
very recently passed Swedish law  originally the Swedish
Nuclear Power Stipulations Bill, January 1977! places strict
conditions on the six nuclear reactors which are under con-
struction or on order in Sweden. Operating permits can be
granted only if the utility has either produced a contract
for reprocessing the spent fuel and shown how and where high-
level reprocessing wastes can be disposed of "with absolute
safety," or has shown how and where the spent fuel can be
"finally stored with absolute safety."

2
F. Gera, "Geologic Isolation Programs in Other Coun-

tries," Proc. of the Int'1. S m osium on the >tanagement of
LWR Wastes, p. 609; and Report of the >eet1,n of the Int l.
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participated in' seven of the eight NEA-sponsored ocean dump-

ing operations conducted since 1967 as one means of radio-

active waste disposal.

Waste Management in India

India's waste management program consists of a low-

level liquid waste treatment plan and a solid waste burial

site at the Bhabha Atomic Research Center  Bombay!--in

operation since 1966, various storage facilities at other

centers, and major efforts on high-level reprocessing

2
wastes. High-level solid wastes from reprocessing are

compacted, drummed and stored underground in steel and con-

crete-lined holes 'which at certain times of the year are

twelve feet into the water table. Steel tanks within con-

crete vaults are used--as an interim measure--to store high-

level liquids.

Plans for high-level liquids in India include solidi-

fication by calcination, vitrification after three years,

and engineered storage for 20 to 30 years at each reproces-

sing site. Geologic disposal is planned in igneous or

sedimentary formations, but these cover a huge range of

1
The Nuclear Energy Agency-sponsored dumping opera-

tions are described in detail in Chapter 2, below.

2
See M. P. S. Ramani, et al., "Operational Experience

and Development Activities in Waste Management at Trombay,"
N. S. Sunder, et al., "Long-Term Planning for Management of
Aqueous Wastes from Fuel Reprocessing Plants," and K. Balue
"Management of Highly Active Decladding Zircaloy Solid
Wastes from a Fuel Reprocessing Plant," Proc. of IAEA and

ing of the Int'l. Workin Group, p. 24-
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possibilities. ' Sites are being evaluated in the deserts of

Kajasthan  sandy areas in the northwest, west of Delhi and

near Pakistan! and in the Deccan trap of Southern India

<old quarries and mines in basalts! . India participates in

many of the IAEA programs on radioactive waste management,

including the International Working Group on High-Level and

Alpha-Bearing Wastes.

Various other countries--such as the Netherlands,

Spain, Italy, Switzerland and Taiwan--have recently started

to investigate available geologic formations which seem to

hold some promise for radioactive waste disposal. Italy1

is focusing its attention on possible high-level waste dis-

posal in clay, especially in the south. They are also sur-

veying salt formations. Spain has studies under~ay on salt,

clay, anhydrite and crystalline formations. From the geo-

logic viewpoint, anhydrite formations are seen as the only

possibility in Switzerland. This is why Switzerland does

not want any curtailment of the ongoing practice of ocean

2dumping through the NEA annual operations. Austria, Den-

mark, and Finland plan to conduct similar assessments of

local geologic formations. 3

l
See, generally, Gera.

2
R. McManus, "Report of the U.S. Delegation to the

First Consultative Meeting of the Parties to the London
Convention," U,S. Dept. of State, Nash., D.C., September
1976.  Mimeographed. !

See, generally, Gera; and Lennemann, "The Int'l.
Aspects of Radioactive Waste Management," Table 3.
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Waste Management in Taiwan

Taiwan expects to have 50,000 drums of low-level

solidified wastes by the time all six of its reactors are
1operating in 1985. Existing spent fuel storage ponds in

reactor buildings are being expanded. A survey of nearby2

islands led to the selection of a small island at 22 04'N

and 121 32'E--75 km from Taiwan's east coast--to be the

site for a national waste repository. All radioactive

waste produced in Taiwan over the next 100 years is to be

disposed of--after solidification--in these earth and con-

crete trenches, heavy vaults, and steel and concrete-lined

holes. Disposal operations are to begi~ in 1980. 3

Taiwan has also proposed the establishment of an in-

ternational organization in the Pacific Basin to manage

radioactive waste disposal into the sea, since they foresee
4a possible need for ocean dumping.

1
C. M. Tsai, et al., "The Perspective of Radioactive

Waste Management in the Republic of China," Proc. of the
First Pacific Basin Conf., p. 503.

D. S. L. Chu, "Developing a Nat'l. Nuclear Power
Program in Taiwan," Proc. of the First Pacific Basin Conf.,
p. 117.

3
Tsai, p. 512.

4
Ibid., p. 513.
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Waste Management in Mexico

Mexico also plans to have rapid development of nuclear

energy--perhaps 15 to 20 reactors--before 1990. They expect

to have a complete fuel cycle, including reprocessing--which

is justified on grounds that spent fuel disposal is more

costly and complicated. High-level liquid wastes from pre-

sent activities will be stored in underground stainless-

steel tanks until a solidification process is available.

Medium-level materials will be put into concrete and stored

in drums. There is apparently no plan for final disposal
lof present and future wastes.

Summar of National Waste Mana ement Pro rams

The general situation of national waste management

programs and plans reveals some trends which may help in

the prediciton of events in countries just entering the nu-

clear power business. National nuclear energy authorities

tend to ignore the problem--especially high-level waste dis-

posal--as long as possible. Some action is usually neces-

sary quite early in the nuclear energy development process

towards handling low and medium-level wastes, since they

have to go somewhere. But many countries are unwilling to

be specific on their high-level waste plans. In general they

See, generally, F. Kaufman, "Mexican projects on the
Back End of the Fuel Cycle," Proc. of the First Pacific
Basin Conf., pp. 565-572.



seek the policy flexibility of retaining the option to re-

process without increasing the pressure on disposal arrange-

ments.

Spent fuel accumulating in and, in some cases, forcing

expansion of storage ponds and/or local opposition to nuclear

energy usually force action. A national drive to develop lo-

cal disposal options is generally mounted to address environ-

mental and political criticism and to protect the nuclear

energy program. Countries focus--to a degree which is direct-

ly proportional to their level of commitment to nuclear

energy--on local disposal options, regardless of the likeli-

hood of ever having a local disposal site.

Governments are uniformly optimistic about the pros-

pects for being able to handle reprocessing and waste

management needs. Yet the full implications of high-level

waste disposal needs and of reprocessing for future waste

management are, in almost every case, inadequately assessed.

There may be increasing movement now--following the examples

set by West Germany, Japan and Sweden--toward forcing rapid

solutions to reprocessing and waste disposal problems by re-

quiring utilities to have appropriate arrangements before

they are granted operating permits for nuclear power stations.

Placing almost all of the responsibility squarely on the

utilities generating the wastes may be the best possible

policy, especially for countries without a major prior

military commitment to nuclear development. But sound

solutions to reprocessing and high-level waste problems
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still demand serious and cautious development over a reason-

able period of time rather than short-term scrambles to cope

with the increasing economic and political heat generated by

plant licensing decisions. Furthermore, most countries are

adopting the attitude that some other country will solve the

high-level waste disposal problem. Many seem to be waiting

for American leadership in developing and selecting high-

level waste disposal options before commiting themselves to

a national policy.



CHAPTER II

PAST ~MARINE DlSPOSAL PRACTICE:

THE FREEDOM TO POLLUTE

With the background established on the nature of the

radioactive waste management problem and associated national

practices and plans, it is necessary to contend with a mat-

ter of great political and legal import for the sub-seabed

disposal concept. The record of disposal practice with

very hazardou.s substances in the marine environment is dis-

tressing to even the casual observer. Despite an apparent

lack of cases concerning disposal of toxic materials by em-

placement beneath the seabed, dumping into the oceans/onto

the seafloor has for many years been a routine disposal

solution for some of the most toxic and persistent of man-

made materials. Ne should, in order to gain proper perspec-

tive, consider several examples of the practices which set

part of the legal and political scene for any future em-

placement of radioactive waste beneath the seabed.

Ocean Dum ina of Non-Nuclear

Hazardous Substances

Nerve Gas/Munitions Dumping

In the category of non-nuclear disposals by govern-

ments. it is instructive to recall dumpings of discarded

63
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weapons, a hazardous and. persistent category of wastes. Be-

tveen 1955 and 1957 the British Defense Ministry packed the

holds of obsolete navy ships with 67 tons of captured German

nerve gas and 8000 tons of British mustard gas, and sank the

ships in the Atlantic 250 miles vest of Scotland. No fur-

ther disposals were made after 1957, but the first British

announcement on this practice did not come until 1970 during

1the major controversy over similar U.S. dumping.

During 1967 and 1968 the U.S. Army disposed of 1,706

concrete vaults containing 12,540 nerve gas rockets by pack-

ing them in old hulks and sinking them in an international
2munitions dumping ground off Earle, N.J. Public outcry

caused the Army to cancel a plan to dump 418 more vault.s

there in 1969 and to re-schedule it. for 1970 in a much deep-

3er munitions disposal area 282 miles east of Cape Kennedy.

This was in the area of one of the strongest bottom current

systems in the Atlantic Ocean--the Western Boundary Under
4

Current. Despite a highly skeptical, at t,imes hostile set.

1
See Washin ton Post, 12 August 1970, p. A19.

2
U.S. Congress, Senate, Cora. on Commerce, Hearings on

comm. on Oceanography, 9lst Cong., <st Sess., ser. 76, 1970,
pp. 10, 17.

3
For the facts see Z. D. Brown, appendix to "Inter-

national Law and Marine Pollution," NaturaL Res. J. 11
�971!: 249.

4
The strong bottom currents in this area are describ-

ed in S. C. Heesen, et. al., "Shaping of the Continental
Rise by Deep Geostrophrc Contour Currents," Science 152
�2 ApriL l966!: 502.
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of Congressional hearings on the Army procedures and a De-1

fense Department policy change, including assurances by

Secretary Laird that it would not happen again, the Environ-

mental Defense Fund  KDF! brought action for a permanent in-

junction against dumping the gas at sea. The district judge

expressed strong misgivings over the gas dump and the nega-

tive international reaction and issued a request that the

Army use a shallower site since the pressure at the intend-

ed site could implode the containers. Yet EDF and the

Governor of Florida lost in their joint attempt to enjoin

the dump because of the Army's claim of danger to the local

population if the tanker and its deadly cargo were held in
2

port. Despite the judge's request, the dump was conduct-

ed at the deeper site.

In this case neither the U.S. court nor the Congress

seemed to have had much leeway because all studies indicated

that time had run out on the containers and that the hazard

to human life on land was such that immediate disposal was

1
U.S., Congress, House, Comm. on Foreign Affairs, Hear-

in s on the International Im lications of Dum in Poisonous
Gas and Waste into Oceans before the Subcomm. on Int'l. Or-
ganizations and Movements, 91st Cong., 1st Sess., 1969; U.S.
Congress, Senate, Comm. on Commerce, Hearin s on Dumping of
Nerve Gas Rockets in the Ocean; U.S., Congress, House, Comm.
on Merchant Marine and Fisheries, Hearings on Ocean Disposal
of Unserviceable Chemical Munitions  Operation Chase! before
the Subcomm. on Oceanography, 91st Cong., 2d Sess., ser. 31,

1970. 2 W h' to P t, 17 August 1970, pp. Al, A7; and Wash-
t 1970, p. Al; district court judge

June Green's order denying the injunction and her request
for a change in site were never reported.
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required. But only the court cases brought out the fact

that the substances in question included VX, a much more

formed the basis for all scientific discussion at the hear-

ings and elsewhere. This additional factor could have  and

perhaps should have! changed the entire basis for the haz-

ard assessment, especially for the damage to marine eco-

systems. 1
Beyond private and public action in the U.S., other

states requested information. and complained or protested

to the U.S. bilaterally, through diplomatic channels or2

in the U.H., and the U.N. Secretary General and Seabed Com-

mittee both objected. The Bahamas issued its first "pro-

test" ever when the U.K., constrained by her own past and

continuing ocean disposal practices, would not act for her

beyond sending a team of experts to investigate the matter.

1 GB, which is extremely deadly, is neutralized rela-
tively rapidly--over a few days to weeks--in seawater. VX,
which is 200 to 400 times stronger than GB, is apparently
less toxic than GB in seawater, but persists for up to
twenty years. See 116 CONG. REC. 5-13338  daily ed. 12
August 1970! .

2

"An Overview of International Znvironmental Regulation,"
Q

and R. P. Cundick, "Army Nerve Gas Dumping," Mil. L. R. 56
�972!: 209.

3Times  London!, l7 August 1970, p. 1; United Nations
Press Release SG/SM 1314, 7 August 1970; United Nations,
Press Release SB/11, 20 August 1970, p. 1; and United Nations,
General Assembly, Rermrt of the Committee on the Peaceful
Uses of the Sea-Bed and Ocean P oor Bevond the Laments o
Natzona3. Jurzsdzctzon A BO l , 1970, p. 8.
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Iceland issued a formal protest and Bermuda expressed

strong concern.

The U.S. claim that there was no violation of the

1958 High Seas Convention, general international law, or1 ~ ~ 2

obligations to any international organization was apparent-

ly based on a narrow interpretation of the Convention simi-

lar to that espoused by the U.S. Army lawyers, i.e., that

"...ocean d.isposal of inherently hazardous substances re-

mains, and ought to remain, permissible under proper con-

ditions, those conditions finding their root in the rule of

4
reasonableness. But this ignores the U.N Secretary Gener-

al's charge that the U.S. violated the Convention's Article
5

25�! call for coooeration with competent international

1
Convention on the Hi h Seas, 19 April 1958; in force

1962; 2 U.S.T. 2312, T.I.A.S. no. 5200, 450 U.N.T.S. 82.
Only Article 2 was discussed.

2
Testimony of Mr. Rhinelander, Deputy Legal Adviser

of the U.S. Department of State, Hearin s on Dum in of
Nerve Gas Rockets in the Ocean, p. 65.

3
U.S., Department of State, Telegram 128547 rom U.S.

Secretary of State, Wash., D. C., to all diplomatic posts,
8 August 1970; and U.S., Department of State, Letter from

July 1970, pursuant to Pub. L. 91-121 sec. 409 c! 2 in
De t. of State Bull. 63 � September 1970!: 283.

4
Cundick, p. 209; Cundick held that there was no vio-

lation of general or conventional int'1. law; see pp. 199-
205r he based this finding on the contention that the over-
all> unilaterally determined standard of reasonableness was
fulfilled in this case.

5 United Nations, Press Release SG/SM 1314, 7 August
1970; also in agreement with this charge were Senator Pell,
Representative McCarthy, an editorial in the New York Times,
and Brown, p. 254.
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organizations to prevent marine pollution. E. D. Brown
and S ~ A. Bleicher argue convincingly that the Secretary

General's charge was probably well based in Convention
1

Article 25�! .

Despite the strong case made for U.S. violation of
Article 25'�! and obligations to the various international
agencies competent in this case, the imprecise standard
which existed in 1970 for the dumping of non-high-level

nuclear waste into the high seas made it very difficult to

argue that the U.S. violated any rule of general inter-
national law. Critics of the nerve gas dump thus general-
ly steered clear of the general international law point
and focused on Article 25�! . Those defending the practice,
contrastingly, relied on the general international legal
standard of reasonableness to the almost complete exclusion
of the Article 25�! and possible obligations to internat-

ional organizations.
2

The 1969 U.S. Military Procurement Act must, have

been quite troublesome for the U.S. Executive in this case.

It hans funds for any disposal which:

1! involves chemical or biological warfare agents;
2! is conducted beyond U.S. territorial limits; and

For a similar opinion, see the argument of Nr.
Lennon, Chairman of the Subcomm. on Oceanography, in Hear-
in s on the International Im lications of Dumpin , p. 105.

2 Pub. L. No. 91-121, sec. 409  c! �!, 83 Stat. 204,
as amended in October 1970, by Pub. L. No. 91-441, 84 Stat-
912, to ban munitions disposal in international waters;
codified in 50 U.S.C. 1513 �971! .
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1
environment.

The overall effectiveness of this response, which
was limt.ted and delayed as a result of U.S. pressures,
may be best measured against a World Health Organization
resolution, adopted nine years earlier, which urgently re-
quested". . . all the Members. . .to prohibit all discharge
of radioactive waste into watercourses or the sea, to the
extent that the safet of such dischar e has not been
proved . . ." This prior proof standard, which was re2

jected by the U.S. in 1961 and 1970, is a strong and use-
ful guideline for toxic waste disposal at sea. It will be
further compared below to both the burden of proof that a
given sea disposal is safer than that possible on land and
the reasonableness criterion.

Two days after the U.S. nerve gas dump, and on the
same day of the Seabed Committee's urgent request, the U.S,
sank another hulk. This time a cargo of 5000 tons of dis-
carded bombs was dumped onto the continental slope, 135
miles off the Maryland coast. The bomb laden Liberty ship,3

which prior to strong public opposition was to have been
1United Nations, Press Release BB/11, 20 August 1970,

Sea-Bed Committee, p. 8.
2United Nations, World Health Organization, W.H.O.Res. WHA/l4.56  W.H.A., Official Records, vol. 14, no. 110,

pt. 1!, 1961, p. 24.  Emphasis added.!
3



7l

scutt.led off New Jersey near two sunken ships containing

mustard gas, blew up when it struck bottom at 7,l00 feet.
l

This is illustrative of the very common practice of

disposing of old ammunition and explosives in the forty

munit.ions dumping grounds off U ~ S ~ coasts. Many of these

sites are on the biologically productive and often bottom

current-swept continental slope or rise, rather than on

the more tranauil deep seabed of the abyss. Beyond the

environmental threat, this practice could also threaten

the freedom of navigation on the high seas above. The

normal rule of international law forbids the use of even

state territory  'and the continental slope belongs to the

coastal state only for economic/resource exploitation

1
Planned disposals such as the above examples must

also consider that accidents with very hazardous substances
are inevitable. One example is the 29 September l973, sink-
ing of the .West German cargo ship VIGGO HINRICHSEN near
Swedish Oeland Island in the Baltic, which resulted in the
dumping of many barrels of highly toxic chrome acid. The
six Swedish customs vessels and an aircraft which patrolled
the area, the Swedish Shipping Board order to salvage the
cargo before 5 October, and the charge of deficient seaman-
ship against the captain all did little for the significant
section of the Bal,tic and shores of Oeland Island which
were turned yellow by the corrosive acid  Times  London!,
2 October 1973, p. 8; and 4 October 1973, p ST .Ther.e
have, of course, been many other intentional dumps of high-
ly toxic substances; for reports of the large quantit,ies of
explosives, nerve gas, arsenic, mercury, and other military
and industrial wastes which have been dumped into the
Baltic, see Weichart, "Industrielle Abfallstoffe gefahrden
die Nordsee, Umschau," Wissenschaft und Technik 19  l969!:
28; Fishermen in the Baltic were burned in L969 by fish
contaminated with dumped mustard gas, see .'Iarine Pollution
Problems and Remedies, UVITAR Research Report No. 4 l
p ~ 34 and p. 7 , citing Times  London!, l0 August 1969.
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purposes! to limit the rights of others.
There have probably been many other unrecorded dis-

posals at sea of significant quantities of munitions. Anc}
the U.S. Navy is generally reticent in taking the time to
conduct its disposals beyond the biologically and other-
wise very active continental margin. Navigation charts
are still. littered with indications of unexploded weapons
and spoil areas.

Industrial Waste Dumping

Highly toxic industrial wastes, such as those from
refineries, paper mills, laboratories and chemical manu-
facturers, have also been routinely dumped in many sites
off U.S. coasts. In 1971, an American company prepared3

l�"There has been general recognition of the rulethat a State must not permit the use of its territory forpurposes injurious to the interests of other States in amanner contrary to international law." United Nations,Secretariat, Survey of International Law  A/CN.4/1/Rev.l!,1949, p. 34; an important basis for this rule is the gen-eral principle of international law, as cited in the CorfuChannel Case by the International Court of Justice, thatevery State is obliged "... not to allow knowingly itsterritory to be used for acts contrary to the rights of
N:Gear ia v. Tennessee Co er Co., 206 U.S. 230 �907!; theTrail Smelter Arbitration, U.N. Re . Int'1. Arb. Awards 3�949!: 1905; Am. J. lnt'1. L. 5 �941 : 684; and A. P.Rubin, "Pollution by Analogy: The Trail Smelter Arbitra-

2This is based on several years of this author's ex-perience; and A. C. Vine, interviews held at. the Woods
Hole Oceanographic Institution, l976-1977.

3

A N t 1 P 1', October 1970, pp. 2-4.
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to dump seventy tons of arsenic compound into the At,lantic

fifty miles from the East Coast. On the basis of reports

that the company had booked a ship to carry the waste,

the administrator of the Environmental Protection Agency

 EPA! sent. a telegram on 12 March requesting that the

company suspend the arrangements and investigate alterna-

tive disposal methods in consultation with the EPA, The

telegram made two key points: first, the discharge of the

waste would have deleterious and probably lethal effects

on fish and other aquatic biota, and the concentration of

such material in marine fauna and flora might cause long-

term damage; and. second, the 1970 report on ocean dumping

by the Council on Environmental Quality, which set forth

U.S. policy, stated that the dumping of materials clearly

identified as harmful to the marine environment or man

should be stopped. Also on 12 llarch, Congressman C. W.

Sandman filed a suit in the Federal district court in

Philadelphia for, and won, a temporary injunction barring

the ocean disposal. On 15 March the company president,

despite the stated firm conviction that there was no

"environmental" danger, announced that the dumping would

be stopped pending Government review. The temporary re-

straining order was removed  as it was no longer neces-
1

sary! on the basis of the company announcement.

1 See Environment Rep., Curr. Dev. 47 �971!: 1276;
the case brought by Congressman Sandman against Nhitmayor
Laboratories  a subsidiary of T',ohm and Haas, Co.! was not
reported.
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The Finnish oil company tanker, ENSKERI, sailed on
17 March 1975, with 690 barrels of arsenic poison to be

1dumped in the South Atlantic Ocean. Despite statements
by the Interior Ministry and the environmentalists that
the intended dump would violate Finnish policy, but that
there was no legal means to stop the ship, the government
ruled on lS March that prior permission was required in
accordance with Finnish intentions to ratify the Oslo and

2London Conventions. ENSKERI was recalled and the company
was prevented from dumping in an extremely %emote ocean
area by a government acting without any overt inter-
national pressure.

On 22 July 1971, a Dutch chemical company recalled
its tanker STELLA NARIS, after strong objections from the
Norwegian government over initial plans to dump 600 tons
of a toxic, persistent and accumulative chemical into the
Norwegian Sea, and from the U.K., Ireland, and Iceland

1See New York Times, 18 March 1975, p. 40.
2 Convention for the Prevention of Marine Pollutionb Dum in from Shi s an Aircra t, one at Oslo, October1971; in force 15 February 1972. U.N. Doc. A/Conf.48/INGNP. 11/W.P.VI; in Int'1. Le al Materials Il �972!:262,  hereinafter cited as the Oslo Con-rention!; and theLondon Convention; U.S. Dept. of State records indicatethat Finland had signed, but not ratified the London Con-

vention as of July 1975.
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1
protesting the backup site in the Atlantic. Despite

official Dutch statements that the dump was forbidden by

neither national nor international law, the government

seemed to play a strong role in the company's decision

that "international complications" should be avoided in

this case. Norway specifically requested that the

Netherlands stop the disposal if harm would be done to

the marine environment. Ireland was prepared to inter-

cept the ship with warships and the U.K. had ordered

Scottish harbor authorities not to refuel it. At the re-

quest of the Dutch government the company director made

the final announcement on television and in writing. 2

During the same year there was a general call by

Sweden, Norway, Finland, Denmark and Iceland for the

termination of the dumping of harmful chemical and in-

dustrial wastes into international waters. Sweden and

Norway had soon thereafter enacted supporting legislation
3

and the others announced plans to follow suit.

1
The October 1970 report of the U.S. Couscil on En-

vironmental Quality is entitled Ocean Dumpin --A National
~polic The.re are conflicting reports over whach coun-
tries reacted and whether or not they made official pro-
tests. It appears that, Norway, Denmark, Sweden, the U.K.,
and Iceland probably lodged protests. See, for example,
New York Times, 26 July 1971, p. 66; and Netherlands Year-
book Int'l. Law 3 �972!: 164, 226.

2
Times  London!, 23 July 1971, p. 1; New York Times,

26 July 1971, p. 66.

3
See, for example Nashin ton Post

p- A4; and Times  London!, 28 1 1971
13 November 1971,
p. l.Aprx
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Chemical waste  especially antimony compounds! dump-

ings in the Gulf of Mexico from 1969 to 1974 led to a ma-
jor controversy and a court battle over U.S. EPA permits.
DuPont held both that no harm would occur to the marine

environment and that no acceptable alternative to barging
1

the contaminated wastewater to sea was available. Under

the pressure of prior complaints from Texas and Louisiana
and an injunction sought by Florida, the EPA revoked its
permit and ended the dumping on the grounds that it could
not be shown to be safe.

2

Radiolo ical Contamination of the Oceans

The public concern and increasingly stringent legal

control today over ocean dumping are also based on past

and present sources of radiological contamination of the
marine environment. Low-level radioactive wastes have

been introduced 'into the oceans from the atmosphere

{worldwide fallout from nuclear weapons tests!; from nu-
clear ships  operational discharges!; from industrial dis-
charges  from nuclear power and reprocessing plants! into
rivers, tidal estuaries, and coastal waters; and from

1 U.S., EPA, Ap lication of DuPont for an Ocean Dumo-
in Permit for its Belle {West Va.! Plant, hearings con-
ducted by EPA, Pensacola, F orida, egznning 22 July 1974.

2 See P. B. Stam, "Intentional Ocean Dumping of In-

sures Concernin Marine Pollution  Sea Grant Pub. UNC-SG-
5-04, Fe ruary 97 !, p. 7l..
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dumping  packaged solids! at sea. Although now of de-

creasing importance over time, fallout from nuclear

weapons testing is still the largest, source of marine

contamination from transuranic  long-lived! radionuclides--

5 , 239
about 2 x l0 curies of Pu had accumulated in the

oceans through 1970. Data is not available on the1

amount of activity introduced by commercial and military

ships powered by nuclear reactor , but this is likely to

be an increasingly important source.
2

Most troublesome

of the industrial land-based sources is that from repro-

3
cessing plants in the U.K., France, India, and Italy.

This is now both qualitatively and quantitatively the most

serious problem of radiological contamination of the oceans

because of the nature of the elements released and because

the releases are into coastal waters, and the rates of

1�"A critical assumotion is that atmospheric testing
of nuclear weapons will continue at an indeterminable but
presumably diminished rate. Therefore, a continuing glo-
bal source of plutonium through atmospheric testing is an-

tential Ocean Pollutants  Nash., D.C.::J.A.S., l975!, p.
35!. Recent Atmospheric Testing by the French and Chinese
has contribut.ed less than 10% of the total radioactivity
introduced into the oceans from earlier testing. Whereas
French atmospheric testing seems to have been stopped as
of l974, Chinese testing  of relatively small weapons!
continued as of late 1976  H. D. Livingston, interviews
held at the Woods Hole Oceanographic Institution, Woods
Hole, ~fass., 1977! .

2
See Council on Environmental Quality, Ocean Dump-

ing, p. 11; and "Quiet Violence," Special Report, Supp.

3V. T. Bowen, interviews held at the Woods Hole
Oceanographic Institution, Woods Hole, [Iass., l975-l977.
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release are increasing over time. The British discharge
limits for the Windscale facility have been sharply in-
creased on the basis of an. oceanographic model which is
now widely accepted to be unrealistic as well as mislead-

1
rng.

Most important for present purposes is the very con-
troversial practice of ocean dumping. Japanese and Rus-
sian wastes have apparently been dumped into the Pacific,
and the French attempted to dump in the Mediterranean in
1960, The U.S., the U.K., and other Western European

countries have conducted the vast majority of this dump-
ing. hs shown in Table 5, most of the unilateral dumping
by the U.S. and the U.K. occurred in'the 1940's, 1950's,
and early 1960's, Since 1967 the so-called NEA operations,
largely comprised of British wastes, have been the major
contributor.

Between 1946 and 1970, the U.S. Atomic Energy Corn-

mission  replaced by ERDA and NRC in 197S! licensed the
dumping of almost 95,000 curies into the At!. antic  about
80,000! and Pacific  about 1S,000! Oceans. Precise re-

2
cords of amounts and locations are not available. The

1 See Chapter 4, below.

2Almost a] 1 of this waste was packaged in 55 � gallon
drums filled with concrete or similar materials. Drums
were thrown over in water depths from 3,000 to 9,000 feet;
most of the dumping was done in two areas--at 3,000 and6,000 feet in the Pacific Ocean n ar the Farallon islands about 50 miles from San Francisco! and in an abandoned
munitions disposal site at 8,000-9,000 feet in the Atlan-
tic �20 miles from the Maryland-Delaware border! . See
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only real opposition came from U.S. coastal areas upset

by certain shallow water dumps and misunderstandings

over sc i en ti f ic r e commend at ions .

Just as U.S. practice with obsolete munitions dis-

posal changed drastically after other states became in-

volved, the disposal of radioactive wastes at sea by the

U.S. decreased sharply after a protest by Mexico in June

2
1959. The specific case involved a licen-e for a pro-

posed dump into the Gulf of Mexico which was eventually

not issued despite findings by a National Academy of

Science study that there were several acceptable disposal

sites in the Gulf for packaged low-3.evel wastes, and
3

a ruling by U.S. AEC experts that this dump would be com-

pletely "safe". The final recommendation of the PEC4

and the State Department, not to issue the license, the

strong opposition of Mexico and groups near the approved

5sites, and the overall effect of extensive congressional

R. S. Dyer, "Ocean Disposal of Radioactive Wastes," E>A
Journal 7  July/August 1975!: 4; and Council on Environ-
mental Quality, Ocean Dumping, pp. 2, 3.

1 U.S., Congress, Joint Co-,.m. on Atomic Energy, Hear-
in s in the Natter of Industrial l~aste Disposal Corpora-
tion, vol. 5, before the Special Subcomm. on Radiation,
86th Cong,, 1st Sess., 1959, pp. 3059, 3142.

2 Ibid., vol. 4.

3 Ibid.

Ibid.

5 Ibid.

vol. 2, p. 1432.

vol. 4, p. 3049.

vol. 5, p. 3059.
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hearings led the U.S. AEC to end the licensing of com-
mercial disposal operations at sea and to severely cur-
tail all other radioactive waste disposal at sea.

There were at least two key differences between this
situation �959-62! and the one concerning nerve gas  l970!
which was discussed above. First, in 1959-62 the U.S. was
faced with neither the apparent lack of technical solutions
which existed in 1970, nor the perceived necessity to dis-
pose of the material immediately; and second, there was
a long period �959 to 1962! af investigation and even2

serious prior international consultation over the radio-
active waste dumping. Such investigation and consultation
were explicitly avoided by the U.S. in the nerve gas case

of 1970 '

The U.S. practice of dumping radioactive waste into
the sea was completely phased out in 1971 because of the
prospect of acceptable--very cheap--land-based. disposal

1See R. A. Shinn, The International Politics of
t1arine Pollution Controls.Y.: Praeger, 19 4!, p.for a table showing the dramatic drop in containers and.activity of wastes dumped after 1962; and Kirgis, p. 297,and. W. T. Burke and M. S. HcDougal, The Public Order ofthe Oceans  New Haven: Yale Press, 196 !, p. 860, for dis-cussion of the significance attached to the U.S. decision
not to issue the license.

2 During this period the World Health Organizationresolution of 1961  discussed above, pp. 35, 36! was issued
and the 1958 U.N. Law of the Sea Conference, in whichMexico helped to lead the movement for stricter control ofradioactive waste disposal at sea, was being discussed inthe U.S. The 1958 High Seas Convention was also about to
enter into force for the U.ST
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alternatives. Yet, as noted above, shallow land burial

of low-level wastes now faces very serious prob3.ems in

the U.S. It is not, thus, inconceivable that the U.S.
1

government would wish to start ocean dumping of contained

radioactive wastes again in the near future. 2

Britain dumped about 45,000 curies of low-level

wastes into the Atlantic from 1951 through 1966. Shallow3

sites  in the Channel! were used until the early 1960's

when there were severa3. shifts to progressively deeper

water. Starting in 3.967, Britain has conducted its dump-

ing under the auspices of the NEA.

In 1960 the French government announced its inten-

tion to dump 6,500 containers of low-level waste into the

~mediterranean 50 miles off Corsica. This plan was dropped

after considerable opposition developed in southern areas
4

of France and in Corsica. As in the case of U.S. can-

cellation of weapons dumps off New Jersey, this explicitly

1
This was noted in greater detail in Chapter 3.,

above, p. 2 .

2 The U.S. ZPA program to assess o3.d U.S. dump sites--
in case the practice should be used again with more effec-
tive containers and other safeguards--will be described be-
low.

3One expert observer's figure for curies dumped by
the British between 1965 and 1968--91,000--is much higher
than those reported by other sources; see C. Polvani,
"Radioactive Solid '9;aste Disposal into the Oceans: Impli-
cations and Perspec ives," Proc. of the Swwposium on the
Int'1. Re ime of the Sea-Bed, Rome, 30 June � 5 July 1969-

4
New York Ti.,es, 11 October 1960, p. 4; and 13

October 1960, p. 20.
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acknowledged the importance of coastal interests in pro-
tecting marine areas.

The NEA, which before 1972 was known as the Euro-
pean Nuclear Energy Agency, is a body associated with the
Organization for Economic Cooperation and Development
 OECD!. It supervised dumping operations in 1967, 1968/
1969, and from 1971 to 1976 with solid wastes packaged
in 55 gallon drums from varying combinations of eight
European countries  Tab1e 6! . They have involved almost
300,000 curies of low-level and medium-level wastes.
Nhile three different sites in the northeast Atlantic
have been used, <he current one is about 1,000 kilometers
from the European coasts  circle of 70 nautical miles

0 0diameter centered on 46 15'N and. 17 25't1! and has an
average depth of 4.5 kilometers. A U.S. company's ship
recently 1aid transatlantic cable number six through
this site. Although this was apparently done without
knowledge of the existence of the NEA dump site, the

11958 Geneva Convention on the High Seas clearly estab-
lishes cable laying as a basic freedom of the high

1High Seas Convention Article 2 specifically lists
the "freedom to lay submarine cables and pipelines" asa freedom of the high seas; Article 26�! provides that:
"All States shall be entitled to lay submarine cables
and pipelines on the bed of the high seas."
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seas. Cable laying in the area is thus a right of all1

states regardless of the NEA use. ln order to avoid the

recently established procedure for getting approval within

the NEA and its member states for a new site, the partici-

pating NEA countries for 1977 will apparently re-designate

the part of the circle not crossed by the cable as the
2

dumping area.

Nuclear weapons tests, especially the series of 43

run by the U.S. in the Enewetak Atoll from 1948 to 1958,

and accidents with nuclear weapons and plutonium power

supplies have temporarily caused relatively high levels

of local radiological contamination of the oceans. They

have also been a continuing source of the long-lived tran-

suranic elements. A long history of weapons testing in

the oceans, including the recent and controversial French

Pacific trials, often leads people to associate all radio-

activity at sea with military programs. Documented acci-

dents include the atmospheric burn-up of a nuclear weapon

1
All such freedoms on the high seas must be exercised
with reasonable regard to the interests of other

States in their exercise of the freedom of the high seas."
ln this case, however, cable laying could not have violat-
ed the reasonable regard standard since the NEA dumping
practice was not widely publicized and there was no prior
notification to the U.S. telephone company which laid the
cable.

2
This is part of the recent effort, to be described

further in Chapters 4, 5 and 7, to establish meaningful
NEA regulations and control. over the annual NEA sponsored,
European radioactive waste dumping operations in the
Atlantic.
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 after a B-52 crashed! near Thule, Greenland, the ocean

disposal of the Sea-Wolf Submarine reactor vessel, the
'loss of nuclear submarines at sea, and the release of

plutonium for small power generators in 1964 and 1970.1

In addition to the importance of these events to public

attitudes toward things nuclear at sea, all sources of

radioactivity must be considered for calculating the

total radioactive loading on the oceans.

The Chan in Pers ective

This small sample of disposal practices and cases

shows both that governmental and industrial bodies had

developed ocean dumping of very hazardous substances into

standard operating procedure, and that local, state,

national and international .movement had begun to ban, or

at least to limit., this practice. In each case the non-

nuc3.ear dumping was stopped when confronted with local,3

1 The nuclear weapon and power generator accidents
are mentioned in N.A.S., Assessin Potential Ocean Pollu-
tants, pp. 44, 45; and V. T. Bowen, "Transuranic Elements
rn Marine Environments," paper presented at the Amer. Nuc.
Soc. Winter Meeting, Washington, D.C., 1974.

2 See United Nations, Int'l. Atomic Energy Agency,
'The Revision of the Oceano raohic Basis of the IAEA Pro-
visional Defin.ition and Recommendations concernxn H> h-
3.eve Radioactive Waste Unsuitable for Dum in at Sea,
A 1 Vienna: IAKA, Apri 9 , p. 45.

3Most of the continuing industria3. dumping involves
acid wastes. Land-based alternatives are generally being
developed. For the recent 3.and-based destruction of nerve
gas bombs, see New York Times, 3 April 1977, p. 26-
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national, or international public opposition. By 1970 a

significant level of expectations had grown up around the

need to scrutinize closely at national and international

levels the marine disposal of hazardous materials.

An increasing tendency to respond positively to national

opposition and international protests based on broad en-

vironmental concern was becoming evident.

The deliberate disposal at sea of nuclear matter

has increased in all areas except nuclear weapons test-

ing, which has decreased markedly since the mid-l960's

 but which is now increasing again! . Proposed French

and long-term American dumping practices have been halted

in the past, and the annual European dumping now faces

strong political opposition and increasing legal control.

Despite the continuation of European dumping and

the relatively low level of national interests involved

in the U.S. decision of l962 not to dump packaged radio-

active wastes into the Gulf of Mexico and the French de-

cision of 1960 not to dump in the Mediterranean, it is

clear that an institutionalized international requirement

for significant prior consultation over environmental

issues, even when governments' experts determine action

to be fully safe, could be crucial to the mobilization of

local, national, and international interests, and thus to
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the direction of ultimate state decisions.
1

Zn most of the above cases the rallying point for

local., national or international opposition to the pro-
posed disposal was the potential or expected hazard to
man. Yet several of the cases were eventually resolved
on the international level either explicitly or implicitly
on grounds of probable damage to the environment. trhile
there was no utilization, in these instances, of formal
consultation mechanisms and the state determined standards,
procedures, and thresholds unilaterally, there was a start
toward both compliance with treaty-based and building non-
treaty-based expectations for prior international consul-
tation and unilateral action away from disposal which
would probably cause significant environmental damage to

the seas,

There has been enough worldwide concern over the

disposal of noxious substances in the oceans to produce
two important philosophical shifts in the last five years:
�! a solid start toward considering the marine environ-

l Unintentional and unlikely events involving nuclear
materials must also be expected. Fishermen at work off
the coast of Oregon are reported to have trawled up asteel waste drum of radioactive laboratory materials which
the U. S. A.K.C. had dumped into the Atlantic  Cundick, p.166!; there have been other reports of containers of radio-
active wastes being recovered accidently from the bottom
and washing up on the shore. On 24 September 1973 the U.K.
issued a radioactivity warning to coastal areas after a
small Irish ship sank forty miles out to sea with a deckcargo of six containers marked "Dangerous Radioactive Ex-
plosives," Times  London}, 25 September 1973, p. l.
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ment as one that should be protected in the same way
as continental areas; and

�! a distinct trend in thinking toward isolation of tox-

ic substances from the biosphere rather than dilution

and dispersal within it.



CHAPTER III

NATIONAL REGULATORY POSTURES AND THEIR IMPACT ON

SUB-SEABED DISPOSAL OF RADIOACTIVE WASTE

Le islative and Re ulator Situation in the U.S.

The sub-seabed disposal of radioactive waste is enmes-

hed in a complex U.S. Legislative and regulatory situation.

A number of laws establish regulatory authority for agencies

which have already issued, or are in the process of devel-

oping or revising, regulations applicable to sub-seabed

disposal. The applicable legislation can be divided into

three general categories:

1! Nuclear energy;

2! General environmental protection; and

3! Marine pollution.

In the case of a concept such as sub-seabed disposal,

which may move progressively from the R a D stage to demon-

stration and then to implementation, the applicability of

this legislation and the associated regulations will change

over time. The first category of legislation, nuclear

energy, is generally triggered first. It sets the auth-

ority and responsibility for national radioactive waste

management. This is followed by general environmental pro-

tection legislation during the middle and latter portions of

88
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the R and D effort, and by marine pollution legislation
in the demonstration and early implementation stages.

This thus forms one means of structuring an over-

view both of the existing U.S. legislative and regulatory
climate for sub-seabed disposal and of the possible direc-
tion of future changes thereto. It is, however, important
to bear in mind two distinctions throughout this section.
It must first remain clear that, this overview consists of
two basic, though closely related., parts:
1! The distribution of agency authority  or jurisdiction!

under the various laws applicable to sub � seabed dis-

posal; and

2! The regulations issued by the various agencies under
their differing authorities.

he other distinction to be made is between the existing
situation and that which is now, or will soon be, under
development. There are several areas affecting sub-
seabed disposal where nuclear, environmental, or marine
policies or technologies have created a demand for legis-
lative and/or regulatory action. This is especially the
case, as of l977, for criteria and standards to control.
high-level radioactive waste disposal.

Re ulatxons Affectj.n S
Disposal of Radioactive VJaste

The old Atomic L'nergy Commission had jurisdiction



90

over the possession, use, and disposal of almost all radio-
1

active materials. This jurisdiction was transferr'ed to

the NRC as of January 1975 under Title II of the Energy
2Reorganization Act of 1974. There are, however, three

important limitations on NRC's actual authority to regu-

late radioactive waste disposal.

NRC's authority is first limited by the exemption,

under both the Atomic Energy Act of 1954 and the Energy

Reorganization Act of 1974, of RDA and its prime contrac-

tors from NRC licensing and regulation. This exemotion

means that ERDA has not only primary R and D and manage-

ment authority for radioactive waste disposal but also con-
3siderable self-regulatory authority in the area. There

was, however, an important change introduced by section

1
42 U.S.C. 2201  b! and  j!  Supp. IV, 1974!; NRC

conducts licensing of waste disposal activities through a
permit program �0 C,F.R. 20.301-20.305 �975! ! .

2
See Chapter l, above, p. 12, n. l.

3
The Atomic Energy Act of 1954 included demon tra-

tion projects under the aeneral category of R and D. This
means that, with the exception of some confirmatory re-
search authority held by the NRC and EPA for regulatory
purposes, ERDA can carry high-level waste disposal pro-
grams into final demonstration stages  including major
irreversible decisions and commitments! before coming di-
rectly under NRC licensing rec;uirements. For commercial
radioactive waste, except low-level, non-transuranic
materials, industry generally manages ever rthing up to the
point of final disposal, which is handled by ERDA. ERDA
conducts all aspects of most military waste management.
For details on the complex balance of authority for regula-
tion and operational management of radioactive waste, see

l'Jillrich, "Radioactive Naste '<anagement and Regulation,"
pp. 4-3 to 4-23.
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202 of the 1974 Act. NRC was granted licensing authority

over:

�! Facilities used primarily for the receipt
and storage of high-level radioactive
wastes resulting from licensed activities;
[and]�! Retrievable Surface Storage Facilities
and other facilities [with the exception
of existing facilities! authorized for
the express purpose of subsecuent lan@-
term storage of high-level radioactive
waste generated by the Administration,
which are not used for, or are part qt,
research and development activities.

The second limitation on NRC' s authority over the

regulation of radioactive waste disposal is that imposed
2

by the complex set. of agreements with the states, which
~ere in existence as of 1974, for turning over federal re-
gulatory authority concerning commercial low-level waste
disposal. The final limitation consists of the areas of
authority granted to other federal agencies, primarily
the EPA and the Department of Transoortation  DOT!, for

regulating nuclear energy. NRC and EPA share regulatory
authority over both radiation protection and ocean disposal

1 Section 202 raises two further serious problems for
;<RC's authority to regulate high-level waste disposal.
First, since the official 'definition of high-level waste
 Chapter 1, above, p. 4, n.. 1! does not include spent. fuel
bundles or transuranic-contaminated wastes, these materials
could--as it now stands- � be disposed of by ERDA without
NRC licensing. And second, spent fuel bundles returned to
the U.S. and stored or disposed of by ERDA would probably
not fall under NRC licensing authority.

2 This was described in Chapter 1, above, p. 37, n. 2
and p. 41, n. l.
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of radioactiv'e waste. But the division o authority in

both areas is unclear. '.>RC and DOT share fairly well-

defined authority over the transport of radioactive

materials.

The core of NRC's structure for regulating radia-

tion exposure is its Standards for Protection Against
l

Radiation. These standards are focused on setting per-

missible radiation exposure levels within a licensee's

premises. Under the President's Reorganization Plan No. 3
2

of 1970 CPA assumed authority for controlling radiation

exposure beyond a licensee's premises and or providing

radiation protection guidance to all federal agencies.

In the area of radioactive waste mana'cement, EPA has

recently initiated a major program to develop standards

and criteria that will provide general guidance or envir-
3

onmental acceptability. In the case of sub-seabed dis-

posal, these standards and criteria would be employed by

1
10 C .F.R. 20; Fed. Reg. 109141, 17 November l960;

Amended as shown C.P.H., vol. 10, revised as of 10 January
1976; and I ed. Reg. 16445, l9 April l975; 4l Fed. Reg.
18301, 3 'Lay 1976; and 41 Fed. Reg. 52300, 29 November 1976.

2
84 Stat. 2086 �970!; 42 U.S.C. 4321 �970!, ELR41009. 3
See U.S., EPA, Program Statement, EPA-520/7-76-007

 Nash., D.C.: U.S. EPA, 1976!, especially Table 6, p. 2l;
U.S., EPA, Procs.: Workshop on Issues Pertinent to the De-
velopment of Environmental Protection Criteria for Radio-
active Wastes, ORP/CSD-77-1  Nash., D.C.: U.S. EPA, Febru-
ary 1977!; and U.S., EPA, procs.: A "or!. h on Polic and
Technical Issues Pertinent to the Deve o ment o in x o
mental Protection Criteria for Radioactive Wastes, ORP/CSD-
77-2 Nash., D.C.: U.S. EPA, April 9 7
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the NPZ as an aid in evaluating the methodology, the sites
l

selected, and the operational aspects. To date there is

no clear division of authority or formal agreement between

the EPA and the NBC in the area of radiation protection.

NRC's existing rule on radioactive waste disposal

consists, in part, of two licensing requirements corres-

ponding to disposal on land and disposal at sea, respec-

tively.

 b! The Commission will not approve any appli-
cation for a license to receive licensed
material from other persons for disposal
on land not owned by the Federal government
or by a State government.

 c! The Comrpission will not approve any appli-
cation Xor a license for disposal of licen-
sed material at sea unless the appl.icant
shows that sea disposal offers less harm
to man or the environment than other practi-
cal alternative methods of disposal.

2

The requirement on use of federal or state land re-

flects a long standing federal policy designed to help

ensure complete isolation of the wastes from the biosphere

and to avoid a proliferation of disposal sites. Placing

the burden of proof, as of l971, on the applicant for sea

disposal was stated to reflect the Atomic Energy Commis-

sion's policy to phase out sea disposal  although it was

specifically stated that this did not mean sea disposal

l See the statement of R. Strelow, Assistant Adminis-
trator for Air and Waste Management, EPA, in U.S., Congress,
Joint Comm. on Atomic Energy, Hearings on Nuclear Naste

2 Secs. 20 302  b! and  c! of Standards for Protec-
tion Against Radiation.
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was an unsafe practice! and the executive branch thrust.

to control ocean dumping, the availability of alternative

waste disposal methods, and the lack of impact on the nu-

clear industry.

The HRC now has major efforts underway in the very

new regulatory area of high-level radioactive waste dis-

posal. It is clear that NRC criteria and standards for

ERDA high-level waste disposal facilities must be ready

soon if they are to influence planning and development,

as well as final implementation. To date it is expected

that:

New regulations will be structured to re-
quire conformance with a fixed set of mini-
mum acceptable performance standards  tech-
nical, social, and environmental! for waste
management activities, while providinglfor
flexibility in technological approach.

l'lhile specific criteria and standards for new regu-

lations are still to be developed, recently proposed iVRC

goals include:

 l! "isolation of radioactive wastes from man and his

environment for sufficient periods to assure pub-

lic health and safety, and preservation of environ-

mental values"; and

�! "reduction to as Low as reasonable achievable, of

 a! the risk to public health both from chronic

l
This is according to testimony by ".1'RC Chairman

Rowden in U.S., Congress, Joint Comm. on Atomic Energy,
Hearings on Nuclear Waste <1anacement, 94th Cong., 1st
Sess., 1976.
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exposure associated with waste management

operations, and possible accidental releases
of radioactive materials from waste storage,

processing, handling or disposal"; and reduc-

tion of

 b! "long-term commitments  land use withdrawal, re-

source commitment, surveillance requirements,
l

proliferations, etc.!".

Thus, the ultimate evaluation of the potential ERDA sub-
seabed disposal concept by the NRC must be made with a
specific set of technical, social, and environmental stan-

dards in mind.

With respect specifically to sub-seabed disposal,

the NRC has revuested the U.S. National Academy of Sciences

 NAS! Committee on Radioactive Waste 'management to conduct.
a complete independent review of ERDA's Seabed Assessment
Program during l977-l978. While the results of such a re-
view  this is one of the primary functions of committees
established by the NAS! have no legal effect, they can be
highly influential in the formulation of future policies.
They also form an important scientific and technical basis,
especially for such a potentially controversial radioactive
waste disposal concept, for future regulation.

Regulation of Radioactive Waste Transport
The old AEC and the DOT reached formal agreement in
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1973 on the balance of regulatory duties for the transport
1of radioactive waste. This was based largely on prior

legisLation which granted authority to the DOT for the

regulation of explosives and other hazardous materials

transport. The agreement, which now applies to both ERDA

and NRC  both have incorporated the applicable portions

of the AEC regulations into their own rules!, gives general

authority to DOT for the development of both standards for

packaging radioactive materials and regulations for car-

riers and shippers. ERDA and NRC have limited autnority

to set standards for packaging major quantities of radio-

active materials, such as high-level wastes. Both ERDA2

and NRC apply to shippers of radioactive materials a regis-

tration and approval framewori similar to that established

by DOT.

The Coast Guard  which is part of DOT! makes use3

U.S., DOT and ABC, I~emorandem ef Understanc~inci Be-
tween the U.S. De artment of franscortation and the U.S.
Atomic Energy Commission for Recfulatj.on o Safety xn the
Transportation of Radioactive .',aterials Under the Juris-
diction of the Department of Transportation and o= the
Atomic Ener Commission, 38 Fed. Peg. S466 �973!; under
the general category of hazardous material transport, other
federal agencies play minor roles in regulatinq the trans-
port. of radioactive materials.

2
10 C.F.R. 1�! �973!; under the AEC-DOT agreement

NRC must license any facilities used for the storage or
disposal of spent fuel, high-level wastes from reprocess-
ing, or tra.nsuranic-contaminated wastes; and EPA's gener-
ally applicable environmental standards for radiation pro-
tection apply to all. radioactive material transport be-
yond ERDA and NRC facilities.

3
49 U.S.C ..165S �970! .
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1of the applicable NRC rules in the program established

under its authority to regulate the sea transport of radio-
2active materials. It requires tests and inspections for

ships carrying radioactive materials. These would be3

particularly applicable in the case of sub-seabed dis-
4

posal in any stage beyond a demonstration project,
5

In addition to the number of recent incidents in

the U.S. concerning the transport of radioactive waste,

t'h e problems with restrictions being set by U.S. railroads
 and resultant disoutes between federal agencies and the

railroads!, restrictions and bans enacted by states and
6cities, and criticism of areas of DOT regulations which

7
are not as strict as those of FRDA and tlRC, - U.S. trans-

port regulation is now inconsistent with the widely ac-
cepted IAEA Regulations for the Safe ransport of Radio-

1 46 C.F.R. 37.15-1 �972! .

2
46 C.F-R. 146 ~ 03-8 �972! .

3 46 C.F.R. 37.10-1, 61, 71, 79, and 99.

4 For fur her details on the regulation of radio-
active material transport, see, for example, M. Wi1lrich,
"Radioactive Waste Management and Regulation," Chapter 4;
and H. p. Green and C. Fridkis, "Radiation and the Environ-
ment;" E. L. Oolgin and T. G. p. Guilbert, ed., for the
Environmental Law Institute, Federal Environmental Law
 St. Paul, Minn.: West Pub. Co., 1974!, pp. 1050-53.

5See, for example, Chapter 5, nn. 123, 124 and ac-
companying text.

6 See Chapter 1, below, pp. 39-42.
7Green and Fridkis, pp. 1051, 105?.
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1active Materials �974 Revised Edition!. While the trans-

port and packaging requirements in the U.S., as of 1968,

were the same as those established by the IAEA in 1961,

the IAEA completed a major revision of its regulations in

1973/1974. ERDA and NRC have standards revision processes

underway in this area, but four years have now passed2

since the IAEA revision was essentially complete without

formal action by the U.S. in this area.

Environmental Protection: Le islative Authorit
and Re ulatzons A ection Su -Seabe

Dis osal of Radioactive Waste

ERDA, or the Department of Energy as of 1 October

1977, is responsible under the National Environmental

Policy Act  NEPA! of 1969 for the detailed environmental

assessment of ". . . every -reccmmendation or report on

proposals for legislation and other major actions signifi-

cantly affecting the quality of the human environment.

The NEPA also provides that the federal agencies must

utilize a systematic, interdisciplinary approach

which will insure the integrated use of the natural and

social sciences. . ." For U.S. R and D programs, the

final Council on Environmental Quality  CEQ! guidelines

1
See Chapter 4, below, p. 1S2.

2
NRC is also conducting major development efforts on

risk analysis and environmental impact fo" radioactive
waste transport.

3
42 U.S.C. 4332�!  A! and  C! �970!, ELR 41010.
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1

on preparing environmental impact statements  EISs! re-
quire the timing of EZBs to be ". . . late enough in the
development process to contain meaningful information,
hut early enough so that this information can practically

serve as input in the decision-making process.
I 2

Waste disposal operations licensed or contracted

for by the federal government and the associated standard-
setting are major actions within the purview of NEPA. A

combination of various court decisions and sets of federal

agency regulations have established detailed procedural
requirements for ZISs and public participation, especially
through hearings, in such actions. Generic EISs on the
ERDA management and. NRC regulatory programs for radio-
active waste are clearly necessary; this is still un-

certain for the EPA regulatory program. The overriding
importance of the site characteristics to the success or
failure of each high-level waste disposal repository and
the long-term and controversial commitment made at each
site would seem to call for separate statements by ERDA

and NRC for each site.

Once the preliminary impact statement, is completed,

both the CEQ and the EPA have specific review and recom-

mendation authority. The CEQ receives a copy of all

1 40 Fed. Reg. 168l3  l975! .

2 40 C.F.R. 1500.6 d! �!; this guideline is original-
ly from Scientists' Institute for Public Information v.
Atomic Ener v Commission �Sl F.2d 1079, 3 ERR 20525  D.C.
Cir. 1973! .
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statements and makes recommendations to the President

after reviewing and appraising the federal program in
1

light of NEPA policy. The EPA Administrator receives all

statements applicable to his duties--in this case, the

generally applicable environmental radiation criteria and

standards--and makes comments to the CEQ on all unsatis-

factory ones. The EPA also has a rating program for2

impact statements which is highly influential in future

executive branch and congressional support of a program,

and in any applicable future court rulings.

NEPA also requires the federal agency considering

an action to consult with, and obtain comments from,

federal and federal-state agencies with specific expertise
3

or jurisdiction in the area. As identified in the CEQ

guidelines, under the categories of "Water"  Marine Pollu-

tion!, "Radiation," or "Hazardous Substances"  Transporta-

tion and handling!, the following major agencies  beyond

CEQ, EPA, and NRC! are likely to be included for assess-

ment of ERDA's Seabed Assessment Program:

Department of Commerce
Department of Defense
Department of Health, Education, and Welfare
Department of the Interior
Department of Transportation
National Aeronautics and Space Administration

1
42 U.S.C. 4332�!  C! �970! .

2
Sec. 309 of the Clean Air Act, as amended �2 U.S.C.

1857h-7!; and sec. 1500.9 b! of the CEQ guidelines.
3

42 U.S.C. 4332�! C!.
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The Department of State must be formally consulted, accor-
ding to the CEQ guidelines, where a proposed action will
have significant international environmental effects.

1

The CEQ has issued a policy that significant, impacts

outside of the U.S. must also be considered in impact
2statements. All EISs by ERDA, NRC, and EPA will thus

have to consider the international implications of U.S,

participation in a sub-seabed disposal program. Inter-
national implicat.ions will include all significant en-

vironmental impacts in the deep seabed, high seas, and

foreign countries.

Marine Pollution: Le islative Authorit and
Re ulations Affectin Sub-Seabed

Disposal of Radioactive 4'aste

The U.S., after many years of being a leading con-

tributor to the pollution of the marine environment, has
now taken a principal role in some fields involving its
protection. This new interest took root in 1970, when

3

the CEQ forwarded a report to President Nixon. This

Within the Department of State, both the Office of
Oceans and Int'l. Environmental and Scientific Affairs and
the Office of the Under Secretary for Security Assistancewill play major roles in any consultation process over sub-
seabed disposal.

2 U. S., CEQ, Council on Environmental Qualit Memo-
-randum to U.S. A encies on A pl in t e Environmental Im-act Statement Reouirement to Environmental Impacts road
�4 September 1976!; in ILM 15 �976!: 1426.

3U.S., CEQ, Ocean Dum in : A National Polic , A Re-
port to the President  Wash., D.C.: CEQ, 1970!.
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report. served as the basis for national legislation and

international proposals on the prevention of marine pol-

lution by dumping. One important result was the U.S.

1'marine Protection, Research, and Sanctuaries Act of 23

October L972  the Ocean Dumping Act! . l

The definition of "dumping" included in this Act

is: ". . . a disposition of material"; material specific-

ally includes radioactive substances. One of the activi-

ties excluded from the Act's definition of dumping--in

order to avoid conflict with usefuL federal programs--is

the intentionaL placement of any device
in ocean waters or on or in the submerged Land
beneath such waters, for a purpose other than
dais osal, when such . . . placement ts otherwise
regulated by Federal or State Law or occurs
nursuant to an authorized Federal or State Pro-
gram.  Emphasis ad

Since the placement of radioactive wastes into the sub-

merged land, or seabed, for disposal is not included in

l
33 U.S.C. 1401 et seo.  Supp. IV, 1974!; hereinafter

referred to as the Ocean Dumping Act; the U.S. Act was a-
mended in Inarch L974 to make the minor adjustments needed
to bring it in line with the London Convention of 1972.
The London Convention established a uniform international
system for prohibiting the dumping of specifically listed
substances  including high-level radioactive materials de-
fined by the IAEA as unsuitable for dumping; Article 4,
and Annex 1! and for requiring a prior permit from the ap-
propriate national authority for all other dumping  Art.i-
cle 4!. Substances listed in Annex 2, including all non-
high-level radioactive materials, require a prior special
permit for dumping which can be issued only after careful
consideration of factors listed in Annex 3, including
waste and site characteristics, possible environmental ef-
fects, and available aLternatives. Further details are
included in Chapter 4, below.

2
33 V.S.C. L402 f!.
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the exclusion, it must be construed, by reverse reason-
ing, to be included in the Act's definition of dumping.
This means that sub-seabed disposal, even through an ERDA
program, is dumping under U.S. law.

The Act prohibits the dumping of any material into
ocean waters without a permit from the EPA. While2

the EPA has the specific authority under the Act to is-
sue permits for the dumping of low and medium-level
radioactive wastes, it has no similar control over high-
level wastes, " . . . for which no permit may be issued.

The Act

ing of high-level

bans the transport to sea for dump-
4radioactive wastes. High-level

1 This exclusion may, on the other hand, be con-
strued to exempt an experimental high-level. radioactive
waste disposal project from the Act's definition of dum-
ping if the wastes were emplaced in the deep seabed for
testing in a retrievable form.

2 33 U.S.C. 1411; this changes the prior legisla-
tive situation, under which the old AEC had exercised
complete control over the dumping o f rad ioactive was te;
this was done on a case-by-case basis through its licen-
sing procedures--Atomic Energy Act, as amended, 42 U.S.C.
20ll.

33 U. S.C. 1412  a!  Supp. IV, 1974! .
4 33 U.S.C. 1413 a!  Supp. ZV, l974!; the U.S. Act,

like the Norwegian and Finnish laws and unlike the Dutch
and Canadian ones  these are all described below! is
not geographically limited. Et skirts the still contro-
versial law of the sea c,uestion of jurisdiction over
foreign flag vessels on the high seas by regulating all
transportation from the U.S., as well as all transporta-
tion from all locations by U.S. vessels, aircraft, or
agencies.

wastes were among the specifically black-listed substances
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considered by Congress to " . . . pose a hazard of un-

known but substantial dimensions.

Congress established a goal of conducting research
and ". . . studies for the purpose of determining means
of minimizing or ending all dumping of materials within
five years of the effective date. . . ." of the act.

This comes due in October 1977. Since sub-seabed disposal
is a form of dumping, and the intent is to minimize all
dumping  the EPA interprets the intent to be strict regu-
lation rather than elimination of dumping! it could be3

difficult for even a federal agency to obtain an EPA

1
U.S., Congress, House, H.R. REP. I'Jo. 36L, 92nd

Cong., 1st Sess., 1971, p. 13; as noted in Chapter 1,
above, p. 4, n. 1, and described in further detail in
Chapter 4, beLow, the U.S. is bound, under the London
Convention, by the IAEA definition o high-level radio-
active materials which cannot be dumped at sea. Since
the reason for the U.S. ban on high-level waste dump-
ing is, in part, a lack of knowledge, it could eventual-
ly be argued that sub-seabed disposal should be con-
sidered on its own merits, i.e., on the validity of new
scientific and technical findings.

2
33 U.S.C. 1443  Supp. IV, 1974!.

3�
"It is our interpretation of the statute that it

is the intent of the Congress that, with the exception
of the prohibited materials, ocean dumping should not
be banned, but should be strictly regulated.
 U.S., Congress, Senate, Comm. on Commerce, Hearings on
the Marine Protection, Research and Sanctuaries Act
0 e ore the S comm, on Oceans and Atmosphere,
94th Cong., 1st Sess., ser. 32, 1975, p. 29! .
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permit for sub-seabed disposal of low or medium-level
radioactive wastes. And Congress could be very hesitant
to amend the act to allow sub-seabed disposal of high-
level wastes.

1

1 Some congressional hearings have already dealt
directly with ERDA's Seabed Assessment Program; for ex-
ample, see, generally, U.S., Congress, House, Comm. onInterior and Insular Affairs, Radiological Contamination
of the Oceans, oversight hearings before the Subcomm. on
Energy and the Environment, 94th Cong., 2d Sess., ser.94-69, 1976. The continuing competition among Congres-sional committees over energy-related responsibilities
leaves open the question of exactly which committeeswould be involved with a sub-seabed disposal program. Itis clear that the following committees could play impor-
tant roles:A. Energy/environment responsibilities

l. House:a. Science and Technology  Subcomm. on Fossil
Fuels and Nuclear Energy Research, Develop-
ment and Demonstration!

b. Interior and Insular Affairs  Subcomm. on
Energy and the Environment!

c. Government Operations  Subcomm. on Environ-
ment, Energy, and Natural Resources!

2. Senate:a. Energy and Natural Resources  Subcomm. on
Energy Research and Development!

b. Environment and Public Works  Subcomm. on
Nuclear Regulation!c. Commerce, Science, and Transportation

B. Foreign relations/ocean responsibilities
1. House:

a. International Relations
b. Merchant Marine and Fisheries

2. Senatea. Foreign- Relations  Subcomm. on Oceans and
International Environment!

b. Commerce, Science and Transportation.
The jurisdiction, of course, of these committees willchange over time if the program moves into the demonstra-
tion and implementation stages. Responses to date tosub-seabed disposal have been neutral--essentially thewait and see attitude of the Environment Office in the
Department of State.



l06

Conducting a major R and D program, but. at a very
low funding level when compared to the land-based dispo-
sal programs, on a concept which could not now be imple-
mented under U.S. law raises a key issue. Should we be

seriously pursuing this option given existing legal con-
straints'? Congress can, of course, authorize R and D

without commiting itself to enacting a program that the
R and D will not support. So a continued ban on sub-

seabed disposal is consistent with full completion of
the necessary R and D for a future program.

There may be some real advantages--from a social

and political viewpoint--to having a legal ban on this

high-level waste disposal option while it is under de-

velopment. Then, if the public and the Federal govern-

ment eventually support use of seabed disposal, the re-

quired legal adjustments could be made as final deci-

sions on the program were formulated. It would require

open and explicit public, congressional, gnd executive

decisions. This cautious approach would also provide a
clear signal of our wait and see intentions to other
nations.

In this area  ocean dumping! where EPA has speci-

fic authority, under the Ocean Dumping Act, over radio-

active waste disposal it apparently also claims to have

primary authority. ". . . Ocean disposal and deep bed

ocean emplacement of radioactive wastes are . . . areas
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in which EPA is involved and has primary regulatory

authority. . . ." Although EPA's authority under the
Act is exclusive and it has established a major ocean

2dumping permit program, it is not clear, especially
for sub-seabed disposal of high-level wastes, that EPA

would have primary regulatory authority. NRC would

clearly be required to license any sub-seabed. disposal
of non,-low-level radioactive materials. In any case,

precise jurisdictional arrangements for EPA and NRC
should be established early so as to avoid major inter-

agency competition.

Based on present work and trends within the EPA,

the primary criterion for any decision on radioactive

waste disposal in the marine environment would be effec-

tive isolation from the biosphere for some number of

half-lives of the material such that all future releases

would be within acceptable limits.

The EPA concept of dumping envisions a sys-
tem of containment on or in the ocean bottom
rather than in dry land. The same rules for
waste isolation should apply in the ocean as
on the land . . . We see the ocean not as a
waste dilution media but as a disposal loca-
tion which will a~sure undisturbed isolation
and containment.

U.S., EPA, Program Statement,, p. 14.
2 See 38 Fed. Reg. 286G9 �973!, the final EPA re-

gulations governing the ocean dumping permit program.
3 U.S., Congress, House, Comm. on Interior and Insu-

lar Affairs, Radiolo ical Contamination of the Oceans,
p. 48.
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Under the Ocean Dumping Act of 1972, EPA's Office of Ra-
diation Programs published the following two initial re-
quirements for ocean dumping of non-prohibited wastes:
�! Radioactive wastes should be containerized; and

�! The wastes must radiodecay to innocuous levels within
the life expectancy of the containers and/or their inert
matrix. While no permits for dumping radioactive wastes
have been issued, since 1974 the EPA has conducted field

studies--of the old U.S. radioactive waste dump sites--
1designed to amplify these requirements.

Sub-seabed disposal of radioactive wastes is banned

under the Ocean Dumping Act of 1972 for high-Level mater-

ials, and strictly regulated for other radioactive sub-

stances. Implementation of a sub-seabed disposal program
for non-high-level wastes is possible now under the EPA's

ocean disposal permit program. Sub-seabed disposal of

high-level wastes would, as with any final disposal pro-
gram for high-level wastes, require a complete review

through NEPA, major public participation, compliance

with EPA general radiation standards and NRC licensing

criteria, and compliance with all NRC, ERDA, DOT, and

See Dyer, "Ocean Disposal of Radioactive Wastes,"
p. 4; any radioactive waste dumping would apparently re-
quire a special permit via the following steps:
�! Site designation: draft EIS, public comment, and final

EIS;

�! Completed application showing containment and isola-
tion of radioactivity;

�! Newspaper publication, hearings, final permit decision;
and

�! Site monitoring.
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Coast Guard transportation rules. It would, in addition,
require approval under some form of ocean disposal pro-
gram--presumably involving EPA and NRC. It would avoid
much of the complication presented by state intentions
to play regulatory roles in siting decisions since dis-
posal would be conducted in international areas; at the
same time it would add various international complications.

Though now inadeauate for implementation of sub-
seabed disposal, the U.S. regulatory posture is under
development in several applicable areas. Increasingly
regulatory input will be required for the development of
an acceptable sub-seabed disposal option, but no immediate
legislative action should be necessary. A crucial objec-
tive should be the avoidance of confusion and competition
among the various agencies and congressional committees
involved in development and regulation. Strong leader-
ship from some mechanism, such as the applicable office
of the Department of Energy or an inter-agency committee
 despite their poor past record!, would be important from
the beginning of any regulatory development process for
sub-seabed disposal.

It is still too early to predict how adaptable these
controls would or should be to new scientific and techni-
cal development. Decisions here should. depend heavily on
the extent of regional and international management and
control which is developed over the international sub-
seabed disposal program. U.S. legal restrictions certainly
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provide assurance of a full public debate prior to any
national participation in the implementation of a sub-

seabed disposal program.



Le islative and Re ulator Situation
in Other Nations

It should ultimately be possible to rely heavily on

regional and broad international regulation of a sub-

seabed disposal option. But even if there is significant

international development in this area, it is unwise to

count on complete international enforcement of regulations

for the deep seabed. It is also important to determine

the regulatory and enforcement capabilities in key coun-

tries for managing or preventing sub-seabed disposal while

it is under development.

Prior to 1969 few countries had enacted any legis-

lation, beyond vague  for the purpose of high-level

radioactive waste disposal! nuclear energy controls acts,

which would be useful in establishing regulatory author-

ity over radioactive waste disposal in the seabed. Now

this situation is changing.

Growing environmental awareness in the 197G's has

been reflected in the laws and policies of many countries;

laws on water and marine pollution control, general en-

vironmental protection, waste management, and radioactive

substances are now more common.

Countries with nuclear power programs increasingly

seem to be following a regulatory pattern similar to that

in the U.S.--a complex and layered set of laws from

several or all of the above noted categories. A potentially
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important innovation, especially for countries without

strict ocean dumping legislation, is the extension of

national jurisdictions by a. variety of methods to cover

actions on the high seas.

This legislation has introduced an array of insti-

tutional responsibilities and jurisdictions. Nhile some

countries have attempted to consolidate functions some-

what,--the U.K., for example, is transf rring all radio-

active waste management responsibilit ~ to the Department

of Environment--numerous ministries and institutes would

inevitably become involved in seabed disposal; at least

the foreign affairs, transportation, health, labor, fish-

eries, and atomic energy  or industry! ministries, and

the energy R a D institutes will in some countries attempt

to establish a direct role.

The further confusion added, especially in the case

of land-based disposal programs, by state and local juris-

dictions would be greatly reduced by centralized authority

in the case of sub-seabed disposal. Federal governments

must, in general, control participation in high seas trans-

port and sub-seabed emplacement of radioactive waste, be-

cause of the international implications of this disposal

option. State and local authorities could still have im-

portant control over some transport and handling opera-

tions, but their largest role in a sub-seabed disposal

option will, at least in the U.S., probably be indirect.
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Nhere the opposition to land-based disposal options is

greatest, the relative political attractiveness of seabed

disposal will increase.

For present purposes it is not necessary to do a

comprehensive survey--except in the area of ocean dumping

laws--of potentially applicable national legislation.

The objective here is to determine the national re-

gulatory and enforcement structures for sub-seabed

disposal that are now available to nations. This is use-

ful both as an indication of likely legal and political

responses and as a source of guidance for future inter-

national action. Yet even in the area of ocean dumping

regulation it is too early to fully assess states' inter-

pretations and practices under the London Convention of

1972. Furthermore, future legislation or regulations

specifically addressing sub-seabed disposal must be ex-

pected if the concept is determined to be technically

sound. Marine Pollution Legislation and Regulations
In general, states directly control actions taken by

their national ships on the oceans with marine pollution

or ocean dumping acts. The earliest example is the Fin-
1

nish Marine Pollution Prevention Law of 1965. It bans

1
Law '.Jo. 146 of 5 March 1965; Finsk Forfattnings-

samling 1965, and U.N. Doc. ST/LEG/SER.B/15 �970!, p. 486;
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the disposal in the sea from Finnish ships of substances

which may cause, either directly or indirectly, harmful

pollution of the high seas. T.t specifically prohibits

any discharge of high-level radioactive waste into the

sea and of other radioactive materials which may cause

harm or damage to, or expose to danger, human beings,

the environment, or marine living resources. Solid or

contained radioactive material must be disposed of in

ocean depths of over 2000 meters, and permits to dump

radioactive material must be obtained case-by-case

from the Finnish Water Rights Court. Three of the six

articles in the 'law deal exclusively with radioactive

materials. This establishes a clear and comprehensive

national regulatory regime for radioactive waste disposal

at sea.

Japan's hIarine Pollution Prevention Law of 1970 is

designed to "prevent marine pollution by controlling the

discharge to the ocean of oil and wastes from a ship and

an offshore facility." The operative ;:rohibition is1

that "no one shall discharge  meaning "to set afloat or

drop anything to the ocean"! wastes from a ship on the

ocean areas."  Art. 10 �! and Art. 3   3! ! . Exemptions

also see Z. Bohme, "The Use of the Seabed as a Dumping
Site," From the Law of the Sea Toward an Ocean Space Re-
gime  Rome: FAO, 1970! .

1 Law No. 136 o f 1970, Amended. by Law No. l 37 o f 1970,
Article l.  Ifimeographed copy.!
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are provided for discharges licensed under the Public
1Water's Reclamation Law and the Waste Dis osal and Pub-

2lic Cleansin Law.

Pursuant to the Water Pollution Law of 1970s Norway3

issued Re ulations Concernin the Discharge or Dumping of
Certain Substances Havin Harmful Effect on Marine Life

4or Human Health on ll June 1971. Section I prohibits
ships from discharging listed persistent or toxic mater-
ials in international waters. A year later another set
of regulations

was enacted to prohibit dumping "from ships into

the high seas" without a permit fiom the supervisory
authority, and to rule out permits for black-listed, or
prohibited materials. Although these banned the dump-5

ing of "substances considered likely to be carcinogenic,"
they followed earlier legislation in omitting any specific
reference to radioactive materials.

1

Law No. 57 of 1921, Art. 2 and Art. 42, para. 2.
 Mimeographed copy.!

2
Law No. 137 of 1970, Art. 6, para. 3 or Art. 12,

para. 2.  Mimeographed copy.!
3
Act Concernin Protection Against Water Pollution,

Law No. 75 of 26 June 1970, in Int'1. Dxg. Hlth Leg. 23
�972!: 307.

4
See S. H. Lay, et al., New Directions in the Law of

the Sea, Vol. 2 of 3  N.Y.: Oceana, 1973-1975!, p. 677.
5

N.L. No. 24 of 15 Aug. 1972, p. 969; by A Crown Re-
solution and pursuant to the water pollution Law of 1970.



ll6

Sweden's Narine Dum ing Prohibition Act of 1971
1

prohibits the "discharge  dumping! of waste matter into
water." The ban applies to all ships in its territorial
sea and Swedish vessels on the high seas.

2

As part of its policy to prevent pollution o f the
sea by oil and other harmful substances, Denmark released
the Notice of 18 Januar Issued b the Ministr of Pollu-
tiOn Contral PrOhibitin the Dum in Of Certain 7Iatcrials

3

in the sea any materials that "could have harmful ef fects
on marine animal or plant life," or "cause serious incon-
venience to navigation and fisheries and other lawful
uses of the sea." No specific mention is made of radio-
active materials in the two technical annexes.

Additional laws on pollution of the sea by sub-
stances other than oil were passed in 1972 and 1975 to

1Act No. 1154 of 17 December 1971  Swedish Code of
Statutes, 28 December 1971; in force 1 January 1972!;Amended by Act of 2 June 1972  Swedish Code, 15 June 1972;in force 15 June 1972!; see Int'1. Di . Hlth. I,e . 2 �973!:
399. 2

Ibid., Art.. l.

3PurSuant tO Art. 10 a! Of the ACt COnCerni~g 7LIea-
sures to Prevent Pollution of the Sea bv Oil and Other
materials   fc. Statute Notrce No. 124 o 7 Aprr 976, asamended by Art. No. 49 of 3 february 19711; see ST/LEG/SER.
B/16 �974! .
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implement, respectively, the Oslo and Helsinki Conven-

tions. "Dumping" is "any disposal of . . . materials by
discharging, emptying or sinking in the sea from

ships" or platforms. All unauthorized dumping from plat-
forms in the Danish continental shelf area and from Danish-
owned vessels in specific areas of the Arctic Sea and Atlan-

tic Ocean is banned. Listed materials cannot be dumped from
Danish-owned vessels in all remaining parts of the oceans.

Dumping licenses are issued by the Danish Environment Board;
dumping of materials with "significant" amounts of Radio-

activity cannot be licensed for the Baltic Sea. 2

In order to enable ratification of international

dumping conventions, New Zealand and the U.R. ~ passed legis-
lation in l974 which was similar to the Norwegian and Swe-
dish acts. New Zealand's law defines

2 Law No. 312, Annex 3.

l
Act No. 290 of 7 June 1972 on Pleasures Against Pol-

lution of the Sea b ~ Substances other than Oil  Lovtidende
A. No. 28, ll July 1&72, text 290, p. 593 ; see UN Doc. ST/
LEG/SEP. B/16 �974!, p. 207; and Law No. 312 of 26 June
1975, amending La~ No. 290  Lovtidende A. No. 29, 10 July
1975, pp. 868-869!; the Oslo Convention of 1971 is analyzed
in Chapter lV below, p. ; the Convention on the Protection
of the Narine Environment of the Baltic Sea Area, 22 l!arch
1974, in IL'1 13 �974!: 546 nerexnafter ected as the Hel-
sinki Convention]; this strong regional agreement--which is
primarily focused on land-based sources of marine pollution--
bans all ocean dumping in the Baltic Sea area; see Chapter
IV below, p.
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"dumping" as "the deliberate disposal into the sea of the

waste or other matter." The definition of "pollution

damage" is restricted to damage in New Zealand's waters

caused by a pollutant dumped into the sea. This very re-

strictive definition and the provision that any ships or

classes of ships may be exempted absolutely or otherwise

by the appropriate Minister limit the overall effective-2

ness of the legislation.

The U.E. Dum in at Sea Act of 1974
3

set legal under-

pinning to what had been only voluntary dumping controls.
Yet its definition af "dumping" as "permanently deposited

in the sea...." is narrow and somewhat problematical in

its interpretation. "Permanently" is apparently designed

to reflect the intent of the dumper rather than the ulti-

mate disposition of the materials, since "dumped" wastes

can certainly return to the surface or land, and the Act

does not make the dumper liable for such accidental re-

turns.

1 The Marine Pollution Act 1974, Act No. 14 of 6 April
1974  The Statutes of New Zealand, 1974, 1975, Vol. 1, pp.
729-801; in force 1 July 1974!; see Int'l. Dig. Hlth. ' Le
27 �976!: 391; amended by the Marine Pollution Amendment
Act 1974  The Statutes of PJ. Z., 1974, 1975, Vol. 2, pp.

7 -179

2
Ibid., Sec. 66.

3An Act to Control Dum in in the Sea, 1974 Chap. 20,
27 June 1974.
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The overall strength of the 1974 Act is greatly

reduced by the broad discretion granted to the licensing
authority and the lack of the technical annexes approach

with lists of banned and special care materials, and de-

tailed considerations for licensing. The authority need

only "have regard to the need . . ." for environmental

and resource prctec' ion, and as appears necessary, include
1related conditions in a license.

The .'4ain Pollution Decree of 1974, the applicable2

Philippine legislation, only bans discharges "from or out.

of any ship...  of] any refuse matter..." into navi-
3gable and territorial Philippine waters. "Dumping" is

"any deliberate disposal at sea . . . from vessels

at sea," yet this is

2
Presidential Decree No. 600 of 9 December 19'74  Of-

ficial Gazette, Vol. 70, 30 December 1974, I4o. S2, pp.
10770-107 i3. in Tnt'1 . Di . Hlth. Le . 27 �976!: 626 .

3 Ibid., Secs . 4, 5.

1
Ibid., Art. 2 �!: "In Bete mining whether to grant

a license a licensing authority shall consider the need to
protect the marine environment and its living resources
from any' adverse consequences of dumping the substances to
be covered by any license; and the authority shall include
such conditions in a license as appear necessary to protect
the environment and its resources."
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not even of any potential use for seabed disposal as long

as it does not apply to the high seas.

Pollution Control Zones

Between 1969 and 1974 the Netherlands, Canada, the

U.S.S.R., and Oman, among others, departed from the usual

course of asserting dumping jurisdiction over ships loaded,

registered, or owned nationally by establishing pollution

control zones in specific areas of the high seas beyond

national waters for all ships.

These pollution control zones do not at first appear

to be as useful for controlling sub-seabed disposal as for

the regulation of ships on the high seas. They could, how-

ever, form the basis for later national or international

jurisdictional regimes which would assert control over

all high seas activities posing some form of pollution

threat to broad ocean areas. This could eventually form

a major source of coastal state jurisdiction to supple-

ment or even equal the jurisdictio~ available to flag

and loading states .

The Dutch Pollution of the Surface Naters Act of 13

November 1969  Stb 536! as implemented by the Royal Decree

of 6 June 1972  Stb 350! prohibits the transport of pol-

lutants or noxious materials, unless licensed by the ap-

propriate ministry, through territorial waters if the in-
tent is to discharge them into specific areas of the
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1North Sea and the Channel. An annexed Explanatory Note
provides that:

Whether or not discharge can be permitted
within this area will- have to be considered
in each individual case. It depends on the
type and quantity of waste material, and on
the manner in which and the place where it
would be discharged.

While this ban is limited. to the prevention of injury to
Dutch territorial interests, especially coastal waters,
from disposal into the high seas, by applying to vessels

of foreign registry it establishes a limited advance, be-
yond the twelve mile "contiguous zone" limit of the 1958

Convention on the Territorial Sea and the Contiguous

Zone, in coastal state pollution control regimes over
3 .

the high seas.

The Canadian Arctic Haters Pollution Prevention
4

Act of 1970 bans the deposit of any waste, which has

been defined at a relatively low threshold, into arctic
1

Article l�!; see Netherlands Yr. BK. of Int'l. L.
4 �973!: 435, and H. F. van Panhuvs, In Search oman In-
ternational Law of Emergency," Netherlands Yr. Bk. of Int'l.

3 �972!: 162, for discussion of the legality of enforc-
ing the Act on the high seas.

2
Netherlands Yr. Bk. of Int'l. L. 4 �973!: 436.

3
29 April 1958 [1964] 15 U.S.T. 1606, T.I.A.S. 5639,

516 U.N.T.S. 205.

4
Arctic Haters Pollution Prevention Act  Statutes of

Canada, 1969-1970, Chap. 47; assent, 26 June 1970!; Also in
IL� 9, �970!: 598; see also IL� 10 �971!: 437; for the
UPS. response, see iIorin, Canad. Yrbk. �970!: 206; Fa«cett,

I -RE 69 �970-1971!: 1; and Green, Oregon 7 .R. 50 �971!:
462.



l22

waters within 100 miles of Canadian territory. The Act

goes significantly beyond all other examples in the de-

gree of regulation of foreign flag ships on the high seas,

but is also founded a strong, new atti,tude that the marine

environment sometimes rates top priority consideration,

a highly skillful application of international legal as-

sertion against a very limited counter-interest., and a

controversial, but potentially persuasive position of

self-defense built in part on the need for quick action

given the demonstrated slow pace of legal development in

this area.

The prior Canadian attempts, especially through

the Inter-Governmental Itaritime Consultative Organization

 Ii~!CO!, to bring about similar legal action on the inter-

national level, the fragility of the arctic environment,

and the intentional delay by Canada of any actual enforce-

ment action under the new Act all lend support to its

position. The precedent value of the unilateral Act is

limited by the highly vulnerable nature of the area of

the environment covered, but it does establish the idea

of coastal state "self-defense" by preventive regulation

when it perceives "its" waters as being seriously threaten-

ed'

Control Act of 1975. This is clearly the most compre-1

1
Statutes of Canada, 1975, Ch. 55; in force 6 June

1976.
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hensive and exacting piece of dumping legislation in

existence. Its definition of "dumping": "any deliberate

disposal from ships . . . at sea of any substance," is
comorehensive.

Disposal at sea on ice is
2

banned. And ocean incineration is specifically label-
3led as dumping. The prohibition without a permit, of

"any ishing zone prescribed pursuant to the Territorial

Sea and Fishin Zones Act," "the arctic waters within the

meaning of the Arctic i0aters Pollution Prevention Act",

and any area of the sea adjacent to these waters as may
4be prescribed. There is no indication given as to how

far out into the high seas "adjacent" may be prescribed

to apply. Schedules for prohibited and restricted sub-

stances cover high-level radioactive materials and all

other radioactive matter, respectively.

The U.S.S.R. Statute of the Administration of the

Northern Sea Route Attached to the Ministr of Maritime

Fleet �6 September 1971! gives strong powers to the

1
Ibid., Art. 2 �! .

2
Ibid., Art. 6.

3
Ibid., Art. 2 �! .

4
Ibid., Art. 2�!.
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administrator to help prevent, and eliminate the conse-

quences of pollution of the marine environment in the
1Arctic area and the northern coast. But no definition

of pollution, list of pollutants, or specific activities

are included. Later legislation �974! covers Soviet.

ships on the high seas by making it a criminal offense to

discharge substances harmful to human health or to liv-2

ing resources of the sea. A separate decree raised the

penalties for Soviet ships polluting the high seas in
violation of Russian commitments under international

3agreements. The decree also stresses the intensified

control measures to be taken against pollution of the

high seas by harmful substances'

Oman's Marine Pollution Control Law of 1974 establish-

es a "pollution-free zone" in the territorial seas and
4waters extending 38 miles further seaward. There are to

be no discharges of "pollutants"

into the zone by any vessel or into any waters

1 See S. H. Lay, p. 710.

2 Decree No. 118 of 14 Februar 1974 of the Council
of Ministers of the U.S.S.R. Relatin to Greater Efforts
to Counter Pollution of the Sea b Substances Harmful to
Human Health or to the Living Resources of the Sea; see UN Doc,
ST/LEG/SER.B 18, p. 92.

3 Decree No. 5590-8 of 26 Februar 1974 of the Presi-

Greater Responsibilit or Pollution of the Sea by Sub-
stances Harmful to Human Health or to the Living Resources
of the Sea; see ST/LEG SER.B 18, p. 91.

4 See ST/LEG/SER.B/18 �976!, p. 74.
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beyond the zone by vessels registered in Oman. A "pollu-
tant" is oil or any dangerous or noxious substance which
would degrade or alter the waters to the detriment of man,

1or of any animal, fish or plant useful to man.

In comparison to U.S. legislation, only Canada has im-
plemented ocean dumping provisions which are at least as
strict and comprehensive.

They also contain a distinction between high-level radio-

active waste and all other radioactive substances. Fin-

land's law of 1965 provided the only earlier example of a
similarly restrictive regime for radioactivity in the
oceans. It is difficult to determine the real value of

Denmark's ban on dumping "significant" levels of radio-
2activity into the Baltic. All other marine pollution

and ocean dumping laws, with the exception of Britain,

could cover radioactive materials under the generally de-
fined category of toxic, noxious, or carcinogenic sub-

stances. But this approach forms a key loophole around

1
See also, the Syrian Act. «o. 10 relative to the

pollution of Syrian Arab regional waters and of adjacent
international waters of 26 March 1972; R.L. No. 4, April
1972, p. 42; while the U.S. sub-seabed disposal orogram
has specifically excluded all continental shelves from
seabed areas to be considered as sites, international re-
gulatory efforts may eventually find national laws on the
prevention of pollution of continental shelves useful as
background from which they can draw elements of substance
and approach.  Norway: 1965; U.S.S.R.: 1968!.

2
This vague form was also adopted for all land-based

sources of radioactive materials in the Helsinki Conven-
tion of 1974  Article 6 and Annex II! for the Baltic Sea
area. It, however, prohibits all dumping  including ra-
dioactive materials! in the area  Art. 9!.
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the still difficult and controversial question of defin-
ing the level at which radioactivity becomes "toxic."

Considering the nearly complete absence as of 1970,
of national laws to control ocean dumping beyond terri-
torial limits, development in this area has been rapid.I

But crucial problems remain. Nany countries, including
some with ma jor fleets, have not enacted any dome tic
legislation on ocean dumping. Some of the existing laws
fall short of the London Convention approach, including2

some which form the basis for ratif ication. The London
Convention approach involves an international agreement
under which states agree to exercise their national law-
making and law-enforcing authority to forbid the discharge
into the sea of substances listed in an annex that is
negotiated by scientists from the parties, and to egulate
less dangerous substances listed in another, similarly
negotiated annex. Pull use should now be made of the lat-
est IAEA guidelines on radioactive waste disposal at sea
since these reflect the most up to date infornation avail-
able on the behavior of radionuclides in the marine envir-
onment. Xn most cases definitions of dumping" would not
appear to cover sub-seabed disposal, so eventually either
new legislation or amendments to the dumping laws would

1 See Bohme, p. 1Gl.

2The London Convention framework was outlined briefly
above, p. 102, n.3.; it is described in detail below, pp. 156-
165.
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be required to regulate sub-seabed disposal. 1-'in<-.I w,

the highly complex and expensive task of en~oicini~ these

dumping laws must receive enormously incre ~- . ~t.'.e:-.<ion

if this is to be the mechanism used to control sub-scab .'

dJ sposal.

Other Categories of Applicable

Legislation and Regulations

The other three categories of potentially useful

national legislation  general environmental protection;

waste management; and radioactive substance" control!

vary from country to country in their degree". ,, 'appl: a-

bility to sub-seabed disposal.

If this legi: '
fg

be

useful for regulating sub-seabed disposal, r.':.< ocea . and

deep seabed must be addres -ed, at least to th~ ext~ t of

asserting jurisdiction over nationally own,-,,
4

and loaded vessels. In all cases, since
r

are controlled by government monopoly, sc- - le<ri J" i-'n

would solve all jurisdictional problems, '.e., t~. � ;r ~s

no need for territorial restrictions if all nuclear ..astes

are carried on vessels which, by their national law., are

forbidden to dumo or implant without a 1' - nse.

General environmental protection legislation an

provide the framework for early consideration of .'. broad-

er implications of scientific and technc,'- tical de -'.op-
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ment. Scme acts, such as the Kast German Environmental
Protection Act �970! and the British Control of Pollution
Act �974!, form umbrellas for specif ic sets of regula-
tions on water, air, noise, and solid waste pollution.
Some exempt specific types of pollution from their cover-
age; the Swedish Environment Protection Act �969!, for
example, exempts ionizing radiation and the dumping of
~aste in water. The U.S. National Fnvironmental Polic
Act �969! and Australian Environmental Protection
 Im act of Pro osals! Act focus on environmental aware-
ness in governmental decision-making processes, but do
riot themsel,'es prohibit poIluting activities. They re-
ruire environmertal impact statements for major federal
programs and projects. i'tost such laws create a board or
governmental deoartment to o; ersee the implementation of
environmental protection objectives.

This category of laws forms the only existing
vehicle for most go:ernrnents to consider national poli-
cies, legal structures, and institutional responsibilities
for a program such as sub-seabed disposal early in the re-
search and development process. Without this impetus,
science and technology will continue to race ahead of
social management, laws and policies will continue to be
formulated at the last minute to flatly accept or reject
the technology, ar.d agencies and organizations will. con-
tinue to o~ er].ook key problems and compete for the sole
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right to deal with others.

Solid waste management acts often exempt  the West

German Waste Disposal Act of 1972!, or deal only tangential-

ly with, radioactive materials. Yet, increasingly, toxic

or dangerous wastes are either covered by specific legis-

l.a.tion  Belgian Law on Toxic Wastes of 1974! or included

in broader waste disposal or waste management frameworks

 Swiss Law on the Dis osal of Wastes of 1966!. In many

cases waste management forms one section of a broader en-

vironmental protection act  British Control of Pollution

Act of 1974, Part l! . Some waste management laws  such

as those in the V.S. and Britain! call for comprehensive

national plans or systems for waste disposal sites. State

or provincial authorities are often delegated the author-

ity to establish the regulations which implement the

national law.

The Belgian Law of 22 Jul 1974 on Toxic Wastes

covers all potentially toxic industrial or commercial by-

products. It prohibits abandonment of these substances
2

without a license, or without prior notification under

1
See, for example, The Bavarian Wastes Law of 25

June 1973  Sammelblatt fur Rechtsvorschriften des Bundes
und der Lander, Vol. 2, 17 Aug. 1973, No. 33. pp. 1173-
1177!: or Regulations of 15 Oct. 1974 for the implementa-
tion of the law on the disposal of wastes  Recueil authen-
tique des lois et actes du Gouvernement de la Republique
et Canton de Geneve, Vol. 160, 1974, 1975, pp- 425-435!-

2 't bl 1 March 1975, No. 43, pp. 2365-
2371.
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certain circumstances. Industries creating toxic wastes

must pay all disposal costs. And if disposal takes place
in Belgium, but outside of the original industrial site,
it must be done at an approved center. This law, as with

many other similar ones, might be useful for assisting in
the regulation of sub-seabed disposal if it were extended
to cover disposal in international areas.

Though still very important for licensed materials
such as spent nuclear fuel or high-level wastes from repro-

cessing, atomic energy or radioactive substances control
laws are no longer necessarily the overriding source of
regulation for radioactive waste disposal. This is espec-
ially the case for a future application of deep sub-seabed
disposal. Disposal methods and sites will certainly requ-
ire exemptions or licenses under atomic energy regimes,

but, unless exempted by new hgislation fixing special rules,
permits and authorizations under the other three general
categories of national laws and institutions will also be
essential for the implementation of sub-seabed disposal.

For reasons discussed in Chapter 1 above, exemptions

are unLikely. The traditional federal preemption of most
aspects of radioactive material use, handling, and disposal,
which is now giving way to some state and local powers in
many countries, will hold to a much greater extent for any
disposal in international areas than it would for use of
land sites. And many fewer permits and approvals can be

expected for sub-seabed disposal. The publication, hear-
ings, objection, and intervention procedures now beginning
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to appear in nuclear energy legislation and regulations,
or in applicable environmental protection legislation or
regulations, will not always be2

applicable for

disposal in the deep seabed since public participation
is often required only for states and communities where

facilities are to be sited . Yet state and locaL public
participation rights in some areas, such as the transport
of radioactive materials, may be triggered for sub-seabed

disposal. And certain permits, such as those from fisher-
ies or marine pollution departments, would impose cautions
and complications not involved in land-based disposal.

This, of course, addresses only the national, and not the
international requirements which would have to be fulfilled.

The key in the area of radioactive materials control

legislation for sub-seabed disposal will be establishing

1
A relatively early example is the Dutch Decree of

10 September 1969  Stb. 404; Staatsblad van het Koninkrijk
der Nederlanden, 1969, pp. 929-938; in Int. Di . Hlth. Le

law's licensing process for use and disposal of radioactive
substances; it requires prior notification of the involved
province and commune, local public announcement; and a three-
week public objection period. Two more recent examples are
laws in Denmark  Act of 4 Hay 1976 on Measures of Safety
and Fnvironmental Protection Relatin to Nuclear Installa-
tions ETC; Nuc. L. Bull. 18  December 1976!: 8! and in
Nest Germany  Nuclear Installations Ordinance of 18 February
1977; Federal Gazette of 23 February 1977  BGBl. I, p. 280! =
in Nuc. L. Bull. 19 �4ay 1977!: 6, and Supp.! which esta-
blish new Lxcensing procedures for nuclear installations,
pursuant to the basic nuclear energy legislation. The pro-
cedures have detailed requirements for public notifications,
objections, and hearings.

2
See, for example, the U.S. provisions in Chapter 1,

above, p. 44, n.



132

consistent nationalregimes which fit tightly together with
the international nuc leal law f ramework. As the internat-
ional regulations grow in complexity or substance, many

Guides
national laws will need updating.

published by the International Atomic Energy Agency must
be considered to offer the minimum level of protection
acceptable to many countries. Sub-seabed disposal, as
with any international disposal effort, will require some
degree of uniformity in participating nations' regulations
and international oversight for radioactive waste proces-

for the gxoups of nuclear operators from participating
countries will be essential. And comprehensive national
and international enforcement responsibilities and means

spec>fied.will have to be

1 The difference between strict and absolute liabil-
ity as applied here is that outlined by L. F. E. Goldie
in "Pollution and Liability Problems Connected with Deep-
Sea Mining," A. E. Utton, ed., Environmental Polic : Con-
ce ts and International Im lications  N.Y.: Praeger Pub.,
l972!, p. 160. He employs abso ute liability" ". . . to
indicate a more rigorous form of liability than that usu-
ally labeled strict, as for example, that formulated in
the nuclear liability treaties. . . . These agreements
utilize the principle of channeling, . . . which traces
liability back to the nuclear operator, no matter howlong the chain of causation, nor how novel the interven-
ing factors  other than a limited number of exculpatory
facts! .

sing, transportation, and storage. The joint establish-
ment of strict, or preferably absolute, liability provisions1
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Worldwide Trends

The national structures now available to nations

which might eventually participate in a sub-seabed dis-

posal program are not yet adequate for the task of ef-

fective regulation and enforcement. Yet it is still

early in the U.S. research process; the U.S. ERDA Seabed

Assessment Program is still only a feasibility study un-
til 19SO. Important development has occured in the

l970's but much remains to be done. Although formal le-

gal action on sub-seabed disposal can wait for further

scientific development, it is particularly important to

start, work now on national regulatory and enforcement

structures which will complement and assist in the for-

mulation of strict international agreements, such as on

the transportation of spent nuclear fuel and high-level

reprocessing wastes. Early consideration must, also be

given to the possible need for international storage and/

or disposal of spent fuel--the high-level waste from a

once-through fuel cycle.

If sub-seabed disposal becomes a scientifically

validated option for radioactive waste disposal, nations

will have to choose between legal management or prevention.

Either will most likely be accomplished with a combination

of marine pollution and atomic energy legal measures, in-

cluding some use of environmental protection and waste

1
See Chapter 1 above, p. l6, n. l.
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management. legal regimes. Rulings will be necessary under
marine pollution acts as to whether "dumping" should be
defined in terms of the disposer's location, the location
where wastes are placed, pollution of the seas and seabed,
or the level of threat to the marine environment. If
sub-seabed disposal is "dumping" and thus illegal for
high-level radioactive materials and licenseable for non-
high-3.evel materials--as under U,S. and Canadian law, it
may be possible to control high-level radioactive waste
disposal within the framework of dumping laws and treaties
by forbidding "dumping," but permitting disposal that does
not reach the threshold of dumping through effective con-
tainerization and site selection. In this case, much wider
ratification of the London Convention of 1972,or something sim-
ilar, and more complete implementation in corresponding national
legislation, would be essential to the effective regula-
tion and control of sub-seabed disposal. If it is not--
as under the legislation in various countries, earlier
action on new marine pollution control provisions will he
necessary for adequate regulation and enforcement of such
disposal. This may eventually be taken care of for some
nations by ratification and implementation under national
law of a new law of the sea treaty.

Specifically applicable regulations could be enacted
under general atomic energy acts. In this case the most
effective control is likely to be achieved through the
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designation of one or two ministries or agencies, such as
the NRC or EPA in the U.S., the Department of the Environ-
ment in the U.K., the Institute for Protection and Nuclear
Safety or the Ministry of the Quality of Life in France,
the State Office for Nuclear Safety and Radiation Protec-
tion in East Germany, and the Federal Institute of Physics
and TechnoLogy in West Germany, to oversee national parti-
cipation in  or rejection of! sub-seabed disposal. These
regulations would have to equal or exceed international
standards for waste processing and containment, and inter-
national site suitability criteria in order to establish
an acceptable regime for implementing sub-seabed disposal.

National waste management acts, with considerably
more updating and coverage of radioactive materials,
could establish a broader framework for sub-seabed dis-
posal. This is one method for determining if and or how
sub-seabed disposal should fit into the overall national
plan for disposal of radioactive wastes, or perhaps of
highly toxic and persistent materials in general.



CHAPTER IV

II1TERNATIOÃAL LAN AND THE SUB-SFABFD DISPOSAL

OF RADIOACTIVE WASTES

The rules of international law, Limiting the discretion

of states in the seabed commons, will obviously be crucial to

the development and implementation of any proposal to emplant
radioactive wastes beneath areas of the international seabed.
Less obvious is the fact that an international sub-seabed

disposal program will affect other aspects of the internation-
al consensus regulating use generally of the deep seabed, pro-
tection of the environment, and control of nuclear energy.

Fundamental social and political attitudes towards both

the nature of the high.-level radioactive waste disposal pro-
blem and the use of the commons for such waste disposal are

critical to the legality of sub-seabed disposal by states or

by international organizations. The questions which must be

addressed for use of the commons for sub-seabed disposal num-
ber at least. three:

l! To what extent is high-level radioactive waste disposal
regarded as a national responsibility;

2! Is there now--or could there soon be--a consensus that

use of the commons for high-level radioactive waste dis-

posal is forbidden; and

3! If such disposal is not forbidden, how can it be effec-

l36
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tively controlled and managed?

The international aspects of radioactive waste disposal,

especially of high-level wastes, cannot be avoided. Spent re-

actor fuel is already commonly transported internationally and

the number of shipments will increase dramatically  indeed, a

central part of U.S. nuclear non-proliferation strategy is to

establish a system through which all spent fuel will be return-

ed continuously to supplier nations in the future!; the wastes

from spent fuel reprocessing operations may be returned to

countries using external reprocessing services in the future;

various nations with nuclear power prograr s, and some with ma-

jor nuclear commitments, are unlikely to ever have any fully

accepted national options for high-level waste disposal; and

many, or perhaps all, nations have a stake in assuring the

nearly permanent isolation of high-level, and increasingly

other types, of radioactive wastes from the biosphere.

The question of international legality may ultimately

reduce largely to the extent of availability of alternatives

to using sub-seabed disposal. If other acceptable options

are available to all nations within national borders  either

locally or within other countries!, the legal regime might

best turn to preventing the use of sub-seabed disposal. If

it turns out both that sub-seabed disposal is scientifically

sound and that a nation or several nations have no other

choice, or that the sub-seabed option would be clearly the

safest choice, a good case could be made for using such dis-

posal under an international control regime. In practice,
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of course, the worldwide availability and priority of dispo-
sal options will not be this clear cut. One complication,
for example, now seems very likely to arise. Some nations

and organizations seem to be leaning towards the probably
sound decision that the safest path is to guard against being
caught with a system fai lure by using more than one basic op-
tion for final disposal and thus reducing the consequences of
a single failure, while perhaps increasing its likelihood.

This chapter focuses on international legal elements,
leaving most political and institutional considerations for

later chapters. The initial section examines the prevailing
international definition of "marine pollution" and its poten-
tial application to the sub-seabed disposal of radioactive

waste. This is followed by an analysis of principles, rules,
and treaties in the area of marine pollution control which

will affect sub-seabed disposal. Pertinent multilateral con-

trols in the areas of atomic energy and general environmental

protection are analyzed in the final section.

Definition of "marine Pollution"
and a Framework for "'.easurinc the Definition

A ainst Sub-Seabed Dis osal

A crucial first step is to establish a generally ac-

ceptable definition of "pollution of the marine environment"

and a means for determining if sub-seabed disposal would

constitute such pollution. This will introduce the section

on marine pollution control structures which may be avail-

able for application to a sub-seabed disposal program. In-

ternational nuclear and environmental law fields will then
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be analyzed. And, finally, the overall international legal
situation will be assessed.

Approaches to Defining "Pollution"
Pollution control in the law of the sea has developed

a long way from the U.N. Charter mandate to help solve
"social" and "health" problems and the 1958 High Sea Con-l

2vention "reasonable regard" standard, which maintains
initial discretion in the state acting on the high seas in
ways that might interfere with another state's rights to
equivalent use. But this development has occurred largely
since 197l. The difference between the traditional test of
"reasonableness" and the presently developing concept that
"states have the obligation to protect and preserve the mar-

1United Nations, UN Charter Article 55 b! .
2Convention on the Hi h Seas of 1958:

Article 2

 l!
�!
�!
�!

Freedom of navigation;
Freedom of fishing;
Freedom to lay submarine cables and pipelines;
Freedom to fly over the high seas.

These freedoms, and others which are recognized by the gen-
eral principles of international law, shall be exercised by
all States with reasonable regard to the interests of other
States in their exercise of the freedom of the high seas.

The high seas being open to all nations, no State may valid-
ly purport to subject any part of them to its sovereignty,
Freedom of the high seas is exercised under the conditions
laid down by these articles and by other rules of internat-
ional law. lt comprises, inter alia, both for coastal and
non-coastal States:
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ine environment" deserves careful consideration.

One recent analysis of past, use of the label "pollution"
in international law demonstrates clearly that at least five

2significantly different approaches have been applied. Two
approaches are offered only as extreme cases: that almost any
change in the existing environment is pollution and that no
environmental change within national borders, regardless of
extra-territorial effects up to a very high threshold of le-
gal concern, is pollution. But three others provide a use-3

ful framework for applicationto disposal practice in the mar-
ine environment. The first of those three is defining pol-
lution as the introduction of material or energy in a auantity
that exceeds the assimilat.ive capacity of the environment.
Part of the evidence has already been presented that law of
the sea has moved, in the area of highly toxic substances, to

4forbid "pollution" as so defined. Further examination
1

United Nations, General Assembly, Third UN Law of theSea Conference, Revised Single Negotiating Text, Part III, p.
2, Art. 2,  A/CONF.62 h' P. 8 Rev. l Herexna ter cited as the
RSNT] As of June 1977, the RSNT was the document accepted as
a common basis for further negotiation in the Law of the Sea
Conference; it is an important indication of what most coun-
tries of the world may eventually adopt as the consensus on
law of the sea matters, especially the sections which are now
generally accepted. Yet is is in no way legally binding on
the participating states, or even on tne negotiating delega-
tions at the Conference.

2

A. L. Springer, "Towards a Meaningful Concept of Pol-
lution in International Law,"  M.A.L.D. Thesis, The Fletcher
School of Law & Diplomacy, 1975; forthcoming in the Int'1 ~
and Corn arative L. Quarterly!; see also, H. A. Cole, "Yhat
to Protect--A Matter of Definition," .".a ine Pollution Bull.
8  l977!:

Springer, p. l.
4
See, generally, Chapter II, above.
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follow of the evidence that the complexities, risks,
and unknowns have led almost all states to reject this ap-
proach for at least materials which are as toxic, persis-
tent and accumulative as high-level radioactive wastes.

The second approach, that of pollution as interference
with other uses of the environment, includes concepts such
as "equitable utilization" and the "reasonableness" test.
This approach will, by itself, also be shown to be inadequate
for regulation of toxic waste disposal in the marine environ-
ment, but it is one important element of many of the cases
and documents analyzed below. Reasonableness, as codified
in Article 2 of the 1958 High Seas Convention and as elabor-

1ated by NcDougal and Burke in 1959, .is a commonly applied
measure for determining validity with respect to the law
of the sea, and an effective guideline when used carefully
and in addition to Articles 24 and 25 of the High Seas Con-

2vention. But a serious problem arises on the frequent

1M. S. Ncoougal and W, T. Burke,
the Oceans  New Haven: Yale Univ. Press

2
Article 24

lic Order of

Article 25

1. Every State shall take measures to prevent pollu-tion of the seas from the dumping of radioactive waste, tak-ing into account any standards and regulations which may be
formulated by the competent international organizations.

Every State shall draw up regulations to prevent pol-lution of the seas by the discharge of oil from ships or pipe-lines or resulting from the exploitation and exploration ofthe seabed and its subsoil, taking account of existing treaty
provisions on the sub j ec t.
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occasions when reasonableness is applied in an incomplete
and/or isolated fashion.

Cundick concluded that the U.S. nerve gas dump in l970
was clearly acceptable with respect to the law of the sea,
that reasonableness was, is and should continue to be ap-
plied where clear conventional law is not available, and
that the key factor in disposal cases is the present avail-
ability or unavailability of reasonable alternatives. Asl

will be further discussed in a moment, available alternatives
is only one of the five considerations offered by McDougal
and Burke for assessment of the "reasonableness" of a speci-
fic ocean disposal of radioactive waste.

"Reasonableness" as an international standard is not
satisfied by unilateral decisions and actions which ignore
the requirements of Articles 24 and 25 of the 1958 High Seas
Convention for regulation to prevent pollution of the seas
by use of the seabed or by dumping of radioactive waste, and
for cooperation with appropriate international organizations
to prevent pollution of the sea by radio..ctive and other harm-

ful materials. Too often the reasonableness test  as deter-

mined by consensus through correspondence, protest, justify-
ing statements, etc.! becomes a rationale for avoiding prior

2. All States shall co-operate with the competent
international organizations in taking measures for the pre-
vention of pollution of the seas or air space above, resul-
ting from any activities with radioactive materials or other
harmful agents.

l
Cundick, pp. 205, 209.
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consultation and relying on the level of negative reaction,

i.e., objections or protests, for measuring the legality of

unilateral action which is presented as a fait ~accom li.

While the reasonableness test  as codif ied in Article 2! is

probably all that general international law requires, Arti-

cles 24 and 25  which go further! are binding requirements

for all parties to the 195S High Seas Convention. Non-parties,

however, are not bound by Articles 24 and 25. The Conventions

of 1958 are now of doubtful legal force in light of the re-

cent law of the sea negotiations and resultant negotiating

texts.

Reasonableness, just as the "equitable utilization"

measure which is prominent in the Helsinki Rules on inter-

national river waters, has inherent flaws in the area of
1

toxic substances. Prior to assessing risks of harm accord-

ing to e~xistin information, it is necessary to determine

if there is, or soon will be, an adequate data base. States

relying on these concepts tend to put off both serious con-

sideration of the complexities and unknowns beyond. present

science and technology, and the protection of the marine en-

vironment by proving safety of practice, for what appear in

short-term evaluations to be important present uses. This

leaves no room for evaluation of possible or even probable

hazards, beyond the immediate context, to man, his property

1
Int'1. Law Association, Helsinki Rules on the Uses

of the Waters of International Rivers, adopted by the XLA
at the 52nd Conference, August 1966  London: n.p., 1967!.
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or the closely inter-related marine environment.

The final general approach to defining pollution is
that of damage or injury which has been or may, in the future,
be done to man, his property, or the environment. It is in-
corporated in the factors set out by McDougal and Burke to

the extent that the possibility of harm according to the
existing information must be considered. The need only to2

establish the possibility of future damage fell under the
area of developing law in 1959, but by 1969 the international
community had developed, and to some extent codified this ap-
proach for damage from dumping of toxic wastes. It has also
become very clear' that existing information is frequently in-
adequate because of unanticipated, often undesirable side
effects. The damage prediction factor has become increasing-
ly influential relative to the other factors in transnational
practice.

The single definition of "pollution of the marine en-
vironment" that has been reached in exhaustive negotiations
during the last five years is:

The introduction by man, directly or indirectly,
of substances or energy into the marine environ-
ment . . . which results or is likel to result
in such deleterious effects as harm to living re-
sources, hazards to human health, hindrance to
marine activities including fishing and other le-
gitimate uses of the sea, impairment of quality
1

See testimony by H. Sanders in U.S., Congress, Senate,
Comm. on Commerce, Hearin s on Nerve Gas Dum in

2
NcDougal and Burke, p. 863.
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of use of sea water and reduction of ameni-
ties. 1  Emphasis added.!

The definition is based squarely on the second and third ap-

proaches to defining "damage/injury"--hazard to man and harm

to living resources, and "uses"--hindrance to marine activi-

ties and impairment of quality of use of sea water.

The phrase, "is likely to result," does two important

things. First> it significantly Lowers the legally enforce-

able threshold by requiring only that a probability of harm

be shown to living resources, etc. And second, it frequent-

ly places the burden of proof on the alleged polluter rather
than on the victim oz affected party; once the statistical

likelihood is shown that a possibility of harm will sooner

or later produce the harm, prior proof af safety will often

be required to show no probability of damage.

Nhile the focus of current research on sub-seabed dis-

posal for radioactive waste is on rates of release versus

rates of decay, the question of whether or not harm to living
resources or hazard to human health is likely is also being

addressed. If the wastes can be shown, beyond reasonable

doubt, to be isolated within the seabed, there will be no

harm or hazard. If isolation cannot be sufficiently demon-

strated, the program should be largely abandoned. In
2

RSNT, Article l.

2 Any part of the program which can help monitor and
assess ongoing and planned disposal practices of other
countries might usefully be continued.
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any case, the problem will ultimately amount to determining

A Framework for Measuring Sub-Seabed Disposal

Against the Definition of Marine Pollution

An evaluation based on the five factors proposed by
McDougal and Burke is useful, though certainly not sufficient,
for measuring sub-seabed disposal against the definition of
marine pollution. The five factors for assessing the reason-

of radioactive materials include:ableness of

1! "The scope and intensity of prior investigation of a
proposed site;"

2! "the possibility of harm accordin to existin infor-
mation;"

3! "prior use of the area;"

4! "effects on such prior uses and on potential uses;"
and

5! "available alternatives for the disposing state."

The prior investigation of each proposed site will very
clearly have to be i~tensive and comprehensive in order to

1 McDougal and Burke, p. 863.

the operational, specific meaning of "likely to result" in
scientific, economic, legal and public perception terms:
What will be an acceptable level of risk of harm or hazard?
For any high-level radioactive waste disposal method this in-
cludes complete assessment of the likelihood of future ac-
cidental or intentional intrusion by man as well as of natural
breaches'
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meet scientific and engineering needs. The possibility of

unacceptable radionuclide leakage beyond the- immediate sur-

rounding areas of deep seabed must be shown to be vanishingly

small before the system would be developed into the pilot-

plant phase. This means that the probability of harm to any-

thing in the water column or top few meters of the seabed,

according to all existing and foreseeable information, must

be very low. It now seems to be a simple matter to pick

study areas and candidate disposal sites which have no re-

cord of previous use and very low probability of any projec-

ted future uses.

If this isolation system for radioactive wastes con-

forms to some acceptable national and international perfor-

mance level in an unused area of the seabed before it becomes

an option, it might still be labeled pollution as a hindrance

to marine activities, e.g., mining of manganese nodules. Over-

flight and surface navigation would be affected only to the

extent that navigation charts would need appropriate informa-

tional notations. Five to six kilometers of water is beyond

the research and exploitation interests of all projections and

speculation on fishing and sub-surface navigation uses. But,

rrrore important, no restrictions should be necessary regardless

of future development in this area.

The situation could be different, for uses involving

the seabed, such as laying submarine cables and pipelines,

conducting scientific research, and mining manganese nodules.

Such uses, especially ones imposing only temporary commitments
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of the seabed, i.e., research and mining, could probably
continue in a sub-seabed disposal site without presenting
any technical problems. For management purposes, however,
it now seems prudent to prohibit such uses in these areas
if j.nternational agreement to this effect can be reached.
The prohibition of longer term uses, such as laying cables,
would seem to be necessary for any effective disposal pro-
gra!n i

Sites could probably be selected which were far re-
moved from any foreseeable submarine cable and pipeline
routes, but the restriction of the future exercise of these

rights could lead to protests from concerned nations. Sub-
marine cable and pipeline laying is such a well-established

right of all nations that it could become necessary to avoid
all areas designated, with reasonable justification, by any
countries as prospective cable or pipeline routes.

The potential loss of any real value in natural re-

sources, with the possible exception of manganese nodules,

from these areas so fax seems unlikely. Concentrations of

metals in test samples of nodules in the North Pacific study ar-
1ea are well below present economic mining levels, and areas

with nodules which are potentially minable could be avoided.

There could be some small change in the predicted availabil-

ity of natural resources, if all of the better nodules were

used up, but this seems unlikely due to the vastness of

these ore bodies in areas containing richer nodules.

l
See Bishop, A First Year Report, p. 235.
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Potential mid-plate sites in the deep seabed have been

inherently unattractive to scientists due to the slowness of

processes, general lack of gradients, and general remoteness.

But any restriction on future research in the areas could al-

so be protested, perhaps justifiably, by nations not involved

in a sub-seabed disposal program. Again, however, the per-

suasiveness of such protests might be limited by the vast-

ness of very similar areas of the deep seabed which would

still be available for scientific research purposes.

The effects of sub-seabed disposal on possible uses

of the seabed and oceans appear to be minimal. Yet even

minor restrictions, especially those on cable laying and

scientific research, should be expected to require some form

of broad internat,ional consent, or at least consultation, to

address the future limitation of well-established rights to

use of the commons. Zt is certainly not clear, as will be

further discussed below, that one or even several nations

can permanently restrict rights to use areas of the inter-

national seabed. It is also possible, however, that a sub-

seabed disposal program managed by several countries which

included prior notification and consultation might not lead

to any major protests or objections over use restriction.

Zt is still too early to evaluate fully the final

factor: alternatives available to the disposing state or

states. Ne have already noted that to be accepted. under

U.S. NRC regulations the sub-seabed disposal program must be

a superior or somehow very important option. This could he-
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come a model for future international guidelines. But right
now the crucial point is that there is no other operational-
ly proven option for the ultimate disposal of high-level
radioactive wastes. And although many experts and govern-
ment officials feel that the U.S. and most other countries
will certainly be able to develop at least one option that
is acceptable technically, socially, and politically, this
is still to be demonstrated. Furthermore, some expert ob-
servers feel that it will be much later than 1985 before
even the U.S. has demonstrated its capacity to operate an
accepted repository. And this may not. help address the low
probability, which in some cases approaches zero, that coun-
tries such as Japan, Taiwan, the Philippines, Switzerland,
Belgium, and Britain will ever have a stable and permanent
disposal option within their borders for high-level radio-
active wastes. If options become available in the U.S.,
U.S.S.R., and h'est Germany, for example, it may be possible
for other nations to export materials there for final dis-
posal, but this is a long way off. And so far, it seems to
be very difficult politically  outside of Eastern Europe! to
even consider providing final disposal services for other
nations' high-level wastes. This is with the possible ex-
ception of the U.S.--where at least the Executive Branch of
the government seems willing to manage foreign spent, fuel
as wastes. All that can really be stated at this point is

that sub-seabed disposal, in a form found acceptable to the
U.S., France, U.K., and Jaoan {which now constitute the Sea-
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1bed Working Group in the international research effort on

sub-seabed disposal!, could turn out to be an alternative

available to many countries.

Yet evaluation of seabed disposal with these five fac-

tors is only of limited value. One potential problem with

this evaluation is the fact that it is based on the regime

of the high seas as opposed to that of the seabed and sub-

soil. While dumping has inevitably affected the seabed,

the practice has usually been analyzed in terms of its effect
on the water column, and especially the potential effects on

man. Article 3 of the l958 Geneva Convention on the Contin-

ental Shelf establishes two clearly distinct regimes; the

strong coastal state rights in the shelf do not affect the

legal status of the high seas.

Article 3

The rights of the coastal State over the con-
tinental shelf do not affect the legal status 2
of the superjacent waters as high seas,

tetany states would vest the same type of rights to the deep
3

seabed in an International Seabed Authority. It is highly

likely, however, that at least initially any Authority accep-
table to the nuclear states will have limited and strictly

prescribed rights to the seabed.

l As established at the Second International Workshop on
the Seabed Disposal of High-Level Radioactive Wastes, Wash.,
D.C., 1977.

2Convention on the Continental Shelf, 29 April 1958,
[ 1964] 15 U ~ S T 475' T ~ I A S ~ 5578 I 450 U ~ N ~ T ~ S 31 1

3 FSNT, Articles 21 and 22.
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Also somewhat troublesome is the idea of cor..~itting
even these relatively very small areas in a very permanent
sense. A large body of precedent exists for setting aside
air space, high seas, or sea floor special purpose zones,
in particular for military exercise zones, air defense warn-
ing zones, sea lanes for shipping, cable and pipeline cross-
ing areas, and various types of spoil or disposal areas. But
even an international munitions disposal area can be conver-
ted very quickly into an area for any new unforeseen, and
vital seabed uses which may arise; while high-level radio-

1active waste disposal sites cannot.

A final problem may be that of changes in the inter-
national law definition of pollution. We know that societal
values vary among regions and countries and over time. As
states gradually move to the adoption of approaches to pol-
lution which employ stricter concepts of preventing damage
to the marine environment, at low thre holds, such as any
"unfavorable alteration," or any change in the "predicted

l
Professor W. T. Burke has raised the vital point that

we must expect such uses, based on criteria similar of iden-
tical to those employed in this plan  especially the seis-
mic stability!, to arise regardless of our present range of
foreseeable options  interview held at the University of
Washington, Seattle, August l975!. This then becomes one fac-
tor which must be considered in future decisions.

2
U. S., Department o Commerce, National Oceanic and At-

mospheric Administration, "Report to the Congress on Ocean
Dumping and other Man-Induced Changes to the Ocean Ecosystems"
 March 1974!, p. 6.
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1availability" of natural resources, the idea of care-

fully assessing each of sequential barriers between em-

placed high-level radioactive waste and man may succeed
in scientific and technical terms but fail on other

grounds as the law of the sea changes to reflect other

environmental values. The question would then become

one of assessing the certain, probable and possible

levels of "damage" to the subsoil and risks to man from

this "pollution" against the perceived importance of

implementing the geologic disposal plan at any time.

One potential solution to this future use prob-

lem in addition to minimizing size and carefully selec-

ting sites, is to apply Article 7 of International Law

Association's Helsinki Rules for river basins by anal-

ogy to the seabed and subsoil. According to that rule,

A basin state may not be denied the
present reasonable use of the waters of an
international drainage basin to reserve
for a co-basin state a future use of such
water.2

Given a proven, planned use of the seabed/subsoil, es-

pecially if proposed by a group of states, this widely
accepted and applied regime for equitable utilization
of common international river waters may lend prece-

dent for unknown future uses to give way. But the de-

See A. P. Rubin, "Pollution by Analogy: The Trail
Smelter Arbitration," Oregon Law Review 50 �971!: 272.

2 See ILA, Helsinki Rules.
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termination of what constitutes a "present reasonable
use" brings us back to problems discussed above,

the international drainage basin situation may not be

a sound analogy for the seabed commons.

Implementation through Agreement: International
Conventions which may Influence

Sub-Seabed Disposal

available or under development, and ideasare

Here we will begin the analysis of marine pol-

lution control law by examining the Oslo and London Conven-
tions, IAEA responsibilities and actions under the

London Convention, and five regional conventions con-

cluded in the 1970's. As noted above, these conven-

tions and associated agreements have a direct influ-

ence on the course of international legal development

in this area. .he London Convention and the IAF'A re-

sponse are important because they could, depending on

how they are interpreted, ban sub-seabed disposal of

high-level wastes by labelli.ng it dumping. They

could also assist in determining both the most appro-

priate category of "pollution" which might be applied

to sub-seabed disposal, and an effective means of re-

gulation and control. The regional conventions offer

both a guide as to what regional control structures
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future aoproaches to regional and international regulations

of sub-seabed disposal.

Oslo and London Conventions

Early U.S. practice in ocean disposal of radioactive

wastes was similar to that in Japan and the U.K., i.e., pri-

vate contractors and government agencies were licensed for

individual sea disposal operations with limited quantities

of low-level materials. As this U.S. practice was being

phased out, the Federal Task Force of the Council on Environ-

mental Quality gathered the materials for the October 1970
1report to the President. The initiative of the U. S. Execu-

tive eventually resulted in the U.S. Ocean Dumping Act of

1972.

Throughout l971 and 1972 and particularly in prepara-

tion for the Stockholm Conference of 1972 there was a strong

push for international agreements on ocean dumping. The out-

come: the Oslo Convention of 15 February 1972 and the London

Convention o f 29 December 1972.
2

The Oslo Convention was at least partially inspired by

the U.S. proposal before the U.N. Intergovernmental 7'lorking

Group on Marine Pollution in June 1971 for an international

1 U.S., CEQ, Ocean Dumping; A '.lational Polic ; see Cha-
pter III, above.

2 For detailed background of the Oslo and London Con-
ventions, see A.S.I.L., "The Question of an Ocean Dumping
Convention," Studies in Transnational Legal Policy, no. 2
 Plash., D.C,: ASIL, 1972!.
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ocean dumping convention. It established a clear model for
the London Convention and other regional agreements. It de-

fines dumping  Article 19! as "any deliberate disposal of
substances and materials into the sea by or from ships.

In the area of contributions to marine pollution con-

trol through treaty law were the introduction of the black

and grey lists  Annexes I and II as adopted by the London
Convention! of prohibited and special care substances for

ocean dumping permits, the cover.age of national ships in the

North Sea, North Atlantic, and Arctic Oceans, the inclusion

of seven European states besides the four Scandinavian

states, and the establishment of a permanent commission. The

commission was designed to supervise the permit program and

general implementation, to monitor marine areas, to recom-

mend annex changes, and to register the details of dumping.
The exclusion of radioactive materials from coverage in the

Annexes, the ambiguities in listed substances, and the dele-

gation of all enforcement responsibilities to national author-

ities are key aspects limiting the effectiveness of the do-

cument as a basis for a general ocean dumping regime.

The London Convention was developed in a series of

four inter-governmental meetings in 1971 and 1972, and a
1conference in October and November, 1972.

1
See U.S., Congress, House, H. R. REP No. 568, 90th Cong.,

1st Sess., 1972, p. 3; and U.S., Congress, Senate, S. REP. No.
726, 92d Cong., 2d Sess., 1974, p. 3. A draft convention was
submitted by the U.S. at the first meeting in June 1971. The
Conference on Ocean Dumping was scheduled through a resolution
at the UV Conference on the Human Environment. There were no
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With fifteen ratifications or accessions it entered
into force on 30 August 1975, and, as of l2 May 1977, thirty-
two countries had ratified or acceded to the Convention, in-
cluding the United States, the Soviet Union, France, Britain,
Canada, Norway, Sweden, Panama, Spain, and Mexico. A number
of other countries such as Japan, seem to be in the process
of ratifying. At an ir forestal meeting of the Parties  December
l975! Ij'<CO was designated as the formal Secretarial for the
Convention. Some countries also wanted UNEP to have a formal

role.

Despite the overall marine environmental protection ap-
proach of its preamble and Articles 1 and 12, the London1

Convention of 1972 is a model example of the ad hoc approach
to pollution control, i.e., seizing on a specific aspect of
a problem when agreement on its regulation seems to be reach-
able. T.n the sense that it finally cuts away at the long
standing freedom of waste disposal into the high seas, and

formal conference proceedings, but there is a set of documentsavailable; se Documents af the Final Drafting Conference for
the Convention on the Prevention of liarine Pollution b ~ Dum�ina of Wastes and Other Matter, London, 972. See a so, unpub-lished Master of Laws thesis by J. Norgan, The Ocean DumpinConvention  Int'1. Legal Studies, Harvard Law Schoo , 1973! .Th Conference was attended by 80 nations; 27 signed the final
document on 29 December 1972.

1Article 1 states that "Contracting Parties shall indi-
vidually and collectively promote the effective control ofall sources of pollution of the marine environment....;" in
Article 12 Contracting Parties pledge to promote measuresto protect the marine environment against pollution from alist of important potential sources, including "radioactive
pollutants from all sources, including vessels."
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that it incorporates all three of the above approaches to de-

fining pollution, it is "a hopeful beginning" for this area
1of marine pollution control. It was both a result of and

further motivation for individual national and regional at-

tempts at regulation of ocean dumping.

The exemptions for emergencies at sea which constitute

"a danger to human life or a real threat to vessels," other

emergencies which pose "unacceptable risk relating to human

health and admitting no other feasible solution," and situ-

ations involving "those vessels and aircraft entitled to so-
4vereign immunity under international law," and the Article

4/Annex 1 regime, which bans the dumping of high-level radio-
5active waste as defined by the IAEA, present possible loop-

See T. Leitzel, ".he Circean Dumping Convention; A Hope-
ful Beginning," San Diego L. Rev. 10 �97 !: 502,

2
London Convention Art. 5 l!; this was originally pro-

posed by the U.S.

3
Ibid., Art. 5 �!; this was also initiated by the U.S.,

probably with cases such as that of U,S. nerve gas in 1971 i.n
mind. The original U.S. proposal was in a much less restric-
tive form.

4
Ibid., Art. 7 �! . The U.S. took a strong position that

public vessels must be explicitlv exempted from international
regulatory authority; this was stated to be based on the pre-
cedent set by other pollution control treaties and the cover-
age of the matter under U.S. national law. j.'lany nations do
not have equivalent national legislation.

5
Art. 4, in part, provides that:

1....Contracting Parties shall prohibit the dumping of
any wastes or other matter in whatever form or con-
dition except as otherwise specified below:
a. The dumping of wastes or other matter listed

in Annex I is prohibi ed;
b. The du.�ping of wastes or other matter listed

in Annex II requires a prior special permit;
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holes which are not available in the U.S. law with respect to
high-l.evel radioactive waste materials. The flat U.S. ban
on high-level radioactive waste dumping intentionally leaves
no room for definitional flexibility or unilaterally deter-

mined "emergencies." Under presently foreseeable circumstances,

however, none of these possible loopholes seems likely to be
used by any parties for routine radioactive waste disposal,
especially for high-level wastes.

an approprj.ateThe Article 6 mandate to designate

national authority to supervise the system, including the sub-
mission of reports on all dumping, monitoring, and dumping
criteria and requirements, is a strong measure, but Article
7 makes it clear that enforcement will be exclusively a nation-
al matter. Articles 7�!, 8 and 9 lend important encourage-

ment to regional cooperation for regulation and enforcement,
l

and for solving waste disposal problems.

c. The dumping of all other wastes or matter
requires a prior general permit.

2. Any permit shall be issued only after careful con-
sideration of all factors set forth in Annex !II,
including prior studies of the characteristics of
the dumping site as set forth in Section B and C
of that Annex.The applicable section of Annex l will be analyzed in a moment.

l In Article 7�! "[t]he Parties agree to co-operate in
the development of procedures for the effective application
of [the] Convention particularly on the high seas, includingprocedures for the reporting of vessels and aircraft observed
dumping in contravention of the Convention." Art. 8 encourages
geographic regions to conclude regional anti-pollution agree-
ments and Contracting Parties to co-operate in harmonizing pro-
cedures with parties to regional agreements. Just as n Arts.4,5 and 7, with respect to national action and laws, the esta-
blishment of stricter regional arrangements is encouraged.Art. 9 calls for the promotion of relevant technology transfer,
including help with the treatment and disposal of wastes.
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The Article ll obligation to consider dispute settlement

avoided in 1976 at the first meeting of the Parties by put-
ting the matter off until the Thixd UN Law of the Sea Confer-
ence was completed. It did seem clear that some form of
compulsory third party settlement procedures would eventual-
ly be adopted by the London Convention paxties. Spain is now
preparing a proposal for their next meeting in late 1977.l

The London Convention did not follow the U.S. draft and
the Oslo Convention examples in exempting radioactive materials.
Instead, it adopted the technical annexes approach with pro-
cedures for relatively quick amendments to the annexes. The2

annexes are the pivotal parts of the Convention. Annex I,
which covers all materials prohibited by Article 4  l!  a!,
includes

High-level radioactive wastes or other high-
level radioactive matter, defined on public
health, biological or other grounds by the
competent international body in this field,
at present the International Atomic Energy
Agency, as unsuitable for dumping at sea.
lt was the special Spanish and Portuguese concern over

European radioactive waste dumping in Iberian areas of the
Atlantic that led to coverage of non-high-level wastes and

1
Article 14 of the London Convention provides for meetings

of the parties to continually review the implementation and
the possible need for updating of the Convention. Consul-
tative meetings are to be held at least once every two years;
special meetings occur " . . . at anytime on the request of
two-thirds of the Parties."

2
Amendments to the annexes are self executing to the ex-

tent that once they are approved, based on scientific and
technical considerations, by two-thirds of thoses states pre-
sent at a consultative meeting, they enter into force for all
parties within l00 days unless a negative declaration is filed
for individual states.
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the requirement for study of dumping zones prior to use.
Without the proposed Spanish amendment, only high-level radio-
active materials would have been incLuded. Annex 2, which in-
cludes materials requiring a special permit from the national
authority for dumping, covers all radioactive wastes not in-
cluded in Annex 1 and calls for full consideration of the re-
commendations of "the competent international body in this
field, at present the International Atomic Energy Agency."

Important guidelines for establishing national criteria
for issuing dumping permits are provided in Annex 3. Section
A calls for a detailed listing of the characteristics of the
wastes proposed to be dumped. Section B does the same for
the proposed dumping site, including consideration of

whether an adequate scientific basis exists for asses s-
ing the consequences of such dumping . . . ." And Section

C includes the "General Considerations and Conditions":
1! Possible effects on amenities
2! Possible effects on marine life3! Possible effects on other uses of the sea . . .[and]4! The pract,ical availability of alternative land-basedmethods of treatment to render the rnatter less harmful for
dumping at sea.

Though the "reLease of toxic . . . substances. . . . by
dumping"  RSNT Article 4�!, see below, p. 207! would not ap-
ply to an acceptable radioactive waste isolation system with-
in the seabed, "dumping" may apply, depending on how nations
interpret the London Convention. The Convention  Article 3!
defines dumping as "any deliberate disposal at sea of wastes

.from vessels. . .at sea"  emphasis added.! There are at
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least two possible interpretations of the wording of the
first "at sea" in this context:

1! that it refers to the location of the disposing party,
i.e., any disposal from vessels that are at sea con-
stitutes dumping, regardless of whether there is any
possibility of the wastes eventually reaching the water
 thus, sub � seabed disposal would be dumping!; and

2! that any disposal from vessels resulting in the discharge
of wastes, whether containerized or not, into the water

and/or onto the seabed constitutes dumping  sub-seabed
disposal would not be dumping!.

The first possibility means that any disposal from a

ship--even if it is launched into space or emplanted in the

seabed--is dumping. This is the broadest possible definition

and the way at least U.S. environmental legislation has often
been interpreted. The second follows the "into the oceans"

meaning used in almost all prior international work in this

area since 1956, most existing national dumping legislation,
and the Oslo Convention of 1972.

If the Parties eventually reach a consensus that the

Convention's definition of dumping is legally ambiguous vis-

a-vis sub-seabed disposal, there are other points of possible

assistance in its interpretation. It is possible that the

specific exemption from coverage under the London Convention

of all disposal from exploitation and processing of seabed

minerals  Art. 3 L! c!! is an indication that the Parties may

exclude other specific uses of the seabed. On the other hand,
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the lack of Parties' support for the Spanish view  offered

at the first consultative meeting in 1976! that ocean in-

cineration was not dumping" may be instructive. The apparent

consensus to adopt special provisions under the London Conven-

tion on ocean incineration may be indicative of a desire to

apply a broad interpretation to the dumping definition. Yet
disposal by incineration does result in the direct discharge
of wastes from the air into the ocean, so this would also be

termed "dumping" under either of the possible interpretations

analyzed above.

During the set of U,S. congressional hearings and fol-
low-up questions dn radiological contamination of the oceans in
1976 , specific inquiries were made as to the legality1

of high-level radioactive waste disposal on or in the seabed.
Three U.S. agencies and two experts responded. The U .S . EPA

and KRDA submitted internal agency memoranda. The EPA memo-

randum of Nay 1976 notes that sub-seabed emplacement: falls

under the U.S. Ocean Dumping Act of 1972, and that disposal

of non-high-level radioactive wastes must be done under the

EPA ocean dumping permit system  high-level wastes cannot

be dumped!. ERDA's internal legal opinion of August 19762

concurs with the EPA ruling that sub-seabed disposal would
be dumping under the U.S. Act and adds that the London Con-
vention prohibition on "dumping" high-level wastes "can be

1U.S., Congress, House, Comm. on Interior and Insular
Affairs, Hearin s on Radiological Contamination of the Oceans.

2 Ibid., p. 813.



interpreted in the same manner as the statutory prohibition,

i.e ~, that "dumping" includes deep seabed emplacement for

disposal." This is unclear as to whether "can be inter-

preted" is used in the permissive sense of "may" or the ob-

ligatory sense of "must". It concludes that:

Since the dumping of all radioactive wastes
defined as high � level by the [U.S.] . . . Act
would not appear to be prohibited by the Conven-
tion, Congress would have discretion to amend
the Act to allow the granting of a permit for
the dumping of high-level. . .wastes as long as
such amendment is consistent with Convention
standards.

A letter from the Department of State is the most au-

thoritative source since it comes from the part of the U.S.

government responsible for treaty interpretation and it is a di-

rect response to the congressional request. It takes a wait

and see approach to the question of whether the London Con-

vention prohibits sub � seabed disposal. This opinion provides

that:

Under these [London Convention] definitions
[of dumping and prohibited high-level wastes],
disposal of high-level radioactive wastes upon
the ocean bottom falls within the Convention's
prohibition, as will disposal under the ocean
bottom i f it poses a threat, of pollution to the
marine environment.  Emphasis added.!

This is of course conditional on future definition of what

constitutes a "threat of pollutio~."

Ibid., pp. 816, 817; it is curious that this state-
ment was not included in the original ERDA legal opinion of
4 August 1976. It was apparently added at some point later
in August or September 1976.

2
Ibid., pp. 798, 799.
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The opinion continues as follows:

We note that the concept of seabed emplacement
is a novel one. No concrete proposal has yet been
made for such a method of disposal, and there exists
the possibility that new technologies may be develop-
ed which would permit the emplacement of wastes in
the seabed with little or no danger to the marine
environment. The Department would wish to examine
the question of applicability of the Ocean Dumping
Convention to such a technology if it were proposed.
In his testimony, Robert Stein  of the International

Institute for Environment and Development! says, with res-
pect to "the proposal for possible dumping, or placement
of high-level radioactive wastes under the sea floor," "in
my view the 1972 Ocean Dumping Convention prohibits such
disposal." No reasons for or explanation of this inter-�1

pretation were offered. Testimony submitted by this author2

was similar to that given by the Department of State, i.e.,

it took the position that, it is not yet clear whether the

London Convention's definition of dumping apples to all

methods of disposal under the seabed.

The IAEA Response to the London Convention
of 1972

The London Convention assigned to the IAEA the tasks

of:

� Defining high-level radioactive material unsuitable

for dumping at sea; and

--Establishing recommendations to be f ully

1 Ibid., p. 15.

2 Ibid., pp. 18, 820-820.
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taken into account by states party to

the Convention in issuing special per-

mits for dumping other radioactive

material.

The first draft of the IAEA definition, since superseded, in-
cluded the following comment on the sub-seabed disposal of
wastes:

Certain methods of radioactive waste disposal
although not feasible at this time, may eventu-
ally be developed technically to the point of
proposing the long-term isolation of wastes by
emplacement beneath the seabed. Such methods
should be evaluated as variations of deep geo-
logical burial on land and are excluded from
the scope of this document because they will
not contribute to the radioactivity of the
sea. 1

The IAEA tasks were started in early 1973 and provisionally

completed in 1974. The Agency's Provisional Definition and

Recommendations were endorsed by the Board of Governors

 September 1974! and determined to be legally binding by the
First Consultative Meeting of the Parties to the London Con-

vention  September 1976! . Yet since they were based on a

scientificallv unrealistic and probably midleading oceano-

graphic model, they were immediately scheduled to undergo
2a complete review process.

The IAEA review process started in early 1975. But

1
IAEA, GOV/1622, Appendix p. 7, 3 September 1973; in

IAEA Doc. Pl-540 �976!, p. 81.
2
The original model was apparently created to justify

ongoing British radioactive ~.aste disposal practices, with-
out input from the national oceanographic community.
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the Advisory Group on the Development of a Generalized Oceano-
graphic Model Related to the Dumping of Radioactive Waste at
Sea could not reach agreement on a new scientific framework.
There was consensus that the model and safety factors which
formed part, of the basis for the IAEA provisional Definition
and Recommendations were inadequate. The basic question was

and is a matter of two conflicting philosophies: that of
"dilution and. dispersal" of the wastes, which has been the
basis of most past practice and regulation; and that of "iso-
lation and containment" of the wastes from the biosphere,

which has increasingly been seen by some countries as the
only answer for wastes with very persistent, toxic and trans-

l
portable elements, such as plutonium.

Unfortunately, the work of this group, which has vital

implications for the degree of international regulat.ion of
future site selection, disposal, and monitoring of radio-
active waste in the marine environment, was caught, up in
political considerations, especially firm commitments of
certain of the Nuclear Energy Agency member states and the

1 Dr. V. T. Bowen, a U.S. expert at the February 1975
meeting, appended an individual contribution which makes it
quite clear that recent studies of transport and resuspen-
sion of actinides like plutonium and americium, and many
unknowns about effects on waters and biologic communities
call for a complete reassessment of any model which suggests
that millions of tons/year of radioactive waste can be safe-
ly dumped into the deep ocean  Dr. V. T. Bowen, interviews
held at the Woods Hole Oceanographic Institution, Woods Hole,
Massachusetts, 1975!. See also, NAS, Assessin Potential
Ocean Pollutants, p. 45.
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O.E.C.D. to th=- ass. rted safety of past nract'
actice. This put

the IAEA in a very awkward position and tempor'1pori ly broke down

its capability to fully execute its responsibil'ti ities under
the London Convention. 1

A series of three advisory grouo meetings
from December 1976 to March 1977, has developed
table oceanographic basis for

accep-

the IAEA

Definition and Recommendations on Radioactive paste Disposal
at Sea. A radiolo ical dos assg e essment panel recently car-

ried out the radiological protection part of the task. A

t'le have kept in mind throughout that sever-
al methods or the disposal of wastes into

1
This is based on a series of observations an

views held by this author at international conf«e
meetings during 1975-1976.

IAEA, he Re vision of the 0 eanoc-ranhic

Hicih � Level Radioac ive Naste ~Jnsuitab1.e for mr>in at Sea

AG-141 Vienna: IAEA,Apri 1 1977!

final technical and political advisory group mec.ting is

scheduled for late 1977. Present intentions are to have a

fully accepted definition of high-level waste unsuitable for

dumping for submission to the IAEA Boa -d of Governors and

the parties to the London Convention in 1978.

The oceanographic basis fox IAEA's regulation of radio-

active waste disposal at sea was developed with several dis-

posal methods in mind. These included depositing waste con-

tainers on the seabed, within the seabed sediments, or beneath

the sediments. The applicable section of the revised oceano-

graphic basis re ds as follows:
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deep sea have been used or proposed. The waste
may be encapsulated in a container' designed to
last for very long periods of time, or it may
be merely packaged in such a way as to ensure
its uneventful arrival on the seabed. It might
be emplaced within or even beneath the sedi-
ments of the seabed, or merely deposited upon
them.

If radioactive wastes can be isolated or
contained before they are released to the mar-
ine environment, then radioactive decay within
the container will reduce the amounts of radio-
activity which are eventually released.

We regard. containment however as part of
an overall strategy rather than as an alterna-
tive strategy, since if the dose limit .for man
is not zero, and if marine organisms can toler-
ate some additional radiation without unaccept-
able damage, then some quantity of waste may be
permitted to be released. It is not therefore
necessary to achieve complete isolation  i.e.,
perfect containment! .

If good containment. can be demonstrated,
then it should be possibl, to make allowance
for in situ decay. This allowance factor will
be particularly important if the emplacement
of waste canisters into or even beneath sea-
bed sediments is considered Ref. Oceanus vol. 20, No.l!
because such emplacement would provide addition-
al containment.

Once waste has been released to the en-
vironment, it is in general preferable if it
is rapidly dispersed and diluted, since this
reduces the maximum dose to man. Collective
dose however must also be taken into considera-
tion.

The Parties to the London Convention are monitoring and
influencing the revision process through their annual meetings
and the permanent secretariat at the Intergovernmental Mari-
time Consultative Organization  IHCO! . At their first con-

l Ibid., p. 10, the conclusions and recommendations of
this document are attached below as Appendix 2.
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sultative meeting, agenda item 10  Definition and Recommenda-

tions of IAEA Concerning Radioactive Wastes and Other Matters!
turned out to be the most important, time consuming, and dif-

1
ficult issue. In addition to U.S. objections, Canada, Portu-
gal, Denmark, and Sweden were not at all content with the

IAEA Provisional Definition and Recommendations. Despite

stated preferences for avoiding all nuclear waste dumping,

they recognized that some countries have no other existinq

option. Their price for continued dumping is the establish-

ment of strong prior notification and consultation procedures

to ensure full consideration of all possible land-based alter-

natives.

Two major steps were taken by the Parties: first, they

took note of and formally requested circulation and improve-

ment of, IAEA's Provisional Definition and Recommendations;

and second, they requested the Secretariat  I."ICO! to study,

in cooperation with IAEA, the OECD and other international

organizations, and report on notification and prior consulta-

tion for radioactive waste dumping. This second area of work

is likely to lean heavily on the draft OECD/NEA d ocument

which would establish within the Nuclear Energy Agency an in-

1

See R. McManus, "Report of the U.S. Delegation to the
First Consultative Meeting of the Parties to the London Con-
vention," to the Secretary of State, Wash., D.C., 1976  Mimeo-
graphed!; the debate was largely over the U.S. position � re-
jected by the meeting � that the provisional IANNA definition
was not yet legally binding under the London Convention. Al-
though this position, if adopted, would have applied even
stronger pressure on IAEA to revise the de inition, it also
would have meant that there would be no legally operative
definition for at least two years.
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ternational consultation and surveillance mechanism for radio-

active waste dumping. The draft, which has apparently been

at least informally accepted by key member states, but which

is not yet available publically, would make crucial improve-

ments in the regulatory and enforcement role of the NEA in

radioactive waste dumping. lt might also help satisfy many

of the objections made to existing dumping practice by London

Convention Parties and provide a major step towards establish-

ing the regime required for any sub-seabed disposal,
A final indication of how the London Convention defini-

tion on dumping will be interpreted can be drawn from the

national dumping legislation passed by countries which have
1ratified the London Convention. The Canadian definition--

"any deliberate disposal from ships . . . at sea of any

substance"--would certainly include the seabed disposal of

wastes. The wording of the British definition--". . . per-

manently deposited in the sea"--would seem to exclude sub-
seabed disposal. Earlier legislation from Finland, Norway,

Sweden, Denmark, Japan, Netherlands and New Zealand would

probably not define sub-seabed disposal as dumping because

of the use of the phrase "disposal or discharge into the high

seas." Finally, the European Economic Community  EEC! seems

to be moving toward a definition that would exclude sub-sea-

bed disposal. Et would consider "any deliberate disposal of
substances and materials into the sea . . . ." as constituting

1This legislation was examined in Chapter 3, above.



172

dumping.
Summar

umping thus may or may not include the sub-seabed dis-
posal of radioactive waste under existing international treaty
law. If it does, more immediate international legal control
is available, but if a group of nations later desire to use
this disposal method, it could be difficult to amend the
Convention. If it does not, the seeds for a new international
control regime must be sown as soon as possible. Informal cor-
respondence between states and the further development of gen-
eral international law in this area are necessary. One fur-
ther question is whether seabed exploitation or dumping or
both should be interpreted as including sub � seabed disposal,
or whether a specific category for such disposal  or its pre-
vention! should be created. ln any case, legal development
must keep pace with the science and technology. The risk of

unilateral use of sub-seabed disposal by other countries seems

to be held to a very low level by political, as well as legal,
constraints. Governmental attitudes toward just participating
in an international research and development program on seabed
disposal are very cautious.

Re ional Pollution Control Conventions �974-1976! and Sub-

Article 8 of the London Convention obliges Parties in

geographic regions with common interests in marine environ-

mental protection to endeavor to establish regional marine

pollution prevention agreements, especia.lly on monitoring
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and scientific research. While various efforts along these

lines are now being established, we will briefly examine

four complete arrangements:

The 1974 Scandinavian Convention on the Protection of
1the Environment, which is applicable to the continental

shelves of the parties, include in its definition of "en-

vironmentally harmful activities" the

use of the seabed in any . . . way which en-
tails, or may entail environmental nuisance by
water pollution or any other effect on water con-
ditions, . . . changes in temperature, g or] ioni-
zing radiation, 2

The exact meaning of "environmental nuisance" created by the

effects of ionizing radiation certainly needs further refine-

ment but the extremely low and. comprehensive threshold of le-

gal concern  any change of radioactivity level in water! es-

tablishes a framework for comprehensive controls.

This model might be of

use to an International Seabed Authority in establishing en-

vironmental oversight or licensing criteria .for seabed acti-

vities.

The 1974 Paris Convention for the Prevention of:marine
3

Pollution from Land-Based Sources, deals exclusively with

1
ILN 13 �974!: 591

2 Ibid., Ar t. 1, p. 591.
3 21 February 1974, in ILK 13 �974!: 352 [ Hereinafter

cited as the Paris Convention]; fourteen European States par-
ticipated in the drafting conference.
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by far the largest single source of marine pollution. A

familiar pledge to investigate the best ways of removing the
need for marine disposal of noxious substances, which is ap-
plied specifically to radioactive substances, represents fur-

ther evidence of a common practice of e~ding at least, "non-

essential" marine disposal, even from land-based sources.

Radioactive substances are covered by:

l! a special provision in the annexes which explains that,

although they are similar in nature to black-listed materials

and should be subject to stringent controls to prevent pollu-

tion, they are already being acted on by several international
bodies; and

2! Article 5, under which Parties

undertake to adopt measures to forestall and,
as appropriate, eliminate pollution of the
maritime area from land-based sources of radio-
active substances

A prime example of the type of regional agreement, in-

cluding the participation of many regional and international

bodies and a wide political diversity of states, which might
be applicable to a sub-seabed disposal program is the 1974

Helsinki Convention on the protection of the Marine Environ-
1ment of the Baltic Sea Area. This Convention, which speci-

fically applies to the protection of the seabed's living

resources and other marine life, takes the unprecedented

step of prohibiting virtually all dumping into the waters of

1
22 March 1974, in ILN 13 �974!: 546; signatories in-

cluded: I3enmark, Finland, Sweden, the F.R.G., G.D.R., Poland,
and U.S.S.R.
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the Baltic Sea Area, Its other significant new development1

is a regulatory regime for land-based pollution. As expected,

the obligation accepted for radioactive materials from land-
based sources is weaker than that in the 1972 London Conven-

tion for ocean dumping. No radioactive materials are listed

in the black list of Annex I, and while they are all covered

by the "special care" list, Annex II, the obligation on states
is only not to introduce them into the marine environment in
si nificant uantities without a special permit, and to take

Iall appropriate measures to control and strictly limit pol-
lution by noxious substances. The particular environmental
vulnerability of the Baltic Sea Area limits the precedent

value of this agreement somewhat  as with the Canadian pol-

lution prevention zone legislation! but the international
agreement to regulate the highly polit. ical "land-based pol-
lution sources" remains a key evidence of developing law.

And the flat ban on dumping is indicative of a new attitude

towards marine pollution control.

The 1975 UNEP sponsored Intergovernmental Meeting on

the Protection of the Mediterranean in Barcelona considered
2three important drafts which served. the basic documents

for the 1976 Conference of Coastal States of the '4editer-

ranean Sea in Barcelona. On 13 February 1976 the Conference,

1 Ibid., Art. 9; dumping is defined as in the London
Convent>on.

2 Report of the meeting, f rom UN, U'.! Environment Program
UNEP/WG.2/5 of 11 February 1975; in ZLN 14  l975!: 464.
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which included sixteen of the eighteen invited coastal states,
adopted the Convention for the Protection of the Mediterranean

Sea a ainst pollution, the Protocol for the Prevention of pol-

lution of the Mediterranean Sea b Dum in from Shi s and Air-

craft, and the Protocol concerning the Cooperation in Combat-

tin Pollution of the !mediterranean Sea b Oil and Other Harm-

ful Substances in Cases of Emer enc , and various resolutions. 1

The Barcelona Convention functions as an umbrella docu-

ment for all existing and future protocols and annexes. It

establishes comprehensive coverage of marine pollution sources

with coordinated regional and international monitoring and re-

search programs. Also significant for present. purposes are

the designation of the United Nations Environmental Program

 UNEP! to perform secretariat duties and the establishment

of a requirement for a three-fourths majority vote of the

Contracting Parties to amend the annexes or protocols.

The Barcelona Dumping Protocol is very similar in con-

tent and structure to the 1972 London Convention. The Arti-

cle 3 definition of dumping is essentially identical to that in

the London Convention.

One major difference in the annexes, which reinforces

the trend noted above toward the isolation and containment

1
ILM l5 �976!: 285 [Hereinafter cited as the Barcelona

Convention, Barcelona Dumping protocol, and the Barcelona Emer-
gency Protocol, respectively]; by January 1977, 14 States and
the ECC had signed the Convention and Kr.ergency protocol, and
13 States and the EEC had signed the Dumoing Protocol; the Con-
vention enters into force when one of the protocols comes into
force with six ratifications.
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philosophy for toxic wastes, is the inclusion of

High- and medium- and low-level radio-
active wastes or other high- and medium-
and low-level radioactive matter to be de-
fined by the International Atomic Energy
Agency 1

in the orohibited list under Annex I. Under the Annex II

list of "special case" substances Parties are exhorted to

take full account of IAEA recommendations in the issuance

of dumping permits for any radioactive materials not covered

by Annex I.

The IAEA is apparently seekinc financial support from

the UNEP for these new responsibilities and planning to co-

ordinate this with the ongoing revision of the Provisional

Definition and Recommendations under t' he London Convention.

lt has, however, already indicated informally to Ul<EP that

it will probably be unable to provide a legally acceptable

definition of radioactive materials not covered by the high,

2
medium, and low-level categories. This is due to the very

controversial nature of establishing a so-called "innocuous"

category of radioactivity which includes all radioactive

materials not in the above categories.
Summar

t is still so early in the scientific research pro-

gram on sub-seabed disposal that the applicability of the

1 Ibid., The Barcelona Dumping Protocol, Annex I  A! �! .
2S. Keckes and R. Helmut, interview held at U'.PEP ' s

Geneva of fice, March l977; U~JZP is now sponsoring meetings
of experts to settle new problems over the inclusion of low-
level materials in Annex I. Spain is apparently concerned
that this might restrict discharges from future coastal nu-
clear power plants.
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Lone on Cons ntio'. and the I~RE.X re ponse remain uncertain .

Disposal within the seabed is most logically governed un-

der the pollution prevention category of "uses of the -ea-

bed." In its existing form, however, the pollution cate-

gory of "dumping" comes closer to sub-seabed disposal

than the category of "exploration and. exploitation" of

deep seabed minerals. Thus, in a sense, it, would ppear

permissible to :investigate the technical feasibility of

action that may be banned on legal grounds.

The international and regional dumping framework

offers one potential tool or preventing any sub-seabed

disposal. If a unilateral or untested version is pro-

posed or ado;.ted by states without strict national re-

gulation and enforcemont, Denmark, Canada, Sweden, or

the U.S., states which have indicated b~ their joining

in the London Convention that they consider unregulated

dumping of radioactive wastes to be illegal, could take

the international lead ~ n protesting it. 'Aon-parties

to the Convent.ion may not be bound by the formula of

words in that Convention, but they can nonetheless be

argued to be violating an underlying general internation-

al law codified or acknowledged to exist by many states

in the diplomatic negotiations surrounding the conclu-

sions of tne Convention and the Barcelona Dumping Pro-

tocol.
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Although there appears to be no such threat from

any states  parties or not to the London Convention!

with mounting quantities of high � level wastes, general

international law would now seem to require at least

thorough prior consultation with concerned countries

and appropriate international organizations. This re-

quirement is supported by the dumping cases cited in

Chapter 2, above, the law of the sea treaties and ne-

gotiations analyzed above, and the differential and
strict treatment of high-level nuclear wastes in the

London Convention and the Barcelona Dumping Protocol.

Strong political and diplomatic pressure could also be

expected to restrict unilateral state actions � especial-
ly with high-level wastes � in the interim.

Management, contrastingly, of sub-seabed disposal

might also be accomplished, in part, through the dump-

ing framework. The periodic  as necessary or every

3-5 years! IAEA revision process for the oceanographic

basis of regulating radioactive waste disposal at sea

and the annual meetings of' the London Convention Par-

ties, as well as diplomatic correspondence and the de-

velopment of general international law, represent

agreement on the major questions of principle. A pro-
tocol to the London Convention on sub-seabed disposal

could provide the necessary elaboration of regulatory

and enforcement powers.
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General marine Pollution Control

and Sub-Seabed disposal

One driving element of i.nternational law and politics

for sub-seabed disposal will be law of the sea. Most crucial

for legal purposes are general law of the sea and the recent-

ly developed text  Revised Single Negotiating Text or RSNT!

from the Third UN Conference on the Law of the Sea. Gc neral

principles of law are also important since the regime of the

deep seabed, especially uses of the underlying "sub oil," is

not yet elaborated enough to answer detailed questions. Be-

fore examining the customary and conventional law, and the

general principles, it is necessary to consider briefly some

of their background and 'evelopment.

From the start of the International Law Commission dis-

cussion on the disposal of radioactive waste at sea in 19S6

through the conclusion of the UN Conference of the Law of

the Sea in 1958, two signif'cant trends dominated all codifi-

cation efforts in this area. First, the East-West cia.sh,

which was at heart over weapons production and capabilities,

resulted in a strong Western position that the waste dispo-

sal problem could and should be considered separately from

that of weapons testing. The East held that all such danger-
1ous activities should be prohibited. The U.S. and the U.K.

1
On the entanglement of waste disposal and weapons

testing from 19S6 to 1962, see ,'!cDougal and Burke, p. 864.
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str ong attemp'ts to re f er the aue st i on o f regulating

radioactive wastes in the marine environment to the IAEA,

n order to remove f rom law of the s e a a l 1 ma t te rs o f inter-

national atomic energy use and nuclear law. Second, there

was a strong movement among Third World»d some 4'estern

european states without nuclear programs to strictly regu-

late, or even ban, all weapons test,ing and disposal of

radioactive material at sea.

It remains crystal clear that the production of electric-

ity from nuclear energy is inextricably bound up in military

associations arisina from the origin and development of the

nuclear energy industry in some countries and from its in-

herent military applications. There are now easier and

cheaper routes to weapons capabilities available than a full

scale nuclear energy program, but sucn a program still pro-

vides all the basic tools. And this is especially the case1

for countries developing a h avy water-natural uranium nuclear

industry.

There are, however, compelling reasons--which have re-

cently grown stronger--for removing the high-level radioactive

waste disposal problem from the military context or assoc»-

tion ~ First, whether military or commercial, t'h e wastestes must

1 See "French Report on a v>uclear Fuel Than Cannott be

Used for Bombs," New York Times, 6 i'iay l977, p. ~2; m»y
Questions and problems remain with the French clain thin that a

enrichment process exists which would orovideovide coun-

tries with .he caoabil.ities to enrich their o:.n fuel',.n fuel to the
an wea-

~eactors witho
pons-grade enr ichment.
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be permanently remove d from the environment. Second, by

radioactivity content the commercial applications have al-

ready produced roughly the same amount of products  largely

spent fuel now! which have come out of weapons operations

since the early 1950's  the volume of military materials is

still much greater!. And the future problem will be domin-

ated by commercial wastes. Third, many groups, especially

the U.S. Natural Resources Defense Council, fear that separ-

ate handling/disposal approaches would leave the military

waste disposal problem under less strict and publicly-tested

regulations. Finally, other countries «xe most 1.ikely to

participate in cooperative efforts on raclioactive waste

storage or disposal i. the weapons states are full partici-

pants, i.e., if there is some degree of shared international

oversight of all high-level radioactive wastes.

General Law of the Sea Principles and Rules

Applicable to Sub-Seabed Disposal

While the law of the sea principles and rules will be

important, since they apply to all categories of radioactive

wastes and since many will apply directly to sub-seabed

disposal, this is not to imply that they ar'e more important

than the specific international marine pollution control

agreements analyzed above. On the contrary, it is likely

that international agreements such as the London Convention

will, through their influence on
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1general international law, have a major impact on the ore-
vention or management of sub-seabed disposal. This impact

is especia13.y important in light of the very unsettled
ation in current law of the sea negotiations. Whether or not

the impact from these conventions is more important over the

longer term than that from the more general law of the
deve3opment efforts will depend on both how existing treaties
are interpreted in the future and how successful current ef-
forts are at codifying and creating new treaty law for the

oceans.

First UN Conference on the Law of the Sea �958!

The 1958 Conference was the culmination of several

years of work in the International Law Commission and the UN
General Assembly. Of the four conventions adopted, the High

Seas Convention  with 56 parties by January 197 7!, which

came the closest to being generally declaratory of establish-

ed principles of international law, deals most directly with
radioactive pollution of the oceans. Art'cle 25 �! provides

that:

Every state shall take measures to pre-
vent pollution of the seas from the dumping of
radioactive waste, taking into account any stan-
dards and regulations which may be formulated
by the competent international organizations.

This somewhat vague call for action, without any specific de-
finition of terms, is the least common denominator result of

3.See R. R. Baxter, "Treaties as Evidence of International
Law," Hague Academy, Recuei l des Cour s l �970!: 25.



the already noted debate over radioactive waste disposal at
sea. As a compromise between interests led by India and

Eastern Europe to ban such disposal practice, and British1

and U.S. attempts to remove all reference to the matter in

the Convent.ion and to pass it to the IAEA through a re"olu-
2

tion, it is doubtful that Article 25 �! was considered to
declaratory, as of 1958, of established principles of inter-
national law. Without offering much of an enforceable obli-

gation, the resulting declaration both indicates that law of

the sea forums may deal with the problem and leaves o«en the

possibility that such dumping may be permissible under closely
3regulated conditions. It also provides a basis in treaty

for strong regulatory action in this area by organizations

such as the IAEA, U,'1EP, WHO, FAG and I CRP .

Starting in 1958, states responded actively, through

the IAEA to calls from other international forums for stan-

dards and guidelines to cover the disposal of radioactive

materials into the sea. The 1958 UI< Law of the Sea Confer-

This would have gone even f rther than the Internation-
al Law Commission draft Article 48�!, "All States shall draw
up regulations to prevent pollution of the seas from the dump-
ing of radioactive waste," which was adopted without dissent
 ILC Yearbook l �956!: 62, para. 46! .

2
The proposed resolution recommended that the IAEA do

the necessary studies and assist States in controlling, and
preventing po1 lu t ion f rom, d i $ c ha roe s o f rad ioac t i ve mater-
ials to the sea; U N. Doc. A/COl'lF 13 L. 53; U.".'. Conference
on the Law of the Sea Plenarv I eetings 2 �959!: 143, 144.

3
As could be predicted, States such as the Soviet Union

have since interpreted the provision as banning all radio-
active waste dumping, and States such as the U.K. hav inter-
preted it as allowing controlled disposal.
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ence led to a flurrv of activity. The now well known scjen
tific Brynielsson Panel  established by the GAEA in pctober
195S! prepared a report �960!, which contained

recommendations which could serve as a
basis of international agreement to insure
that any disposal of radioactive waste into
the sea involves no unacceptable degree of
hazard to man, 1

and which still reflects, in part, the most authoritative
and comprehensive guidelines available . It does not deal
with hazards to the marine environment, but it recommends:
1! no release of high-level radioactive waste;
2! disposal of low and intermediate-level waste only

under control3.ed and specified conditions;

3! use only of waste-disposal sites designated by a
responsible national or international authority;

4! licensing, registering and monitoring of all dis-
posal by national authorities with registration
and standardization of monitoring also done by

the IAEA; and

5! annual reports to GAEA on sites, licensing and dis-
posals, and periodic review by GAEA of associated

problems.

following its statute mandate to establish or adopt
standards of safety for protection of health and mj.nimization

1 "Radioactive waste Disposal into the Sea," Reoort of
the Ad Roc panel Under the chairmanship of Mr. H. Br nielsson,February 1960  IAEA, Tp/HS/2]., 6 Apri 1 1960! p. 4; publishedas IAEA, Radioactive Waste Dis osal into the Sea, Safety Ser-
ies No. 5, 1961.
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of danger to life and property, the IAEA then convened the
Rousseau Panel to consider legal and institutional implica-
tions and potential action based on the Brynielsson Report.
Despite the four meetings from 1961 � 1963 and the final re-

1
port of 1963, this panel of lawyers could not reach agree-
ment. An East-West split parallel to that in the 195S LOS

Conference occurred with the Eastern minority insisting on
an absolute prohibition of all radioactive disposal in the

sea. And the draft articles, which were intended to become

IAFA recommendations and eventually a convention, were adop-
ted only by the majority of the Panel. This was partially
because the draft articles go considerably beyond all exist-
ing national and international frameworks in effectiveness

and comprehensiveness for controlling sea dumping of radio-
active waste.

The draft articles define "disposal" as the direct in-

troduction into the sea waters of radioactive material.

Various provisions calL for

1! no "disposal" of high-level wastes  there was un-

animous agreement based on existent knowledge!;

2! forwarding of complete data on past and intended

disposals of low and intermediate-level radioactive wastes

by states to the IAEA Director-General, with six months

lead-time required for future disposal;

l
"Legal Implications of the Disposal of Radioactive

Waste into the Sea, " IAEA, DG/4'DS/L.19 Rousseau Panel, 14
June 1963.
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3! prerogative for the Director-General to distribute
all data, consult, investigate independently, object to
the disposal or transmit affected state's objections,
advise against disposal pending consultation, and help
guide negotiations or mediation between involved states;

and

4! monitoring, reports, and registration in accordance
with the Brynielsson Report.

While the Brynielsson provisions were under development
through the IAEA, Hydeman and Berman werc formulating a
strong set of recommendations �959-1960! in the U.S. for1

an IAEA draft convention on radioactive waste disposal into
the sea. The IAEA panel stopped short of including three
recommendations made by Hydeman and Berman, namely:
1! authorize IAKA to independently monitor all national
sites and inspect all disposal activities at the sites;
2! report violations to IAEA, which can comment on them
and authorize functional sanctions; and

3! authorize IAEA to assist states in evaluation of
sites, setting regulations, inspecting and monitoring.
Despite obvious problems in gaining state acceptance of
such IAEA functions--especially parts of 1 and 2, they
generally remain legally desireable steps. And they
would be particularly effective steps for controlling the
sub-seabed disposal of radioactive wastes.

1 International Control of nuclear .',grit ime i-ctivities Ann Arbor: Univ. of .'!ichzgan I,aw School., 1960!, pp- 381, 382-
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It is important tO note the conCluSion of an inter-

national lawyer in 1969 concerning the nature of efforts by

It should be .",;ado clearthe IDEA-sponsored panels:

that the subject of those discussions was pollution of the

sea water and not the seabed." But while designed to con-

trol the dumping of non � high-level radioactive waste into the

sea, the Brynielsson, Rou seau, and Hydeman and Herman re-

commendations also form an important, although incomplete,

basis for an internationally regulated program for sub-

seabed disposal of radioactive waste. 4'hile the intended

international agreement never came about, the London Conven-

tion of 1972 did finally translate into treat~ law for the

partie" recommendations 1, 2, 3 and part o. 4 rom the

Brynielsson Report.

The other three conventions from the 1958 Con erence

on the Law of the Sea laid parts of the groundwork for the

seaward expansion of states rights and duties to control

marine pollution. tlarrow but important expansions o rights

carne first. Article 24�! o," the Convention on the erzi-

torial Sea and the Conti uous Zone provides that:

In a zone of the high seas contiguous
to its territorial sea [not to exceed 12
miles beyond the territorial sea], the coas-
tal state may exercise the control necessary
to:

1
Summary o f Discuss ion of Working Group I I on the Eco-

nonic Resources of :!.e sea-Bed, in Sztucki, e.' , S:,:.osi: n
on the lnt.erna ional ?eSioe of the Sea-Bed  Bone: F.;0, 1";70!,
p. 230; t  e na ",;e o= he in ernati onal lawyer::' not C iven.
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 a! Prevent infringement of its cus-
toms, fiscal, immigration or sani-
tar re ulations within its terri-
tory or territorial sea;

 b! Punish infrinqement of the above
regulations committed within j,ts
territory or territorial sea.
 Emphasis added.!

As of 1973, Brownlie held that it was by no means clear that

sanitary zones could be used as a basis to create pollution
2prevention zones or measures, because states were approach-

ing marine pollution problems primarily through multilateral
conventions. But that reason is not at all persuasive now

since States are no longer approaching problems of pollution

from oil or other substances primarily by means of multi-

lateral conventions. Unilateral and regional pollution con-

trol zones are increasingly common, and many more can be ex-

pected soon since a comprehensive law of the sea treaty seems

to be unreachable in 1974-1977. Increasingly it seems that

such measures beyond the contiguous zone, and in some cases

even beyond a prospective 200 mile "economic zone," may not
have to be based on a particular environmental vulnerability.

1 Convention on the Territorial Sea and Contiguous Zone,
29 April 1958 1964 15 U.S. T. 1606, T, I.A. S. 5639, 516 U.N ~
T ~ S. 205; although the concept of contiguous zones was only
confirmed by consistent State practice in the 1950's and
1960's, much development of special defense, f isheries, and
pollution control zones has occurred in the 1970's-

2 Brownlie princi les of public International Law
 Oxford: Oxford Univ. Press, 1973!, p.



aIld C,:..erv.: L o ' ll- . i'' '.:: - -..=0U ces 0 th< J/ic-.'q r>

which provides that "a coo . al ~ tate has a special inter-

in the maintenance of the productivity of the I ivinq rc~o.,
in any area of he hi:;h eas adjacent to its terri orial sc,~,"

3"i.on of its natural resources, thc overal I trend cc. tai n I

seems to be toward increasing national and intc.rnational

sertions of rights to control activiti.es on, anc3 areas of.,
the high seas in order to reduce

article 5 of the Conventio

polIution.or oreve',t

ntinc n al Shelfn on the Cc

ofters important cualificaticn o coastal t ~ t; rights to

c;vide, re=pcc",.i vc ly,use the shel . Sub-sections  I! nd �!

the conservation of living resources must not be unjustifiably

1 29 April 1958, T. I.;;.S. 5969, 559 i',.'r. S. 285.
2
See, generally, E. Ruster and B. Simma, comp. and ed.,

International Pr o' c ction of the E'n ironment   rea' ies and Re�
lated documents!, ' 0 vols.  Dobbs Perry, .'l. Y.: . c..mana Pubs.,

3 Vessel so'"rce and deep seabed pollution control are
covered in Part III of the RSV~., which i s di cussed 1 ~ter
this chapter.

many f isheri es:.egimes were concluded i n h". 1 ~i>0 ' s cond i 9,  ' '.-,.
Recent fisheries conservation and management may well be .,et-

ting some precec!ent for pollution control measure- and zon<.;
in the high seas. <n...-. this evidence of state bcha.ior in

fixing regulations to imi" the "rights" of all states to ex-

ploit Lhe resources of the commons is combined with develop-
ing rules for the control of pollution from vessels, from

exploration and exploitation of the cfeep seabed, and from

.he exploration of the co»tinental shelf anc'. the exploi' a�
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hampered and that living resources in any created safety

zone around shelf installations must be protected. This

trend of setting regulations for high sea activities will

be further elaborated below in discussions of the "tockhplm

Conference of l972 and the recent law of the sea negotiations.

General Princi les of Law Relevant to Use of the Dee > Seabed

So far we have found little in the way of treaty, cus-

tomary, or judicial sources of law of the sea which seem to

be directly applicable to sub-seabed disposal. There are

some guiding principles for use of the deep seabed that

should help us in judging the international acceptability of
nuclear waste disposal in this area. There is wide agreement

among nearly all countries in the UN that the seabed beyond
1

the limits of national jurisdiction  or "Area" !:

1! should be managed internationally;

2! must be used in accordance with international law

and the UN charter;

3! must be reserved for peaceful purposes; and

4! is the common heritage of mankind.

These principles have been derived from the work of the UN

General Assembly and have been reinforced during the Third

UN Conference on the Law of the Sea. It must be remembered,

however, both that, these principles have not been accepted

by several key countries, including the U.S., and that they

l The "Area" refers to the international seabed, cr t he
part that lies beyond the  yet to be determined! limits of
national jurisdiction.
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will be znterpx eted in vary'ng ways by .-tates faced with

specific cases of deep seabed usage, There is a real

limi,t to their usefulness. And it will be some time before

they become well specified since u cs of the deep seabed

and their regulation are still relative1.y undeveloped.

International management

International management has so far been narrowly de-

fined in Law of the Sea  LOS! negotiations due to an obses-

sion with the issue of potential mining of manganese nodule .

Though this part of the LOS negotiating text is unsettled,

it appears certain that. any International Seabed Authority

 ISA! would have jurisdiction only over "activities in the

Area," or all exploration for, and e::ploitation o- resource".

Furthermore, the definition of resources would be limi.ted
1

in situ mineral

Nhile waste disposal does not fall under ex,:.1oiting

minerals, there are three avenues by which an ISA might ac-

quire some role in a potential sub-seabed disposal prograr'

for high-level radioactive waste.

1. The general coverage of scient.ific research in the

Area. A sub-seabed disposal program for high-le !el radio-

active waste would involve detailed work at .ach site for

1
There have been specific compromises rr,ade between the

LDC's and the major powers which result in dro-.;ping from the
jurisdiction of the ISA "all uses" an" including only con-
trol of the "exploration and exploitation" of minera1. re-
sources in the deep seabed.
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several years and somo form of mcnitoring for long periods,
Nothing in the very general treatment of the RSNT appeared.

1
to restrict, this type of research.

The latest LOS text, the Informal Composite Negotiating
Text  ICNT!, seems to establish even less authority for the
possible future control of scientific research in the Area
by the proposed ISA. The applicable article �43! in Part XI
on the Area provides, in part, that:

1 Marine scientific research in the Area shall
be carried out exclusively for peaceful purposes an
for the benefit of mankind as a whole, in accordance
with Part XII [Protection and Preservation of the
Marine Environment! of the Present Convention.

The reference to Part XII replaces a sentence from Article 10
of the RSNT that obliged the Authority to ". . . promote and

ltencourage the conduct of scientific research in the Area.
1'urthermore, another sentence, which provided that "The
Authority may itself conduct scientific research in the Area
and may enter into agreements for that purpose," has not been
included in the ICNT. Nhen combined with the applicable
articles �57 and 258! from Part XXXI--Marine Scientific
Research--of the ICNT, which provide, in part, that:

States, . . . as well as competent international
organizations, shall have the right, in conformity
with the provisions of Fart XX of the present
Convention, to conduct marine scientific research
in the Area; [and!

RSNT, Part I, Article 10.

U.N. General Assembly, A/CON1'.62/W.P.10, 15 July 1977.
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States, . . . a.s well as cor;.petent.international
organizations, shall have the right, in conformity
with the present Convention, to conduct marine
scientific research in the water colurrn beyond the
lirni.ts of the exclusive economic zone or 200 miles
from the coast!i

it seems clear that research on the possible sub-seabed
disposal of radioactive wastes by states and international
organizations will not be restricted.

2. The need to protect the marine environment. The
preamble of the 1967 UN General Assembly resolution establish-
ing an ~Ad Hoc Seabed Committee expre ses ". : . the ir,".portance
of preserving the sea-bed and ocean floor, and the subsoil
thereof. . . from actions and uses which might be detrimental
to the common interests of mankind." The unanirrously
adopte<1 General i>sscmbl; reso'ution of 1968 which followed
the Ad Jlcc Seai ed Co-,rnittee ' s f inal report signific antly
liniited the mandate for future .~ark �968-1973! of the new
and larger Seabed Committee in the area of marine. pollution2

control. The Seabed Committee was instructed to examine
rreasures which migh prevent n.arine pollution from the ex-

ploration and exploitation of seabed resources. 'awhile
emplanting wastes withir. the se bed might under a broad i.nter-

UN GA Bes. 2340  XXII!, 18 Decer,ber l967; The Ad > oc
Seabed Committee, composed of representatives f rom thxrty-
five countries, was established by the UN General Asserrhly
with the very broad n'mandate to study the peaceful uses of
the seabed bc. ond national jurisdictions and to make recor'-
mendations on promoting international cooperation in its
exploration, conservation, and use.

2
UN CA Res. 2 >67  A!  XXIII! of 21 December 1968 created asligh" ly larger  forty-two nation! Sea"ed Cc;.=ittec witi' a verysimilar mandate and the sam very limited authority to

the use and regulation of tne deep seabed anr "make recor, n end-
vtions to the General Asse".,J ly."
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pretation logically be considered to be an "exploitation" of
one of the Area's "resources," i.e., stability, the meaning
of "resources" in this context has been specifically limited
to in situ minerals.

The 1970 U.S. Draft Convention on the International Sea-
Bed Area required the ISA to prescribe rules and recommended
practices over all exploration and exploitation of seabed re-
sources for protecting the marine environment and preventing

1injury to living marine organisms. Prompted by the U .S.
2nerve gas case, the State Department Legal Advisor told

the Seabed Committee that the U.S. Draft provided for bring-
ing parties before the proposed LOS Tribunal for a binding
decision if a proposed disposal involved a potentially
"harmful material," Together these provisions zould appear
to demonstrate a desire to extend ISA purview over marine
pollution somewhat beyond the scope of the Seabed Committee
mandate, but subsequent events have shown that the U.S.
position corresponds more closely to inclusion of only
pollution caused. bg exploration and exploitation of the
Area resources.

Important discussion continued in the UN Seabed Com-

1 United Nations, General Assembly, UN G.A.O.R., vol.25, Supp. 21  Doc. A/8021! �970!, Articles 9, 23 �!  a!
and  b!, and 68 �!  d! and  e! .

2 See Chapter II, above, pp. 63 70
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1mittee with the "Group of 77" st,.tcs, in ;.~articular, ad-

vocating ISA jurisdiction over all uses of the seabed and

associated uses of the high seas. One key example is the

proposal in the 1972 Declaration of Santo Domingo " for ISA

powers to prevent pollution and preserve the 'r"..a's environ-

ment. The exact degree of environmental jurisdiction, the

closely related question of power to deal only with seabed

resource uses or to harmonize uses of the se bed n.! supe»-

jacent waters, and the idea of providing for expans'.on of

ISA powers as its competence developed, were all le:t un-

settled by the UtJ Seabed Committee. By late 1973, however,

when the UN Seabed Committee had been dissolved, th< re

ed to be agree-, nt among represented states that: 1! a joint

state � international cor;.munity regulatory system could ef-

fectively draw on state environmental control experience from

exploration and exploitation of the continental shelf, and

2! the ISA should cover only non-living, i.e., mineral, re-

sources of the seabed, but it was recognized that protection

l
The "Group of 77" states was initiated by thc LDC ' as

a negotiating ubgroup designed to increase their b-rgaining
vower in various international conferences. By '974 it. '.~ad
grown to be an extremely large and he' rogencous g»cup o= over
100 states in the Third UN Conferenc" on the Law of the Sea.

2 UN Doc. A/AC. 138/80 �972!

of living resources against pollution from seabed activities
0

was one of the central factors in regulating seabed activities.

At heart it becomes a question of the mix of nation~i

and international regulation of poorly identified haze»".s t. � .
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the marine environmvironment and of the ad hqc as opposed to the

overall approach. The USSR, and some of the U.S. special
interest. groups, especially those having deep seabed mining
interests, s tress national regulation of pollution from ex-

ploration an expd exploitation of the seabed. Denmark calls for
adoption of separate specific anti-pollution agreements in
cooperation with appropriate specialized agencies, and in

1certain cases on a regional basis. Canada, which considers
environmental management to be inseparable from resource
management, calls for an integrated international environ-
mental regulatory system with shared responsibility for pre-

2servation of the marine environment. It is of course true
that individual state, or even regional, action does not con-
stitute the essential cumulative response to global environ-
mental challenges, but specif ic, ad hoc arrangements are

of ten the only manner in which states seem to be able to man-

age immediate and vital problems.

To date the negotiating text frorq the UN Conference on

the Law of the Sea offers only very specific coverage o f
harmful effects from "activities in the Area." It appears

that the ISA will not receive, at least initially, a strong
and comprehensive mandate to protect. this section of the

1 United Nations Doc. A/CONF.62/C. 3/SR.3/SR.3, para.
20, p. 312 �974! .

United Nations Doc. A/CONF.62/C.3/SR.21, p. 3 �975!
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1
marine environment.

3. An obligation to accommodate other activities in

the marine environment with mining activities. Though the

Authority will probably not be given jurisdiction here, this

obligation means that use of an arts of the Area for sub-

seabed dis osal cannot unreasonabl restrict other uses, in-
2

cludin resource develo ment.

Use of the Seabed in Accordance with International Law and

UN Charter

As referred to at the beginning of this section, the

second guiding principle--use of the seabed in accordance

izith international law and the UN charter--is even less de-

veloped than that of international management. There is,

however, a significant body of developing international law,

including increasing evidence of a relatively high-level

commitment to protect the marine environment. one basis of

this developing law, largely contained in the results to

date of the Third UN Law of the Sea Conference, is the re-

cent recognition by many states at the UV Conference on the

Human Environment  or Stockholm Conference! that

a growing class of environmental problems
because they are regional or global in ex-
tent or because they affect the common in-
ternational realm, will require extensive

1
RSNT, Articles 12, 28, 31 and 32; see also, generally

R. A. Frank, Deepsea Mining and the Environment, A Report of
the Working Group on Environmental Regulation of Deepsea .'1in-
ing for the ASIL  Wash., D.C.: Hest Pub. Co., 1976!.

2
RSNT, Part I, Article 16; this again raises the in-

herently undefinable concept of reasonableness.
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coopera iontion among nations and action by in-
ternat,ional organizations in the common in-
terest.

The ultimate disposa o
1 of high-level radioactive waste is

"common interest" in var ious way s.

Principles an
21 d 22 from the Stockho1m Conference

of 1972, which are unique for their definitive applica-
tion to the seabed and subsoil, establish a vital exten-
sion of international purview to state acctions in inter-

national  beyond national jurisdiction! areas and an ob-
ligation or s a e r

f t. t esponsibility and cooperation to de-
velop liability for actions in, and damage to, the Area.

The Principles were part of a document
environment.

from the Stockholm Conference which was not legally
binding on the participating countries, but as general-
ly acceoted princio es. 1 for international environmental

protection t ey o
h f rm one source of inter~atio~al law

persuas.ive o st tatesmen and legal propositions.

Principle 21

States have, in accordance with the
Charter of the United Nations and the prin-
ciples of international law, . . . the re-

UN, General Asserhly, Report of the U.N. Confer-
ence on t e

th Human Environment, UN DOC. A/CONF . 4 8/l4,
pp. 2-65, and Corr. 1 �972!, Preamble, para. 7.

clearly within is c a
th' class of problems both because it is

global in extent and because it could yver well a f feet the
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sponsibility to ensure that acti" ities with-
in their 'urisdiction or control do not cause
dama e to the environment of other states or
of areas beyond the limits of national 'uris-
diction.  Emphasis added.!

The exact interpretation of "activities within their con-
trol" is important because although it

applies clearly to citizens of a state, to
ships flying its flag, and perhaps even to
corporations incorporated in its territory,
it is more doubtful whether it applies to
residents of a state, to ships owned by its
nationals but flying other countries' flags,
or to foreign subsidiaries controlled by
corporations incorporated in the state.

This offers further evidence of the relatively strong
obligations which states are willing to undertake for damage
to the common marine environment. Yet the practical problem

remains in every specific application of determining the

threshold up to which pollution  or change! can occur without

legally significant damage, and beyond which pollution should
be prohibited.

Principle 22

States shall co-operate to develop fur-
ther the international law regarding liability
and compensation for the victims of pollut.ion
and other environmental damage caused by acti-
vities within the jurisdiction or control of
such states to areas beyond their jurisdiction.
 Emphasis added.!

The principle 22 idea of a developing international

liability for "harm" to the commons is very relevant for the

geologic disposal plan, but a much more specific, immediate

1
L. B. Sohn, "The Stockholm Declaration on the Human

Environment," Harvard Intl. L.J. 14  l973!: 493.
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commitment to prior warning or consultation in cases of po-
tential damage to the commons could not be worked out prior
to or during Stockholm, or afterwards in the UN General
Assembly. There is, regardless, a strong trend develop-1

ing toward the obligation for prior exchange of information
and views with appropriate states and international bodies,
and the right of affected states and in some limited cases
international bodies, to request and be granted adequate
opportunity for this prior exchange. The evidence of this
trend may be found in the negotiations leading to the Stock-
holm Declaration, the Stockholm Preamble  as quoted above,
p. 198!, the obligation in Stockholm Principle 25:

States shall ensure that international or-
ganizations play a. coordinated, efficient
and dynamic role for the protection and im-
provement of the environment,

2the dumping cases cited above, the NEA sponsored draft
agreement on ocean dumping of radioactive waste that seems

3to be acceptable to involved states, and other obligations
such as Article 25�! in the High Seas Convention o f 1958
 as quoted above, p. 142! . The developing and developed
rules of international law for use of the international sea-
bed area will be discussed. in greater detail in a moment.

1For a complete description of the attempt to develop
this principle "22A", see Sohn, pp. 496-502.

2See Chapter lI, above.

3This draft agreement has not yet been released for
public inspection by the involved governments.
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Use of the Seabed for Peaceful Purposes

The third guiding principle--that use of the Area

should be reserved for "peaceful purposes" remains undevelop-
ed because of disagreement over interpretations. Neither

the call for further study embodied in General Assembly
Resolution 2467 xxIII! of 21 December 1968, nor the state-

ment in General Assembly  principles! Resolution 2749 Xxv!
of 17 December 1970 that one or more international agree-
ments would soon effectively implement the principle has

led to further clarification of "peaceful purposes", i.e.,

the scope of prohibited seabed activities. Widely varying
positions in both the Legal Sub-Committee of the UN Seabed

Committee and the First Committee of the UNGA indicated1 2.

that consensus was not within reach on the substantive and

procedural issues of "peaceful purposes."

If one accepts the interpretation that military uses
in pursuit of "peaceful" aims or in fulfillment of "peace-
ful" intents, consistent with the UN Charter and inter-

national law, constitute use for peaceful purposes, the prin-

ciple of peaceful use poses no obstacle to the sub-seabed

disposal of military and commercial high-level radioactive

waste. If "peaceful use" completely excludes all military

uses  a rather extreme interpretation!, then there may be

1
See, for example, UN Monthly Chronicle 6  l969!: 127.

2
See, for example, UN ."monthly Chronicle 5 �968!: 60.
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some doubt as to whether sub-seabed disposal of high-level
radioactive wastes should be permitted.

Article 3 of the 1970 U.S. Draft Convention specifical-
ly provided that the Area must be open to all uses except
exploration and exploitation of designated resources b y all
states. This explicit protection of other uses, which would
also cover a disposal program, has since 1967 been an in-
flexible element of the negotiating position of various
States, especially those with strong interests in using the
seabed for purposes, such as a platform for listening devices,
which are not banned by any treaty. Despite the large number
of States in the Group of 77 which are strongly opposed to
any military use of the seabed, there is usually at least
implicit acknowledgement of the vital nature of this issue
to some States, especially the U.S., for strategic deterrence

purposes.

The Common Heritage of Mankind
The final principle--that the Area is the common heri-

tage of mankind--is the vaguest of all. Although it has
never been formally accepted by the United States, there is
general agreeme~t that this principle, in a more specific and
refined form would entail sharing potential mineral resources,
furthering an international communal interest, and banning

1

any national appropriation of the Area.

1RS'AT, Part I, Art. 3 provides that "The Area and its
resources are the common heritage of mankind."
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A key issue is the degree of state, regional, and in-

ternational control needed over the seabed for an acceptable

radioactive waste disposal program. One observer, Robert

Stein, of the International Institute for Environment and

Development, has testified that, in his opinion, sub-seabed

disposal would involve the appropriation of portions of the
1deep seabed. This assertion is not persuasive as long as

the common heritage principle remains in its presently vague

form. Furthermore, since nearly all norms of general inter-

national law begin as unilateral assertions, it is impossi-

ble to determine in advance if states would respond by lab-

eling sub-seabed disposal as national appropriation of the

seabed. Determination of whether sub-seabed disposal would

constitute "national appropriation" must be based on fac-

tors such as:

1! Which other uses of the ocean or seabed would be res-

tricted, and to what degree; and

2! What are the responses by countries and regional and

broad international organizations to the announcement

or execution of such a program.

Given that four countries are already participating

in the international research effort and that international

regulation is assumed to be essential to effective implemen-

tation, it now seems unlikely to involve "national appropria-

tion" of the seabed. Yet it is really too early to make any

definitive judgment on this question since fou" countries

1
U.S., Congress, House, Comm, on Interior and Xnsular

Affairs, Hea in s on Radiolo ical Contamination of the Oceans
before the Subcomm. on Energy and Environment, 94th Cong.,
Sess., ser. 94 � 69, l970, p. 23.
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hardly constitute a persuasive movement.aga'nst l50 others
which may well view sub-seabed disposal as "national appro-
priation" by each of the participants.

Despite the vexy general, at times vague, language
of the international legal pr'nciples governing use of the
deep seabed, there a e already some rules dc.veloped and the
ongoing law of the sea negotiations and state practice will
eventually forrrulate and solidi y rroxe. In adc.ition to the
legal constraints on sub-seabed disposal of radioactive waste,
strong polit. ical and diplorrratic pressure can also be expected
to restrict unilateral state actions in the interim.

Third UY Conference on the Law of the Sea �973-1977!
Intensive work on the rr,arine environment and scienti-

ii c research from 1970 to l973 by a subcornittee of the UN
c "neral Assembly's Seabed Corrznittee inc' from 1974 to 1976
by Cow.=,rittee III of the Third U'.! Conference on the Law of
the Sea have produced Part III of the Revised Single Negotia-
ting Text  RSXT! on envirorr�cnta 1 -�rotect ion. Sir.-.ilarl'.
efforts in the O'3 Se bed Co-,.z;itted fra". 1970 to 1973 and in
committee I of the LGS Confe ence from 1974 to 1976 produced
Part I of the RS[cT on controlling resource exploitation in
"he international seabed area. The full signi icance of
t he RSNT cannot be kncwn until the Conference ends, but even
without an accepted treaty the RSfcT, represent'ng the closest
states seerrr able to come to consensus at this time, would

1 As noted above, an ICr!T  Jul, l977! resulted f rom the
latest ses ion  ."ag.-~uly 1977, N.Y. ! of ti:e LOS Conference.
Kith the exceptions noted above regarding scientific research,
and below regardin;. environr�ental protection, there are only
minor dra ting dif f~rences bctwec:n the applicable sections of
the RSIiT �976! anci +he new IC?iT  l977! .
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form an important basis for future state practice, judicial
proceedings, and writings. And these will lead to the adop-
tion of some of the text, if not as a treaty law, then through
practice and diplomatic correspondence as general internation-
al law. This may hold particularly well for Chapter 1 of
Part III on the marine environment since it seems now widely
accepted. This Chapter �7 articles!, Protection and Preser-
vation of the Marine Environment, is the focus of the pre-
sent analysis, although the Part I text of the RSNT on the
deep seabed beyond the limits of national jurisdiction will
also be analyzed.

The RSNT provides important evidence of developing
and existing tre~ds which will impact directly on any sub-
seabed disposal program. But it must be remembered that
thi,s disposal concept has never been a formal topic of dis-
cussion at the Conference of 1973-1977 and that the seabed

disposal program only started in 1973-1974. Only articles
of the RSNT which have not already been addressed will be
discussed below.

Part III Protection and Preservation of the Marine Environ-
ment

The Part III text on "Protection and Preservation of

the Marine Environment"  Chapter I! is largely new and

developing law based on the 1971 Intergovernmental Working
Group on Marine Pollution Guidelines and the 1972 Stockholm

Declaration, but there are also certain principles, standards
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and other provisions which have acquired the force of law
from practice built on the 1958 Conventions, more recent
conventions, and other bases.

While the text of Chapter 1 of Part III, with the
exception of certain questions of standards and enforcement,
is relatively well settled, the substance of the rights and
duties contained therein is still very limited. This is a
function, inter alia, of the very recent nature of almost
all the articles and the perceived necessity for attempting
to formulate a comprehensive set of overarching environmen-
tal guidelines.

Section 1 -- eneral rovisions. The important, yet
very general, Article 2 statement that "States have the ob-
ligation to protect and preserve the marine environment" is
amplified by Article 4, which provides, in part, that:

1. States shall take all necessary measures con-sistent with this Convention to prevent, reduceand control pollution of the marine environment
from any source3. The measures taken pursuant to this Chapter
of the Conventio~ shall deal with all sourceswhatsoever of pollution of the marine environ-ment. These measures shall include, inter alia,those designed to minimize to the fullest pos-
sible extent: a! Release of toxic, harmful and noxioussubstances, especially those which are persistent:

 i! from land � based sources
 ii! from or through the atmosphere

 iii! by dumping
 b! Pollution from vessels c! Pollution from installations and de-vices used in the exploration and exploitationof the natural resources o+ the sea-bed and

sub-soil d! Pollution from all other installationsand device o eratina in the marine environment.
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4. In taking measures to prevent, reduce or
control pollution of the marine environment
States shall refrain from unjustifiable inter-
ference with activities in pursuance of the
rights and duties of other States exercised
in conformity with this Convention.

While sections 4 l! and �! show that the Chapter applies to

all sources of marine pollution, it is important for the pur-

poses of later articles to determine if any of the specifi-

cally listed types of pollution apply to sub-seabed disposal.

"Release . . . by dumping" in section 3 a! would not seem to

apply to a system designed to isolate the wastes until they

decay to acceptable levels. Section 3 b! covers operational

discharges from vessels. As already explained above, section

3 c! does not seem to apply since natural resources have been

specifically restricted to in situ minerals. Finally, al-

though section 3 d! could be construed to cover sub-seabed

disposal, there is no later article expanding on the inter-

national rules and national legislation obligations for this

general category of pollution similar to those for the other

listed categories. Section 4 is the direct application of

the "reasonable regard" rule from the Convention on the Hi h

Seas of 1958 to pollution control measures taken by states.

Article 6 of the RSNT provides, in part, that:

States shall take all necessary measures
to prevent, reduce, and control the use of
technologies under their jurisdiction or con-
trol . . . alien or new to a articular art
of the marine environment which mav cause si
nificant and harmful changes thereto.

is added.!

When combined with Article 4 this forms a strong set of
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1obligations for all States. They could both apply di-

rectly to sub-seabed disposal.

Section 2 - lobal and. re ional coo eration. Arti-

cles 7, 10 and ll confirm further familiar obligations

of all states. A relatively common and consistent body

of practice has developed around the cooperation of
states, both directly and through regional and inter-

nationa.l organizations, on:

�! acquiring knowledge for the assessment of

pollution and its pathways, risks, and remedies  Arti-

cle 10!;

�! formu'lating scientific criteria upon which

to base pollution regulation  Article ll!; and

�! establishing and elaborating international

rules, standards, and practices to prevent marine pol-
lution, taking into account characteristics regional fea-

tures  Article 7! .

Articles 8 and 9 set up notification and action

procedures for cases of "imminent danger" of damage to
the marine environment. These probably are not rele-

vant for a program such as sub-seabed disposal, with

the possible exception of the potential situation
where some version is about to be implemented unilat-

1 It is important to remember that almost all of
the articles in Chapter l  environment protection! of
Part III would establish universal obligations, i.e.,
they would purport to be declaratory o international
law binding on all nations, even those not adhering to
the Convention.
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erally and without any prior notification and consulta-

tion. They would, however, apply to any accidents threat-

ening the release of radioactivity during or after the

emplacement of wastes into the seabed.

Section Article 14 offers a high-

ly qualified, universal obligation to monitor the risks

and effects of marine pollution:

l. States shall, consistent with the rights
of other States, endeavor, as far as practi-
cable, individually or collectively through
the competent international organizations,
to observe, measure, evaluate and analyze,
by recognized methods the risks or effects
of pollution of the marine environment;

and, much more significant, a specific obligation for

states to monitor their marine activities:

2. In particular, States shall keep under
surveillance the effect of any activities
which they permit or in which they engage
to determine whether these activities ar
likely to poLLute the marine environment.

Both sections of Article 14 appear to be applicable to

any sub-seabed disposal program. Closely reLated is the

Article LS obligation fox publishing or distributing re-

lated reports:

States shall publish reports of the results
obtained relating to risks or ef.ects of pol-
lution of the marine environment, or provide
at appropriate intervals such reports to the
competent international or regional organiza-
tions, which should make them available to
all States.

Section 5 - environmental assessment. The U.S. en-

vironment impact statement process formed the basis for

Article 16 of the RSNT:



211

Article 16

Nhen States have reasonable grounds for
expecting that planned activities under their
jurisdiction or control may cause substantial
ollution of, or siqni icant and harmful changes

to, the marine environment, they shall, as far

such activities on the marine environment and
shall communicate reports of such assessments in
the manner provided in Article 15. . . .  Empha-
sis added.!

The phases "substantial pollution" and "significant and harm-

ful changes" make this assessment obligation .very weak. The

addition of "substantial" before "pollution" and the need

for changes which are both "significant" and "harmful" great-

ly raise the legally enforceable threshold. And the use of
"as far as practicable" to qualify the obl.igation to assess

activities opens a major loophole for deep seabed activities.

Section 6 � international rules and national legisla-

tion. Though this chapter, from Articles 17 to 22, has gener-

ally been the toughest negotiating issue in Part IZI, the po-
tentially relevant area of dumping in Article 20 is relative-
ly well accepted due to the results of the t~orking Group on

Pollution in Geneva �975! . The general approach has been to

vest environment rights and duties with the state which has

jurisdiction over the subject actors.

Article 20 expands on the "dumping" category of pollu-
tion which was listed in Article 4�!, as outlined above.
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Article 20

l. States shall establish national laws and re-
gulations to prevent, reduce and control pollu-
tion of the marine environment from dumping of
wastes and other matter. [" Dumping" is construed
as in the London Convention of l972.]

2. States shall also take other measures as may
be necessary to prevent, reduce and control such
pollution.

3. Such laws, regulations and measures shall en-
sure that dumping is not carried out without the
permission of the competent authorities of States.

4. States, acting in particular through compet-
ent international organizations or diplomatic con-
ference, shall endeavor to establish global and
regional rules, standards and recommended practices
and procedures to prevent, reduce and control pol-
lution of the marine environment by dumping of
wastes and other rnatter. Such rules, standards
and recommended practices and procedures shall
be re-examined from time to time as necessary.

5. Dumping of wastes and other matter, within
the territorial sea and the economic zone or on-
to the continental shelf shall not be carried
out without the express prior a, proval of the
coastal State, which has the ri- ht to permit,
regulate and control such dumping after due con-
sultation with other States which by reason of
their geographical situation may be adversely
affected thereby.

6. National laws, regulations and measures
shall be no less effective in preventing, re-
ducing and controlling pollution from dumping
than global rules and standards.

The basic state obligations and jurisdiction for rule-making

and enforcement follow the pattern established by the London

Convention dumping regime.

If seabed disposal is eventually determined to be
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"dumping" under international law, this article will be ap-

plicable. But diplomatic correspondence based on Article 20,

especially sections 1 and 4-6, leading to the development of
related general international law could be at. least as effec-

tive and important as this part of the RSVT.

Article 19 ca3 ls for States to regulate seabed activi-

ties and refers us to Part I.

Article 19

States, acting in accordance with the pro-
visions of Part One of this Convention, shal3.
establish rules, standards and recommended prac-
tices and procedures to prevent, reduce and con-
trol pollution of the marine environment from
activities concerning exploration and exploita-
tion of the internationa3. seabed area. Such
rules, standards and recommended practices and
procedures shall be re-examined from time to
time as necessary.

Section 10 � responsibility and 3iabilit . Under an

earlier text,  the Informal Single Negotiating Text of 1975!,

states were specifically to be responsible and liable for

damage to international areas of the marine environment along
the lines of principle 22 of the Stockholm Conference �972! .

Article 44 of the RSVT now provides that:

1. States are responsible for the fulfillment
of their international obligations concerning the
protection and preservation of the marine environ-
ment. They shall be liable in accordance with in-
ternational law for damage attributable to them re-
sulting from violations of these obligations.

1 See above, pp. 161-166.

2 The ICNT of 1977  Article 210! also calls for the es-
tablishment, in accordance with the part of the Convention on
the Area, of international rules, standards, etc.
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2. States shall ensure that, recourse is avail-
able in accordance with their legal systems for
prompt and a equate compensation or other relief
in respect of damage caused by pollution of the
marine environment by persons, natural and juridi-
cal, under their jurisdiction.

3. States shall co-operate in the development
of international law relating to criteria and pro-
cedures for the determination of liability, the
assessment of damage, the payment of compensation
and the settlement of related disputes.

This is unclear as to:

l. Nhat the threshold is for "damage" attributable to States;

and, 2. When and how States are obliged to cooperate in es-

tablishing such liability, assessment, and payments. But it

does establish the required basic principles. The specific

rules of international law, applicable to deep seabed activi-

ties, indicating precisely what states are to be responsible

and liable for, are lacking. l~'e will see below, for example,

that there are not even. any proposed provisions f' or deep sea-

bed activities not involving mining. Yet concernod states can

take advantage of the fact that international law does not de-

velop through treaties alone. States can greatly accelerate
the process of developing general international law on respon-

sibility and liability for pollution frcm deep seabed activi-

ties by frequently citing and acting consistently with princi-
ples related to more effective control of pollutio~ in the commons'

Part IV: Dispute Settlement

While still subject to major revisions, the Part IV

text on dispute settlement is also highly r'elevant to the

question at hand. The potential need for interpretation and
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other questions of law would be especially high in the un-

settled area of !urisdiction and functions of the ISA

 Part I! and the new and developing area of environmental

protection  Part III!. Under Article 12 of this Part and

Article 26 of the annexed Statute, a Law of the Sea Tribunal

would have the power, if requested, to prescribe provisional

measures "to prevent serious harm to the marine environment."

Article 14�! of the Tribunal's Statute allows it to form

chambers of members with special expertise for disputes of

a particular category, such as pollution. Article 16 makes

provision for two or more technical assessors and of a fact-

finding board to assist in disputes involving technical ques-

tions.

The Special Procedures section on pollution, in an an-

nex to the dispute settlement Chapter, allows a Party to re-

quest submission of a dispute to a five member special com-

mittee of experts on scientific and technical marine pollution

problems. The committee has the same power to prescribe bind-

ing provisional measures as the Tribunal. While normal de-

cisions are binding, if requested the committee can also in-

vestigate related factual aspects and make recommendations to

Parties. This procedure, however, will only apply to dis-

putes over interpretation or application of certain Conven-

tion articles which are yet to be designated.

Part I: the Deep Seabed and the Potential International Sea-

bed Authority  ISA!
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Part I of the RSNT is designed to control competition
in deep seabed resource exploitation. As noted above in the
discussion of the general principle calling for "internat'on-
al management" of the Area, the proposed ISA is not, according
to the RSNT, designed to control anything beyond the explora-
tion and exploitation of seabed minerals, and possibly direct-
ly associated aspects such as scientific research and environ-
mental protection. Although Part I deals with the most con-
troversial and least settled area of the RSNT, it is impor-
tant to establish its potential impact, or lack thereof, on
sub-seabed disposal, especially its relationship to Part III
and environmental protection of the Area.

The entire issue of general environmental protection
for the seabed beyond national jurisdiction ir. Part I is
dealt with in on article  Article l2! which reads as follows:

With res ect to activities in the Area,
necessary measures shall be taken in order to
ensure effective protection for the marine en-
vironment from harmful effects which may azise
from such activities. To that end the Authoz-
ity shall adopt appropriate rules, regulations,
and procedures foz inter alia: l

 a! The prevention of pollution and contam-
ination, and other hazards to the mazine en-
vironment, including the coastline, and of in-
terference with the ecological balance of the
marine environment, particular attention being
paid to the need for protection from the con-
sequences of such activities as drilling, dred-
tion and operation oz maintenance of installa-
l

Even this reference to the Authority has been
eliminated. In the ICNT of 1977, this sentence is zeplaced
with the phrase " . . . in accordance with Part XII [on en-
vironmentaL pzotectionj of the present Convention
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tions, pipelines and other devices related
to such activities;

 b! The protection and conservation
of the natural resources of the Area and
the prevention of damage to the flora and
fauna of the marine environment.  Emphasis
added.!

This is a strong obligation on the ISA with elements of

the assimilative, damage, and use interference approaches.
But the ISA is only directed to take "necessary measures"
with respect to the exploration for, and exploitation of
in situ mineral resources. As expected from the limited

function of the ISA, environmental protection for all

other seabed uses is not included. The net. result is a

general lack of any specific attention--even to the degree
given to nodule mining � to non-mining uses of the inter-
national seabed.

Article 17 assigns to states parties or internation-

al organizations specific responsibility for ensuring that
all their activities in the Area comply with the Conven-

tion. But damage resulting from violations by state-
sponsored persons does not entail state liability under

the Convention if the state has taken all "necessary and
appropriate measures to secure effective compliance."

For high-level nuclear wastes, this loophole should not

be a problem, since federal governments will be directly
responsible.

Articles 27, 31 and 32 establish the Council, Technical

Commission, and Rules and Regulations Commission as the bodies
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to control and supervise all activities in the Area. The

Council's functions  Article 28! of approving all work plans

and regulating all activities in the Area give it strong in-
fluence over environmental protection. The Technical Commis-

sion prepares environmental impact assessments, reviews work

plans, supervises all Area operations, takes into account

the views of experts in environmental protection, and i sues

emergency orders  which may include suspending operations to

prevent serious harm to the marine environment! . Assistance1

in impact assessment is provided by the Roles and Regulations

Commission, which then considers the environmental implica-

tions, takes into account expert views, and recommends rules

and regulations to the Council. All rules and regulations

are ineffective until adopted and implemented provisionally

 pending final adoption by the Assembly! by the Council. The

qualifications called for in members of these bodies combined

with the inclusion of special interests and equitable geogra-

phic distribution selection criteria, portend a strong mining-

development orientation. It seems that within these bodies

significant expertise in marine environmental protection for

even nodule mining may be limited.

The crucial underlying problem of establishing strong

authority for overall environmental protection for deep sea-

bed activities has been submerged by very powerful mining

1
Article 31 l! also allows the Technical Commission to

"disapprove contract areas in cases where substantial evidence
indicates the risk of irreparable harm to a unique environment."
The meaning of "irreparable harm" arid "unique environment" are
left completely open.
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interests. The U.S. and other countries which often lead

the drive for stronger environmental protection are here re-

stricted, at least in negotiations over Part I, by their

position that. the ISA should have very strictly defined and
limited powers. Part III offers important general provisions

for protecting the marine environment which are clearly ap-
plicable to radioactive waste disposal within the deep sea-
bed. But the Part III reliance on Part I for more specific

controls over deep seabed uses, when combin d with the strict-

ly limited function of the ISA established in Part I, results
in a lack of more specific and detailed provisions on environ-

mental protection for non-mining uses of the seabed.
mumm ar Law of the sea, with some qual.ifications, thus offers

some important developed and developing rules and regulations
for sub-seabed disposal. Existing treaty law offers some use-

ful provisions, but equally important is the groundwork estab-
lished by treaty law for states to initiate diplomatic cor-
respondence and develop general international law concerning
protection of the marine environment. With the exception of
the early IAEA work done in response to the High Seas Conven-
tion of l958, none of these efforts on marine pollution con-
trol distinguish between low-level and high-level nuclear
wastes. Most of this law covers radioactive wastes under
the general categories of toxic, persistent, or hazardous
ma+erials. With respect to definitions of pollution, princi-
ples for seabed use, and the RSNT, a crucial question for the
future is whether or not sub-seabed disposal would signifi-
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cantly restrict other possible future uses of the deep sea-

bed. Ne have seen the increasing national and international

assertion of rights to control activities on and areas of

the high seas for pollution prevention. It seems possible

that sub-seabed disposal applied unilaterally in the future

could justifiably be protested as an unacceptable form of

appropriation of international seabed. While the HSNT sec-

tion on environmental protection lays a general basis fox

international regulation and state control of sub-seabed

disposal, there is little regulatory authority for any poten-

tial International Seabed Authority in its present proposed

form.

Multilateral Atomic Ener and
Environmental Controls

This section will provide a broad look at the availa-

bility and adequacy of international nuclear and environmen-

tal controls for sub-seabed disposal. Broad international

and regional � European � organizational frameworks will be

examined. Although it is necessary to analyze various in"ti-

tutional authorities and responsibilities here, most comment

on future institutional possibil.ities will be reserved for

Chapter 7.

Atomic Energy Controls and Sub-Seabed Disposal

Internationally, regulatory and minimal enforcement

powers are available through the XAEA, the specialized agen-

cies, and other bodies associated with the UN. The CEC/

EURATOH and NFA  OECD! offer some regional models and con�
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trol structures. Taken together they represent an important�

though generally non-binding � source of potential internation-

al influence over the development and use of sub-seabed dispo-

sal.

tAat international legal authority does the IANNA have

over nuclear waste managements One of the functions establish-

ed in its Statute  Article 3 A!  '6!! is:

To establish or adopt, in consultation and, where
appropriate, in collaboration with the competent
organs of the United Nations and with the speciali-
zed. agencies concerned, standards of safety for
protection of health and minimization of danger to
life and property . . . and to provide for the ap-
plication of these standards to its own operations
as well as to the operations making use of materials,
services, equipment, facilities, and information
made available by the Agency or at its request or
under its control or supervision; and to provide for
the application of these standards, at the request
of the parties, to operations under any bilateral
or multilateral arrangement, or, at the request of
a State, to any of that State's act'vities in the
field of atomic energy.

On this basis the Agency develops and applies standards and re-

commendations to govern radioactive waste disposal worldwide.

The traditionally assumed distinction, with respect to

radioactive waste management, between the IANNA health and safe-

ty function and the function of establishing and administering
2

safeguards against military uses  Art. 3 A! �! ! is fading.
It is no longer clear that health and safety concerns can be

1 In J. Barros and D. N. Johnston, The Int 1 Law of Pol-I

lution  V.Y.: The Free Press, 1974!, p. 405.
2 See P. Szasz, The Law and Practices of the IAKA  Vienna:

IAFA, l970! pp. 659, 6; the xnternatxona interest xn health
and safety is held to be "somewhat tenuous and speculative."
"Consequently, while the safeguards function is focused on the
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controlled exclusively by states  traditional assumptions
are no longer universally accepted that the risks are low

1and mainly local in nature! or even that waste management
is essentially a matter of health and safety. Waste manage-
ment increasingly involves major safeguards and other inter-
national implications, including problems such as spent nu-
clear fuel storage or disposal for countries delaying or
cancelling spent fuel reprocessing. Nuclear safeguards
against military uses and radioactive waste managemen are
now tightly interlocked, especially if there is no reproces-
sing and spent fuel becomes a waste. The implications for

IAEA: an increasingly direct role rather than one of develop-
ing, and sometimes recommending and applying international
standards will be essential to its future effectiveness in

this area. Safeguards against military uses as well as

health and safety should be firmly established as bases for

IAKA action in the area of high-level radioactive waste man-
agement.

IAEA's present responsibilities which are directly ap-
plicable to sub-seabed disposal may be specified as follows:

l! establishment of safety standards and publicat.ion of re-

commendations on radiological protection and waste management

exercise of controls, and the development of the "system" is
only of anci llary import � the health and safety activities
consist primarily of the establishment of standards to be ap-
plied to nuclear operations, secondarily of arrangements to
apply these standards to particular operations, and only ter-
tiarily of the control of the effectiveness of this applica-
tion � in effect a direct reversal of the priorities relating
to safeguards."

l
Se Chapter l, above.
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--legal/administrative measures for control

of radioactive waste disposal into seas and

oceans

--studies on the effects of radioactivity on

aquatic organisms and ecosystems, and the

interaction of radioactive contaminants

with constituents of the marine environment

--development of guidelines for geologic dis-

posal of high-level and alpha-bearing wastes

2! recommendations on safe transport of radioactive materials

3! regional training and technical assistance

--grant of research contracts and agreements on

marine science and pollution

--special missions on siting of nuclear facili-

ties on sea coasts and offshore.

By far the most distinctive element of most
contemporary action being taken both in the United
Nations itself and its specialized organizations
is the promulgation of common international stan-
dards and recommendations by which radioactive
and other sources of environmental radiation are
monitored and hopefully controlled . . . The con-
cept of international standards is not a new one.
They have long been a part of numerous multilater-
al arrangements . . . but they are now beginning
to emerge as a distinct type of norm characteri-
zed by a high degree of flexibility and adaptabil-
ity, and so far accepted by States as techniques
that do not intervene in the exercise of domestic
jurisdiction . . . Voluntary standards can some-
times be worked into a system with well defined
uniform legal consequences. 2

Adapted from "U.N. and the Sea," U.N.I.T.A.R. News 6
�974!: 3; and UN DOC. E/5003  l971!, sec. 4.

H. L. Dickstein, "Environmenta3. Hazards and Law,"
Int'1. Com . L. Q. 23 �974!: 436, 437.
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We have already seen one important case where such standards
can become obligatory for States. IANNA's Definition and Re-
commendations on radioactive waste disposal at sea under the
London Convention are binding for all Parties and highly per-
suasive for all States. This is a prime example of a way to
gain state acceptance of mandatory international regulations
even if enforcement remains in the hands of national author-
ities. One central ingredient is the use of a criteria and
regulations development process with groups of individual
scientific and social scientific experts which meet prior to
the groups of governmental representatives. Another impor-
tant element is starting out at a low level of national corn-
mitments to such international mechanisms.

The IAZA has a fairly well established process for
producing widely acceptable standards, codes and
guide documents in those areas of nuclear techno-
logy where a great wealth of technical information
has already been generated by Member States. Though
the detailed procedures vary, the general approach
is to convene an "advisory group" of expert con-
sultants who draft a code of pract.ice . . . for a
certain area of technology. Following this a meet-
ing is held of a larger "review committee" which
represents as widely as feasible the nations with
a developed capability in the particular area.
This group revises the draft document into a form
that, implicitly, represents a broad consensus.
Some codes are published at this state, or they
may proceed through further review processes in-
cluding distribut.ion for comment to '-member States.
Finally the code is brought before the Board of
Governors for approval, after which the Director
General promulgates it to Member States with the
recommendation that it be taken into consideration
in formulating the countries' own codes in this
area of technology.

C- H- Nillar, "Int'l. Aspects of Waste Nanagement,"
Proc. of the Int'l. Symposium on the Nanaqement of Wastes
from the LWR Fuel C cle.  Denver, Colorado: U.S. ERDA, July
L976!, p. 28.
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Once developed these codes are usually reviewed and revised

every few years. Sometimes they are built into a draft con-

vention or protocol and they are generally persuasive for

countries formulating related legislation.

There are, however, problems for effective internation-

al legal development � in addition to the usual lack of im-

plementation and enforcement powers � in this process. The

process is often halted at. an early stage or slowed to an in-

adequate pace by problems in reaching a consensus on scien-

tific and technical issues, low interest of, or lack of sup-

port from, governments, inter-agency competition, or inability

of governments of the Board of Governors to reach agreement

due to political differences, It often takes five years,

and sometimes ten or fifteen, to develop a widely accepted

set of standards. And great care is essential to avoid the

adoption of a least common denominator document.

At least among any nations that are interested in im-

plementation, sub-seabed disposal is likely to draw inter-

national cooperation, especially among experts, in a stan-

dard development process. This is due to the need to b ring

together all scientific and socio-economic information avail-

able worldwide on sub-seabed disposal and the apparent re-

quirement for strong international guidelines on any future

implementation. Yet even if a consensus canEe reached on

the science of sub-seabed disposal, there could be major

political complications introduced into the standards develop-

ment process.
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A paper presented in 1976 by the Director of IAEA's

Division of Nuclear Safety and Environmental Protection helps
explain how these standards for nuclear energy are enforced
internationally.

While no effective international police force
exists to enforce these codes, there is a con-
siderable moral pressure both nationally and
internationally to operate to standards that
are no less stringent than those in the inter-
nationally publicized IAZA codes.
In many cases, however, � and this is parti-
cularly true with the developing nations � nu-
clear projects require some assistance either
financial or technical from the IAEA or other
Agencies within the United Nations' family,
Here acceptance of appropriate Agency standards
can be made a condition of granting such aid,
and more and more this mechanism is proving an
effective form of international enforcement of
a code. And, going one step further, vendors
of nuclear goods and services in the developed
nations must bring their products' standards
up to the level of the IARA code if they wish
to compete for this business.

His explanation of the international situation for re-

gulating radioactive waste management is much less optimistic.
However, the situation is not so well advanced
in the field of waste management. While small-
scale and interim measures have been adopted
for handj ing low � and intermediate � level wastes
arising from reactor operation, the lack of ade-
quate reprocessing plants has delayed the major
impact of the flow of high-level wastes from re-
processed fuels which in the long term will con-
stitute the main concern of waste management..
Most major nuclear states have expended some de-
velopment. efforts along various lines of waste
management . . . but there is far from any con-
sensus on a long term waste management scheme
that seems at all acceptable to today's concern-
ed public. As a consequence, there is at the
present time little possibility that the IAEA
could produce an agreed set of standards for
waste management and disposal. Thus the Agency's
current role is to use its limited resources to
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co-ordinate, and hopefully accelerate, the ad-
vancement of the technology. 1

This seems to be an overly pessimistic assessment of waste

management regulation status and prospects. In addition to

IAEA efforts which have already been launched to develop

site selection criteria for high-level waste disposal and

guidelines for geologic disposal of nuclear waste, there is

a strong chance that an agreed set of standards for waste

disposal at sea  the final IAEA Definition and Recommenda-

tions based on the Provisional Definition and Recommendations

discussed above! will be available in 1978. There are also

widely accepted regulations for transportation of nuclear

materials, a vital part of waste management. And there would

seem to be major opportunities, if the Agency and its leading

member states do not shy away from all areas of political con-

troversy, for developing international guidelines on at least

spent fuel storage and high-level waste solidification.

Furthermore, an IAEA role which is limited to coordina-

ting technical development addresses only a part of the pro-

blem. We can now observe clearly in many countries that the

radioactive waste management problem which must be addressed

by the IAEA involves not only technological development but

also the development of socio-economic and even political

criteria to support international waste management standards

and regulations. If the problem is largely political in na-

ture, it will not be solved by skirting the policy issues.
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International Liabilit for Nuclear Dama e

There are three primary agreements governing potential-
ly applicable areas of international liability for nuclear
damage: the Paris Convention on Third Part Liabilit 'n t
Field of Nuclear Ener of 1960, its Additional Protocol �964!

1 both in force, with L2 Parties as of 1976!, and the 1963
Convention Su lementar to the Paris Convention  in force,
l974; 7 Parties as of 1976!; the Vienna Convention on Civil
Liabilit for Nuclear Dama e of 1963  in force, 1966; 7 Par-

. 2ties as of 1971!; and the  Brussels! Convention Relatinq
to Civil Liabilit in the Field of Maritime Carria e of Nu-
clear Material of 1971  in force, 1975; 6 Parties as of

31976!. The Paris Convention establishes the basic regime
of absolute and exclusive liability of the operator of the
nuclear facility up to a relatively low fixed Limit of l5
million dollars.

1

IAEA, International Conventions on Civil Liabilit fo"Nuclear Damage, Legal Series No. 4  Vienna: IAEA, 1966!, pp.
21, 47.

2

Ibid., p. 3; see, also, P. Strohl, "The Concept of Nu-clear Third party Iiability and its Implementation by Legis-
Trends in Nuclear Law, Legal Series No. 8  Vienna: IAEA,
1972!, p. 69.

3

UN, IMCO, International Le al Conference on Maritime
Carria e of Nuclear Substances, 1971: Final Act of the Con-
ference includin the text of the adopted Convention  Lon-
don: IMCO, 1972!; see, also P. Strohl, "Maritime Carriage
of Nuclear Substances: Harmonization of Nuclear and Mari-
time Conventions," IAEA, ed., Experience and Trends in Nu-
clear Law, p. 89.



229

Its Supplementary Convention increases the liability limit

to 120 million dollars and extends it to damage suffered on

or over the high seas on board a Party's ship. The Addition-

al Protocol was simply concluded to avoid any possible con-

flict between the Paris Convention and the Vienna Convention

of 1963. The Vienna Convention of 1963, as drafted in a

major international conference in Vienna �963!, was essen-

tially designed to extend the liability framework of the

Paris Convention to all civil uses of nuclear energy world-

wide. It updates and adds considerable detail to the Paris

Convention framework, including allowance for individual

countries to set much higher limits for, or even unlimited,

liability of the nuclear operator  Article 5! .

The Brussels Convention ensures that the nuclear in-

stallation operator is exclusively liable for damage from a

nuclear incident at sea. The intent, was to cancel all ship-

owner liability for nuclear damage established under maritime

law, as long as the nuclear operator is liable under the

Paris or Vienna Conventions, or under national law. Ship-

owners are also free from liability for damage to vessels
1

or nuclear installations.

One obvious problem with this liability coverage is

the small number of Parties. The U.S. and Soviet Union are

not participants in any of the three main conventions. And

the key agreement for maritime transport, the Brussels Con-

1
See Nuc. L. Bull. 16 �975!: 42.
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vention, had only six Parties as of l976  these do not in-

clude key countries in the area of maritime transport of
nuclear materials such as Japan and the U.K.! .

Another serious problem is the very low limits of lia-

bility. While the Paris  l960! and Vienna  l963! Conventions
allow lower or higher limits of liability to be set by nation-
al legislation  as long as the limit is not. less than five

million dollars!, national limits are uniformly low. The

U.K. sets a limit of fifty million pounds, with only five

million to be provided by the commercial insurance companies.
This covers all spent fuel transported on the high seas. A

560 million dollar limit for a single nuclear incident under

U.S. law does not extend beyond national territory. Nuclear

incidents include shipments of materials between licensees

in the U.S. if they are transported beyond territorial wat.ers,

but the limit is then dropped to l00 million dollars.

Finally, none of these conventions applies to damage

the means of transport, e.g., ships transporting radioactive

materials at sea; although they do apply to radioactive

wastes, it is not clear if they apply at all to the situation

of ships transporting radioactive materials specifically for

disposal at sea. And there is clearly no coverage of damage

to the marine environment or its resources from radioactive

materials. Although specific prior arrangements are now

l
There is no apparent remedy for either of these defici-

encies in the new NEA draft agreement. far controlling ocean
dumping of radioactive wastes.
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made for every ship transporting such wastes for disposal at

sea, the conventions do provide a strong precedent for the ap-

plication of absolute liability to the carriage of all nuclear

materials at sea. Any future liabi1.ity for pollution or dam-

age from pollution will probably have to be provided through

diplomatic correspondence and supplementary claims. With re-

spect to sub-seabed disposal, it is still too early in the de-

velopment process to envision how, where, and by whom the lia-

bility regime would be established. But there is an immediate

need for all involved countries to develop international lia-

bility for all aspects of ongoing radioactive waste disposal

at sea, including environmental damage.

International Regulation of Radioactive Naterial Transport

An extremely important area for all methods of high-level,

and other waste disposal and for the application of internation-

al standards is transportation, both national and international.

This is a model area for the adoption of international safety

standards in national and international law. IAEA's Regulations

for the Safe Transport of Radioactive hIaterials �974 Revised

1
Edition!, developed from 1958 to 1961 and revised frequently

in the 1960's and 1970's, have been incorporated very widely

into national legislation and international standards. This

is an area where IAEA standards are binding on other internat-

2
ional organizations and where nuclear countries rely heavily

on international standards. A strong record of international

organization practice backs this uo in codes, regulations

1
Safety Series No. 6  Vienna: IAEA, 1974! .

S;:asz, p. 683.
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and recommendations on transport by rail, road, waterway,
1and air. Among these is the I!4CO International  maritime

Dan erous Goods Code of 1972, with a major revision of the
section on radioactive materials as of 1974-1975.2

we can assume that both high-level wastes from spent
fuel reprocessing operations and spent fuel bundles  some
countries wil,l reprocess and others will not! will eventually
be transported to final disposal sites. This is a problem
which will soon confront many nations since most spent fuel
worldwide is still being stored in cooling ponds within reac-
tor buildings. Even after months or years of cooling, spent

fuel bundles require massive shipping containers with self-
contained shielding and cooling. In the U.S. this means that
a full tractor-trailer truckload is one shipping container
with three spent fuel bundles. All such U.S. containers
must conform to IAEA standards for "Class B"  the most dur-
able! packages, with a demonstrated ability to maintain in-
tegrity through impact tests--for up to a 30 mph crash ��
followed by an intense fire for half an hour. 3

1

ibid., p. 684; this includes a list of the int'l agree-
ments which have incorporated the IARA transport regulations.

2

3 vols.  London: INCO, 1972!, pp. 7000-7057; and ~Su
1974-1975  T.ondon: IMCO, 1972!, pp. 7000-7062. See, also,
IAEA, The Physical Protection of Nuclear Material, INFCIRC/
225  Vienna: IAEA, l975! .

3
There remain crucial questions to be addressed for

rail, air, and truck transport; for a critique of U.S. trans-
port procedures, see S. Turner, "The Public Issue that Won' t
Go Away" Boston Sunda Globe  New Eng1.and!, 8 'day 1977, pp.
14-16.
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A frequently cited deficiency in these container in-

tegrity tests is that they only have to be conducted on a

prototype model traveling at relatively low speeds. The

recent report by the British Royal Commission on Environmen-

tal Pollution expressed it as follows:

. we were surprised to learn that the tests
are conducted only on models, and since the con-
tainers travel on ordinary freight trains which
may be expected to travel at speeds up to twice
that assumed in the tests  with kinetic energy
four times that assumed!, we were not wholly re-
assured.

They were particularly concerned with respect to irradiated

 spent! fast reactor fuel, which has very high heat genera-

tion. The report goes on to conclude that there are some

key issues to be reviewed.

We formed the impression that, although the pre-
sent practices did not appear to give rise to a
significant public hazard, this might not be so
in the future when the numbers of flask movements
may well be much greater, and active cooling has
to be provided even for fuel travelling within
the U.E. . . . There seem to be a number of issues
requiring review, suck as whether all future nu-
clear power stations should be provided with a
railhead to avoid transfers from road to rail,
whether underwater loading . . . should cease,
and whether there should be regular checks
of fuel flasks. We have concluded that since a
flask is in effect a small-scale nuclear instal-
lation, with fuel, moderator, and coolant, the
transport of irradiated fuel should formally re-
quire the approval of the Health and Safety Execu-
tive . . . There should be a system of regular
inspections of the flasks, including those impor-
ted from abroad. These are at present monitored
upon arrival by BNFL [British Nuclear Fuels Limi-
ted] staff; we considered that there should also
be some checks by DOE [Department of the Environ-
ment] as guardians of the enviro~ment.

l
Nuclear Power and the Environment, pp. l60, l61.
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While some of the problems of transportation for sub-

seabed disposal as opposed to those for land-based disposal
will be assessed in the next chapter, the international le-
gal situation for maritime transport and liability for car-
riage of nuclear wastes must. be addressed here. Most sea

transport has been since the 1960's for reprocessing in

Britain, to and from Japan, Australia, India, Canada, South
Africa, Europe, and the Mediterranean area. Conventional1

cargo ships are usually chartered to carry spent fuel. No

special requirements are called for beyond the normal ship
certification and seaworthiness criteria and the IAEA Regula-

2tions for the Safe Transport of Radioactive Materials. This

includes, in the case of international transport, endorsements

on container certifications by countries of transit and re-

ceipt, as well as the usual certification by the country of
origin.

1
See M. T. Kavanagh and S. Shimoyama, "Irradiated Nu-

clear Fuel Transport from Japan to Europe," Proc. of the
First, Pacific Basin Conf., p. 332.

2
Maritime shipment of radioactive materials is also

governed by the general framework of safety regulations,
developed by IAEA, IMCO, and ICRP, and revised continuously,
which is included in the International Convention for the
Safet of Life at Sea  SOLAS! of l974  in ILM l4 �975!:
959! . The l960 SOLAS Convention entered into force in 1965
and had been ratified by 89 countries as of January 1975.
The 1974 Convention  in force, 1977! notes the rapid increase
in the carriage of dangerous goods and "the need to ensure
the safe and economical transport of dangerous goods by uni-
fication of national and international rules . . . ." It
then recommends that IMCO and other organizations attempt
to develop an Int'1. Convention on the Carriage of Danger-
ous Goods by all Modes of Transport.
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lt is somewhat surprising to find that there are

no special ship design requirements for spent fuel car-

riers. The reason is that such requirements have been

considered unnecessary since the containers are supposed

to be completely safe as self-contained units. Nhile

breakdowns in cooling equipment to maintain low hold

temperature may not be crucial, problems with ship

mounted cooling systems required for certain forms of

spent fuel and with structural integrity of ordinary

cargo ships could have very serious consequences.

Given the cooling requirements and extremely high weight

per unit volume of spent fuel containers, it seems that

there should at least be strict international regula-

tions for cooling systems, special load spreading de-

sign and tiedown equipment on such ships, and for all

handling equipment used to load and unload the contain-

The very small size of cargo ships � and thus the

high vulnerability to high seas and the serious con-

sequences of collision--operated by the British to
l

pick up spent fuel in small Japanese ports, and the

dramatic future increase expected in sea transport of

fuel, would appear to call for the use of specially

designed ships. The Japanese have already passed a

l They are using the minimum ship size consider-
ed safe for such transport by their insurance companies.
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special set of recommendations for ships carrying
spent fuel between Japanese ports. These include
major design requirements to increase hull strength,
provide 100% backup capacities for cooling and elec-
trical systems, and include navigational, monitor-
ing, decontamination, and emergency equipment.1

Regulation by Regional Nuclear Energy Organizations

Between l957 and 1959 three regional nuclear
energy organizations were created. All have for-

mal agreements of relationship with the GAEA. The
Inter-American Nuclear Energy Commission does not
have a significant regulatory role for radioactive
waste disposal. Both the European Atomic Energy
Community  EURATOM! and the Nuclear Energy Agency
 NEA! have some powers to regulate and, to a much
more limited extent, to enforce radioactive waste
guidelines in Member States.

While EURATON has not come close to reaching
2its original nuclear integration goals, its struc-

ture and mandate provide the strongest example of a
regional regulatory model. Its Commission is charg-
ed with establishing basic standards, including

1
Kavanagh and Shimoyama, p, 339.

2
See, for example, N. Willrich, Global Politics

of Nuclear Ener  N.Y.: Praeger, 197l!, p. 51.
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maximum permissible public and .occupational radio-
logical dose commitments. Member States must imple-
ment and enforce these nationally, with reports to
the Commission on procedures established.

Enforcement powers for the Commission include

inspecting national facilities, recommending overall
dose levels and specific national actions, and order-
ing the use of measures to comply with basic standards
within a given time limit. Direct referrals to the
European Court can be made if a member does not comply
within the time limit.

1Article 37 of the EUHATOM Treaty of 1959 obliges
Member States

to submit to the Commission  at least
six months before implementation! such gen-
eral data concerning any plan for the dispo-
sal of any kind of radioactive waste as will
enable the Commission to determine whether
the implementation of such a plan is likely
to involve radioactive contamination of the
water, soil, or airspace of another Member
State.

The Commission gives its opinion on the proposed disposal
and may, in urgent cases, refer violations to the Court.

This strong influence over any potential high-level

waste disposal plan comes the closest of any existing
frameworks to the recommendations of Hydeman and Berman,
and the Rousseau Panel, as analyzed earlier in this

Chapter

1
298 U.N.T.S. 185, �958! .
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But the 1959 EURATOM basic standards for radiological
concentration levels in water and air, issued for implernenta-
tion by members, were not substantially compiled with by most
members until 1967. And a reassessment of the standards which
began in 1967 was still not completed by l974. So there isl

a zeal problem of timely z'esponse to rapid technological de-
velopment. There is also a real limitation on at least the
direct usefulness of Article 37 to regulate proposed action
in the deep seabed, since it would be extremely difficult to
show likely radioactive contamination of any national terri-
tory.

The NEA was established in 1957 with a role which

now overlaps those of EURATOM and IAEA, including standardiz-

ing national laws, formulating regional regulations, and
2executin 'oint radioactive waste dis osal ro'ects. NEA

has been more successful than EURATOM with some of its joint
efforts, recommended practices, and other activities. Yet

its formal regulatory role has so far been restricted to

quite innocuous areas of radiological protection, such as

missions from watch dials, where it works with the IAEA and

ICRP. It has traditionally been a body devoted to the pro-

motion of technical development in nuclear energy, with
1

See Dickstein, p. 444.
2
NEA was the European NEA  ENEA! until Japan joined in

1972; it is legally, but not f inancia1ly, autonomous f rom the
OECD, although some operational activities have separate bud-
gets, with about 47 staff members; while EURATOM includes only
France, the F. R. G., Italy, and the three Benelux nations, NEA
has twenty � three member states, including the U.S.  as of 1976!-
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little capability or willingness generally to become involved
in the sticky, politically controversial task of regulating
nuclear energy.

NEA has been manipulated by participating countries
and heavily criticized by non-participants for its role in
the European radioactive waste dumping operations' This1

may be changing. As already noted, there is now a draft

agreement which would establish NEA as an international con-

sultation and surveillance mechanism for ocean dumping of
radioactive waste. If formally accepted by the participants,
this structure could become an important model for similar

potential structures on a broader international level.

The agreement would generally establish the NEA, along-
side the IAEA and the London Convention guidelines, as the

regulatory mechanism tasked with ensuring that all radio-

active waste transport and disposal at sea by members is done

safely. All of the basic powers granted to EURATON, short of

ordering member nations to comply, would be vested in the NEA.

There would be prior notification of the NEA and all partici-

pating nations  through the NEA!. If implemented effectively,
the agreement would provide some enforcement powers through

NBA rights to consult with other groups, to receive reports

on how any such advice is used by a participating country,

and to appoint an NEA representative, with key police powers,

to accompany every ocean dumping operation.

See Chapter 2, above.



240

In a form accepted by all NEA members which continue to
dump radioactive waste at sea, this agreement would cover all
such operations now being conducted worldwide. There are,
however, some crucial deficiencies. First, NEA regulation
and national actions are only done "taking into account" the
London Convention and IAEA guidelines rather than using
these prior agreements as strict minimum requirements. Second,
the notification and consultation must, in order to satisfy
various countries, include all concerned countries and appro-
priate international organizations rather than only partici-
pating countries and NEA committees. This is very important to
the solution of past problems and complaints on these dumping
operations. Next, there must be formal and direct roles for

IAEA, and perhaps even UNZP, if the procedures are to meet

minimum international standards of conduct in this field.

Finally, prior arrangements for responsibility and liability
for all aspects of the operations, including environmental

pollution, should be required in the general agreement.

With the exception of the EURATOM regime, which has not

been effectively implemented, the most developed and adequate

international nuclear energy controls for radioactive waste

disposal are those for ocean dumping IAEA and NEA efforts

in this area are laying much of the groundwork required for

regulating a sub-seabed disposal program. Similarly, although

existing international regulatory frameworks for transporta-

tion and liability are clearly inadequate now for implementing
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sub-seabed disposal, they offer important models and prece-

dents for governing any future sub-seabed disposal.

3asic interpretations and decisions on regulatory ap-
proaches are still required because all past international

regulation of ocean disposal has involved low or medium-

leve4 wastes. This has been based on the philosophy of dilu-

tion and dispersal in the oceans. And a sub-seabed disposal
program would be founded on the concept of isolating radio-

active wastes outside of the biosphere.

Multilateral Environmental Controls
and Sub-Seabed Disposal

Reference should also be made to the international en-

vironmental controls potentially available for application

to sub-seabed disposal. Since we have already analyzed the

applicable sections of the documents from the UH Conference

on the Human Environment, of 1972 and the ongoing law of the

sea conference, we will here consider the general availabil-

ity of regulatory powers and precedents for environmental

protection through international organizations, broad inter-

national treaties, an international legal case, and an inter-

national arbitral decision.

International Or anizations and Environmental Controls
for Sub-Seabed Dxs osal

Of major future importance to any sub-seabed disposal

program is the UNEP. At, Stockholm in 1972 is was

recommended that any mechanism for coordina-
ting and stimulating the actions of the dif-
ferent UN organs in connection with environ-
mental problems include among its functions
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over-all responsibility for ensuring that
needed advice on marine pollution problems
shall be provided to Governments.l

UNEp's explicit function is to assess, review and coordinate
the ongoing environmental activities. It is designed to be
a catalyst for work through other mechanisms and to provide

an essential overview for environmental protection worldwide.

One of its earliest policy objectives was to detect

serious threats to the health of the oceans and to initiate
2or encourage action to prevent them. By 1974 the oceans

had been designated a priority action area with stress on

coordination of the many existing agency activities. Regu�3

latory work was to be focused on supporting regional marine

protection agreements, contributing to the ongoing law of

the sea effort, and studying, or assessing the study of, the eff-

ects of pollution on living marine organisms.

Inevitably, there has been considerable opposition

from existing international agencies to the execution of

these new and broad UNEP responsibilities. The resentment

of this new overview agency by IAEA, XMCQ, PAO, and other

bodies has slowed the progress of regulatory efforts. Most

apparent has been the antagonism from the many international

agencies which play a role in some aspect of environmental

1

on the Human Environment, recommendation 93.
2
UN, General Assembly, G.A.O.R., vol. 23, Supp. 25, UN

DOC. A/9025 �973! .

UN, UNEP, UN DOC. UNEP/GC/26, Annex I �974!, in IT M
13 �974!: 1035.
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protection. There is disagreement, for example, between UNEP

and the UN Scientific Committee on the Effects of Atomic

Radiation  UNSCEAR!, the body primarily responsible for plan-

ning, conducting, and evaluating the worldwide collection of

date on rad.ioactive contamination, over the priorities to be

assigned to specific radionuclides and sources in the global
lenvironmental monitoring system. UNEP is now closely in-

volved in assessing the international monitoring of radio-

nuclides in the oceans. 2

In connection with its review of the impact of energy

production and use on the environment, UNEP is also most in-

terested in the progress of IAEA's environmental and waste

management program.

Particular attention must be given to nu-
clear energy; the increasing commitment to its
use meant that many countries might find them-
selves irrevocably dependent on nuclear power
before related environmental and health risks
had been adequately evaluated.

The intended concerted effort of UNEP with IAEA is to be on

the environmental impact of nuclear energy, with particular

reference to nuclear safety and the management of radioactive

l
UNSCEAR has 87 scientists from 15 countries, It has

held 20 meetings since its establishment in 1955. It issues
reports periodically; it submitted a working paper on nuclear
radiation to the l972 UN Conference on the Human Environment;
its major focus is on the nuclear weapons tests sources of
radioactivity.

2
See the UN, UNEP, Re ort of the Executive Director, UN

OOC. ONEP/GC/31, Add. 2, p. 5 and Annexea II, III 19~75
3

UN, UNEP, UN DOC. UNEP/GC/55, p. 7 �975! .
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wastes. In l975 the UNEP Governing Council specifically as-

serted that it supported the Executive Director's intention

to bring to the attention of IAEA any pro-
posed requirements for environmental considera-
tions relating to standards on nuclear safety,
management and handling of nuclear processes.

As of l975 UNEP considered the law of the sea efforts and

the regulation of nuclear energy to be key areas of unsatis-
factory progress in environmental protection, so continued

strong interest in both of these problems should be expect-
ed.

2

The International Commission on Radiological Protection

published a comprehensive set of recommendations in 1966,
3with updates in 1969, 1971, and 1977. The ICRP addresses

the restriction of exposure from the release of radioactive

materials into the environment, including the disposal of

solid wastes. Specific regulatory and dose assessment pro-

1
UN, UNEP, UN DOC . UNEP/GC/31/Add . l, p. 2 �9 75 ! .

2
The IAEA did reluctantly take part in the major UNEP

review of environmental impacts from energy use by doing the
section on nuclear energy. From the start the IAEA has stal-
led and held back on allowing UNEP to become involved with
the environmental aspects of nuclear energy. UNEP attempts
to establish exchanges and a joint group of experts on radio-
active waste management have been largely frustrated by the
IAEA; R. A. Frosch, interviews held at the Woods Hole Oceano-
graphic Institution, Woods Hole, Mass., 1976-1.977. Regardless,
there must eventually be a direct and major role for UNEP in
the prevention or management of sub-seabed disposal; see C. R.
O'Neal "The Environment: IAEA Co-operation with UNEP"
Bull., vol. 18, no. 2, p. l9  l976!.

3
This is a body of not more than 13 experts which meets

annually. The criterion for selection of the experts is clear
recognition in the fields of medical radiology, radiation pro-
tection, health physics, biology, genetics, biochemistry, and
biophysics; see The Recommendations of the ICRP  ICRP Pub. 26,
February 1977!.
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cedures are outlined. They also cover direct external ex-
posure from industrial sources and the monitoring of exposure
after planned and accidental releases of radioactivity into
the environment.

The ICRP has formal relationships with the XAEA and
the World Health Organization. It often works with UNSCEAR,
UNEP NEA the EEC, and the International Labor Organization.
Many international organizations and countries have adopted
the ICRP standards and approaches.

Specialized agencies of the UN system, such as the WHO'
the World Meteorological Organization, and the Food and Agri-
cultural Organization have health and safety mandates in their
statutes similar to that of the IAEA. The ILO, for example,
pl,ays a direct role in regulating occupational exposure. They
become involved in radioactive waste disposal through the
monitoring of radioactivity and the establishment of recom-
mended practices. Their recommendations are sometimes self
executing for member nations and often adopted into national
law.

Recommendations 87-9l from the Stockholm Conference of

l972 provide important incentives for governments, the UN,
the IAEA and the specialized agencies, especially FAO, WHO,
WHO, IMCO, and UNESCO, to continue to do the research, monitor-
ing, and cooperative exchanges which are essential to effective
national and international marine environment regulation. The
specific work of these and other bodies gives them expertise
and influence to set recommended standards and practices, and



246

to comment on state practice. The FAO has expressed deep
concern, especially for effects on living resources, over
use of deep sea trenches for dumping radioactive wastes and

1many other chemicals �971! . It assists IAEA in studying
radioactive waste disposal in marine areas, and its Committee
on Fisheries and regional fisheries councils and commissions
help develop long-term data on the effect of pollution on corn-
mercial fisheries. There is a particularly close relation-
ship between UNEP and FAO over the Mediterranean regime since
the FAO is very concerned about the new UNEP initiatives in
this area.

IMCO, the UN Secretariat, the UN Economic and Social
Council, and the Joint Group of Experts on the Scientific
Aspects of Marine Pollution  GESAMP! have all studied the

environmental effects of seabed exploration and exploitation.
IMCO, in addition to serving as Secretariat to the London

Convention of 1972, created a Marine Environment Protection

Committee in 1973 to ensure that it maintained all possible
functions and jurisdiction in this area as UNEP was being set
up. GESAMP has done important work on ocean dumping, incl.ud-

2ing a report on site selection. Under the auspices of UNESCO
the Intergovernmental Oceanographic Commission investigates

UN, FAO, UN DOC. E/5003 �97I! .
2

See UN, FAO, Scientific Criteria for the Selection of
Sites for Dumping Wastes 1nto the Sea, Reports and Studies
No. 3-3.975  Rome: FAO, 1975!; but GESA~lP has so far steered
clear of any work speci f ically on radioactivi ty.
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the routes, f ates, and ef fects of pollutants in the marine
environment. The WHO International Referral Center on Waste
Disposal is building a long-term R & D program on the stor-
age, treatment, reuse, and final disposal of liquid and solid
wastes. There are various other bodies and global monitoring
systems which are doing or could do related work. So just as
national approaches are varied and layered, the research, re-
commendation, and regulatory authority on the international

level is an extremely complex arrangement of overlapping, of-
ten competing bodies, all or most of which can be expected
to play some role in the potential use of the Area for sub-
seabed disposal of radioactive waste.

Controllin Pollution of International Areas: Broad Inter-
natxona Treaties and the International Court o Justice

There are at least four treaties which may help esta-
blish a general environmental principle on preventing the
pollution of international areas. They offer evidence of

increasing state commitments to environmental protection and
national responsibility for environmental damage in inter-
national areas. When combined with general international

law on environmental protection, treaties and principles from
law of the sea, and international nuclear law principles and
precedents, such as absolute liability for nuclear activities

on the high seas, they offer evidence of emerging rules of
general international law restricting environmental damage
to international areas from radioactive pollution.
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Tne 1959 Antarctica Treaty specif ically bans radio�1

active waste disposal, freezes all national claims, and im-
plements joint management by the users. It serves as an
early indication of a strong desire to prevent radioactive
pollution of at least this shared area. This is now what
may be best adjudged a commons area which offers an example
of a limited partnership approach to managing "peaceful"
activities. Article 7 provides that Parties may designate
observers or use aerial observation to inspect any or all
areas of Antarctica at any time with complete freedom of
access. This type of access is not possible now on technical,
economic, and political grounds for deep seabed activities,
but it may be applicable in some form to ships or facilities
which conduct future activities in the Area.

Nuclear Wea ons Tests in the Atmos here, in Outer S ace and
Under Water. It had 107 parties by 1977, although some2

important nuclear waste producers and potential producers,
such as France and China are not parties. The second of its
two primary goals is the desire "to put an end to the con-
tamination of man's environment hy radioactive substances."
This builds on the concerns expressed over nuclear pollution
on the high seas �958! and in Antarctica �959! and extends

1
1 December 1959, [1961] 12 U.S.T. 794; T. I.A. S. 4780;

402 U.N.T.S. 7l; A.J.I.L. 477 �971! . For recent developments,
see Bull. of the Atomic Scientists, no. 10, 1970; Antarctica

*, ~Fthe U.S. Dele ation to the Ei hth Antarctic Treat Consultative
I~>eetrn Oe o, June 19 5 , December 19 , Rec. -1 Mrmeo-
graphed.! There were 19 parties as of 1977.

2
5 August 1963, [1963] 14 U.S. T. 1313; T. I.A.S. 5433; 480

U.N.T.S. 43; there were 107 parties as of 1977.
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them to the entire biosphere, except within the ground and
the seabed.

Outer space received more comprehensive protection in
1967. The Treaty on Principles Governing State Activity in
Outer Space bans nuclear weapons, but not nuclear waste dis-
posal. It had 73 parties as of l977. Article 9 obliges1

States Parties to

pursue studies of outer space. . . and conduct
exploration of them so as to avoid their harmful
contamination and also adverse changes in the
environment of the Earth. . . and, where neces-
sary, . . . adopt appropriate measures for this
purpose.

This is important evidence of a developing obligation to avoid
the introduction of new technologies into international areas

in a way which might cause harmful contamination. Article 6
establishes a clear State responsibility for all national

activities in these areas. And Parties must consult if plan-
ned activities might ". . . cause potentially harmful inter-
ference with activities of other States Parties in the

peaceful exploration and use of outer space."

Finally, the 197l Seabed Weapons Treaty  with 61 parties
as of 1977, -excluding some important nuclear states, such as

France and China! extends the concerns for new technologies
and nuclear pollution to the international seabed. 2

Treat on Princi les Governin the Activities of States
in the Ex loration and Use of Outer S ace, includin the Noon
and Ot er Ce estial Bodies, 7 January 6 , 1 67 U.S. T.
24l0; T.I A S. 6347; 610 U.N.T.S. 205; there were 73 parties
as of l977.

2
Treat on the Prohibition of the Em lacement of Nuclear

Wea ons and Other Wea ons of Mass Destruction on the Seabed
and the Ocean Floor and the Subsoil Thereof, ll February 197l,
Article 3 [197 ]; 23 U.S. T. 701; T.I.A.S. 7337; there were 6l
parties as of 1977.
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establishes strong peaceful use and mutual consultation prin-
ciples for the entire seabed beyond l2 miles from Parties'
coasts. It also implements a mutual observation procedure
which can be escalated into various levels of inquiry, in-
spection, and use of the UN Security Council. The system
of progressive steps is a very useful concept for satisfying
doubts over compliance and ensuring effectiveness by start-
ing out at a very low level of commitment.

The precedent value of the Antarctica, Outer Space,
and Seabed agreements is limited somewhat by the novelty of
the area or use, i.e., there was little, if anything, fore-
gone by states in the way of prior uses or practices. The
atmospheric test ban, however, did involve some real dero-
gation from the prior practices of those states willing to
become oarties. Prior waste disposal uses were particularly
well established in the high seas. Yet this is changing
rapidly; and it is not clear that this prior use of the high
seas applies to disposal within the deep seabed. In this
area we may be dealing with a case somewhat similar to that

in the Antarctica, Outer Space, and Seabed Weapons Treaties.
Evidence of an emerging rule of general international

law requiring the avoidance of environmental damage, especial-
ly by radioactive pollution, to international areas may also
be found in the abuse of rights principle as implied in an
important joint dissent in the Nuclear Tests Case  Australia



251
1

v. France! . This dissent implies that the International

indeed elemental--rights . ~ . "  such as those based on the
2

freedom of the high seas!- This type of possible violation

of rights could provide a useful tool for an arbitral tri-

bunal or court to employ in questions of potential risk of

damage and potential violation of the freedom of the high seas

from future activities in the international seabed.

Just as the potential Law of the Sea Tribunal, the ICJ

can grant provisional measures to an applicant who demon-

2 � '

jurisdiction. But the question of standing to protect the

international seabed, where international organizations cannot

be parties before the Court, and the demonstration of some
4

measure of danger are both serious obstacles. The most per-

vasive problem with international forums is that of establish-

ing standing for potential long-term environmental damage to

the Area. This now requires a demonstration of impending dan-
5ger to some specific national property or direct interest.

1
20 December 1974, I.C.J. Re orts 1974

sent of Qnyearna, Dillard, Arec aga, and Wa
2 Ibid., para. 113, p. 118.
3

Ibid., paras. 113-118, pp. 118-122.
4

I.C.J. Statute, Art. 34 �! .
5 Barcelona Traction, Li ht and Power Com an, Limited,

g p . 6 3; joint dis-
dock.

Second Phase, I.C.J. Re orts 1970, p. 32.

Court of Justice  XCJ! may find that the establishment of

a nuclear weapon testing zone in the high seas or the alleged

pollution of the high seas with radioactive fall-out from the

actual weapons tests violates certain "... long-established--
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one indication, however, of changing state attitudes

in this area is reflected in a widely accepted objective from

a preparatory document, for the Stockholm Conference of l972

 adopted and quoted by the Conference! which provided that

the marine environment and all the living or-
ganisms which it supports are of vital impor-
tance to humanity and all eople have an in-
terest in assuring that thxs environment is so
manage that ~ts ua sty and resources are not
i~ma>red Emphaszs adde

This same document, which was also the basis for much of the

environmental section of the RSNT from the Third UN Confer-

ence on the Law of the Sea, lists as its first principle

that

every state has a duty to protect and preserve
the marine environment and, in articular, to

revent ollution that may affect areas w ere
an internationally shared resource is located

Emphaszs added.

Such declarations and resolutions will not, by them-

selves, establish standing before an international tribunal

for a nation concerned about some prospective activity in

the deep seabed. But together with their repetition in

various regional and broad international conventions, state

1
See UN, General Assembly, Report of the U.N. Conference

on the Human Environment.

2
Intergovernmental Working Group on Marine Pollution;

Report of the Ottawa IWGMP Meeting, A/CONF.48/IWGMP. II/5,
3971, Principle 1; this concept of protecting, especially
conserving, shared resources has been reiterated in U.N. G.AD
Res. 3129 XXII!�973!, other such resolutions, various treat-
ies, and decisions of international organizations, including
the UNEP Governing Council  April, May 1975!; it has so far
been applied mainly to regional resources, but it clearly ap-
plies to the oceans and deep seabed.
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practice, and other principles and cases, they may already be
cited by states and organizations as evidence of the substan-
tive law even if the binding force that applies to XCJ decisions
under UN Charter Article 94 is not available. Pressures based
on assertions of law may certainly be mounted even where stand"
ing to present, a formal action is lacking. There may now be a
wide expectation that major--potentially polluting--activit.ies
in the deep seabed require prior notification and consultation
with concerned States and appropriate international organiza-
tions. This is especially the case for any activity which
involves high-level nuclear materials and/or inherently con-
troversial issues.

Elaborating on the precedent value of the Trail Smelter
decisions of 1938 and 1941  the famous, yet often misquoted
international arbitral holdings in which the U.S. was awarded
compensation for clearly demonstrated damage in its territory
from air pollution originating in Canada! for activities1

beyond all national borders, one observer contends

whenever there is a significant threat
of harm to the res communis, an international
legal order lacking institutions capable of
effective public representation cannot require
a showing of unique interest on the part of
objecting states as a prerequisite to stand-
ing. This [he claims] is particularly so when
the claim is preventive rather than pecuniary,
since the problem of allocating compensation
among claimants does not arise.

The need for such standing, unfortunately, has not brought us
to this point in practice. Some direct interest not just

1 United States v. Canada, preliminary decision �938!,
UN Re orts of Xnt. Arb. Awards 3: 1911; A.J.I.L. 33 �939!:
182; f inal dec. �941!, UN Re orts of Int. Arb. Awards 3:
1938; A.J.I ~ L. 35 �941!: 684.

2 Kirgis, p. 293; for discussion of the applicability of
universal jurisdiction to regulating pollution in int'1 areas,
see C.D. Okidi: The Pros ects for Establishment of Re ulator
Arran ements for the Control of Pollution of the Sea, doctoral
issertation, F etc er Sc oo o Law an Diplomacy, Medford,

Mass., 1975, pp. 215, 474.
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in the environment but in national property of holdings is

still required by State practice. There is, of course,1

the possibility that some direct recourse could eventually

be available through a law of the sea tribunal, or beyond

normal diplomatic correspondence, even through the UNFP. 2

This may be less of a problem for sub-seabed disposal since

the U.S. and increasingly other countries require complete

environmental impact, statements on such major activities be-

yond national borders. The wide availability of such de-3

tailed information at a relatively early stage would address

part of the problem.

Most crucial for sub-seabed disposal will be the assess-

ment of the prospective level of hazard posed to the marine

environment. It is clearly impossible to require that con-

cerned states wait until after implementation because enor-

mous amounts of radioactivity would already be emplaced and

any unanticipated effects might not occur or be discovered

1
See, generally, G. Stutzin, "Should we Recognize Na-

ture's Claim to Legal Rights? An Essay" Env. Polic and Law
2 �976!: 129; Stone, "Should Trees Have Standing? � Toward
Legal Rights for Natural Objects" S. Cal. L. Rev. 45 �972!:
450; and "The Revival of the Standing Defense xn Env. Litiga-
tion" Env. L. Rev. 7  l977!: 13l; on the serious problem,
even in the U.S., of establishing standing for environmental
protection without a unique interest or special citizen suit
provision.

2
The American Society of Int'l. Law sponsored a confer-

ence on potential international environmental dispute settle-
ment roles for the UNEP in 1974; see, A. Chayes and R. E-
Stein, Summar of the Discussion of the {1974! Conference on
the Avoidance and Ad'ustment of Environmental Disputes, for
the ASIL,  Bellagio, Italy: ASIL, l975!, p. 3.

3
See Chapter III, above.
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for thousands of years. And even if the Trail Smelter case

can be extended "to cases in which the likelihood . . . of

1injury is established by clear and convincing evidence,"

this legally enforceable threshold is probably too high to

be of use for sub-seabed disposal. An approach which con-

siders the number of proposed disposing states, the level

of need. and safety shown for the disposal, and the reaction

of other states, related international organizations and ex-

pert groups will be required.

Re ional Environmental Pollution Control

One growing source of international legal control over'

pollution of international areas is regional agreements and
2

mechanisms. In addition to the regional marine pollution

control conventions al,ready examined above, the European

Community's environmental protection efforts should be men-

tioned. The E.E.C. Declaration on the Environmental Action

3
Procpram of 1973, instead of offering a strong basis for

new EUBATOl< and NEA action, only superimposes certain rather

general guidelines for the "European solution" of "European

problems" on top of existing structures and policies. It

1
Kirgis, p. 294.

2 See, generally, Okidi, on the prospects for regional
assistance in controlling pollution of the high seas.

3
22 November 1973, in ILM 13 �974!: 164; this has

been incorporated into the "Environment and Regional Planning"
area of the Council of Europe 5 � Year Plan �976-1980!, see
Council of' Europe Press Release B �6! 3lld.
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fails to deal effectively and comprehensively with radio-

active pollution in general.

It excludes rad.ioactive materials from the list of

priority pollutants  since Annex I of the Oslo Convention

is used for the marine pollution list! and the list of

priority areas for standard setting. The Declaration does

include a separate section on radioactive waste which iden-

tifies the complexities, the differing existing approaches,

and the need to pool ideas and experience on the ultimate

"storage" of waste. Though the Declaration identifies1

the crucial need for answers which will

ensure equal protection of man and his environ-
ment. independently of the technological solu-
tions adopted according to the particular char-
acteristics of the national territories,

it offers no commitment to standardize procedures, and no

form of obligation to improve national and community regula-

tions.

Action has now been taken  under Articles 100 and 235!

on protecting the Communities' aquatic environment, out to

and including territorial seas, from certain dangerous sub-

3
stances. Although there is a conspicuous absence of radio-

3 Council Directive of 4 May 1976 on Pollution Caused
by "ertain Dangerous Substances Discharged into the Aquatic

1
Ibid., ch. 7 sec. 2; the January 1975 Parliamentary

Assembly of the Council of Europe annual debate on environ-
mental problems dealt heavily with the "serious," "complex,"
and "unsolved" problem of radioactive waste management. Sever-
al countries called for int'1. cooperation on developing so-
lutions, see "Council of Europe Opts for Nuclear Power" Env.
Polic and Law 1 �975!, p. 15.

See ILM 13 �974!: 169.
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active materials from either the banned  List I! or special
caution  List XI! lists, the preamble and Article 2 do oblige
members to end pollution f rom the discharge of Li st I s ub-
stances. And List I does include the general category of sub-
stances proved to possess carcinogenic properties in aquatic
environments, which must be considered to include radioactive
wastes.

This Directive would have been adopted in the October

1975 Council meeting, had it not been for British rejection--
by an 8 to 1 vote--based on the "inappropriateness" of uni-

form standards for such a "geographically diverse Community."
There was strong reaction against what was deemed as British

1reliance upon nature to handle highly toxic materials. But

even as passed, the Directive is of no direct value for inter-

national areas since it stops short at the outer boundary
of the territorial seas .

Summa'

Just as with international nuclear law, there is still

considerable development of international environmental law

required for governing any use of sub-seabed disposal. Nhen

combined wi th the commitments and principles established by
treaties for international areas, documents from the prepara-

Environment of the Community � f f ici al Journal o f the Euro-
C t ', Vol. 19, No. L 129 of 18 May 1976! in ILM

15 �976!: 1113.

l
See "British Demur to Environmental Controls" Env.

Law & Policy~ 1 �975!: 144.
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tion for and proceedings of the Stockholm Conference, and

Nuclear Test Cases, the ongoing work

of UNEP, the ICRP, the specialized agencies and the CEC is

laying important groundwork. We can already cite strong

evidence that at least prior notification and consultation

is an international obligation for states planning to intro-

duce the use of major new, especially controversial, tech-

nologies into the deep seabed. New national requirement.s

for environmental impact assessments seem to be catching on

at the international level. And there is growing evidence

that international law requires the study and monitoring

of potentially harmful activities in international areas.

There may be principles establishing both State responsibil-

ity and Liability for serious pollution of the international

seabed and standing for concerned States which are attempt-

ing to prevent such pollution through international forums.

But these two areas need much more development.



CHAPTER V

THE POLITICAL PRESSURES: IMPACTS OF U.S. AND

FOREIGN POLICIES ON THE SUB-SEABED

DISPOSAL OF RADIOACTIvE wASTE

Based on the assessments of the technical, marine dis-

posal, and national and international legal problems of sub-

seabed disposal in preceding chapters, it is now time to

consider the policy issues. Regardless of the importance of

involved scientific and technological aspects and the fact

that some policy issues are best handled by taking no action,

if the radioactive waste problem is largely  or even signifi-
cantly! political in nature, it will not be solved by skirting

the major policy issues. Fundamental political problems will

remain to be addressed even if all technical problems can be

solved; and vice versa, policy may force sub-seabed disposal

at severe risk even if the technical problems have not, or

cannot be solved. It is entirely possible that the central

driving force in the sub-seabed disposal concept will turn

out to be the policy issues. And just as with the pace of

legal development, there is a fine line to be tread between

keeping work on the policy implications of such research and

development programs up with--but not significantly beyond--

the level of scientific and technological development.

259
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The General Polic Context for Sub-Seabed Dis osal

While public attitudes and governmentaL responses often
vary widely over a period of years, the handling of the sub-
seabed disposal efforts in the Late l970's and early l980's
will set some important trends. Part of the context is
already fixed. Nuclear energy is in serious trouble in the

U.S. and elsewhere; this is partially due to the poor govern-
mental and industrial track record in nuclear waste management
and the low level of associated public understanding.

Closely coupled with the past governmental and industrial

record is the growing nuclear opposition in many countries
from environmental, consumer, and other interest groups with
complex sets of motives. As described above, especially in
Chapter I, these groups are particularly sensitive to both:

l! the use of local, state, or national territory for radio-
active wastes produced in other areas or countries; and

2! the activities of other groups and related events in

other areas and countries.

U.S. land-based disposal programs--for all types of radio-

active wastes--have already encountered serious political
difficulties in finding technically acceptable waste dis-

posal repositories. Local, regional, and state restrictions

and bans on nuclear waste transport and disposal, even in

forms which may not hold up legally against. federal preemp-
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tion in this area, must be taken seriously on political

grounds. 1

A crucial question thus overshadows this chapter:

To what extent will radioactive waste management be xe-

cognized as a serious problem in its own rightP This

consideration affects not only the pace of nuclear energy

development but also affects the disposal of large amounts

of already existing military and commercial radioactive

wastes. A more specific related consideration is: To what

extent will  and for how long should! the potential sub-

seabed disposal option be evaluated on the basis of its own

prospects and problems as opposed to those of the overall

waste management program and the other disposal options'

Regardless of the result, of course, there must be full com-

parative evaluation of all possible disposal options over the

next decade.

There are at least three central objectives for this

chapter and later work in the area: First, to determine if

sub-seabed disposal could be a politically feasible option,

or at least to find out if it appears to be ruled out on

political grounds for the 1990's and beyond; next, to begin

to understand how politics could and should affect sub-seabed

1 See Chapter I, above, pp. 39-44.
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disposal programs; and, finally, to see how the option can

be kept open politically, if this is judged to be desirable-

This chapter is organized around three closely related

areas of political response: domestic  U.S.!, other coun-

tries, and international bodies. American public and govern-

mental response to sub-seabed disposal is emphasized because

of its pivotal importance to decisions world-

wide. Much of the analysis of the U.S, situation also ap-

plies to other countries. After analyzing these three areas

of political response, the overall policy implications of

sub-seabed disposal and its immediate radioactive waste

management/nuclear policy context will be assessed.

Hi h-Level Radioactive Waste Dis osal

in the U.S.: A roach and Timin

The political implications of sub-seabed disposal in

the U.S. will be heavily influenced by the broader waste

management, nuclear energy and overall energy contexts. Re-

gardless of the fact that there increasingly seems to be

wide acknowledgement of the importance of waste management
1as a problem in its own right, the sub-seabed disposal

program is still an integrated part of the broader situation.

If the Carter energy plan builds even more opposition to nu-

clear energy, it could well become dif ficult to establish any

1
See, generally, Proc. of Conference on Polic Issues

in Nuclear Waste Mana ement  Wash., D.C.: MITRE Corp., 1977!



263

d.isposal facilities in the 1980's or 1990's. The planned

operational date for the first U.S. repository is now 19BS.

If reprocessing and the breeder reactor are indefinitely

delayed  the thrust of existing U.S. nuclear policy, but.

with considerable opposition!, and if the new � October 1977!

Department of Energy  DOE! develops public credibility and an

accepted nuclear policy, it will probably be easier to start

some waste disposal operations' The prospects for developing

credibility in the DOE, although still uncertai~, appear to

be much better, over the next few years, than those for estab-

lishing an accepted nuclear policy. The level of credibility

established in the DOE will depend largely on who is appointed

to head nuclear waste management. For nuclear power policy,

at least on the major issue of setting the procedures and pace

for new nuclear plant construction, there seems to be very lit-

tle flexibility in the positions of nuclear opposition groups.

Nithin the overall radioactive waste disposal context,

the level of trust or hostility established toward land-based

disposal programs will also affect the sub-seabed disposal

program image. It is not completely clear, however, whether

1 The progress in waste management also directly affects
nuclear energy development. It could become necessary to
halt all nuclear expansion while we attempt to deal with waste
management problems. The conclusion reached by the Ford
Foundation-sponsored report  Nuclear Power: Issues and Choices,
p. 262!, that we have time to study waste management problems
without an a reciable increase in risk since the magnitude of
the roblem will not double over the next 5 to l0 ears, seems
inconsistent with the nature of the problem, on both the
national and international levels, as analyzed in Chapter l.
above.
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new blunders in salt or rock programs, such as the Lyons,
Kansas debacle of 1970-71, would shift more emphasis on the1

sub-seabed or lead to a rejection of all disposal options for
longer-term interim storage. The best possible speculation
might be that new problems with land-based options would lead
to a shift of more policy emphasis on sub-seabed disposal.

The disposal programs may be partially inter-dependent
since the options actual.ly implemented could turn out to be some-
what different for present military wastes, spent fuel bundles'
high-level commercial reprocessing wastes, and transuranic-
contaminated wastes' Additionally, there seems to be fairly
wide agreement. in the technical and social fields that at
least two basically different disposal options should be
developed to the demonstration stage. Even putting aside the
discouraging pasr. record of the U.S. Atomic Energy Commission
in radioactive waste management, it does not seem to be pru-
dent from systems engineering and political viewpoints to
focus on only one answer to such a long-term and complex pro-blem. 2 1

See Chapter I, above, pp. 20, 39.
2
See, for example, APS, Re ort to

cal Societ b the Stud Grou o N c
Waste Mana ement, APS, 1977 ; Rochlxn, an , general y, U-S-<
Congress, House, Comm. on Interior and Insular Affairs,
Hearin s on Radioactive Waste Mana ement, before the Subcomn.
on Energy and the Environment, 95th Cong., 1st Sess. �6 & 17
May 1977!.
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Also crucial are future policy decisions on the timing

of establishing high-level waste disposal options. As noted

in Chapter I, above, we must now be careful not only to main-

tain the high priority on developing acceptable disposal

methods but also avoid hasty solutions formulated to remove

the tremendous pressure on the nuclear energy program. Criti-

cal policy choices will have to be made for avoiding both

rapid and potentially careless approaches, and stalled, overly

cautious procedures. Advocates of a disposal method should

be required to show the detailed reasoning behind its pre-

ference over other choices; critics of a method must spell

out their recommendations--with priorities--for alternatives,

unless they see no feasible alternatives. At least for the

time being, there do not seem to be any objections to main-

taining the spectrum of seriously studied disposal options

broad enough to inclued sub-seabed disposal. 1

U.S. Nuclear Polic and Sub-Seabed Dis osal

President Carter's new nuclear policy is essentially

a gamble on a two part trade-off. First, it offers to the2

nuclear opponents an indefinite delay on reprocessing spent

1
This may not, however, fairly represent the views of

some nuclear scientists, engineers, and administrators who
are convinced that salt beds are so certain to work that all
other options only "confuse" the public; see, for example,
B.L. Cohen, "the Disposal of Radioactive Wastes from Fission
Reactors," Scientific American 236�977!: 21.

2
See, for example, U.S., Executive Office of the Presi-

dent, Statement by the President on Nuclear Policy of 27
October 1976; Ford Foundation, Nuclear Power: Issues and
Choices; "Amid Confusion, a Primer on Nuclear Energy Policy,"
New York Times, 9 April 1977, p. 25; and New York Times,
28 Aprrl 1977, p. 1.
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fuel, recycling the plutonium and uranium, and developing the
breeder reactor, with hopes for nuclear proponents that this1

will allow "more ef f icient"  quicker ! li cens ing of reactor's
and increased reliance on the light water reactor. Arrd
second, it attempts to assure other nations that the U.S. wiLL
be both a reliable supplier of enriched uranium fuel  or
perhaps even that, there can be a stockpile of reactor-grade
fuel established! and a leader in solving the international
spent fuel storage and high-level waste disposal programs.
The price for U.S. fuel supply to non-nuclear weapon countries
would be a crucial requirement for the appLication of GAEA
safeguards to all nuclear materials and equipment.

Since the federal agencies, especially ERDA, have done
very little to anticipate the possibility of dropping repro-
cessing and of disposing of spent fuel, there is now a major
thrust underway to assess the problems and implications of
spent fuel storage and disposal. The first data are just
now becoming available, and few peopLe--even among govern-
rnent leaders--realize that after the first 100 � 200 years
the heat output of spent fuel will be 6 to 8  or perhaps
even 10! times greater than that of high-level wastes from

1
Ln addition to the criticism abroad, there has been

considerable foot-dragging and outright opposition in the
U.S.; Congress is refunding part of the cuts in the breeder
program; environrnentalists are concerned about the stress on
light water reactors; for the somewhat surprising oppositionof Senator Church, see New York Times, 3 May 1977, p. 24.
iurn is still pending.
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reprocessing. This could have major implications for dis-

posal, methods since heat may be an important factor in the

failure of containment by geologic media. Heat will probably

also determine the spacing requirements of spent fuel within

geologic media, especially in salt.

How does this new policy affect sub-seabed disposal?

There are at least three crucial questions to be asked: Is

sub-seabed disposal as acceptable as other options for a

"stowaway" fuel cycle, i.e. spent fuel storage for as long as

20-30 years followed by reprocessing and high-level waste

disposal, or by direct spent fuel disposal? ls it as accept-

able for a throw-away fuel cycle, i.e., spent fuel disposal in

the near future? And, how does it rank with other disposal

options based on the need for international arrangements to

control plutonium?
2

l
Interviews held with R. Anderson and D. Talbert, Woods

Hole, Mass., l977; these experts clearly disagree with state-
ments such as that made in the recent Ford Foundation report
 Nuclear Power: Issues and Choices,p. 259! that the heat
generated by hxgh-level reprocessing wastes is about the same
as that from spent fuel, except in the first l00 years.

2 This question is partially addressed by the prior two
questions, but, it also involves other considerations. Some
of these will be addressed below. Some should include the
technical and political criteria for evaluating non-prolifer-
ation policies, as developed by G.W. Rathjens and A. Carne-
sale, in "The Nuclear Fuel Cycle and Nuclear Proliferation,"
paper prepared for a Pugwash Symposium on International Ar-
rangements f' or the Nuclear Fuel Cycle, Racine, Wise., l976,
pp. 26-27; and the set of objectives for evaluating a multi-
national fuel cycle center, as included in C.B. Smith and
A.J. Chayes , "Institutional Arrangements for a Multinational
Reprocessing Plant," paper delivered at the Pugwash Symposium.
Racine, Wise., l976, pp. l � 3. All of these criteria and
objectives relate to slowing or preventing the decision by,
and capability of, other countries or groups to acquire
nuclear weapons.
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Interim storage of spent fuel could be done through
use of expanded cooling pond facilities at individual rea-
ctor sites, expanded facilities at the inactive Barnwell,
South Carolina reprocessing plant, a new retrievable surface
storage facility  RSSF!, or the same  or similar! geologic
formations to be used for disposal. None of these are
particularly attractive because:

I! Keeping all spent fuel on reactor sites places the entire
burden of interim storage on the utilities that own the
reactors. This would represent a major government policy
reversal and involve contract negotiations and serious related
political and financial problems. It would also seem to create
an unnecessary security and health hazard especially if the
storage is to be for 20-30 years. On the other. hand,.this. new
hazard may be less than the risks from any increase in trans-
portation and handling due to a separate interim off-reactor
site storage step before final disposal or later reprocessing.
2! Expanding the Barnwell facility could be costly for the
taxpayer, and the later for the consumer. Storage of spent
fuel there would involve transportation risks and would put
another step into the process between on-site storage and
disposal.

3! The RSSF also creates another interim step for transport
and handling. A primary problem with the RSSF is that it may
remove the political pressure to find acceptable final dis-
posal options. Furthermore, this leaves open the possibility
that, by default, it could become a disposal site, or at
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least a very long-term storage site. Additional tran>
portation risks are also involved.

4! The major advantage of storage in geologic formatio»
would be the elimination of all interim steps, if ther+
no reprocessing. But, since it will be a number of y+»~
at least the mid-1980's--before we could even start

in geologic formations intended for disposal repositorie's ~
this option would entail some prior step, such as ma j or e>
pansions of on-site cooling pond storage at nuclear pl<>ts-
If we add to this the facts that all the problems with the
RSSF would also apply here, and that the f irst disposal r<Posi
tories are scheduled to be in salt and salt appears to be
poor choice for interim storage purposes, it does not appear ~l

from this author's viewpoint, that storage in such geologic

formations at least until the l990 's is very likely, or, i f

undertaken, likely to prove an adequate solution to the inter-

im storage problem for spent fuel.

Based, then, on factors such as a minimum of transport-

ation or other steps that might involve risks to health and

safety, easy retrievability, maintaining pressure to develop

final disposal options, and no chance of conversion by

default--to a less than acceptable long-term storage facility,
it appears that interim storage in facil ities such as Barge] l

would be the wisest step. This woQld leave open tpe, option pf

moving to storage in geologic formations if reprocessing

This is due to the highly corrosive environment
salt beds, making it increasingly difficult effectively
re reeve egrieve the wastes--especially after about l0 years--and
th oblems with structural strength for such re rievablete pro ems
facilities; see, generally, U.S., Congress, House, Comm .
Interior and Insular Affairs, Hearin s on Radioactive gast<
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continues to look unlikely and if acceptable long-term
repositories become available.

Sub-seabed disposal is clearly not as satisfactory as
other geologic options, such as salt and rock--in a mined
cavity form, for the storage part of a stowaway fuel cycle-
While it might prove useful to store some fuel and permanently
dispose of some, if we want easy retrievability, we should
rule out the sub-seabed. There will, however, eventually be
either spent fuel or high-level reprocessing wastes  especi-
ally from military sources! for final disposal. And the
stowaway cycle will allow more time for the full comparative
a.ssessment of all disposal possibilities.

Xt is still too early to answer definitively the overall
question of the relative acceptability of the sub-seabed for
the disposal step in a stowaway cycle, a throwaway cycle, or
for international arrangements designed to control nuclear
proliferation, but we can tentatively say that sub-seabed
disposal appears to be as acceptable as land-based options
for at least the final disposal step. The only major change
apparent so far with a throwaway cycle is the heat factor
noted above. To date we do not know the full consequences
of heat on any of the potential waste disposal media. Yet
we can see that the wider spacing required in the disposal
media for spent fuel bundles will lead to more mining
operations and expense for land-based options
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which use a mined cavity. Wider spacing will obviously not
create any new problems for sub-seabed disposal.

One of the serious obstacles to developing an inter-
national spent fuel storage  or a disposal! site for nuclear
non-proliferation purposes is the strong national opposition,
even in the case of a host country for an international
arrangement, which must be expected to accepting wastes,
or even potential wastes, from other countries. From the
political viewpoint, one expert observer finds sub-seabed
disposal to be the most attractive of the high � level waste

Idisposal options. This is because sub-seabed disposal does
not trigger the opposition to the local disposal of foreign
wastes. Thus the sub-seabed could become an important part
of an international effort to control plutonium. An Associ-
ated Press story of April 1977, for example, noted that part
of the Carter Administration's nuclear non-proliferation
strategy may involve international sites for radioactive
waste  especially spent fuel! disposal. Sub-seabed disposal
was cited as the leading possibility for such international

2
cooperation. So the sub-seabed disposal option for radio-
active waste disposal might offer some unique advantages
as a politically acceptable site for establishing an
international waste disposal arrangement as part of a
broader nuclear non-proliferation plan. It is, however,
still impossible to say what the exact U.S. and foreign
political reactions to this concept and to international

3disposal sites on land will be.

Harvey Brooks, "The Public Concern in Radioactive Waste
Management," p. 57.

2
Associated Press release NO27 of 21 April 1977.

3
The nuclear non-proliferation aspects are developed

in further detail in Chapter 7, below.
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Comparison of Sub-Seabed Disposal to Other

Options on Socio-Economic Grounds

We clearly do not yet know enough to do the essential

comparative evaluations of high-level waste disposal options.
Although such evaluation is implicit in the daily budgetary
and program development decisions of the ERDA, there is lit-

tle evidence that a systematic and comprehensive assessment.

has even been done. Indeed, given the intra and inter-agencY
program pressures in the Executive Branch and the scrambles

for energy authority in the Congress, thexe is little rea-

son to believe that it will ever be done. It is therefore

crucial that the regulatory agencies--the NRC and SPA--the

public interest and other related groups, and the key inde-

pendent expert study groups do in depth analyses of the pros
and cans of full scale use of each disposal method.

The intent here is only to help establish the frame-

work for assessing sub-seabed disposal and comparing it to

other methods on socio-economic grounds. Again, the objec-

tive is not necessarily to select one disposal option. There

seems to be a strong chance that a combination of methods or

a disposal system may eventually be needed to deal with even

the wastes generated in the U.S. Thus comparative assess-

ment must also be keyed to identify complementary methods.

Brief consideratian will be given to six factors which

should be helpful in evaluating seabed disposal individually
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and comparatively, These include public attitudes, trans-
portation and emplacement, construction and operations,
physical security, the social and economic costs and the re-
sponse from other countries and the international agencies.
This analysis is obviously v~er tentative since we do not.
yet even know if there are any feasible ways to dispose of
high-level wastes.

Public Attitudes

There has apparently never been a survey in the U.S.
of public attitudes towards the various possible high-level
nuclear waste disposal options. Although it is still very
early, such a project could be very useful for the federal
agencies involved in radioactive waste management. The
limiting factor is that such public attitudes could be out-
dated quickly since both the disposal possibilities and the
individual responses must be expected to change over time.1

At a more general level, we do know many important
views on radioactive waste management and nuclear energy.
Radioactive waste disposal is very clearly perceived to be

one of the major problems with nuclear energy; key groups,
such as political and business leaders, regulators, and en-

2vironmentalists, feel that it is the number one problem.

1
P. Slovic, personal communication, 26 May 1977; and

Proposed Goals for Nuclear Waste Mana ement  A Report to the
US NRC by the Task Group on Radioactive Waste Management, 1977.!

2
L. Harris 6 Associates, Enc., "A Second Survey ; a ma-I ~ 'l0 ~

jor public criterion for having more nuclear plants is that
they meet tough government standards for radioactive waste
disposal.
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We should combine with this the clear public confidence in
scientists  followed by the NRC, ERDA, leading environmen-
talists, and the president! relative to that in other groups
for views and information on nuclear-related matters. This1

makes it, extremely important to reach a consensus among the
scientific community on disposal methods. Yet, we can ex-
pect this to be very difficult, and perhaps especially hard
for sub-seabed disposal, since there will be reluctance a-
mong scientists and government officials in energy-related
agencies advocating salt disposal to adopt an unconventional

2
approach.

It has also become very clear that no one wants nu-
clear waste disposal in his own immediate area. This3

raises the question of the equitable balance of costs and
benefits, at least in part, to the national level because
the wastes will have to be transported and disposed of some-
where. In addition to the concern for geographic equity,
there is a need for inter-generational equity. There seems to

1 Ibid.

B. L. Cohen, "The Disposal of Radioactive Wastes fromFission Reactors" Scientific American 236 �977!: 21.
U.S. NRC, Pro osed Goals, and P. Slovic, "Psychologi-cal Factors in the Perception and Acceptability of Risk,"

Proc. of Conference on Public Polic Issues in Nuclear Waste
Mana ement; and W.S. Maynard, et al., Public Values As-

e ith Nuclear Waste Di~sposa ," A report to the U.S.
KRDA  Seattle, Wash.: Battelle Memorial Institute, 1976! .
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be agreement. that the risks should be minimized for present
and future generations, and that most of the responsibility
for waste management should be assumed now. But as of L976,
most peop3 e did not think that the generation using nuclear
power should take all the risks for waste disposal. 1

Combining the public attitude of avoiding waste dispo-
sal in the "backyard" and the clear need to avoid areas with

significant, existing or potential population densities, the
result may inevitably be geographical inequity. Either states
such as Nevada, Utah, Colorado or New Nexico--which receive

Little of the benefit from nuclear energy--assume most of

the risks for the U.S. salt or rock disposal, or the entire

international community--in some sense--suffers the risks of

sub-seabed disposal for the countries using nuclear energy.

But there are at least five unique characteristics of

sub-seabed disposal in this respect.

L! As noted above, it could be much more acceptable to

national publics since it does not threaten any local con-
2

stituency. This would tend to increase its chances of be-

ing available as a final disposal option.

2! It is an option which requires approval and cooperation

beyond just the national level. But this requirement could

1
Maynard, p. 82.

2
Nuclear power is much more acceptable to the U.S. pub-

lic if the plants are located offshore or in an isolated area;
this pyschological distance is the single most important fac-
tor in eliciting a willingness to have a nuclear plant in the
neighborhood, L. Harris & Associates, Inc., "A Second Survey."
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turn out to have some positive implications for public
acceptance of international cooperation on radioactive
waste management and on nuclear proliferation.

3! Since there is no local constituency--even with a com-
prehensive law of the sea treaty--great care must be taken
to avoid "out of sight, out of mind" practices.
4! Zt could offer a disposal solution to the several coun-
tries which are unlikely to have acceptable national sites,
i.e., the public acceptance in some countries might be
increased by the clear need of other countries for some
final disposal option for high-level radioactive wastes.

We do have one additional hint at public attitudes on
the relative importance of four composite aspects of nuclear
waste disposal. A preliminary survey indicates that:
l! long-term safety  all risks after wastes are emplaced!l
2! short-term safety  storage, transport and emplacement
risks!; 3! a.ccident detection and recovery are, respectively,
seen as the most import aspects; and 4! dollar costs of a
given disposal method were very clearly seen to be the least
importance. Although the order of presentation of the firstl

three of the four composite aspects xepresents an order of
priority with statistical significance, the authors were
unable to find any practical difference in importance among
the first three aspects.

Short-term safety and accident detection and recovery
may well become public opinion problems for sub-seabed dis-

1
Maynard, p. 32.
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posal. The oceans, and especially the abyss, are still a

major source of myth and mystery for even the well informed

American layman. Most people would be astounded to know the

scientific and technological capabilities now available in the

ocean environment. So it could be very difficult to inspire

public confidence in relatively simple capabilities like

returning to precisely the same spot on the high seas or

picking something off the bottom in five kilometers of water.

There also seems to be a general f eeling that sub-seabed

disposal would have to be more expensive than land-based

disposal. Yet we really have little data to go on so far.

A seabed penetrometer emplacement technique could well turn

out to be cheaper than most rock disposal methods.

Trans ort and Em lacement

Transportation and emplacement are sometimes cited by

experts as the crit. ical elements of any sub-seabed. disposal

program, although such comments on emplacement appear to
1

be directed at, the deep drilling technique. It may in fact

be that the major risks of accidents, sabotage, or theft,

which could lead to serious consequences from any disposal

method would occur during these stages. It is not at all

l
Most recently, see the Ford Foundation report  Nuclear

Power: Issues and Choices, p. 255! comment that key un-
certainty.es include the "risks associated with extended sea
transport and emplacement in water of 5 kilometers depth."
The latter risk apparently refers largely to a drilled em-
placement method.
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clear, however, that these risks over severa3, decades exceed
those from the long-term safety aspect over several hundreds

of thousands of years. In any case, it remains too early to
make any useful comparative evaluation of disposal methods
on this basis.

We first need some reasonable idea of at least:

1! where spent fuel wou3.d. be encapsulated and finally ship-
ped from and/or where high-level reprocessing wastes
would finally be shipped, including other countries;

2! which shipping methods would be available;

3! where possible land-based and sub-seabed disposal sites
would be;

4! what, ernplacernent methods wou3.d be used;

5! what the short and long-term site monitoring requirements
wi3.l be.

Given spent fuel storage and waste encapsulation wel3. inland

in the U.S., extra transportation and handling could be ex-

pected for sub-seabed disposal. Use of spent fuel storage and

waste encapsulation facilities on or near coasts could lead

to less transportation and handling for a sub-seabed option.

preliminary disposal choices should perhaps influence

the choice of locations for interim spent fuel storage. How-

ever, if acceptable land and sub-seabed disposal is available,

transportation distances could be a major determinant of where

different facilities send their wastes.
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A key advantage of using ocean transport is that it is
less likely to immediately endanger densely populated areas--
such as the major cities transited by rail or truck. One key
risk to be investigated, however, is the possibility of an
accident in loading or unloading, or even of losing an entire
ship at sea. Safe transportation may not, in a broader sense,
be as much as question of technical feasibility as it is one
of social or public acceptability. The question may ultimately
focus on the relative risks of different types of land and sea

ltransport and on logistical requirements such as highways
and shipping containers.

One general comment on emplacement is that seabed dis-
posal is obviously designed to rely very heavily on nature.
A mined cavity in salt or rock may offer some advantage in
ease of retrieval from a demonstration plant stage for five
to ten years' For long-term safety, however, the mined cav-
ity concept. reLies much more heavily on man's engineering
capabilities and guarantees. It already seems clear that,
in general, the more a disposal method relies on natural con-

l N.B. Silker and M.R. Peterson did a preliminary study
of the sea transit phase of a seabed disposal program  "Impli-
cations of Seabed Disposal of Radioactive Wastes," unpublished
report, Bettelle Memorial Institute, L975!. They found that
"the disposal of high-Level radioactive waste to the seabed
appears very attractive from all aspects considered." The
basic conclusion was that risks could readily be reduced to
very acceptable levels with special precautions. This was,
however, very general and speculative in nature, with only
brief treatment of possibilities such as fire and sinking at
sea. Much more work must be done in this area; one key
question is whether or not ships should specifically designed
to transport, emplace, and monitor  over the period immedi-
ately after emplacement! the containers.
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ltaxnment, the more difficult it is to retrieve the wastes.

Two criteria, technical irreversibility and site multi-

plicity, have been suggested for evaluating nuclear waste dis-
2posal methods on the basis of long-term safety. Technical

irreversibility, the emphasized criterion, is defined as

'the degree to which emplaced wastes are resistant [both social-

ly and physically! to recovery or release either by accident
3or by the deliberate application of technology." On a very

preliminary analysis, seabed disposal is ranked as quite ir-

reversible since it is predicted to remain isolated through

social and natural uncertainty.

Regardless of the number of basic disposal methods cho-

sen, there is always the possibility of using a number of

sites  site multiplicity! to decrease the level of risk from

failures at a single site. Site multiplicity may thus in-

crease the technical irreversibility of a disposal option.

Seabed disposal is accurately ranked as very strong in this

area since it is expected to be very easy to increase the

number of sites. The red clay sediments of primary interest

for sub-seabed disposal are the most. widespread geologic for-

mation on the planet, i.e., they are available over about

1
The Ford Foundation report  Nuclear power; Issues and

Choices! echoes the British Royal Commission's report,  Nu-
clear Power and the Environment! on the advantages of seabed
disposal, namely "security from inadvertent retrieval and a
very stable geological environment,"

2
Rochlin, p. 24; long-term safety is assumed to be the

overriding concern.

3
Ibid., p. 26.
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one quarter of the earth's surface.

Long-term management--largely for monitoring and re-

stzicting some seabed uses--is likely to be the only limit-
ling factor for the number of such disposal sites. These

criteria need to be refined and applied frequently as dis-

posal options are developed. Special attention must be giv-

en to new storacte needs, transportation aspects, emplacement

methods, and potential future resources in the vicinity of
any site. Yet, at this stage seabed disposal is, by these

criteria, a preferable choice to the use of mines in salt or
rock.

Construction and Operations

Assessments of construction and operational require-

ments are, of course, largely dependent on more detailed
2knowledge of disposal methods. Based on assumptions of

penetrometer emplacement. from a specially designed. ship, the

construction would consist mainly of a port loading facility

and the ship, with no permanent on site facility except for

l
One of the conclusions of a public workshop on nuclear

waste management sponsored by the EPA  Office of Radiation
Programs! was that: "There will probably be a net advantage
to having multiple waste repository sites, but further techni-
cal consideration is necessary:"  A Norksho on Polic and
Technical Issues pertinent to the Development of Environmental
Protection Criteria for Radioactive Nastes, US EPA, l4 April
l977

2
Detailed information on transportation, construction,

and costs is contained in BNWL, High-Level Radioactive Waste
lIanagement Alternatives, BNWL-l900  Seattle: BNWL, l974!, es-
pecially Vol. 3, Sec. 6--Seabed Disposal, but this is based
on drilled emplacement  p. 35!, which is no longer necessarily
the leading engineering concept, and other very outdated infor-
mation.
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bottom moored remote monitoring devices, Other options will

need some form of permanent and secure on-site facilities on

the surface and underground  for a mined-cavity concept!.

Operationally, sub-seabed disposal will at times be restric-

ted, on a temporary basis, by weather, but this is unlikely

to be of any real consequence unless the time consuming deep

drilled emplacement is used in areas of frequent storm oc-

currence. Land-based methods would involve major drilling

and mining-backfi3.ling operations. One foreseeable differ-

ence of importance is that one ship and port facility could

service several sub-seabed disposal seaports, whereas all

construction and operational aspects of land � based. options

would be necessary at each such site.

Ph sical Securit.

Physical security for sub-seabed disposal, just as

with land-based disposal methods, must be carefully assessed

based on a number of factors, such as types of transport

used and lengths of routes. It will be dependent on whether

reprocessing wastes  no threat! or spent fuel is carried for

disposal. Even if we dispose of spent fuel, the level of

concern about the possibi3.ity of spent fuel theft and sub-

sequent reprocessing must be determined. Long-term security

from both unintentional and intentional human intrusion may

turn out to be a major advantage for seabed disposal--along

the 3.ines of the above noted technical irreversibility cri-

terion. If the primary future threat of human intrusion
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into disposal repositories is determined to be from resource

exploitation, seabed disposal might rank very high on security.

Social and Economic Costs

Social and economic costs may be the aspect which is

most sensitive to the need for more detailed information on

disposal options. Until the research and development process

is far enough along to answer at least the basic questions on

technologies to be used--perhaps by l980 or l98l--cost esti-

mates will be very speculative. Nevertheless, it. is now

possible to begin to determine exactly what information is

necessary for such estimates. We can also begin to discount

the long-held claim that waste management costs will be

relatively insignificant.

One basic problem is determining what are and are not

the costs of waste management. U.S. Federal government

policy for the last. few years has been that the utilities

should pay the full costs of managing the wastes produced in

their nuclear power stations. Yet it is virtually impossible

to calculate even past costs incurred from government involve-

ment in all phases of radioactive waste management. And the

costs for handling existing federal wastes from military

applications alone will be extremely high relative to those

for all existing commercial spent fuel. Now, assuming a

stowaway fuel cycle in the U.S.  in accordance with new U.S.

nuclear policy!, we must find the cost of storage by an un-
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determined means for an unknown length of time  which could
now be up to 20 to 30 years!, including transportation and
processing. Then we must know if spent fuel will be repro-
cessed prior to disposal, or if there will be direct dis-

posal. Finally, there must be some idea of the timing,
means, and location of disposal.

The problem is further complicated by the question of
whether waste management R and D costs should be included.

ERDA's budget. for commercial waste management became a sig-
lnificant number hy l976-l977, and it continues to grow

very rapidly. How much of this expenditure, which represents

an increasingly significant subsidy to the utilities, should
be passed along to the waste producers--and thus to the elec-

tricity consumers'? And when should the bill come due?

One way to charge utilities and consumers now using nuclear
power for managing their wastes is through the use of an es-

crow fund or similar arrangement; this could require annual

payment by the utilities to a Federally established fund of

the best possible estimate--which is certain to be way too

low � of the costs to manage all spent fuel produced that
2

year.

1
See Chapter I, above, pp. 36, 37, and Figure l0.

2
This becomes even more complex if we attempt to cal-

culate full resource values. If we do not reprocess spent
fuel, how much more uranium will be used up, and what extra
charges should thus be made for more rapid depletion of a
non-renewable resource? Or can we balance out this cost to
future energy consumers with the prospect of less spent fuel
reprocessing and a slower spread of worldwide nuclear weapons
production capabilities?
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Past estimates of sub-seabed disposal costs have been

based on a drilled emplacement technique. Since penetrometer

emplacement may be favored, the expensive drilling ship and

open ocean platform may not be necessary. This would lead

to major decreases in capital and operating costs.

Major expenditures will be a function of how many and

what kind of ships and port facilities are needed. The same

potential advantage to construction and operational needs of

one port facility and ship serving various disposal sites

could also help keep costs down. Additionally, the ongoing

international seabed disposal program may cut R and D costs

to the U.S., and the need for international participation in

the operational phase could further reduce individual coun-

tries costs.I l

Claims that we should not be concerned about the costs

of waste management since they will const.itute such a small

fraction of overall expenditures on nuclear energy are very

unconvincing. Yet it is crucial to further investigate the

initial finding that the public ranks costs well below safe-

ty in waste disposal. It seems to be of the utmost impor-

tance to establish that, even if waste management becomes a

significant economic burden, the overridin riorit must

be laced on develo in the safest ossible means for ro-

1 If an international site were to be operated as part
of an effective overall nuclear non-proliferation effort,
we should count on it being more expensive for the leading
countries, such as the U.S. and the U.S.S.R., than it. would
be with wastes from only nations with major nuclear energy
programs. Yet, this type of arrangement would certainly
seem to be worth any extra direct economic costs.
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cessin , storin and es eciall trans ortin and disposin

of nuclear wastes, Et is important that leaders in the U.S.

Congress and Executive Branch be convinced that costs rela-

tive to protecting future generations should have a lov

priority.

The Res onse from Other Countries and the
Znternational A encies

Our final concern in assessing the political response

to sub-seabed disposal in the U.S. is that of the political

influence of responses from other countries and related in-

ternational agencies. American public and governmental at-

titudes will be based, in part, on the reactions from other

countries, regions, and international organizations. 1n

the next few years the tone of these reactions may largely

depend on the attitudes of countries and organizations di-

rectly involved in the international R and D program on

seabed disposal. U.S. attitudes will be shaped by the suc-

cess or failure of this effort to attract interest and finan-

cial support from involved nations and to expand its base of

participating, or at least interested, nations. On the in-

ternational level, we should expect an increasing inter-

dependence in two respects: first, the problems and prospects

of nuclear non-proliferation and of nuclear waste management

will be more and more difficult to separate, especially for

seabed disposal; and second, the nuclear policy decisions

and events in one country will have even greater influence
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on those in other countries.
l

The Political Pressures on Sub-Seabed

Disposal from Other Countries

In many countries there are several scientists with

some basic understanding of the risks and benefits of sub-

seabed disposal--as presented in an international meeting or

conference paper or published in the scientific literature .

But no nation has yet made any formal foreign policy state-

ment on the possible sub-seabed disposal of radioactive wastes.

Indeed, relatively few countries are even fully aware on an

official level of the existence of the U.S. or international

seabed disposal programs. Naturally, then, it is now quite

difficult to predict national political responses.

There are however, a number of nations--beyond the four

participants in the international program--France, Japan, the

United Kingdom, and the U.S., that have informally indicated

some degree of interest in the concept. Australia, Canada,

and West Germany were also represented in the first Inter-

national Woxkshop on Seabed Disposal of High-Level Wastes,

which was held in Woods Hole  Massachusetts! during February

of l976. And several other Western European nations seem to

be following the program closely. All of the Western European

nations and most. of those in Eastern Europe are at least

aWare, through the NZA, IEA, and IAEA, of the sub-seabed dis-

posal studies. Several other nations in Asia, the Middle

East, and South America have had some contact through inter-

l See Chapter I, above.
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national conferences.

The purpose here is to examine present and prospective

attitudes of key countries and identify the broader factor

and trends that will determine the international political

climate for sub-seabed disposal. In general, of course, we

can expect more support from nations which use, or are about

to use, nuclear power. This would be a group of roughly 50

nations by the year 2000. But there will be major differ-

ences withi~ this group. Most important among the reasons

behind this variation will be the number and types of politi-

cally and geologically acceptable waste disposal options, if
1

any, that are available to ~ations. Countries with little

or no possibility of developing local disposal methods can

be expected to support at least R and D on sub-seabed dis-

posal. Those with very large land masses and/or public com-

mitments to specific types of land � based disposal will, in

general, indicate less interest or perhaps some degree of
2

opposition.

Among the three nations which have joined the U.S. in

the R and D effort, Britain is the strongest supporter. But

along with their real need in the waste disposal area and

their strong oceanographic capabilities, the British carry

l
This refers mainly, although not exclusively, to op-

tions for the disposal of high-Level materials. Another cru-
cial, and closely related, factor will be the extent of the
country's dependence on and plans for nuclear energy.

2
Neutral or negative attitudes may become more posi-

tive if the U.S. national and the international R a D ef-
forts continue to be successfuL.
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the leading international record of radioactive waste

disposal, by dilution and dispersal, in the oceans. Theirl

general record of opposition to more stringent marine pol-

lution control may not encourage countries concerned about

the British contribution to the development and control of

sub-seabed disposal through the international program. But

the real problem is more complex.

Just as with the U.S. political situation, the most impor-

factor in gaining international political acceptability

may be the extent to which national governments comprehend

and respond on the basis of the major scientific and techno-

logical differences between the concept of long-term isolation

inherent in sub-seabed disposal and the past, present, and

proposed disposal by dilution in the oceans. If the sub-

seabed program is seen as another category of the geologic

disposal options, it could eventually prove to be more accept-

able than any land-based alternative. If on the other hand,

it is categorized as just another form of ocean dumping, sub-

seabed disposal of radioact.ive waste must be expected to

encounter strong opposition from at least Eastern Europe--

led by the Soviet Union, the outspoken critic of past U.S.

1
The U.S., with a comparable past. dumping record, does

not pipe reprocessing wastes--the most serious source of
radioactivity--into the oceans. And it will probably never
again use marine disposal of solid/packaged wastes by dilu-
tion and dispersal.
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and European, especially British, dumping oractices. It1

could also be extremely difficult for many European environ-

mental groups to switch gears and accept seabed disposal

after a long and continuing battle to end radioactive waste

dumping at sea. 2

British investigators of the concept of dumping vitri-

fied high-level radioactive wastes onto the seabed may be

greatly complicating the in terna tional poli tical s i tuation

for sub-seabed disposal. Under the auspices of the Inter-

national Seabed Disposal Program--established jointly to

assess the feasibility of isolating radioactive waste under-

neath the seafloor, they are apparently attempting to esta-

blish high-level radioactive waste disposal onto, as well as

1
The Soviet Union has, from time to time, accused the

U.S., U.K., and France of polluting the Atlantic, while em-
phasizing the view--arising from military and political ob-
jectives � that radioactive contamination is perhaps the most
dangerous type of marine pollution. In 1976 the president of
the Soviet Academy of Sciences called for an international
agreement banning the ocean dumping of nuclear wastes, see
World Env. R t. 2 � August 1976!: B. For further Soviet crit-
icism of radioactive pollution of the oceans, see A. Ostrov-
skii, "Int'1. Legal Protection of the Seas from Pollution"
Ocean Devel. and Int'1. L. 3 �976!: 287; and A. Skarkov, "En-
vironmental Protection and Int'1. Cooperation" Int'l. Affairs
 Moscow! 6 �976!: 62.

2
Due to their proximity to NEA disposal sites, Spain,

Portugal, and Ireland have generally been skeptical of, or
flatly opposed to, radioactive waste dumping; see, for example,
World Env. Rpt. 1  8 December 1975!: 7; at the First Consulta-
tive Meeting of the Parties to the London Convention in 1976
Denmark, Sweden, Portugal, and Canada expressed their desire
to avoid all ocean dumping of radioactive wastes; on British
contamination of the North Sea with reprocessing wastes, see
generally, the Marine Pollution Bull. Major hearings were held
in the Summer and Fall of 1977 in Britain on the proposed ex-
pansion of the Windscale reprocessing facility; the Isle of
Man  in the Irish Sea!, as one intervenor, is extremely concer-
ned about the prospect oi increased. discharge of radioactivity
to the Irish Sea.
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into, the seabed as a viable option under the same heading.
This is, of course, completely at odds with both the earle ear y

conclusion of the ERDA Seabed Assessment team that the
water column cannot be relied on as a major barrier to
the migration of radioactivity and the recent conclusion
of the U.K.'s Royal Commission on Environmental Pollution
that the two reasonable options for the permanent disposal
of vitrified wastes are geologic formations on land and

2below the ocean floor. Xt is also completely impractical
from the legal, political, and social viewpoints since
early results in this area indicate that high-level waste
dumping onto the seabed could never be a nationally or
internationally acceptable option. This has been further3

1
This has involved applying the label of "seabed dis-

posal" to their dilution and dispersal concept as well as
to the isolation concept for which it was developed.

2
Report of the Royal Commission on Environmental Pollu-

tion  Nuclear Power and the Environment!, pp. 150, 152, and
203; recently formulated British research proposals include
study of on the seabed disposal,  Proposals for Research on
the Aspects of Nuclear Power, the Natural Environmental
Research Council, January, 1977! .

3
In 1971 E. D. Brown concluded, with respect to nuclear

pollution, that ". . . any discharge carried out in disregard
of the substantial safety recommendations of the Brynielsson
Report [which cites unanimous agreement against any high-level
radioactive waste dumping into the sea, p. 77!--even though
these are not binding per se � would be ~rima facie evidence
of a breach of the required standard of care," "International
Law and Marine Pollution," Natural Res. J. 11 �971!: 249.

ponse to a request from the 1958 UN Conference on the Law of
the Sea and under Article 25 l! of the Convention, reached
the same clear conclusion against high-level waste dumping.
And this standard has been strengthened considerably since
1971 by numerous events and treaties covered herein, especi-
ally the entry into force--and ratification by 32 countries--
of the London Convention of 1972. Its complete ban on
high-level waste dumping and the special concern of the
Parties at later meetings over even low-level radioactive
waste dumping offer further confirmation.
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confirmed by recent work at. the IAEA on regulating radio-

active waste disposal at sea. A broad international group

of oceanographers  including some from the U.K.! working

under the IAEA has rejected the dilution and dispersal model

on which this British work was based and has replaced it with

a new oceanographic basis for regulating radioactive waste

disposal at sea. public and governmental associatio~ of anl

on the seabed dilution and dis ersal o tion with the sub-sea-

bed isolation conce t could. pose a real political and legal

problem for the ERDA Seabed Assessment Program and the Inter-

national Seabed Disposal Program. This type of work would

further blur the distinction, in public perception terms,

between the philosophies of isolation within the seabed and

dilution and dispersal in the water. Since the U.K.'s

Department of the Environment  DOE! is soon to assume the

responsibility for radioactive waste management, there is

certainly a chance that policies will change.

Nevertheless, the U.S. ERDA study of sub-seabed iso-

lation is contributing to the growing movement toward

isolation for high-level as well as low-level radioactive

waste as an international guideline or rule for all radioactive

waste disposal at sea. And all involved countries, except the

U.K., seem to be behind the isolation concept as the only

safe alternative, at least for high-level materials, and in-

l
See Chapter I, above.
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creasingly for all radioactive matter above innocuous levels.

The Soviet Union is extremely interested in inter-

national cooperation on marine sciences and deep sea techno-
1

logies, as well as on nuclear non-proliferation, and is

well advanced in studying radioactivity in the marine en-

vironment. An independent Soviet assessment of the science

and technologies of the sub-seabed disposal concept would

certainly be feasible. Although they have not participated

in the recent GAEA revision of the oceanographic basis for

2
regulating radioactive waste disposal at sea, they did

offer comments on this process at the First Consultative

Meeting of the Parties to the London Convention in September,

1976. Rather than advocating a ban on ocean dumping of radio-

active waste, they pressed for improving the oceanographic

model, and the containers and matrices used in dumping.

French plans, at least for now, seem to be to separate

their high-level radioactive waste into fission products-- 3
for land disposal and transuranics for sub-seabed disposal.

This is the closest that any country has come to an apparent

policy of using sub � seabed disposal. If this carries over

1 See, for example, U.S, Congress, Senate, Comm. on
Commerce, Soviet Oceans Development, 94th Cong., 2d Sess.
 October 1976! .

2 There was a scientist from Poland at the IAZA Advisory
Group Meeting {March 1977! on revising the oceanographic basis
for the IMA guidelines on radioactive waste disposal at sea.

3 Statement by A. Barbreau, French representative at the
Second Int'1. Workshop on Seabed Disposal of Radioactive Waste,
March 1977; Wash., D.C.
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into a significant R and D effort, a pivotal nuclear nation

 which also plans to rely heavily on nuclear power to help

supply its future energy needs! with an important role in

oceanography and global environmental protection will have

offered its firm support. Key international agencies, such

as NEA  OECD! and IEA, and environmental groups are also

based in France. And France is also an important link be-

tween the western developed countries and Eastern Europe,

and between the industrialized countries and the LDC's.

Of concern to the French, as well as to the U.S. how-

ever, is the apparent British attempt to twist the joint R

and. D effort to meet its own national objectives, i.e., to

retain the option to dispose--by dilution and dispersal--of

increasing quantities of radionuclides by dumping at sea and

by piping reprocessing wastes into coastal waters. And the

French are cl,early no more willing than the U.S. to provide

any appearance of international support for the British con-
1cept of disposal on the seabed. Yet, it is important, for

assessing the consequences of accidents or release, during

sub-seabed disposal to study the movement in the water and

sediments of radionuclides on the seabed. An evaluation of

such a containment disposal method must include all possible

1
This is precisely what happened, starting in 1967,

when the NEA sponsored the "European" dumping operation
 which was very largely for British wastes! . This enabled
Britain to continue the unilateral dumping, which ended in
1966, under international auspices in 1967, 1969, and 197l-
1977. Yet the future concept of high-level waste disposal
on the seabed is, even in the U.K., apparently seen to be
inferior to geologic disposal under land or the seabed.
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knowledge of the results of accidents or errors.

Japan seems to be following its now familiar pattern

in nuclear matters--cautious participation in and support of

sub-seabed disposal unt.il some consensus develops, at least

among European nations, either for or against the concept.

Given that Japan is the only country to acknowledge openly

the impossibility of land-based high-level waste disposal,

and that one of the key Japanese nuclear policy goals is the

reduction of dependence on other countries for nuclear fuel,

reprocessing, and waste disposal, Japan would certainly wel-

come a disposal option which did not depend completely on

some other country. While there is no concrete policy on

high-level waste disposal, a major proposal for future low-

level disposal is ocean dumping. The oceanographic basis

for participation in the joint R and D program on sub-seabed

disposal is certainly sufficient, and much of the work and

equipment already available for low-level waste disposal is

applicable to studying sub-seabed disposal.

Xt is especially difficult to predict the Japanese re-

sponse. A very serious problem of nuclear waste disposal

gnaws away at broad and deep sensitivities to things both nu-

clear and marine. Both the public and the government are

vividly aware of unpredicted or unknown results from intro-
1

ducing noxious substances into the marine environment.

1Mercury poisoning is but one of the serious examples;
interview held with Nr. Hisashi Owada  Head Treatees Div.,
Japanese Foreign Office!, Tokyo, August 1975.
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One particular advantage of Japanese participation in the
sub-seabed, disposal study is their heightened awareness of

the problem of liability for unexpected future results from
the disposal of very persistent substances. l

The Rest German situation combines elements of U.S.

and Japanese problems. Strong public commitments to salt
disposal for radioactive wastes, similar to those made--and
to some extent still existing � in the U.S., were made before

new problems appeared. The operational Asse mine disposal
site was declared unacceptable for high-level wastes and

severe opposition was encountered to the siting of a joint

reprocessing plant--disposal facility over the salt beds of

Lower Saxony. Just as in Japan, the government has softened2

its strong plans for nuclear power until some decision is
reached on high-level waste disposal.

There is, thus, enormous pressure-similar to that in

Japan, Sweden, and the V.S.--to find an acceptable disposal
option. But this is coupled with some fear in the nuclear3

community of "confusing the public" with non-salt disposal

options. The fear is at least partially due to the fact. that

West Germany is relatively well advanced in radioactive waste

management, with major political and technical commitments

already made to developing salt dome disposal methods. There

l
Owada, Augus t l9 75 .

2
Chapter I, above and Science 195 l977!: 962.

3
In addition to future nuclear energy plans, the West

Germans are in close competition with the English, French,
Americans, and even the Canadian.. and Japanese, over various
aspects of the future international nuclear market.
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is thus some hesitation, despite the uncertain status of

salt options for high-level waste disposal, and the apparent-

ly ongoing internal considerations of other possibilities,

over any change in focus at this point in time. The result

for sub-seabed disposal has so far been a careful monitoring

of all research activities, without any indication of immedi-

ate interest. It has, however, been noted informally that

an accepted disposal option b~e ond national borders would be

more than welcome by West Germany.

Canada, of course, has a land mass on the scale of the

U.S. and U.S.S.R. Additionally, the natural uranium fuel

cycle has been publicized as less subject to the problems now

being experienced with back-end operations by the enriched

uranium fuel cycle. Yet strong opposition to nuclear energy

has forced more serious attention to waste disposal. The

granite of the Canadian Shield may offer a solution for high-

level wastes, but they are also carefully monitoring the sub-

seabed studies. Najor plans for reliance on nuclear energy--

both for national energy and for international exports � demand

the development of some disposal options. Canada is also an

international leader for protecting the marine environment,

with strong capabilities in the ocean sciences. So their op-

position to such uses of the deep seabed could start a move-

ment which would prevent its use. Their support, on the other

hand, might help convince many nations that it is a souna con-

cep't .

As another leading ~ation in environmental protection,
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Sweden is also likely to influence other nations' future

policies on sub-seabed disposal. The 1976 report by the

Swedish government committee on radioactive waste recommend-

ed both shipment by rail ox boat, whenever possible, for high-
1

level matexials and disposal in bedrock. A central fuel

storage facility was estimated to be necessary by 1982, and

a disposal repository by 1990-1995. Although somewhat, con-

fident that disposal in bedrock will be possible, they seem

to be seriously concerned about future ground water movement

and resource exploitation as obstacles to demonstrating a

full disposal capability.

Given the new U.S. policy on nuclear fuel reprocessing

and the growing opposition to nuclear energy in Sweden, it

is very possible that they will never do their own xepxoces-

sing. This and the somewhat unstable political situation
2vis-a-vis nuclear energy leave future policies even more

unsettled. A report, in 1978, by the Swedish State Energy

Committee is to recommend policies on nuclear waste disposal.

This must satisfy the government that radioactive wastes can

1
Interest is high in the Canadian pxogram on rock dis-

posal; bilateral cooperation has been started. See ~S ent Nu-
clear Fuel and Radioactive Waste, p. 55.

2
The recent. reversal of the Prime Minister's once strong

stand against nuclear energy has molified the coalition par-
ties, but not many of his supporters in the 1976 election. So
it is not certain how long he can stay in office with the now
established policy of expanded nuclear energy use under tight-
er restrictions.



299

be safely handled if plans for nuclear energy are to con-
l

tinue. It is still too early to say if this report will
2recommend any policy on sub-seabed disposal.

Other countries, such as Switzerland, Finland, and
Austria, which have no reprocessing plans would be very
happy to see international arrangements for spent fuel stor-
age and waste disposal, but they do not yet have any policy
on sub-seabed disposal. Countries with serious national and

budding international plans for nuclear energy, such as Bel-
gium and India, will be hesitant to raise their disposal pro-
blems to the international level. Yet an international ar-

rangement for at least waste disposal and perhaps even spent
fuel storage beyond these borders could become an attractive
option.

Since India is the LDC with the most developed nuclear

waste management program, its policies on sub-seabed disposal

can be expected to be very influential in Asia, Africa, and

Latin America. But widely varying interests will be involved

among other LDC 's. Countries with nuclear energy programs,

such as Brazil, Argentina, Mexico, South Korea, Taiwan, the

Philippines, Pakistan and Iran, would probably be interested

in an international waste disposal facility, but their re-

l
Interview held with L. Daleus  Information Secretary,

The Royal Swedish Academy of Sciences!, Woods Hole, Mass.,
2 June l977; since the power industry is one half state owned,
there are serious public, as well as private, interests at
stake.

2
The recommendations of the British Royal Commission on

Environmental Pollution report  Nuclear Power and the Environ-
rnent! on the sub-seabed disposal wiLL certainly e considered-



300

actions to sub-seabed disposal are largely unpredictable.
The Eastern European countries can be expected to oppose sea-
bed disposal as long as disposal options are available in
neighboring countries. Pivotal countries in the law of the

sea negotiations, such as Mexico and Peru, will be highly
skeptical of such use of the seabed. They can be expected
to support its control by the proposed International Seabed.

Authority. Perceptions of the impact, if any, of sub-seabed
disposal on the exploration of manganese nodules will be a

crucial factor. Host LDC's will be interested only to the
extent that there is some perceived impact on future resources.

Crosscutting interests and commitments to nuclear energy de-
velopment will also play a role in their policies. Many
countries will not. be interested one way or the other.

The general reaction of LDC's to use of the sub-seabed

for radioactive waste disposal should be expected to be hos-

tility. This vill, however, be tempered by procedural, as

well as substantive, aspects. If the sub-seabed disposal con-

cept is introduced in its early stages--perhaps between 1978

and 1980--by organizations like the IAEA, IMCO, and UNEP,

rather than later in its development by a few industrialized

countries, there will be much less opposition, Such organi-

1
The IAEA estimates that 37 countries will have large

commercial nuclear energy plants in operation by 1990, with
about one half of these representing LDC's; M. Rosen, "The
Cx itical Issue of Nuclear Power Plant Safety in Developing
Countries" IAEA Bull. 19  April 1977!: 12. It is increasing-
ly difficult to interest countries in international coopera-
tive arrangements for waste disposal as they build up politi-
cal and economic commitments to national waste management pro-
grams.
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zations--or others � must have the international image of
presenting expert and neutral opinions and of involving
significant LDC participation. Absolutely crucial is the
difference between a concept perceived as another very high
technology use of the deep seabed by a very few industrial-
ized countries, and one perceived as a legi,timate, non-exploi-
tive, and strictly peaceful use of the seabed open to many or
all countries.

Since relatively few countries have the scientific and

techno3.ogical bases for conducting, or even confirming, a full

seabed disposa1. R 6 D program, its acceptability or rejection
internationally will a3.so hinge on the process of gaining
wide acceptance in the international scientific community, es-
pecia13.y among nuclear, geologic and oceanographic scientists
and engineers. An important, aspect of this acceptability will
be the degree to which clear procedures and opportunities are

established for LDC participation in both the joint R 6 D

effort and any actual disposal program. Despite the lack of

widespread R a D capabilities in this area, the technology
for actual emplacement � at least for the penetrometer-type
methods--would be widely available. If by 1980 the sub-

seabed disposal concept looks acceptable, the level of will-

ingness of nations and international organizations to pro-

vide technical assistance in this area to the LDC's will be

an important influence on their response to the concept.

Nuclear non-proliferation is not a cause that, raises

much excitement. outside of a few countries. Yet the Soviet
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Union, Eastern Europe, the U.S., Canada, Australia, and in-
creasingly a number of LDC's and Western European countries
 such as Sweden and Austria! would be much more receptive to
sub-seabed disposal if it were part of a broader non-prolifera-
tion arrangement. Since the Carter Administration already
seems to be trying to link the two, this could become a key
to the international political acceptability of sub-seabed
disposal--especially for the USSR, which is probably more in-
terested in nuclear non-proliferation than any other country
in the world. After all, why else should the U.S.S.R. he

willing to help ease the nuclear waste disposal problem in
the U.S . and Western Europe, when there is no presently ap-
parent Soviet need to use areas beyond its own borders? Per-

haps the only other reason would be Soviet interest in cater-

ing to a desire by many LDC's to take advantage of sub-seabed

disposal. Excluding Eastern Europe, the LDC's projected to have
operational nuclear power stations by l990 are: Argentina,

Brazil, Egypt, India, Israel, Iran, Pakistan, Philippines,

South Africa, South Korea, Taiwan, Thailand, Turkey, and
Xugoslavia.

The Response of International Organizations

to Sub-Seabed Disposal: Hesit»cy to

Enter the Political Realm

Now that we have a sense of the U.S. and foreign politi"

cal setting for a sub-seabed disposal program, i t is necessary

to turn to the international level. Little if any explicit
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policy on sub-seabed disposal should, in general, be expec-
ted for some time from the international organizations in-
volved in nuclear energy. They will wait for further

scientific and political development in member nations.
Furthermore, they will generally be very hesitant to enter
the political realm or to add to the growing perception that

1nuclear waste management is a serious problem. Sub-seabed

disposal presents a threat since it both obviously involves
major policy issues beyond nuclear energy, such as law of
the sea, marine policy, and environmental protection, which
involve competition among the list of related international
organizations, and it seems to acknowledge implicitly the
growing international nature of nuclear waste management
 and thus a further problem with nuclear energy use!.

Despite the very conservative, often least common de-

nominator, approach to policy-making in this area, we have

seen that the Xnternational Energy Agency--through the Nu-

clear Energy Agency  OECD!--is sponsoring a joint R&D pro-
gram on sub-seabed disposal. The NEA's approach seems to be

towards conducting a low visibility program since there is

no political consensus on the concept among the members.

Since the NEA is not a policy oriented agency--and the IAE is,

the political acceptance or rejection of seabed disposal by

1
There seems to be recognition, at least internally, by

related international agencies, that the primary problems are
social, political, and institutional, but the apparent belief
that their organizations cannot become involved in such areas
keeps them from participating in some of these important areas.



304

the industrial nations, as a group, will probably come from
the IEA. IEA's reaction can be expected to rest on the suc-
cess or failure of the joint R6D program. Despite the gen-
eral roblems itp with the IEA program on long-term cooperation
in energy, nuclear waste disposal is one of the biggest
of the obstacles impeding the accelerated development of
national energy resources which members have devoted them-
selves to removing. Additionally, France--while not. an IEA
member � is participating in the sub-seabed program through
the NEA and the other European nations are extremely inter-
ested in and largely dependent on maintaining the nuclear
option. Finally, the joint RSD program on sub-seabed dis-
posal needs a broad multilateral forum to work from; as
long as there is no formal agreement among participants,
the IEA/NKA framework seems to be the only alternative. And

it is probably preferable, at least temporarily, to a for-
mal agreement since it makes it very easy for other coun-

tries and agencies to participate, or at least to be obser-
2

vers,

Political responses from organizations such as the

IAEA, INCO and UNEP will be considerably more important in

I

See M. Willrich and M. A. Conant, "The Int'l. Energy
Agency: An Interpretation and Assessment" A.J.I.L. 7l �977!:
222.

2
Since the sub-seabed disposal concept faces the same

general problem as the IEA, i.e., that it was brought into
existence by, and still depends largely on, the U.S ~ , a key
measure of political success or failure will be the level of
funding and effort devoted by other countries over the next
few years.



30'

the future since their membership is worldwide. Their views

will include those of the LDC's and Eastern Europe. While

UNEP and INCO may be willing to tolerate new approaches to

the waste disposal problem, the IAEA must. be expected to be

hesitant to do anything beyond including sub-seabed disposal

on the list of possible future options' As long as the be-

lief prevails that there is no technical waste management

problem, i.e., that everY nation with nuclear energy can

manage the scientific and technical parts of disposal within

its own borders, it is hard to recognize any need to look to

the sub-seabed. There does now seem to be an acknowledged

concern among at least some at the IAEA over the capability

of each country to handle its own nuclear health and safety

problems. Yet just as with the NEA, we should expect thel

IAEA to quietly discourage major work on sub-seabed disposal

unless a broader consensus of support. develops among its

members. All such organizations will be strongly influen-2

ced by the responses of regional international bodies such

as the  Eastern European! Council for Nutual Economic As-

sistance  CMEA!, NEA, and CEC. 3

l
See, generally, Rosen.

2
Any perceived opposition, for instance, from the

Soviet Union could prevent an active IAEA role in this area.
3

The level of political influence of IMCO and UNEP
remains an open question. If eventually regulated under the
London Convention framework, sub-seabed disposal would be
the responsibility of the IAEA, but INCO would exert influ-
ence as the Secretariat for the Convention. The UNEP role
depends on what level of involvement it is able to carve in
nuclear energy. Its initial reaction to sub-seabed disposal
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International agencies, like national governments,
will also be influenced by the procedural aspects of politi-
cal acceptance. Early notification and consultation with
all the bodies likely to play a role will greatly enhance
the political acceptance; surprises via last minute announce-
ments will certainly increase any inherent opposition.
Involvement of some organizations will lead to steps by
others to prevent any such use of the sub-seabed.

Polic Im lications of the Sub-Seabed

Dis osal of Radioactive Waste

Our past shortcomings in nuclear waste management are
probably surpassed by our shortcomings in managing uses of
the oceans. The l970's have been a time of heightened aware-
ness both of our abuse of the oceans and of the possible
consequences of marine pollution for man and the environment.

Despite this new environmental awareness, there seems to be

wide public interest only in preventing pollution with direct,
obvious impacts on man. Still prevalent is an attitude of

"out of sight, out of mind" towards much of the open ocean
pollution.

Yet, only a few years after we ended the ocean dumping
of radioactive wastes and of old nerve gas, and started to

restrict other dumping, we now have serious problems with

can be expected to be at, least highly skeptical, yet UNEP
is clearly more willing than energy development related
agencies to acknowledge the international nature of the
radioactive waste disposal problem.
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the disposal of such substances on land. Shallow land bur-

ial of even low-level radioactive wastes is, at least in its

present form, clearly unacceptable on technical, political

and institutional grounds.

Institutional Responses: Policies for Sub-Seabed

Disposal of Radioactive Waste

Given our new thrust to protect the oceans, could we

turn to some form of disposal of low-level wastes on the

seabed? This is one of the alternatives to be considered by
l

ERDA and the NRC. In a form which would ensure isolation

until the wastes decay to innocuous levels, the EPA is not
2

ruling it out as a future option. It is certainly not at

all clear that. this practice could ever be politically ac-

ceptable in the U.S. But if it does become U.S. policy,

there will be a regulatory and political regime in place

for radioactive waste disposal � by isolation--in the marine
3

environment.

With or without. U.S. disposal of low-level wastes at

sea, sub-seabed disposal of high-level wastes would require

Congressional review and possibly amendment of the U.S.

Ocean Dumping Act.

l
See Chapter I, above.

2
See Chapter III, above.

3
One logical possibility might be to add a larger mar-

gin. of safety by simply designing the containers to penetrate
a few meters into the sea floor sediments.

4
See Chapter III, above.
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It is extremely difficult to predict the chances of such
action, but it may be possible to establish some baseline
requirements. The prospective Department of Energy  DOE!,
or whatever body assumes the responsibility for developing
high-level/spent fuel waste disposal options, would have to
accept, either on its own or with the urging of interest

groups, the Congress, or other government agencies, sub-

seabed disposal as a desired option. Independent evaluations

by the NRC and EPA would have to confirm the DOE's acceptance.
And strong overall backing from the other key executive branch
departments and agencies, especially the State Department and
the CEQ, would be essential. To date the NRC, EPA, CEQ and
State Department seem to be withholding formal opinions pend-
ing the resolution of scientific and engineering questions.

But much more will be needed for Congressional approval.
Sub-seabed disposal would have to be perceived, at least by
key environmental groups--such as the Union for Concerned

Scientists, the Sierra Club, the Environmental Defense Fund,
and the Natural Resources Defense Council--and by other in-
dependent groups--such as the National Academy of Sciences,
the American Physical Society, the American Society of Inter-
national Law, and related foundation studies, as a new and

different geologic disposal option which has been developed
in an open and constructive manner. The procedures of

developing legislation on sub-seabed disposal will be as

important as substance for political purposes. Related

interest groups and agencies must be involved as and when

appropriate.
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Is it possible to develop a sub-seabed disposal pro-
gram acceptable to the congressional committees with the

major jurisdictional r'esponsibilities for the nuclear fuel
1

cycle? As the originator of the U.S. dumping legislation,
we would certainly expect the House Merchant Marine and

Fisheries Committee  especially the Subcommittees on Oceano-

graphy, and on Fisheries, Wildlife Conservatiorr and the En-

vironment! to make a large part of the determination of

whether the law should be amended, interpreted, or otherwise

adapted to permit the use of sub-seabed disposal. While the

Oceanography Subcommittee might respond favorably to wide

support from all the U.S. oceanographic institutions.  if

that could be achieved!, the Fisheries Subcommittee would

probably be closely atuned to feelings of the leading en-

vironmental groups. In the only hearing to date which

dealt directly with sub-seabed disposal, the House Gub-

Committee on Energy and the Environment adopted a wait

and see attitude. The only major concern expressed was

that the concept did not. involve any dilution and disper-

sal of radioactivity in the oceans. It is just too dif-

ficult now to predict the outcome, but it might not be

an easy task, especially with congressional thrusts to

phase out all major U.S. ocean dumping activities by the

early 1980's.

1
It is almost impossible to be sure which committees

would play the leading roles. The committees likely to play
some role were outlined in Chapter III, above, p. l05.
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The Need for Public Scrutiny of R & D

on Sub-seabed Disposal

In view of the public attitudes and political impli"
cations of radioactive waste disposal programs, it is
absolutely essential to conduct the sub-seabed disposal
program in a completely open fashion, especially in the U.S-
Even further, initiative must be taken from the inside to

explain and discuss ongoing research efforts with a variety
of groups at all stages of development. A key goal should1

be the prevention of any surprises or misunderstandings.
Given the highly controversial nature of the concept and the
already established mystique surrounding the deep ocean, this
openness is doubly important. But it will also be difficult;

this type of process is highly suspect within the scientific
community and elsewhere, and even careful explanation of such

a program will sometimes be interpreted as advocacy. One

way to tread the fine line between openness and advocacy

is through the frequent use of independent review groups
which provide recommendations for program participants,
f unding agencies, key congr essional committees,

1
It could be very useful to set aside funding devoted

not to public relations but rather to public understanding
of the research efforts. Even the individual researchers in
such a program could productively apply a limited part of
their time to informal research reports for interested citi-
zens ' groups. When we consider "A Second Survey of Public
and Leadership Attitudes Toward Nuclear Power Development in
the United States," by L. Harris a Associates, Inc. for Ebas-
co Services, Inc., November 1976, it is clear that scientists
inspire by far the most public confidence on matters concern-
ing nuclear energy. Crucial, of course, is both that the
scientists reach a consensus on these matters and that they
remain very weary about comments on questions beyond their
fields.
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and the public  to the extent that the press, and program

participants and their sponsoring universities and institu-

tions can gain full release and wide circulation of such

review results beyond only the intra and inter-agency and
committee level!.

Othex Policy Implications of Sub-Seabed Disposal

A further necessity is the early inclusion in the plan-
ning for sub-seabed disposal of socio-economic, political,
legal, and institutional reseaxch efforts. The U-S. NKPA

 of 1969! requirement for an inter-disciplinary approach with
"the integrated use of the natural and social sciences" must

be fully met in all attempts to develop high-level waste

management options. This should involve the use of all avail-

able public opinion data on radioactive waste management and,

eventually, the taking of opinion data on individual disposal
options and comparative assessments.

Research efforts in these areas have already made it

clear that the radioactive waste management problem, in-

cluding sub-seabed disposal specifically, must now be fully

considered as a part of establishing overall nuclear poli-

cies. This is especially the case for spent fuel management-

A further policy implication which has surfaced involves the

pacing of parallel technical and political research efforts:

the establishment of sub-seabed disposal of radioactive

waste as a policy option should not rush ahead of scientific

and technical validation efforts; and sub-seabed disposal,
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on the other hand, should not be ruled out on political
grounds before there is opportunity to test its scientific
and technical validity as its ultimate political accept-
ability and public concerns are answered.

The Pol.itical Pressures on Sub � Seabed Disposal:

A Summary

The overall, state of national and international policies
toward sub-seabed disposal are clearly inadequate at this
time for effective implementation of a rational sub-seabed
disposal program for radioactive waste. Research is far
enough along on nuclear waste disposal possibilities to justi�
y at least a serious start towards setting out policy

priorities and decision criteria for this concept. Even in
the U-S- there are few policy-makers who understand the waste
dis osalisposal problem, especially the international implications,
and the possible options. And this falls far short of having
a balanced understanding of the positive and negative aspects
of each disposal possibility under serious study.

At least waste management is understood to be a serious

problem--with major social and political implications � in

the U.S. This is not the case in many countries and some
international organizations. Governments, generally, and
the specifically related international agencies, should be
preparing to evaluate radioactive waste disposal options on
the basis of carefully established priorities and criteria-
Priorities should, for example, be assigned to:
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l! the long-term development of nuclear energy relative

to that of alternative energy sources, based on factors

that include radioactive waste management; and

2! the level of attention to be devoted to waste manage-

ment relative to other parts of the nuclear production

process.

Criteria for evaluating waste disposal options must include:

Technical--

l! Environmental predictability  geologic stability--

aseismic, unfractured, and not affected by future

glacial upheaval, as based on a long, uniform record

of' past stability!;

2! High absorption and low transmission or dispersal rates

of radionuclides of interest by surrounding geologic media;

3! Very low probability of any future intrusion into the

surrounding media by ground water;

4! High resistance of media to local heat sources; and.

5! Minimal disturbance of natural media by waste emplace-

ment technique.

Social--

l! Very low existing and future resource potential;

2! Maximum physical isolation from unintentional and in-

tentional human intrusion;

3! Minimal or no active security or management requirements

over the long-term  including resistance to changes in

political systems!;
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4! Resistance to or isolation from effects of potential
future warfare;

S! Minimal socioeconomic costs, especially risks such as
those associated with transport and handling operations;
alld

6! Adaptability to use of many disposal sites to minimize
consequences of failure at any one site, and complementary
to possible use with other disposal techniques  e.g., may
handle certain wastes which cannot be handled by other
methods!.

Sub-seabed disposal must be evaluated politically by
governments in the context of all available possibilities
for managing nuclear wastes. It would be preferable to
have this comparative evaluation follow careful individual
assessment of the sub-seabed concept, and other options,
but countries will offer real support only if it is perceiv-
ed to be necessary for national wastes, industries, or other
clear interests. And sub-seabed disposal could eventually
receive more emphasis than it merits from countries with no
other choice.

Assuming technical feasibility and desirability, it
remains too early to determine if it is politically feasible
to bury high-Level wastes within the deep seabed. The most
important initial decisions must come from the U.S. Early
foreign and international political responses--which have been
mixed--will influence U.S. policy. Whether or not American
support of sub-seabed disposal would influence many other



3l5

n«io» «pends on future events in law o f the sea, general

nuclear policy, and nuclear non-proliferation efforts.

Pending the development of national and international pol.icy

on whether, where and for how long spent nuclear fuel will

be stored and/or reprocessed, it. is at most possible to

state that sub-seabed disposal does not seem to be ruled

out--for now--on political grounds.

This is certainly an area of scientific and technologi.�

cal development where the final--and many of the interim"-

decisions must be based on policy considerations. As a

minimum, careful and comprehensive political management is

required. Prevention, through policy and law, could also

prove necessary. If decisions are made, by default or other-

wise, to keep the sub-seabed option open, early consultation

with a large number of governments and agencies will be

essential. The alternative of such consultation is a sub-

seabed disposal option which may be technically acceptable

but politically unworkable. Much of the politi.cal response

will be determined by the extent to which appropriate

institutional arrangements are available as development

progresses. Sub-seabed disposal cannot be politically

acceptable without a reliable international management

structure.



CHAPTER VI

BEYOND LAW AND POLITICS � ETHICAL CONSIDERATIONS

FOR THE SUB-SEABED DISPOSAL OF

RADIOACTIVE WASTE

A start has recently been made towards analyzing some

of the ethical issues involved with the management of radio-
1active waste. Yet a much broader public discussion is

clearly necessary, especially on the individual and compara-

tive aspects of all high � level waste disposal options. Most

of the issues raised here are specifically focused on sub-

seabed disposal, although some will be important. for other

disposal methods as well.

Although quite difficult to assess for the sub-seabed

disposal of radioactive waste at this early stage of develop-

ment, there are several ethical considerations which should

be introduced. Even if all technical, political, and legal

problems with sub-seabed disposal are solved, these consider-

l
See, generally, Proc. of Conference on Public Polic

Issues in Nuclear Waste Mana ement, especially D. E. Abraham-
son, "Social, Ethical and Moral Issues in the Implementation
of Radioactive Waste Management Objectives," p. 221; Proc-
from a Worksho on Issues Pertinent to the Development of
Environmenta Protection Criteria for Radioactive Wastes,
ORP SCD � 77 � 1  Wash., D.C.: U.S. EPA, 1977!; and Proc- from
a Workshop on Polic and Technical Issues Pertinent to
Development of Environmental Protection Criteria or Ra io-
active Wastes,  Wash., D.C.: U.S. EPA, 1977!.
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ations will remain. While they merit much more attention
and development as the research and development on sub-
seabed disposal proceeds, the goal, for the moment, is only
to raise three of the important considerations or questions
and to help set the framework for addressing them.

One general comment seems to be necessary. The now
often applied mechanism of comparing the risks assumed in
nuclear energy with other commonly assumed risks can be mis-
leading and confusing. At some point the application of
such scientific methodology must give way to, or at least
be heavily influenced by, the feelings and reactions of the
people assuming the risks. This may be particularly true
for nuclear waste disposal as opposed to say reactor safety,
since the preponderance of nuc3.ear wastes  by activity level!
remains in storage and there is still a clear choice about
how and when final processing and disposal will occur. Ef
all the disposal options seem to be too chancy, then it is
still possib3.e to conduct further testing, or even to in-
vestigate new possibilities--an option which should be an

acknowledged choice. This must inc3.ude the possibility that
one or even several disposal options are considered to be

adequate by the experts, but are rejected by a large segment
of the population.

Certainly the first consideration for sub-seabed dis-

posal is whether we can consider as reasonable behavior the

permanent commitment of areas of the "international" seabed

or commons as nuclear waste disposal repositories. Begard-
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less of the past record of abuse of the oceans and the

basic legal right of nations to use general] y of the com-

should consider that sub-seabed disposal wou]d in-

volve transferring some of the risks associated with radio-

active wastes from the countries deriving the benefits from

nuclear energy to others which gain few or none of the bene-

fits. This consideration might. not be a problem for a wide-

ly accepted sub-seabed disposal program in a form perceived

as a legitimate use of the commons by many countries. But

it could be very troublesome for a program proposed by

either one or two nations, or even by several nations, in

a form found unacceptable to the leading nations in the scien-

tific fields of radioactive waste management and radionuclide

behavior in the marine environment. As a bare minimum there

should certainly be no mere transfer of the hazard from

national to international areas, i.e., sub-seabed disposal

should be the best option for all or part of the disposal

problem associated with the proposed class of radioactive

wastes.

The central aspect of this problem of making permanent

commitments in the commons is that many LDC's still pin

strong economic expectations to the prospective resources

of the deep seabed. lt is essential to consider that any

perceived threat to what they believe to be "international"

resources will be taken very seriously. Considering the re-

latively small size, however, of the deep seabed areas which

would be required for sub-seabed disposal, the potential pro-
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blem would likely be one of perceptions. Given early and
careful attention, the problem of perceived threats to fu-

ture resource exploitation could be largely a matter of

explanation and consultation with countries on the specific
nature of the sub-seabed disposal concept. As already noted
above, it will be important to work closely with internation-
al agencies trusted by the LDC's in this explanation and con-
sultation process.

A second question arises from the international and

nearly permanent commitments involved with the radioactive

waste management problem in general, and the sub-seabed

disposal concept specifically. Would the use of sub-seabed

disposal help or hinder the serious need to protect nations
from other nations' radioactive waste disposal practices
and future generations from the practices of existing popu-
lations. And, as part of protecting other nations, would

the use of sub-seabed disposal, as opposed to other methods,
help control the international spread of nuclear weapons
production capabilities? These answers would hinge, at
least in part, on the form in which sub-seabed disposal were
carried out. Given that an acceptable sub-seabed program

lseems to require fairly broad multilateral participation,

it might eventually involve a greater degree of internation-

al oversight and control over radioactive waste  including
spent reactor fuel! than land-based programs. Xn this sense,

l
See Chapters EV and V, above.
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sub-seabed disposal may provide more effective worldwide

protection for other countries and f'uture generations than

the situation where each nation did its own radioactive

waste disposal, or where a few nations conducted a joint

1
land-based disposal.

Another aspect of protecting existing and future gen-

erations from the danger of radioactive wastes is that of

long-term management. It seems to be widely accepted that

the least possible dependence on social institutions is best

2
for radioactive waste disposal options. This means that

we should compare the sub-seabed concept with those on land

on the basis of the least long-term needs for operational

and physical security management, ice., which options pro-

vide the most complete and assured isolation from man'?

Sub-seabed disposal would seem to rely more heavily on in-

ternational institutions over the period of active monitor-

ing and surveillance; it would also seem, due to the remote-

ness of the deep seabed, to rely less on institutions over-

all than land-based methods. Sub-seabed disposal would pro-

1 This is based on an assumption, similar to that impli-
cit in N. Willrich, "Radioactive Waste Management and Regula-
tion," Report to the U.S. ERDA  Cambridge: M.I.T, Energy Lab,
1977!, that international review and approval, by some form
of international body  Willrich recommends a radioactive
waste commission to be established under the IAKA!, of all
nations' radioactive waste disposal practices will ensure
safer disposal.

2 See, generally, Proc. of Conference on Public Polic~
Issues in Nuclear Waste Mana ement; Proc. from a Workshop
on Environmental Protection Criteria for Radioactive Wastes;
and Proc. from a Worksho on Polic and Technical Issues of
Environmental Protection Criteria for Radioactive Wastes.
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bably require very little, if any, operational or physical
security management over the long-term.

A final consideration is whether or not--ox' to what
degx'ee � final radioactive waste disposal options should of-
fer retrievability beyond the pilot plant stage. If we end
up with direct disposal of spent reactor fuel, it may be
important to have some minimum level of difficulty in re-
trieval to protect against unauthorized recovery for repro-
cessing and possible weapons production. Sub-seabed dispo-
sal would probably provide at least this level of di f f iculty

A stx'ong case can be made, however, that our minimum
d bteb to future generations includes the option to correct
our errors, i.e., to have retrievable disposal options. In
this author's view, this should be based, at least in part,
on the assumption that future genexations will have even
greater scientific and technological capabilities than those
now available. While leaking canisters could--depending on
the depth and method of emplacement--probably be recovered
from the seabed, by preOent standards, it would be a costly
and difficult o erat'operation. , Since sub-seabed disposal thus
constitutes an option which should perhaps be considered as
final beyond the pilot plant stage, it creates a problem for
any retrieval requirement.

Yet there seems to be a consensus developing, at least
in the U.S., that we should now assume most of the responsi-
bility for solving the radioactive waste disposal problem
that. we have created, including the minimization of the
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time between creation and disposal of all wastes. Inl

carrying out. this responsibility for disposing of radioactive

wastes, the possible need to assume finality for sub-seabed

disposal may become a key part of the isolation or "technical

irreversibility" criteria for radioactive waste disposal. It

now seems that a lack of ease of retrieval--along the lines

of the technical irreversibility criteria analyzed in Chapter V,

above--may be one of the requirements for the most effective

possible disposal. This could involve the use of disposal

options that are not easily retrievable after the pilot plant

stage. We may thus have to make some crucial trade-offs be-

tween the best possible final disposal method for Long-term

isolation and containment, and the ease of retrieval.

There are two distinct overall perspectives, based on

these ethical considerations, that may be adopted towards the

sub-seabed disposal of radioactive waste. It may be per-

ceived as a potentially dangerous and inequitable use of the

commons. It would certainly involve some level of hazard to

a common area from the nuclear trash created in the

l Ibid. The indefinite delay of spent reactor fuel
reprocesszng and plutonium recycle in the U.S. will, however,
necessarily lengthen thh period of time between removal of
spent fuel rods from reactors and final disposal.
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most advanced industrial and developing countries. Yet

many of the LDC's which might most justifiably view it in

this manner are also the ones aspiring to the use of nuclear

energy for future economic development. It is thus difficult

to predict their reactions.

Sub-seabed disposal, on the other hand, may also be

viewed as a potential guarantee that man and the environment

will be protected from the individual disposal practices of

many countries, especially those which do not appear to have

suitable local disposal options. This, of course, assumes

some acceptable level of multilateral management and over-

sight. In this sense, sub-seabed disposal may be considered

to be a very positive use of the commons to protect other

countries and generations from our major international en-

vironmental and security problem.



CHAPTER VII

THE INSTITUTIONAL POSSIBILITIES FOR THE MANAGEMENT

AND PREVENTION OF SUB-SEABED DISPOSAL

OF RADIOACTIVE WASTES

Many of the existing and potential institutional

frameworks of possible use for managing or preventing sub-

seabed disposal, especially as related to the legal and po-

litical aspects, were considered in Chapters III, IV and V.

International organizational aspects were emphasized. These

institutional frameworks are tightly entwined with the po-

litical and legal aspects.

While adequate structures for implementation of an in-

ternational sub-seabed disposal program are lacking, there

are useful regulatory and supervisory mechanisms that could

help provide guidance. The task at hand is to investigate

the ways in which these existing mechanisms, or new ones,

can be developed on a parallel basis with the science and

technology. One means of such structuring is to consider

the feasible scenarios, or management models, under which a

sub-seabed disposal progra~ might be conducted.

Possible Management Models for the Sub-Seabed

Dis osal of Radioactive Waste

The possible management models for sub-seabed disposal

can be derived from a matrix which is based on:

324
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l! the key characteristics of the institutional framework
through which any such program would be implemented; and
2! the likely actors  Figure l3! . Movement from left to
right in the table represents increasing levels o f inter-
national management and control.

Four possible management models result for a radio-

active waste disposal program in the sub-seabed  Figure 14! .
The first  Model l! involves the possibility that some form
of sub-seabed disposal would be organized, operated, and
regulated along private corporate lines  with significant
governmental regulation!. The second  Model 2! is heavily
governmental in nature, with some influence from inter-

nationally established standards and regulations. Next
 Model 3!, is a regional plan with joint financing, develop-
ment, and regulation coordinated by an international body .
Finally, there is an internationaL structure  Model 4! that
would make use of political and geographic international
regions to coordinate joint development, regulation, and
control of a sub-seabed disposal program.

The models are complementary. It is auite conceivable,
for example, that some form of corporate participation could
be included in Models 2, 3, or 4. Moving from Model l toward
the greater levels of international participation in Models 2,
3, and 4 should increase the probability of effective regu-
lation and enforcement. It is impossible, however, to xule
out. responsible unilateral action.
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MODEL

Unilateral or joint action in a corporate--Model 1--

for»«t be expected to include a significant l.evel of

governmental regulation and responsibility. In xnost coun-

tries the government is not only responsible for high-level

radioactive waste management but also for part or all of

the electrical generating industry' Most likely

the possibility of an intergovernmental agreement. establishing

contracts for several corporations jointly to operate a sub-

seabed disposal site. This could be for wastes f rom spent

fuel reprocessing, spent fuel, or other radioact.ive wastes,

such as those contaminated with transuranic constituents.

Model l may offer the quickest and most effective way to

operate such a disposal arrangement. EURODIF, the multi-

national company formed under French law by French, Belgian,

Italian, Spanish, and Iranian entities for bui let ing a nuclear

fuel enrichment plant, is an example of an arrangement which

is primarily corporate in nature. While the five partners

are either private companies or semi-independent. government

agencies, the management regime is strictly a corporate�

Board of Directors--arrangement without an associated govern-
1

mental committee.

But. the corPorate model is the least likely

1See, f or example, IAEA,
L'entre Stud: Xnstitutional-- nna:
IAZA, 19 76 !, p. 10 ~
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bably least de*ireable--means of managing such an operation,
especially for high-level radioactive wastes. For ethical,
social, political, legal, institutional, and technical rea-

sons, governments and international agencies will probably

demand at least the level of involvement offered in Model 2.

MODEL 2

A governmental management structure--Model 2--for

sub-seabed disposal is just as unlikely as a corporate one

on a unilateral basis, but it is much more likely in a bi-

lateral or multilateral form. This would correspond with
the usual form of European technological collaboration and

with most CKC/EURATOM, NEA, and IAEA efforts in cooperation

on nuclear energy development and regulation. Some regional

and international guidelines or regulations are applied--as

in the NEA dumping operations, but operational and financial

aspects are heavily governmental in nature. Though profit-

ability decreases--or even turns into a deficit-based opera-
1tion--corporate participation is still important. Euro-

chemic--the joint venture by thirteen NEA members for esta-

blishing a nuclear fuel reprocessing plant--and URENCO � a

joint European project on uranium enrichment � are examples

of arrangements involving both intergovernmental agreements

and private enterprises. Both incorporate elements of Models

1 and 2.

1
See University of California Berkeley  Institute of

International Studies!, "Non-Proliferation and Nuclear Waste
Management," a report for the U S. Arms Control and Disarma-
ment Agency, Berkeley, 1977, pp. 156-158.
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The governmental management model is generally Quite

easy to establish relative to plodeis 3 and 4. The problem

is that the regional international, and especially broader

international, involvement in sub-seabed disposal appears

to be essential for political acceptance and adeQuate legal
lcontrol. Although there must certainly be strong go<e'rn

mental participation in any arrangement of this types'

2 would seem to leave far too much discretion to indivi«»

countries.

Model 3

Nodel 3, regional coordination, offers a range c>f med-

ium to high levels of international control. It would. be

relatively difficult to establish, but could allow subatan-

tial international oversight. Under this model, strong nat-

ional governmental roles would work within the bounds set by

intergovernmental agreement and a small international insti-

tution. Both the CEC/EURATOM Treaty provision on internat-

ional oversight of national radioactive waste disposal prac-

tice and the potential NEA role in the annual ocean 8~ping

operations provide examples of the regional model. 2

While such regional arrangements provide importar t op

erational, regulatory, and enforcement roles for an internat-

ional body, sub-seabed disposal may require the involvement

of a broader sampling of the international community.

l See Chapters IV and V, above.

2 gee Chapter IV, above.
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The CEC/EURATOM Treaty covers national plans for high-level
radioactive waste disposal within national borders. The

pending NEA agreement on ocean dumping involves national

disposal of non-high-level wastes in international areas.
Sub-seabed disposal would necessarily require a major step
further than either of these, with high-level waste disposal
in international areas. Stronger oversight by institutions
representing most or all countries would be necessary since
the seabed is available equally'to all.

Model 4

An international management structure--Mode3 4--is thus

very desireable. Its advantages and disadvantages are general-
ly the opposite of those offered by a corporate arrangement.
We must, expect slow, inefficient action � at least in the R 6 D

stage--with a great difficulty in negotiating national accept-
ance of relatively strong international agency powers. Until

political, legal, and institutional commitments were quite
clear it would be nearly impossible to establish financial and

contractual agreements. Responsibility and liability for all

long-term operational and financial aspects would have to be

very clear from the start. Implementation, in a tightlyl

controlled international form, could be a long and cumbersome
process.

l
See Chapter I, above; Eurochemic serves as a stark

example of the consequences of not firmly establishing final
radioactive waste management responsibilities in advance. A
major burden can be placed on the host country or, in the case
of an international area, on a commonly shared environment
without anyone who must take final responsibility.
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Model 4 is, on the other hand, quite adaptable to the
use of a structure with elements from other models, especially
governmental and regional management. It could be effectively
combined with aspects of Models 1, 2 and 3 for use under a
broader international plan for international storage and/or
disposal of radioactive waste and spent fuel. It could also
offer an opportunity to take advantage of important corporate
and governmental capabilities while maintaining strict inter-
national oversight. One example might be the International
Telecommunications Satellite Consortium  Intelsat!, which
was established on the basis of an American public company,
Comsat. This broad international arrangement, based on an
intergovernmental agreement, provides for hired contractors
to perform various key roles.

While Model 4 should appear to be clearly different from
Models 1 and 2, it should be emphasized that it is also quite
distinct from Model 3. The membership of Model 4 is neces-
sarily most of the countries of the world, including, for
example, at least all members of the IAEA, as contrasted
to the regional membership of Model 3. The use of some funding
from, and all applicable standards and regulations set by the
IAZA and UNEP are particularly important distinguishing aspects
of Model 4.

An incremental approach--starting from a lower level of
governmental commitment such as Model 3--to developing a
management structure resembling Model 4 is possible. It
could be started, for example, with a regional international
spent fuel storage arrangement. and developed into a full

1
See IAEA, Re ional Nuclear Fuel C cle Centre Stud

App. B, p. 4; and University of California, 'Non-Prolifera-
tion and Nuclear Waste Management," pp. 157, LSB.
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scale international storage and disposal operation. But
firm governmental, regional, and international financial and

operational responsibilities would still have to be established

at the outset, especially for final waste disposal, in order
to avoid possible repetition of the Eurochemic experience
with unclear and unsettled waste disposal responsibilities.
A specific version of Model 4 for the sub-seabed disposal of
radioactive waste will be recommended below.

Since the type of model used for the implementation of a
sub-seabed disposal program could be expected to determine the
potential for effective oversight and enforcement, the major

function, in general, of all countries and international

bodies in the non-technical areas of a sub-seabed disposal
program as the implementation stage approaches should be

expected to shift from opposition to support

as the models shift from 1 to 4. For purposes of protecting
the marine environment and ensuring isolation of the wastes

it would be crucial to incorporate enforcement aspects from
Nodels 3 and 4 to the maximum possible extent.

The Existin Situation: Basic Radioactive Waste

Dis sal 0 tions Available to Countries and

the Possible Roles of Sub-Seabed Dis osal

Countries which are either concerned about nuclear non-

proliferation and the international aspects of radioactive
waste disposal or are unable to develop local solutions to
their low, medium or high-level waste problems will face
three options for the location of final disposal repositories-'
I! in other countries with nuclear energy programs  probably
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in a nuclear supplier state!;
2! in countries without nuclear power programs; or

special international area, such as an island
placed under international contro]. or the sub-seabed. Any
of these could occur through an international arrangement in
the form of Models 3 or 4. But if spent fuel storage or
disposal is involved, option 2! above might be ruled out on
nuclear non-proliferation grounds. And option 3! above would
probably require joint implementation with option 1!, or with
some other arrangement for interim storage of spent reactor
fuel.

It would seem reasonable to have the country which sup-
plied or reprocessed the fuel provide for final disposal. Yet
these are the countries, generally, which face the most deve-
loped opposition to nuclear programs. Their populations are
especially sensitive to the possibility of being a disposal
site for other countries' wastes. Opposition to nuclear
programs continues to transfer rapidly among countries. This

has been highlighted lately by the refusal of reprocessing
nations to accept, or to plan to accept, the resultant wastes.
The Japan-U.K. contract provides that a future British1

government can decide to return to Japan the wastes arising
from the reprocessing of spent Japanese fuel; Be].gium and

West Germany have recently given indications that they plan
2to return all waste, if they ever reprocess foreign spent fuel.

Local, state, and congressional opposition in the U.S. might
allow the storage of foreign spent fuel rods,

1 See, for example, S. Bonney, "Windscale--Power versus
Pollution," Marine Poll. Bull. 8�977!: 7.

2
Some of these indications were given during interviews

of various Belgian and West German officia].s and experts which
were held in Europe in October 1976 as research for the report
by the Univ. of California, Berkeley, "Non-Proliferationa and
Nuclear Waste Management."
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as part of a broad nuclear non-prolifexation plan, but the

disposal of high-leveL foreign wastes is a considerab3.y more
difficult political problem.

Thhe second option, disposal in countries without nuclear
programs, might be arranged given sufficient economic incentive.
But it raises serious questions regarding enfoxcement of strict
radioactive waste disposal standards, interns.tional political
responses, ethical norms for risk taking  should a government
o a nation without weapons or electricity from nuclear sourcesof

assume the long-term risks of final disposal, saddling later
generations with a burden for which they have received no

benefit?!, and intexnat.ional security  especially if the waste
is spent fuel rods in retrievable farm!. There may be a few
locations, such as Western Australia  Australia does have a
uranium export trade!, with some possibility for meeting at
least some of the acceptability criteria for a final disposal
site, as outlined in Chapter V, above.

Disposal in an international area presents the same issues
as option two, with special stress on enforcing strict scien-
tific, technical, and environmental standards. Yet sub-seabedl

disposal may not be as much of a political and ethical

problem as option two. We know, however, from the

l
Although in at. least one case--Taiwan  See Chapter l,

above!--island disposal of radioactive wastes is planned, this
appears to generally be inadvisable from at least the geologic
and hydrologic viewpoints. But islands placed under some form
of international arrangement for the multilateral storage of
spent fuel could be used effectively in combination with final
disposal in the sub-seabed. Sub-seabed disposa3. cou3.d well
requixe a prior international arrangement for spent fuel storage.
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past record of marine disposal that there is still a strong

"out of sight, out of mind" tendency to be overcome. The

crucial problem for use of the seabed is gaining acceptance

of strict international supervision. It might be possible to

seek agreement now on an arrangement to store spent fuel in

the U.S. and U.S.S.R. which would depend on the use of a com-

bination of land and sub-seabed sites for later disposal. This

would require early establishment of responsibilities and

methods for final disposal of all radioactive wastes  including

all stored spent fuel!.

The key step at this point is to integrate the sub � seabed

disposal possibility into ongoing and future studies of inter-

national spent fuel storage regimes. It is now very clear

that neither radioactive waste management nor nuclear non-

proliferation  in the horizontal sense, i.e., controlling the

further spread of nuclear weapons production capabilities! will

be addressed by any single plan or arrangement. Both are

complex international issues, but solutions to both issues may

be simplified somewhat by the use of overlapping institutional

arrangements. Use of sub-seabed disposal, for example, in a

Model 3 and 4 form could involve prior land storage of spent

fuel, coupled with economic incentives and strong diplomatic

pressure not to reprocess spent fuel. The problem of develop-

ing strong international oversight for sub-seabed disposal would

be partially solved by its integration with prior international

storage of spent fuel. Or, national policy permitting, foreign

spent fuel returned to the supplier state under some in-
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ternational arrangement could be processed and shipped for
disposal as soon as disposal was possible.

The Existin International Coo erative Framework

for Sub-Seabed Dis osal of Radioactive Waste

The institutional situation of international cooperation
for sub-seabed disposal is still- quit.e rudimentary, although a
small international cooperative structure has been formally
established. Based on a request, of the NEA's Radioactive

Waste Management Committee from its first meeting  October
1975!, the First International Workshop on Seabed Disposal
of High-level Wastes was held  February 1976! to determine
the research and development requirements for assessing sea-
bed disposal of radioactive waste. Four working groups, with
scientific and technical representatives from Australiai
Canada, France, West Germany, Japan, the U.K., U.S., and the

IAEA, NZA, and Commission of the European Communities,
established a detailed proposal for an international, inter-

disciplinary research program on the feasibility of seabed
disposal. 1

At the Second International Workshop  March 1977! a

Seabed Working Group was set, up, under the NEA's Radioactive

Waste Management Committee, with one representative each from

1 See D.R. Anderson, et al., eds.,
active Waste Mana ement Committee on th nternatxonalWor sho on Seabed Dis osal of Hi h-Level Wastes, Woods Hol,er
Mass., e ruary 7 A uquerque, N.M.; San ia Laboratories,
1976! .
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Japan, France, the U.K., and the U.S. The representatives
are, in general, administrators with scientific backgrounds.
They represent the U.S. ERDA, the French Xnstitute of Nuclear
protection and Safety, the British Atomic Energy Research
Establishment, and the Japanese Marine Science and Technolo-
gy Center.

Seven task groups, with at least one scientist from

each country, were formed to study the site selection

criteria, systems analysis, the water column, the biology,
the sediments and rock, the disposal container, and the

most desireable form for the radioactive wastes. Task

group leaders were assigned to coordinate oceanographic and

engineering information exchange, workshops and planning

sessions, the study of geographic areas near each country,
cooperative cruises and experiments, sharing of samples and

equipment, and the study of international policy issues.

The program's ultimate goal is the establishment of one or

two multilateral disposal sites. This is to be coordinated

with the plans of national sub-seabed disposal programs

such as the U.S. plan to have a sub-seabed disposal pilot

plant by 1990 and the British plan to have some operational

disposal plant by the year 2000.

The extent to which significant joint research efforts,

as opposed to only coordinated individual national efforts,

are conducted will be largely dependent on the level of

priority and funding established by each nation and the de-

velopment of a mechanism, probably through the NEA, for jointly



337

funded efforts. Major increases in the U.S. ERDA Seabed

Assessment Program funding level have occurred since its

inception in 1973 and more are planned. France has appar-
ently started a national sub-seabed disposal program--along

the lines of the U.S. Program in its earlier stage--with a

thrust toward international cooperation. And Japan and the

0 K. are apparently establishing national programs, with the

flexibility to conduct research through the international

program, but the specific funding commitments are still

pending. 1

The formal agreements between the NEA and the f our

participating countries  as NEA members! provide an adequate

basis fox this stage of the cooperative research ef fort. The

question to be addressed is what the International Energy Agen-

cy   IEA!  policy-oriented! � NEA  technical development-oriented!

framework for energy R a D can and cannot provide in the

future.

Institutional Possibilities for International

Coo aration on the Investi ation and Im le-

mentation of Sub-Seabed Dis osal

IEA and NEA goals and perspectives are limited. Co-

operation on radioactive waste management is conducted with-

in the broader framework of solving a problem that inhibits

nuclear energy development, without the inclusion of signi-

ficant emphasis on environmental protection and non-prolif-

eration needs. Closely associated with this problem is the

See University of California, "Non-Proliferation and
Nuclear Waste Management," pp. 159-3,77.
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apparent NEA attitude that it does not really matter i f each

country establishes its own criteria and standards for radio-

active waste management without international oversight.
Furthermore, the direct involvement of the NEA, as

sponsoring and now as oversight agency, in the still contro-

versial annual European ocean dumping of radioactive waste

lays it open to criticism from various key countries . The

U.S.S.R., Denmark, Sweden, Portugal, and Canada are parti-
cularly concerned about this practice. One possible result

of the NEA--ocean dumping linkage is the refusal of some

countries on internal political grounds to become formally
associated with the international research program on seabed

disposal. Furthermore, this linkage aggravates the problem
of building public understanding of the difference between

disposal concepts based on dilution and dispersal and those
based on isolation and containment.

The U.S. role as an initiator and supporter of new ideas

and projects is important to both the IEA and NEA. The

recently acquired  l976! full NEA membership offers an op-

portunity for the U.S. to promote joint investigations and

projects. But the fears and hesitations induced among other

countries by U.S. law and policy on open meetings and infor-

mation flow are often an obstacle to the development of joint

programs through the NEA. Drives to protect national nuclearl

See University of California, "Non-Proliferation and
Nuclear Waste Management," pp. l59 � l77.
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energy programs and commercial objectives, especially patent
arran ementsg s, make progress on cooperation in some radioactive
waste management areas  such as the solidification of high-
level waste from spent fuel repzocessing operations! very
difficult.

There could be significant regulatory capabilities
available ifi the new NEA oversight mechanism for ocean dumping
is established. This would go beyond Model 2--approaching
Model 3 � capabilities in a form which might provide some
precedent for the supervision of sub-seabed disposal. The
direct application of international guidelines from agencies
such as the XAEA and UNEP, and procedures for consultation and
observation by any interested countries and agencies would
have t,ave to be strict requirements of such an arrangement. Al-
though this approach should only be a back-up for a broader
international effort, it could provide a reasonable means for
supervising a more limited international storage/disposal
program with about five to eight participating countries.

Prevention or management on a broader international
scale will almost certainly have to be conducted through, or
in close cooperation with, structures established under the
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IAEA, UNEP, and any f uture International Seabed Authority.
The law of the sea negotiations are still so unsettled that
it. is unwise to include its proposed Authority in present
plans. Strong initiatives from individual countries would

probably be required to induce the necessary level of action
by the IAEA and UNEP.

These considerations strongly suggest that the imple-
mentation of a sub-seabed disposal program could be prevented
or delayed by various national and international legal and
policy means. All of the earlier examples of marine disposal
practice showed the growing trend toward unilateral, regional,
and international action to prevent the disposal of hazardous
wastes in the oceans.

If the definition of ocean dumping as interpreted or as

established under international treaty law, or as it emerges
in persuasive form from even incomplete negotiations, event-
ually covers sub-seabed disposal, the implementation of the

concept could be legally banned, at least for all Parties to

the London Convention of 1972, Implementation of an accept-
able sub-seabed disposal program at a later date might be

possible under the London Convention/IMCO/IAEA framework.

dumping is not interpreted to cover sub-seabed disposal,
implementation could occur under various institutional frame-

works. Action could be banned or regulated and controlled

under a later UN conference on the law of the sea or under an

international agreement specifically focused on the sub-seabed

disposal of radioactive waste. This latter possibility would
also allow agreement to ban the use of sub-seabed dispo"al
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 especially in the form of Models l or 2! pending future con-
sensus b ally concerned nations, or some specified majority,
that this wwould be a safe, necessary, and acceptable use of
the deep seabed. This might be accomplished through use of
the ban on na tional appropriation of deep seabed areas or
throu h inter rg ' p etation of the definition of marine pollution
to prohibit this tp 's type of action, pending the development of
an international consensus on its acceptability.

It seems that a sub-seabed disposal program along the
lines of Models 3 or 4 could be effectively supervised by
groups of national governments, regional organizations and
broader international organizations. The key ingredient is
serious concern among nations over marine pollution, high-
level radioactivetive waste disposal, nuclear non-proliferation,
and deep seabed management problems which cannot be confined
to national eeffects. This must include incorporation in any
regime for sub-seabed disposal, of all widely accepted basic
international law principles and rules for use of the deep
seabed.

National and international research and development
efforts can continue in the interim since, as in the U.S.,
cooperative agreements do not tie nations to participate in
the implementation of a concept which the research will not
support. Implementation of an international sub-seabed
radioactive waste disposal program with safety, health non-

Iproliferation, and other safeguards would require levels of
international cooperation unprecedented in the specific area
of radioactive waste management. Yet the basic expertise
and structures for sus or supervising such a cooperative program
either exist or are w'are within reach--given suf f icient pri ority
on their development--over the next five to ten years. And
since the
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pressure and priority on radioactive waste management have

only very recently been established, it is not unreasonable

to expect. considerable development of international coopera-
tion in this area over the next few years.

The central problem would be reaching agreement among
participating countries on essential provisions. A signifi-
cant portion of a draft treaty could be derived from work

done by Hydeman and Herman in 1959-1960 and by the Bryniels-l

son and Rousseau panels under IAEA auspices from 1959 to l963.

These efforts led to some of the most technically, legally,
and politically acceptable recommendations ever made in the

area of regulating and controlling low-level radioactive

waste disposal into the oceans. They include provisions for

national and international registration of all disposals,

prior notification and consultation with affected nations

and appropriate international agencies, and national and

even international licensing of disposal sites and practices.

They would establish independent authority for the IAZA to

investigate and object to intended practices, assist nations

with negotiations, site evaluation, and regulation and moni-

toring, monitor disposal sites and operations, and initiate

certain penalties or sanctions.

The IAEA offers the broadest membership base and mandate

for tackling the regulation and supervision of an inter-

national sub-seabed disposal program. lt is also constrained

1
See Chapter IV, above.

2Ibid.



343

by the political positions of the less-developed and Eastern
European countries. And a major revision of its role in
radioactive waste disposal at sea, beyond the newly assumed
one of taking on what is considered to be the normal level
of IAEA activity in nuclear safety and environmental concerns,
i.e., preparing various codes and guides, would be required.
Annual meetings and occasional panels for model criteria and
standard development are important, but extremely limited de-
vices. If the IANNA development process waits for further
development of national programs, there will be no real input
of social, institutional, legal, or even international polit-
ical aspects. One national <commitments are made to specific
techniques it is extremely difficult to formulate internat-
ional mechanisms for development and regulation. At heart
it reduces to a question of either waiting for individual
nations to act and then having the IAEA coordinate discussion
about p'ast activities, or, alternatively, acting early so as
to have a role in the formulation of plans and policies.
The former characterizes past activity on ocean disposal;
the latter seems a suitable role for the future.

IAEA success by 1978 in the development of acceptable
international regulations on radioactive waste disposal at
sea. could provide an important model for future multilater-
al standard setting in waste management. IAEA efforts in
radioactive waste disposal at sea are particularly useful
for sub-seabed disposal since the scientific and regulatory
guidelines are universally respected,
and since all related regulations
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formally accepted by the lAEA become international legal
obligations for the parties to the Landon conventzon

af l972 and persuasive international guidelines for state>
not party to the London Convention,

One clear necessity is a major change--through
initiative of the Agency and Member States--in the le«>
staffing and budget for IAEA's waste management pragra>-
The less then $400,000 which was allocated for all work

the area of radioactive waste treatment and disposal in 1-976
hardly even represents the beginning of a seriaus effort.i
especially considering that ane fully equipped oceanographic
research ship costs about $4,000 to $6,000/day whether working
on site or transiting to and from the work area. And the

assignment of only one full time person for all effort on

radioactive waste disposal at sea seems ta be inadequate for

this large and graving area of IAEA responsibility. Another

change must accur in IAEA's willingness to act directly in

radioactive waste management areas and ta become involveck in

politically controversial problems.

Even the limited oversight role that UNEP seeks iz

radioactive waste management may be difficult to estab>ish.

Yet this role is crucial. Nhile the specialized agencies of

the UN, such as the FAO, have traditionally worked with

IAEA on specific aspects of nuclear energy which relat~

waste management, only U>EP offers the broader Perspective

essential to balancing the various energy sources and

environmental impacts. Overall environmental policy guida<

is inherently required in areas such as the salidificatio~
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 in order to insure some minimum level of quality control
before disposal! aad disposal of radioactive waste and the

radioactive waste disposal and studies of radioactivity in
1the marine environment.

If the sub-seabed disposal program continues, the next
step for IAEA and UNEP would be the formulation of ways for
concerned nations to have full consultation rights with par-
ticipating countries and related international bodies  such
as IAEA, UNEP, IMCO, FAO, WHO, NEA, CEC, and EURATOM! and
for international bodies  such as IAEA, UNEP, and IMCO! to
have oversight duties and rights concerning the preparations
for, and operation of, sub-seabed disposal. This is the
basic framework, minus a system of liability and

financial guarantees and incentives, and a joint commission
at. the regional or international agency level, which would
pave the way for a Model 4 or 3-4 management structure.

l See 0'Meal, "The Environment: IAEA Co-operation with
UNEP," Pe l93.

assessment of radiological impacts on the marine environment.
UNEP--in coordination with the IAEA--could provide a

forum for the essential international information exchange,
notification, and consultation on sub-seabed disposal. Joint-
ly funded international symposia on waste management could in-
clude some attention to reaching scientific and social scien-
tific agreement on what. sub-seabed disposal can and cannot
do. This could be done under IAEA's efforts on geologic
disposal cooperation and the joint IAEA/UNEP interests in
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A joint commission to control the sub-seabed disposal
of radioactive waste might consist of IAEA personnel, per-
haps from the "waste management sub-program"  which covers
waste disposal into aquatic environments!, UNEP personnel,
such as those involved in the joint work with ZAEA on

establishing guidelines for a registry of radionuclide

releases, storage, and disposal, and representatives from

participating countries. Participation would also be ex-

pected by the related specialized agencies of the UN, re-
gional bodies � such as the NEA and CEC, other interested

countries, and possibly a future International Seabed

Authority. The commission must contain a critical combin-

ation of expertise and authority on radioactive waste

disposal, environmental protection, and marine sciences
and resources.



CHAPTER VIII

CONCLVS ION AND RECOMMENDATIONS

One thing has become very clear over the last three to

four years concerning the presentation of the sub-seabed dis-

posal concept to someone for the first time, If only a few

minutes, say five or less, are available for this initial

description, the likely result is an opponent who sees the

whole concept of sub-seabed disposal as dubious at best. At

this point in a presentation, oceanographers often respond,

"not in my ocean." Given a longer period of time, say

twenty minutes,' . the listener generally becomes very inter-

ested and responds with various questions. After several

hours of contact  in the many fewer cases when this occurs!

listeners often become enthusiastic about the concept, some-

times to the point of advocacy.

Advocacy is very far from the goal of anyone associa-

ted with the sub-seabed disposal program at this point. in

the R a D process. Yet this presentation/response phenomenon

concerning sub-seabed disposal demonstrates an important

point. What appears at first to be a very questionable and

somewhat threatening idea often, with time for a reasonable

description, is at least seen as one possible solution to a

serious problem, i.e., radioactive waste disposal. Most en-

vironmentalists opposed to further nuclear energy development
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who are introduced to sub-seabed disposal for the first time
respond with a cautious neutrality which includes the feel-
ing that the concept should at least be fully tested on
scientific and tech~ical grounds.

Initial reactions to the political, legal, and insti-
tutional side of sub-seabed disposal of radioactive waste
range from assertions that it could be implemented unilater-
ally by any technically capable country to statements that
implementation would be banned under national and inter-
national legal and political constraints. More detailed in-
vestigation and analysis reveal that sub � seabed disposal is
enmeshed in a complex legal, political,.

and institutional network. This part of Chapter 8 will offer
a brief summary of this network as elaborated in the previous
chapters. The final section of this Chapter will present.
recommendations for action on the legal, political, and
institutional aspects of sub-seabed disposal.

In Chapter I we saw that nations have generally ignor-
ed the radioactive waste problem for as long as possible.
This has especially been the case for plans and decisions
on the disposition of high-level radioactive wastes. Environ-
mental and political opposition to further nuclear energy de-
velopment worldwide, but particularly in the U.S., Europe,
and Japan, has increasingly been focused on the radioactive
waste management problem.

Governments in nations with nuclear energy programs or
plans, especially those concerned about the broader problems
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of providing adequate energy supplies and avoiding depen-
dence on foreign energy sources, are very sensitive to any
issue, such as the radioactive waste disposal problem, which
might tend to disrupt these national programs and plans. The
result for radioactive waste management has generally been
the tendency of governments to focus on the quiet develop-
ment of local radioactive waste disposal options and to re-
main very optimistic about the nature and timing of possible
disposal options.

Past governmental assessments of the political and
technical problems and prospects of radioactive waste manage-
ment have been somewhat superficial. This has especially
been the case in the area of the waste management implica-
tions of spent reactor fuel reprocessing, where it has been
incorrectly assumed that reprocessing would simplify waste
management problems and processes. Now, following the lead

of Japan, West Germany, and Sweden, other countries are con-
sidering the possibility of requiring reprocessing and/or
waste disposal arrangements as

prerequisites to

the issuance of new nuclear power plant operating licenses.
Court decisions and administrative rulings have, in the in�

terzm, led to moratoria in various countries on building
new nuclear power plants pending the resolution of the radio-
active waste disposal issue.

Despite the tremendous pressure  resulting from broader

energy problems! which ha" developed to find acceptable radio-

active waste disposal options, the disposal problem, especial�
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ly for high-l,evel wastes, is only now being seriously ad-
dressed  in terms of financial and institutional support!
by the leading nuclear nations. Furthermore, radioactive
waste disposal is the type of problem which will require
significant R & D efforts for a number of years. Fully ac-
ceptable disposal solutions may not be available until the
1990 's.

The past record of marine disposal practice with very
hazardous materials, as outlined in Chapter IZ, establishes
an important part of the legal, political, and institutional
framework upon which responses to sub-seabed disposal of
radioactive waste will be formed. Very toxic and persistent
weapons and industrial wastes, including various types of
radioactive wastes, have routinely been dumped in the oceans.
The "out of sight, out of mind" mentality continues to some
degree for waste disposal in the deep oceans, but events in
the l970's have led to national and international expecta-
tions that this practice must be closely investigated and
curtailed, if not banned.

All reported dumping of packaged radioactive wastes
at sea was halted � the U.S., French, and British cases, with
the exception of the NKA sponsored ocean dumping operations,
which have been shifted to different sites and brought under
tighter scientific scrutiny and legal control. The potential
hazards to man and threats to other uses of the oceans, as
assessed prior to dumping, remain the key factors in deter-
mining what should be labeled as unacceptable "pollution of
the marine environment." But some dumping practices were
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halted, on both national and international levels, on the
basis of potential hazards to the marine environmentironmen , e.g.,

the cases involving arsenic compounds in the Atlantic Ocean
and the U.S. EPA �971!, the STELLA NARIS �97l! . chemical
wastes  DuPont! in the Gulf of Mexico  l974! and the EPA
and the ENSKERI  l975! .

An important development occurred on the basis of
various unilateral state actions involving ocean dumpian umping

and other nations' responses, and on protests and associa-
ted state responses, especially in the U.S. radioactive
waste dumping  l959-1960!, U.S. nerve gas �97l!, and STELLA
NARIS �97l! cases. A rule of general international law
seemed to develop requiring prior notification and consul-
tation with concerned nations and appropriate international
organizations by states planning to dump very hazardous sub-
stances at sea. The underpinnings of this rule were, in part,
the associated shifts in approach in the 1970's toward:

1! considering the marine environment as one that should

be protected in the same way as continental areas; and
2! containing and isolating toxic substances instead of
diluting them in the marine environment.

Both the recent emphasis on radioactive waste manage-
ment  Chapter I! and the newly adopted attitudes toward mar-

ine pollution from ocean dumping  Chapter II! are reflected

in the U.S. legislative and regulatory situation vis-a-vis

sub-seabed disposal, as analyzed in Chaoter III. Various

legislative enactments in the areas of atomic energy control,
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general environmental protection, and marine pollution
 especially ocean dumping! control establish a complex net-
work of pertinent jurisdictions for the U.S. NRC, ERDA, EPA<
DOT, Coast. Guard, CEQ, and other federal agencies.

Some of the areas of regulatory efforts under these
agency jurisdictions which are most important to the develop-
ment and/or implementation of the sub-seabed disposal of
radioactive wastes ax'e now unsettled because major criteria
and standards development programs are in progress and be-
cause the exact division of authority between some agencies
is unclear. The NRC is now formulating criteria for radio-
active waste disposal site selection and other aspects of
radioactive waste management which will have an impact on
sub-seabed disposal. The EPA has a major program underway to
develop general environmental protection standards for
radioactive waste disposal.

It seems cleax that both the NRC, through its author-
ity over the disposition of radioactive materials under the
basic Atomic Energy Act of l954, and the EPA, through its
authority under the Ocean Dumping Act of l972, would play
central regulatory roles in the implementation of sub-seabed
disposal. Yet the precise division of authority between the
two bodies is unclear. And the division of NRC and ERDA
authority over the development and implementation of radio-
active waste disposal options is particularly complex and
confused. While it. presently appears that ERDA could carry
a sub-seabed disposal development program through the demon"
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stration stage without NRC licensing, NRC's authority at
least extends to licensing any final disposal repositories.

Other U.S. federal bodies, such as the DOT and Coast

Guard � in the area of transportation, and the CKQ and Depart-
ment of State--in the area of assessing international en-

vironmental implications, will have important regulatory
roles in both the environmental assessment and impleraentation
stages. This includes a guarantee of adequate time for wide

governmental and public discussion and assessment priox to

implementation since sub-seabed disposal would be defined as

"dumping" under the U-S. Ocean Dumping Act of l972. The re-
sult is that:

l! the EPA could permit the sub-seabed disposal of non-

high-level radioactive wastes after full assessment. and

public discussion; but

2! the EPA could not, without congressional approval, per-
mit the sub-seabed disposal of high-level radioactive

wastes.

The legislative and regulatory situation for sub-

seabed disposal in other countries is also generally complex

and somewhat unsettled. Nations with nuclear energy programs

have general atomic energy legislation with radioactive

material control provisions which could be further elaborated

for sub-seabed disposal in future regulations, but there is a

general lack of comprehensive legislative provisions and re-

gulations addressing radioactive waste disposal. General en-

vironmental assessment and more specific marine disposal
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land-based radioactive waste dispo-situation than

sal options since the use of sites beyond national borders
eliminates participation by the state and localities where
land sites are located. There will, ~ however, still be a
number of agencies with overlapping jurisdictions involved
in the process of regulating the development and implemen-
tation of any sub-seabed disposal program. Legislation
and/or regulations to control  or ban! the implementation
of sub-seabed disposal during the next few years of R < D
are important in countries with ocean dumping legislation
which does not define sub-seabed disposal as dumping-

The legal situation on the international levels
analyzed in chapter LV, is particularly sensitive to t~e
need to keep legal and technical development efforts
pace. Sound legal development must be based on reliable
scientific and technological data, or at least judgment

 especially ocean dumping! legislation can be found in a
number of key countries, but this legislation is not at all
uniform in its comprehensiveness and extent of activities
prohibited. Just as in the U. S., however, many countries
have efforts underway to develop legislation and regu]atipqn
in these areas, especially for the control of marine pollu-
tion  and/or ocean dumping! and for radioactive waste dis-
posal  including public participation in some decisions!.

A general trend is that sub-seabed disposal seems to
present a somewhat less complex legislative and regulatory
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These data or judgments are often not fully--or even largely--
available until a research and development program or project
is relatively well advanced. It is not possible, however, to
wait this long into the research and development process since
the development of sound legal controls often lags behind the
science and technology by several years. Furthermore, since
technological projects and programs develop tremendous com-
mitments and momentum, legal adjustment and regulation is much
easier and more effective  when at least some reliable data is
available! early in the development process, before overwhelm-

ling economic, political, and social commitments are made.
The law must thus tread the fine line which will keep it in
pace with the science and technology without getting too far

ahead of  and thus possibly closing out! potential technical

options which may turn out to be quite useful, or even essen-
tial to social needs.

National and international studies of sub-seabed dis-

posal are still very preliminary and low priority efforts

relative to land-based programs, but they represent a new

approach toward the solution for an extremely difficult pro-

blem. Assessment of the regulatory aspects was started at

a very early stage, including the briefing of key environ-

menta,l groups and governmental agencies in the United
2

States. National and international bodies should now

l
See, generally, Chayes and Stein.

2
The Natural Resources Defense Council  especially the

Palo Alto Office!, the Union for Concerned Scientists, The
Sierra Club, and various regional environmental and consumer
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1start a formal monitoring process. National and inter-
national meetings and conferences on related topics should
begin to take account of such a potential use of the deep
seabed.

Overall, the international legal situation is now in-
adequate for implementing/managing sub-seabed disposal. This
poses, however, no immediate threat to the environment. since-
1! to date no one is even proposing sub-seabed disposal as
an operational solution;

2! it is highly unlikely that any country wou1d threaten to
race ahead with unilateral impl,ementation of sub seabed dis-
posal in the next several years; and
3! there seem to be adequate interim controls, at least
for now, to prevent this use of the seabed, especially on a
unilateral basis. Preventive action by state and internation-
al agencies could be based on the widely accepted definition
of marine pollution and ocean dumping--including the London
Convention regime, the widely applied classification of radio-
active, especially high-level, materials as highly toxic and
persistent substances which require extreme care, the impos-
sibility of demonstrating the harmlessness of sub-seabed dis-
groups have been briefed and updated periodically, as wellas various congressional committees and numerous governmentagencies such as the EPA, CEQ, Department of State {Environ-ment, Oceans, Nuclear Technology, and Security AssistanceOffices!, NRC, National Science Foundation, Office of Scienceand Technology Policy, and U.S. Geological Survey.

1

At least UNEP, IAEA, UNCO, and the FAO are formally a-ware of the U.S . and int'1. sub-seabed assessment programs forradioactive waste disposal. This is in addition to the NEA/OECD, which sponsors the international. program.
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posal due to present gaps in scientific knowledge, and the
international classification of the deep seabed as not
subject to national appropriation.

Since the management of an internationally acceptable
sub-seabed disposal program would not be required for several
years--perhaps until 1990, or even 2000, there is time for
considerable international legal development. Zf the scien-
tific and technological results continue to be positive, a.nd
if the concept is not abandoned on political grounds, we can
expect the law to grow and solidify based on future state
practice. There are several sets of developed and develo

eve op-

ing guidelines and regulations from the fields of marine,
nuclear, and environmental law which could be applied. Two
particularly important frameworks are the draft treaty on
sea disposal of radioactive wastes produced  but not adopted
by the full group! through the GAEA in the early 1960's and
the lAEA Provisional Definition and Recommendations on radio-
active waste disposal at sea which are soon expected  l978!
to be completely revised and implemented under the London
Convention.

Development is specifically needed in the area of

governing non-resource-related use of the deep seabed. En-

vironmental assessment, pollution prevention, and state and

international responsibility and liability rules are prime
requirements. Very careful assessments must be conducted of
foreseeable uses of the deep seabed and overlying oceans;
potential interference with these uses from sub-seabed dis-
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analyzed. Comparative evaluations of all seri-posal must be ana

ous radioactive waste disposal options must be made based on
potential use interference and environmental hazards from
land-based disposal methods and from sub-seabed disposal.

A source of broader oversight and global perspective
to synthesize and build on the available piecemeal approaches
to pollution control is perhaps the greatest, present need-
Intelligent regulatory assessments of sub-seabed disposaL
should incluelude global, as well as site-specific, criteria
for environmental protection, resource potential, and radio-
logical assessment aspects. Despite the intention of sub"
seabed disposal to isolate all wastes, future probabilities
of accidents and eventual releases of some radioactivity mean
that the concept must be set within the broader context of
the total amount of radioactivity allowed in the marine
environment from all sources.

Overall release limits can only be established on the
basis of models and calculations incorporating all present.
and expected sources of radioactive input into the oceans.
In this context, regulatory development must also address
the fundamental approaches of dilution within the oceans
and isolation from the biosphere. This should include due
consideration of the usefulness of controls based on dispos-
al methods, types of site, types of radioactive particles
primarily involved, and the total activity of individual
waste units as opposed to, or in addition to, limits on dif-
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ferent categories, such as low and high-level, of radioactive
wastes.

Even if all the scientific and technical problems of
the sub-seabed disposal of radioactive waste  as outlined in
Chapter I! can be solved, fundamental political problems  a
analyzed in Chapter V! will remain. Just as with legal re-
search and development, efforts in the area of assessing
policy implications of sub-seabed disposal, especially in
the U.S., must keep pace with--without overrunning--develop-
ment in science and technology. As the initiator of the
first R & D program in this area, the U.S. will have parti-
cularly strong influence on the development of related policy.

It is still too early to set any concrete policies
nationally or internationally on the implementation of the
sub � seabed disposal concept. There are, however, some impor-
tant. interim conclusions to be made in related policy areas.
Radioactive waste management, especially disposal, is becom-
ing an important policy problem in its own right, as well as
an increasingly influential factor in establishing overall
nuclear policy. Since serious efforts in radioactive waste

management have just started, high-level. radioactive waste

disposal concepts should be evaluated primarily on their
own merits for the time being, especially if still in feasi-

bility assessment stages of development, with comparative
evaluations following in the l980's  at least in the U.S.}.

Although complex, the political situation does not ap-
pear to rule out the implementation of sub-seabed disposal



360

for radioactive wt ve wastes. No country claims to have solved
the radioactive waste d'disposal problem and many countries
plan on increased use of nuclear energy. Sub-seabed dispo-
sal is of little a pparent use for the interim storage of
spent reactor fuel  the initial stage of a "stowaway" fuel
cycle! . But itit seems to be at least as compatible with
new UPS. policy on stricter control of nuclear energy and
non-proliferation as other radioactive waste disposal con-
cepts. Zn some respects, such as adaptability to inter-
national coo erative ap rrangements for high-level radioactive
waste disposal and for nuclear non-proliferation, it may be
even more supportive of U.S. nuclear policy than land-based
disposal concepts. It is still impossible to do accurate
and complete assessments of the socioeconomic considerations
of the various radioactive waste disposal concepts, but it
is clear that transportation and handLing risks will merit
greatly increased attention.

Responses from other countries to date can generally
be characterized as cautious interest and participation.
Strong British support must be carefully qualified with the
complicating aspect of apparent insistence on maintaining
the possible o tion ofp ' n of high-level radioactive waste disposal
on the seabed. Yet the British are also likely to continue
strong support of the R a D on sub-seabed disposal and the
V.S. and French opposition to the support of any on the sea-
bed disposal concept will exert strong influence on the course
of future decisions in this area. While it is very difficult
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to predict the stance of future Soviet policies in this area,
it is clear that they will be a major determinant of the
Level of international poLitical acceptability established
for sub-seabed disposal.

As expected, the indications to date of policy stances
on sub-seabed disposal from the related international organi-
zations have been very cautious. While not opposed to R 6 D
on new approaches to solving the radioactive waste disposal
problem, the IAEA, for example is hesitant to:

L! take any initiative on such a concept such as a supporting
policy stance until there is a better indication of what
the consensus of its member states will be; and

2! take any action which might detract from the overall
attractiveness of nuclear energy, e.g., broadening the
search for acceptable waste disposal options and thus

implicitly admitting that radioactive waste disposal is
a real problem.

A poLicy stance of at least cautious neutrality by inter-
national bodies such as the IAZA and UNEP will be very im-
portant to the Later responses of the LDC's to sub-seabed
disposal.

While R & D priorities for radioactive waste disposal
are still being set, there should be broad public discussion
of ethical considerations, as raised on Chapter VL, of the
sub-seabed disposal of radioactive waste. Some of these
considerations include:
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1! the reasonableness of transferring radioactive waste dis-
posal risks to the commons, especially since they might
involve perceived threats to future resource exploitation'

2! the role of sub-seabed disposal, relative to that of
other disposal concepts, in protecting other nations and
generations from future radioactive waste disposal prac-
tices;

3! the Long-term management requirements of sub-seabed dis-
posal relative to those of other radioactive waste
disposal concepts; and

4! the trade-offs of retrievability, as opposed to the best
long-term isolation for radioactive waste disposal corr-
cepts.

The minimum institutional requirements for implementa-
tion of sub-seabed disposal under any of the possible
management models, as developed in Chapter VIX, are not
available. There are, however, some important structures for
managing sub-seabed disposal in existence, such as the IAEA's
responsibilities on radioactive waste disposal at sea under
the London Convention of l972, or under development, such as
the NEA consultation and surveillance mechanism for radio-
active waste dumping at sea.

Whether under the general ocean dumping framework of
the London Convention of 1972, including the related IAEA
and ISO responsibilities and authorities, or under an inter-
national agreement specifically on sub-seabed disposal, it
would he extremely usefuL for effective management to inte"
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grate the expertise and authority of UHEP on general environ-
mental protection and regional marine pollution control, of
IAEA on radioactive waste disposal, especially at sea, and
of bodies associated with marine pollution control, such as
the Joint Group of Experts on the Scientific Aspects of
Marine Pollution  which works for the specialized agencies
of the UN! .

Recommendations

No U.S. legislative action specifically on the sub-
seabed concept for radioactive waste disposal should be ne-
cessary in the near future, but sub-seabed disposal should
be taken into account. by the NRC, EPA, and other U.S. agen-
cies in their ongoing criteria and standards development pro-
grams for radioactive waste management. The jurisdictions
of the U.S. agencies, especially the NRC, ERDA, and EPA, in-
volved in the broader area of radioactive waste management,
including radioactive waste disposal at sea, should be clari-
fied to help avoid inter-agency confusion and competition.
Decisions by U.S. agencies on sub � seabed disposal, perhaps
on maintaining a ban on use during the R & D stage and sup-
porting implementation if the concept is scientifically
validated, should be heavily influenced by the extent of in-
ternational management and control which is developed.

Other countries should also consider the need for
clarifying governmental agencies' jurisdictions in radio-
active waste management, including waste disposal at sea.
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Consideration should be given to the development of legis-
lation on general environmental impact assessment, based,
in part, on the need to evaluate the environmental implica-
tions of R a D programs such as sub-seabed disposal as they
progress. This should include the assessment of the likely
international environmental impacts. While specific Licen-
sing authority for disposal methods and sites should be es-
tablished under the basic atomic energy control acts, gener-
al legislation on waste management is often an effective
means for integrating radioactive waste disposal into the
overall national waste disposal plan. Finally, action should
be taken to establish legislation and regulations on acean
dumping which meet at least the requirements of the London
Convention of 1972.

States could effectively follow a course similar to
that adopted by the U.S. Department of State on the inter-
national Legal aspects of sub-seabed disposal, i.e., with-
hold final positions on specific legal interpretations, es-
pecially on the applicability of the London Convention of
1972 to sub-seabed disposal, pending the resolution of the
scientific and technical issues. This interim position
should include the caveat that sub-seabed disposal would,
in the interim, be "dumping" under the London Convention
 and thus not possible for high-level radioactive wastes
and possible for non-high-level wastes only under strict
conditions! if it poses a threat of pollution to the marine
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environment. A similar stance should be supported through
the IAEA and IhtCO on all work concerning radioactive waste
disposal at sea. Then, if isolation within the sub-seabed
can be sufficiently demonstrated, it may be interpreted as
a suitable method for radioactive waste disposal at sea and
implemented under the London Convention and/or a specifical-
ly negotiated international agreement.

In the interim, special attention shoul.d be devoted to
the regulation of the international transport of radioactive
materials. This should include action by countries to re-
vise or adopt national rules which are at least as strict
as the Latest international codes, and action through the
IAEA to ensure that international guidelines measure up to
the forthcoming demands on the international transport of
radioactive materials, including broader liability coverage
and more realistic Limits of Liability.

National and international organization policy stances
on the sub-seabed disposal of radioactive waste should be
consistent with those in the legal area, i.e., implementation
of the concept should be banned while it is in the R & D
stage and supported if eventually accepted by the scientific
community, governmental agencies, and the public. Major
commitments at the outset by countries participating in the
international research program on sub-seabed disposal should
not be expected. 'Yet, if the international effort is to be
successful, it must receive a very significant percentage of
all national resources devoted to the study of sub-seabed
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disposal. The international research program on sub-seabed
disposal should remain open to participation, either as
full participants or as observers, by additional countries.
Concerned and politically or scientifically pivotal non-
participants  nations and international organizations!
should be updated regularly on the problems and progress of
R 6 D on sub-seabed disposal.

Governments should not expect immediate answers or
tangible near-term results from the international research
effort on sub-seabed disposal. Long-term planning, includ-
ing consideration of possible management structures to be
developed, will be necessary for making the transition from
R & D to implementation. The NEA's Radioactive Waste Manage-
ment Committee should now, for example, involve at least
the GAEA and UNEP in the appropriate meetings on sub-seabed
disposal. Fina3.ly, governments and international organiza-
tions should include the possible use of sub-seabed disposal
as one consideration in all international plans and negotia-
tions on broader radioactive waste management and nuclear
non-proliferation arrangements.
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MULTIPLE BARRIER SYSTEH

e X s IO Yeors  GOAL!
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Ocean::==: IO To IO Y  Less f Biolot!ical Short
Circuit !

Source: C. D. Hollister, wTh"Seabed Option," Oceanna 20  Winter 1977!: 21.

Fig. 3. Diagram of the containment/isolation model underlying the U.S. CORDA Seabed Assess-
ment Program for radioactive waste disposal. This is
basically the same model used in all geologic disposal
studies.
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HlG

Fig. 4. Probable Layout of an Underground FacilityMined Out for Radioactive Waste Disposal  Bedded Salt!
Source: U.S., NRC, Environmental Surve of theRe rocessing and Waste Mana ement Portions of the ZWR Fuel

C cle: A Task Force Re ort, NUREG-0116; Supp. 1 to WASH-1248
 Wash., D.c.; U.S. NRC, 1977!, p. 4 � 78.
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e'

Fig. 6. The Energy Hosea=ch and Development Adrninis-
tration Structure for Managing B:.dioactivo Wastes.

Source: D. A. Deese, "Seabed Emplacement and
Political Reality," Oc~:anus 20  Winter 1977!: 53, as publi-
shed by Office of haste Isolation, Oak Ridge, Tennessee,
7 December l976.
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Fig. 7. Overview of the Primary non � Communist Nu';�
lear Fuel Reprocessing Projects.

Source: D. A. Deese, "Seabed Emplacement and
Political Reality," Oceanus 20  Winter 1977!t 49, as adap-
ted from Nuclear En ineerin International, February 1976.
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Depending an Nuclear Regulatory Commission decisions.
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COMMERC I AL NUCLEAR POV/ER REACTORS�

Fig. 8. All Countries Op< rutinq  or Soon to be Opera-
"'ng! Nuclear R=actox,; for Ene:-qy.

Source: D. A. Deese, "Seabed Err plar.=mr nt anh
Z'oi itical Real i ty," Oceanus 20  Winter 1977!: 56, 57, as
accepted from ciata suppl3 eO hy Nuclear <vews, S "ptember 1976
~T:r3 from U. S. CORDA.
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Fig. 9. Nuclear Energy Reactors in Operation and
under Construction, on Order, or Announced., by Country-

source: D. A. Deese, "seabed Elttpl.acetttent
and Political Reality," Occanu.". 20  Winter 1977!: 90,
as adapted from Nuclear News, August 1976.
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Energy Research and Development Administration
Waste lUlanagement Budgets

mi nn mm en
r<lcol riedel

Fig. 10. The U.S. ERDA's
Commercial and Military Waste
Nanagement Budgets for 1970-1977
 the Atomic Energy Commission

eras split into ERDA and the NRC
in 1974!.

Source: D. A.
Deese, "Seabed Emplacement. and
Political Reality," Oceanus 20
 Winter 1977': 47, as produced
from data provided by ERDA, 1977.
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Fiscal Year I
lSSORm h I

Solidification Test of
Hot Waste Hot Facility Construction

Property Test of Solid
Product

Simulated Waste
Hor. Waste

Packaging Teat
Simulated Waste

ot aste
Demonstration Test of
Solidification Pilot Plant Pilot Plant

Cons t ruc t ion

Pilot Plant
Conscruction

Study on Engineering Storage

Study on Hasta Transportation

Genic ical KzaminDisposal Study an Geological
Formations, etc.

Ocean Bed Disposal StudyFundamental Research on Group
Separation, Transmutation

System Study on HLW Management

Standardization Research for
Cement and Ritumen Packages
Standardization Research for
Multi-stage Design Package
Drum Standardization Research

Siting Study and Safety
Assessment

Follow-ug of ResultsResearch on Safety Assessment
Research on Structural
Standardization

Standardization Research for
Disposal and Storage Package
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I. Facility
Canst. ruction

Demonstrat on Test
E l

Demonstration Test of Grouad
Di.epos el xp. Ground Drsposa

Lowest Limit Definition Study of Radio-
Active Solid Waste Follow-up

Others

Fig. 3.2. Japanese Radioactive Waste management Program
and Plans: Research and Development Schedule for 1976 to 1985.

Source: Second Int'l. Workshop on Seabed Disposal
of Radioactive Waste, Wash., D.C., March l977.  Mimeographed. !
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MODEL l

Largely corporate characteristics with significant

governmental regulation if exclusively a private

corporation.

MODEL 2

Governmental

Characteristics dominated by i~dividual national

governments; minimal direct regiona3./international

influence.

MODEL 3

Joint financing, development, and regulation coor-

dinated by regional  international! organization s!;

regulatory and institutional aspects influenced di-

rectly by international agencies.

MODEL 4

International

Use of political and geographic international re-

gions to coordinate broad international development,

regulation, and control of sub-seabed disposal pro-

gram; strong possibility of incorporation into

broader international waste management or nonpro-

liferation structure.

Fig. 14. Possible Management Models for the

Sub-Seabed Disposal of Radioactive Waste.
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TABLE 2

HALF-LIVES OF SOME OF THE MAJOR CONSTITUENTS
OF RADIOACTIVE WASTE

Radi onuclide

Americium � 241

Americium � 242

Cesium � 135

Cesium � 137

Curium � 242

Curium � 243

Curium � 244

Iodine � 129

Neptunium � 237

Plutonium � 239

Plutonium � 241

Radon � 226

Strontium � 90

Technicium � 99

Thorium � 230

Tritium

Half-Li f e  Years!

460

150

6
2 x 10

30

~ 45

32

18

1.6 x 10
7

2.1 x 10
6

2.4 x 10
4

1600

28

2.0 x 10
5

4
7.6 x 10

13

SOURCE= R. A. Frosch, "Disposing of High-
Level Radioactive Waste," Oceanus 20  Winter 1977!;
10.
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TABLE 3

CUMULATIVE VOLUMES OF WASTE INVENTORY

IN THE YEAR 2,000  m !
3

7.8 x LO
8

55,000

6.9 x 10
8

Mill Tailings

Spent Fuel

High-Level

Transuranic

6, 000

6,500

76,500

Hulls and Hardware
 Txansuranic!

52,000

Low-Level
Reactor Waste

 Nontransuranic!
3.8 x Lo

6
3.8 x 10

6

Other Low-Level
 Nontransuranic!

300, 000

183,000

310,000

l79,000Chemical

SOURCE: U. S. NRC, Environmental Surve of the
Re rocessin and Waste Mana ement Portions of the LWR
Fue C c e: A Tas Force Re ort, NUREG-0116; Supp. 1
to WASH-1 4 as ., D.C., U.S. NRC, 1977!, pp- 3-16.

400,000 spent-fuel assemblies

b Not produced with no-recycle.

37,000 spent fuel assemblies in pool storage await-
ing processing.

Volume of high-level waste in 37,000 canisters.

e Includes plutonium wastes.
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TABLE 4

HIGH-LEVEL RADIOACTIVE WASTES IN THE U.S. AS
OF 1974 FROM MILITARY AND COMMERCIAL

REPROCESSING OPERATIONS

 millions of gallons!

Solid
 sludge
salt cake!

Site Liciuid

Hanford, WA

Savannah River, SC

29.6

10.9

27.2

8.7

Idaho Nat'l. Engineering
Laboratory, Idaho Falls

2.2 0.3

0.6
West Valley, NY

Total
43.3 36. 2

SOURCE: Adapted fr om U. S., Congress, Joint Comm.
on Atomic Energy, Hearin s on ERDA Authorizin Le isla-
tion FY l976, before the Subcomm. on Legislation, 94th
Cong., 1st Sess., 1975, p. l937.

a

These are from commercial applications; all other num-
bers represent wastes which are primarily from military
applications.
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TABLE 5

SUK~RY OF REPORTED SEA DUNPING OF RADIOACTIVE WASTE
Country/

Number. of Containers
or Tonnes Dumped+

Activity Dumped
 Curies!

Period

ContainersU.S.A.

Total 1946-1970

1951-I,966

1967-I.976

86,758 94,673

45,000

293,880

U.K.

113,870

Alpha
 Curies!

Aceioidee

Tonnes Beta-

Gamma
 Curies!

TotaI.
289,00045,970 4,880

SOURCE: lAEAP 1977.

* A reference container is a 200 liter drum.
** Between 1950 and 1962 52,011 containers were dumped in the pacific

�4,550 curies! and 33,928 in the Atlantic �9,443 curies! .
*** Between 1963 and 1969 276 containers were dumped in the Pacific

�S5 curies! and 185 in the AtI.antic �0 curies! .

1946-1960
1961

1962
1963
1964
1965

1966
I.967
1968
1.969

1970

1967

1969
1971

1972
1973

1974
1975
1976

76,201
4,0S7
6�20"*

129
114

24
43
12

0
26*4*

2

10,840

9,180
3,970
4 <I.30

4,350
2,270
4,460
6,670

250
500
630
680

740
420

780
880

93,690
275

478

9
20

5
105

62
0

26
3

7,600
22,000
11,200
21,600

12,600
100,000

60,500
53,500
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TABLE 6

PARTICIPATING NEA COUNTRIES

C~ountr

Belgium

France

X X K

X X

X X X

F.R.G. X

Italy

Netherlands X

Sweden

Switzerland

U.K. X X K

SOURCE: IAEA, 19 7 7.

1967 1969 1971 1972 1973 1974 1975 1976
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APPENDIX l

RADIoACTIvE wAsTE DEFINITIQNS PREPARED FOR
SANDIA LABORATORIES AND U.S. ERDA

MANAGEMENT PURPOSES  l977! ~

Defense Waste

Low-Level Non-Transuranic Waste
Radioactive waste containing less than 10 nanocuries per
gram of transuranic nuclides is designated low-level waste,
and may be surface-buried in designated ERDA or commercial
disposal sites. It consists of general process or labora-
tory trash, including paper, glass, metal, concrete-sta-
bilized sludges, demineralizer resins, etc. For the last
twenty years or so, all low-level liquid wastes have been
sorbed or otherwise reduced to solid form before burial,
but this is not. universally true of older wastes. The
WIPP [Waste Isolation Pilot Plant � as planned by the Oak
Ridge Nat'l. Laboratory and the U.S. ERDA] does not in-
corporate a surface-burial facility for low-level non-
transuranic waste.

Low-Level Transuranic Waste

I,ow-level transuranic waste is solid radioactive material,
other than spent fuel and high-level waste, which is con�

+SOURCE: D. R. Anderson; Waste Management ResearchSandia Laboratories; Albuquerque, NM  June 1977! .
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taminated with long-lived alpha emitters to a level greater
than l0 nanocuries per gram, but which exhibits sufficient-
ly low radiation levels  surface dose rates <500 millirem
per hour, b~ WIPP definition! that it is amenable to hand-
ling by "contact"  as opposed to "remote" ! methods. In
physical form it is similar to low-level waste, but also
includes decommissioning waste  discarded process vessels,
glove boxes, etc.!. WIPP acceptance criteria will require
that most low-level transuranic waste be processed to re-
move combustible and gas-producing materials, and will
limit the extent to which unprocessed waste will be ac-
cepted for storage.

Intermediate-Level Waste

Intermediate-level waste is the broad spectrum of wastes
which lie between low-level transuranic waste and high-
level waste. These wastes exhibit sufficiently high ra-
diation levels that handling in shielded containers or by
remote methods is required. In general, the higher ra-
diation levels are associated with fission product S-y
activity; therefore, virtually all of the ERDA-generated
intermediate-level waste will come from the three repro-
cessing plants at Hanford, Idaho National Engineering
Laboratory  INEL!, and Savannah River rather than from
the weapon-oriented plants such as Rocky Flats and Los
Alamos. Heat generation in intermediate-level waste is
low compared with that in high-level waste, and heat
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transfer is not a major consideration in its storage.

Intermediate-level waste has not yet been well characteri-
zed or even inventoried within the ERDA complex, but it is
reasonable to assume that the volume will be only 10-20
percent of the volume of low-level transuranic waste.

Typical waste forms are high g-y process trash, discarded
reactor core structure and coolants, and solidified in-
termediate-level reprocessing waste.

Intermediate � level wastes will be stored in the WIPP re-
mote handling facility.

High-Level Wastes

By legal definition, high-level waste is the product of

the first-cycle solvent extraction process by which spe~t
fuel is reprocessed; in today's political climate, how-

ever, the definition must be extended to include unpro-
cessed spent fuel.

The present WIPP charter, of course, specifies that high-
level waste will be used only for experiments to define

its behavior in a salt storage environment, and will be

removed and shipped to a licensed repository at the con-

clusion of the experimental program.

High-level waste exhibits both high radiation levels and

high thermal power generation rates, and shielding and

heat transfer are primary considerations in the design of
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the WIPP remote handling facility.

Whatever the decision regarding commercial fuel r'epzoces
sing, there already exists some 8G million gallons of
ERDA-generated liquid and semi-solid high-level waste;
this is stored in tanks at Hanford, INEL, and Savannah
River. Alternative documents which discuss the various
cptions for the final solidification and disposal of
these wastes are now in preparation. It is not expected
that any ERDA high-level waste will be processed for ulti-
mate disposal before 1990.

Commercial Waste

Low-Level Non-Transuranic Waste

The current interim definition of  low-level! nontransuran-
3.c waste is < l0 nanocuries/gm of elements with 2 > 92 ~
task forces are currently evaluating this interim defini-
tion, and it may change in the future. All wastes which
are not mi l 1 tailings, spent f ue l or high-level wast e <
an meet this <LO nanocuries/gm criteria are defined asand mee

low-Level nontransuranic wastes. Approximately 3/4 «
this volume isolume is generated by commercial power reactor opera
tion  f i l ter s  ' lt r s ludges, evaporator bottoms, spent resins <
air filters rs, control rod blades, contaminate«l«hi "g
rags, etc. ! . T e.! . The remainder is generated by medical use
of isoto es indup , ' ustrial and academic laboratory use
tracers, and discardea ded equipment from nonreactor nu<le"
fuel cycle facilitiesies. Wet solid wastes  sludges
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evaporator bottoms! are solidified. in cement or urea-

formaldehyde. Boric acid solutions are often absorbed on

vermiculite. Compactible solid waste, along with small

compactible wastes, are commonly pressed into 55 gallon

drums. Large noncompactible wastes  discarded equipment!

is cut up, if necessary, and packaged in wooden crates.

In some cases the curie content of wet solid wastes can

3exceed l Ci/ft and may require external shielding to

meet transportation requirements. The average curie con-

tent of low-level nontransuranic waste buried in the last

few years is approximately O.l Ci/ft 3

Low-Level Transuranic Naste

This waste is either suspect, by reason of origin, or has

been measured to have >10 nanocuries/gm of elements with

Z > 92, and has a sufficiently low gamma emitting nuclide

content to allow unshielded handling of the boxes or drums.

It is sometimes called low gamma transuranic waste, and

has in the past been called alpha waste. Et would princi-

pal].y be generated at fuel reprocessing plants or mixed

oxide fuel fabrication plants associated with recycle com-

mercial fuel cycles. It would include failed equipment

and general trash from contaminated or suspect areas,

ventilation filters for effluent control, etc. Treatment

alternatives include incineration of combustibles  in-

cluding in some cases liquids! with fixation in cement,

bitumen, or glass, and packaging with or without compac-



tion for failed equipment and other noncombustible waste.

Intermediate-Level Transuranic Waste

This waste is like transuranic  contact handling! waste
except that the external dose rates of the container are
high enough to require shielded handling. Sheared seg-
ments of the zircaloy fuel element cladding, generated
during fuel reprocessing, would be classified as an in-
termediate-level transuranic waste. Incinerated solvents
used during reprocessing could also contribute to this
waste category. Cladding hull treatment alternatives in-

clude mechanical compaction, blending with dry sand in a
welded steel canister  to reduce the pyrophoricity of
the zircaloy fines!, and surface decontamination  since
up to a few tenths of a percent of the. fuel and fission

products is assumed to remain with the cladding! .

High-Level Waste

Appendix F to 10 C.F.R. SO defines high-level wastes as

"those aqueous wastes resulting from the operation of the
first cycle solvent extraction system, or equivalent, and
the concentrated wastes from subsequent extraction cycles,
or equivalent, in a facility for reprocessing irradiated

reactor fuel." This high-level waste contains approximately
99 percent of the curie content of all fuel cycle wastes,
and is characterized by intense penetrating radiation and
high heat generation rates. Current regulations call for
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these wastes to be solidified within five years after
generation and for the solid waste form to be shipped to
a federal facility within ten years after the liquid waste
is generated. Incorporation of the waste into a glass
waste form is the anticipated solidification treatment.
Currently no commercial solidified high-level waste exists
in more than laboratory testing quantities. Spent fuel,
resulting from the throwaway fuel cycle, although not in-
cluded in the 10 C.F.R. 50 definition of high-level waste,
has similar radiation and thermal properties. A spent
fuel assembly has about three times the volume of the high-
level waste resulting from the reprocessing and solidifica-
tion of the high-level waste from the fuel assembly. De-
pending on the recycle fuel cycle mode, spent fuel may
also contain approximately 200 times as much Pu as the
corresponding amount of high-level waste.
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APPENDIX 2

Conclusion and Recommenda ions of the ZAEA Advisor.

Grou �976! on the Oceano ra hic Basis for Re-

ulatin Radioactive Waste Dis osal at Sea

 l! The oceanographic basis of the provisional Defini-

tion and Recommendations is not satisfactory, and should. he

replaced.'

�! The provisional Definition and Recommendations

should be improved, and should be reviewed.

�a! We consider that our understanding of the deep

oceans is insufficient to permit the construction of a sin-

gle comprehensive model of the movement of radionuclides.

Such a model would require much information that is not

available and could lend a spurious appearance of accuracy

to estimates that are not in fact reliable.

�! The initial concentration of radioactivity in

wastes dumped in the deep ocean is unlikely to be impo tant

in determining the hazards to man. However, the total ac-

tivity in a canister may be of 'consequence to organisms

within the immediate vicinity of the canister.

�! The quantities of radioactivity released into

the marine environment from all radioactive waste dumped in

the
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deep ocean should be strictly. limited in accordance with the

Recommendations below as well as other IAEA Recommendations.

�! Rates of release of radioactivity to the oceans

can be reduced by suitable containment and packaging of

wastes. When it has been established that wastes can be

contained for a given length of time, an allowance for decay

in situ, relative to that time, may be considered.

�! Emplacement of waste canisters into certain sea-

floor sediments would provide additional long-term contain-

ment, and should be further investigated.

 I! The release of radionuclides to the ocean should

be limited from the outset at rates not exceeding those

which could be continued for periods comparable with the

half-life of plutonium 239.

 8! The assessment of radiation doses to man and of

possible damage to the ecosystem should be carried out. It

should use the basis we have provided and take account oi

the physical and biological pathways that we have identified

in Section 4.

 9! Release rate limits for a wide range of radionuclides

should be calculated for various identifiable ocean basins con-

taining potential disposal sites.

�0! We recommend that the calculations of the release

rate limits should be undertaken by a suitably constituted

group of consultants.

 lla! Both  a! the long-term average concentration in

the bottom water for the appropriate part of the ocean basin
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 see 4.3.2! and  b! the appropriate maximum concentration a-

rising from short-term events  see 4.3.4, 4.3.5 and 4.3.6!

should be used in calculating release rate limits for all ex-

posure pathways regardless of the depth at which they actual3.y

originate.

 lib! The long-term, large-scale processes lead to a

release rate limit which applies to the total release from

all sites in a basin whereas the short-term small-scale pro-

cesses lead to a limit which applies to the releases from in-

dividual sites.

 llc! The single-site release rate limit is more re-

strictive for short-lived radionuclides so that partitioning

of waste between sites wou3.d for such waste increase the over-

all limit for the basin as a whole.

 lid! The basin release rate limit is more restrictive

for long-lived radionuclides so that in this case the parti-

tioning of wastes between sites in a basin would not effect

the limit for the basin as a whole.

�2! The possible role of sediments in reducing water

phase concentrations should not be included in these calcu-

lations unti3. more reliable information on their behavior is

available.

�3! Nevertheless, the concentrations on sediments

used as a basis for radiological assessments should be cal-

culated on the assumption that all activity released is ab-

sorbed on the sediments, until more reliable information is

avai3able.
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�4! The release rate limits are upper limits on the

rates of release of radionuclides to the ocean environment

Actual rates of release should be controlled as far belpw

these levels as is reasonably achievable and in no circu~

stances should the limits calculated be approached rapidly.

�5! The hydrography, geophysics, geochemistry and

biology of possible disposal sites should be studied as

carefully as possible, to provide reliable information for

assessment as to their suitability.

�6! Estimates of the transfer of radionuclides from

the depths of the interior of the large-scale oceanic gyres

in the major oceanic basins presented in this document are

based on present knowledge of the processes in these regions.

In general, these estimates are inapplicable to regions of

deep convection, such as exist to the poleward side of the

major oceanic gyres, and to the marginal seas.

Dumping should only be carried out where water depths
0

are greater than 4000 m at latitudes less than about 50

Deep sea disposal sites should not be located near contin~n-

tal margins, in marginal and in-land seas, nor should

be situated in areas where natural phenomena or other distu"

bances would make them unsuitable as disposal sites-

�7! The conclusions are based. on the informat»n

available now. New information will become available, and

The as ses sme"certain areas of research should be explored-

carried out here and the conclusions reached

ed a and wand when this seems necessary, or at interv»s -5
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years.

�8! Much research is needed to improve our knowledge

of the physics, chemistry and biology of the deep oceans.

The Agency may wish to consider how research relevant to its

responsibilities may best be encouraged.

�9! The environmental concentrations arising from

any radioactivity released should be investigated by appro-

priate scientific programmes.

�0! When making radiological assessments of dumping

operations, the total input of radioactivity in the oceans

should be taken into account.

�l! Future knowledge is likely to result in estimates

of release rate limits being revised either upward or down-

ward. The present conclusions and recommendations should not

be used to justify a programme of dumping of radioactive wastes

which cannot. be modified or stopped.
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