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NATIONAL ADVISORY COMMITTEE 
ON 

OCEANS AND ATMOSPHERE 
3300 Whitehaven Street, N W.  

Washington, DC 20235 

To the President and the Mmbers of the Congress: 

I have the honor of submitting to you the report of the National Advisory Committee on Oceans and Atmosphere (NACOA), "Nuclear Waste Management and the 
Use of the Sea." 

The question of how to best manage wastes is a serious one, and the urgency of the problem will increase in the future. In 1981, this Gommittee sent you a copy of our report on non-radioactive wastes entitled "The Role of the Ocean in a Waste Management Strategy." In our report, we recommended an integrated multimedia approach to waste management where the least harmful disposal 
media would be chosen for wastes, rather than a continuation of the U.S. practice of attempting to separately protect the oceans, land, freshwater, and air 
by unrelated statutes.  

In this report, although we do not suggest a reversal of U.S. land-oriented 
disposal policy at this time, we do recommend a revision of policy that excludes the use of the ocean for low-level radioactive waste disposal, subject 
to adequately funded and well-identified monitoring and research efforts 
which would provide full assessment of the fate and effects of such disposal.  

In preparing this report, the objective of NACOA has been to review the current situation regarding nuclear waste disposal policies in the United States and elsewhere, and to relate these to implications for the oceans. We did not, and do not, comment on nuclear power as an energy source, but the accumulation of radioactive waste both here and abroad is a fact of life that presents problems challenging all nations. NACOA hopes this report is a positive contri
bution to meeting that challenge.  

Respectfully yours, 

Jbhn A. Knauss 
Chairman
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FOREWORD 

In 1981, the National Advisory Committee on Oceans and Atmosphere (NACOA) published a 
report on non-radioactive waste entitled "The Role of the Ocean in a Waste Management 
Strategy." In that report, the Committee recommended that the oceans be considered along with 
other options in a multi-media approach to planning for waste disposal. In this report, "Nuclear 
Waste Management and the Use of the Sea," we extend our consideration of waste management to 
radioactive wastes.  

In preparing this report, NACOA's objective has been to review the current situation regard
ing nuclear waste disposal policies in the United States and elsewhere, and to relate these to 
implications for the oceans. We did not, and do not, comment on nuclear power as an energy 
source. But the accumulation of radioactive waste both here and abroad is a fact of life that 
presents problems challenging all nations. NACOA hopes this report is a positive contribution to 
meeting that challenge.  

This report resulted from the efforts of NACOA's Panel on Radioactive Waste, which consist
ed of NACOA members John A. Knauss (Chairman), Sylvia A. Earle, Jay G. Lanzillo, Vernon E.  
Scheid, S. Fred Singer, and Sharron Stewart. The Panel is indebted to the generous contributions of 
the many people who offered valuable insights to the NACOA review and who commented on the 
draft report., Lists of those who participated in the Panel's sessions are given in Appendix L. The 
Panel acknowledges the dedicated work of Cdr. William Lounsbery (NOAA Corps), Lt. Cdr.  
Douglas Hennick (NOAA Corps), and Victoria Jones Brimmer, all of the NACOA staff, and also the 
assistance of Dana R. Kester, University of Rhode Island, in preparing Chapter IV.  

This report does not necessarily reflect the view of any of the individuals or organizations 
who participated with us or who provided us with information. The contents of the report and the 
recommendations made are the sole responsibility of the National Advisory Committee on 
Oceans and Atmosphere.
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Conclusions and Recommendations



THE NACOA REPORT 
Management of Nuclear Waste: 

Conclusions and Recommendations

The world's first controlled nuclear chain reac
tion occurred in December 1942. Since that time, 
the United States and successive nuclear-capable 
nations have bridled the developing nuclear tech
nology for defense, energy, medical, and research 
purposes. A by-product of the world's nuclear 
industries is the accumulation of large quantities 
of radioactive materials, not just from nuclear 
power plants, but also from medical and research 
institutions and from the military. This waste 
takes a variety of forms, from the "high-level 
waste" of spent reactor fuel with high levels of 
radioactivity per unit mass to the "low-level waste" 
of hospitals which are large in volume but low in 
radioactivity per unit mass. Although some radio
nuclides decay to harmless stable isotopes in a 
matter of weeks, others, such as the anthropo
genic transuranic elements, emit radioactive 
particles for thousands of years. The existence of 
radioactive waste poses a threat of varying degrees 
to humans and their environment.  

The National Advisory Committee on Oceans 
and Atmosphere (NACOA) finds there is little 
consensus, in the United States at least, on the 
magnitude of the problem. Many believe that 
there has been too little thought and effort devoted 
to finding safe and secure disposal of radioactive 
waste. Others counter that the waste problem 
has been blown out of proportion and that prob
lems associated with nuclear waste storage are 
minor. What is not in contention is the growing 
stockpile of spent nuclear fuel rods, aging nuclear 
submarines, and contaminated material from hos
pitals and research institutions. What is often 
overlooked in the debate is that this is not a 
problem for the United States alone. The stock
pile of nuclear waste is growing in nearly all of 
the developed nations of the world and can be 
expected to grow in the developing world also.  
Nor will the problem go away even if we in the 
United States stop the construction of new nucle-

ar power plants. Waste will still be generated by 
those commercial power plants on line in the 
United States and those on line and being built in 
the rest of the world. Additional waste will be 
generated by military nuclear power plants, as 
well as by the many hospitals, universities, and 
research institutions who routinely use small 
amounts of radionuclides, 

Present U.S. policy emphasizes land-based dis
posal. There has been no authorized disposal of 
radioactive waste in the ocean by the United 
States since 1970. However, the possibility of 
resumption of ocean disposal by the United States 
cannot be ruled out given the following situations: 

(a) Aging Nuclear Submarines. The Navy has 
over 100 operating nuclear submarines that will 
be decommissioned at a rate of three to five per 
year. A Navy Environmental Impact Statement 
has concluded that land disposal should be cho
sen, because the current regulatory status of sea 
disposal is highly uncertain. However, sea dis
posal of the entire submarine- minus its fuel
would be the least costly of three disposal options, 
all of which are environmentally safe according 
to the Navy's Environmental Impact Statement.  

(b) DOE Remedial Action Program. The De
partment of Energy has several programs to evalu
ate and remedy radiological conditions at land 
sites used during Manhattan Engineering District 
and Atomic Energy Commission activities. One 
such site is in Middlesex Borough, New Jersey, 
where about 90,000 metric tons of slightly con
taminated soil-about 4 curies-is contained with
in a 10-acre area. If the soil is removed, one 
option is to dispose of it at sea, either directly 
into the water column at a deepwater dumpsite, 
or encased and sunk far off the coast.  

(c) Subseabed Disposal of High-Level Nuclear 
Waste or Transuranics. For several years, the 
United States-through a program coordinated 
at the Sandia National Laboratories, Albuquer-
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que, New Mexico-has examined the possibility 

of subseabed disposal of high-level nuclear waste.  

Technical and environmental feasibility studies 

should be completed toward the end of this decade.  

Should these, and subsequent studies, prove that 

this method is practicable, a demonstration sea

bed repository could be scheduled for the 1990s.  

(d) Decommissioned Nuclear Reactors and 

Associated Equipment. Several of our country's 

large commercial reactors are nearing the end of 

their life spans. It has been assumed that they 

would be entombed in concrete until their radio

activity decayed to safe levels; however, some 

reactor components retain this radioactivity for 

thousands of years. Although no proposals have 

been made to dispose of decommissioned nuclear 

reactors and ancillary components at sea, such 

proposals could come forth, particulary if a sea 

disposal precedent-such as nuclear submarines

were set.  

NACOA reached several conclusions during its 

study of this issue. (See Appendix F for the chro

nology of the NACOA investigation.) The first is 

that the level of mutual ,distrust is so high that 

rational discussion of the issues is often difficult.  

On the one hand, large segments of the public and 

their spokespersons seem to be unaware that we 

are continuously bathed in low-level background 

radioactivity from natural sources, and fear even 

the lowest levels of contamination from anthro

pogenic sources. On the other hand, the track 

record of the experts in managing the radioactive 

waste problem in the past, and in keeping the 

public properly informed, does not instill confi

dence in their present management schemes.  

A second NACOA conclusion is that ocean dis

posal is an international issue. Ocean processes 

do not recognize national boundaries. We should 

be concerned not only about U.S. policy for ocean 

disposal of radioactive material but other nations' 

policies as well. Furthermore, we must assume 

that any change in U.S. policy on ocean disposal 

of radioactive waste will strongly influence those 

of other nations.  

Sources of 
Anthropogenic Radioactivity 

Because of these conclusions, NACOA has not 

limited its summary to U.S. activities. Chapter I 

describes the growing international stockpile of 

radioactive waste. Roughly speaking, the stock

pile can be divided into the spent fuel rods along
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with the other residue from nuclear reactors 
(commerical, military, and research), and nearly 

everything else. The bulk of the radioactive waste 

problem, including the prickly issue of how to 

dispose of the long-lived transuranic elements 

that decay over tens of thousands of years, con

cerns the handling of the spent fuel rods.  

Some 96 percent of the radioactive material in 

a spent commercial reactor fuel rod is reusable 

uranium along with 1 percent plutonium that is 

generated in the fuel rods during reactor operations.  

The remaining waste residue becomes what is 

known in the United States as high-level waste; 

spent fuel rods are also considered high-level 

waste. From 1976 to 1981, the government banned 

reprocessing spent fuel rods from commercial 

reactors in the United States (reprocessing is done 

for some research and military reactors). The ban 

was enacted due to concern that reprocessing in 

the United States and elsewhere would create an 

international commerce in plutonium that might 

fall into the hands of terrorists or other nations 

currently unable to manufacture nuclear weap

ons because they lack plutonium. Although there 

is no longer a ban on commercial reprocessing, 

there appear to be no plans to reintroduce this 

activity in the United States in the near-term.  

Lack of electrical demand, rising reactor costs, 

and public opinion have combined to limit the 

growth of the nuclear power industry in this 

country. Other nations, such as Japan and France, 

which have no significant deposits of oil or coal, 

are continuing to increase their nuclear power 

capacity. Thus, the spent fuel stockpile will con

tinue to grow regardless of U.S. policy. In 1980, 

the United States generated about 40 percent of 

all commercial nuclear power; in the year 2000 

the U.S. contribution is projected to be about 30 

percent (Table 1-3).  
Although spent fuel rods are responsible for 

more than 99 percent of the radioactivity in the 

growing nuclear waste stockpile, they produce a 

very small part of its volume (Figures 1-3 through 

1-6). The large volume of so-called low-level radio

active waste is composed of such material as the 

glassware, gloves, and clothing of those who use 

small amounts of radioactivity in hospitals and 

research, the machinery used in the processing of 

nuclear fuel, the remains of radionuclide exper

iments or processes, and a wide variety of similar 

material that may become contaminated by 

induced radiation or by carrying trace amounts 

of radionuclides.



Lastly, there are the mill tailings resulting from 
the milling and mining of uranium ore. Although 
this is clearly natural radioactivity of a kind that 
humans have lived with since our origin, its redis
tribution may be unnatural and its concentration 
may be enhanced locally, thereby requiring possible 
control actions with regard to disposal.  

Radioactivity in the Ocean 

The largest source of anthropogenic radioactivity 
in the ocean is the approximately 360 nuclear 
detonations by the United States, Soviet Union, 
the United Kingdom, France, and China that were 
on or above ground or in the ocean. About 55 
million curies of radioactive cesium and stron
tium have found their way to the ocean from 
those explosions. In addition, the ocean received 
several hundred million curies of tritium (radio
active hydrogen) from these same explosions. Acci
dents are probably the second largest source of 
anthropogenic radioactivity in the ocean. The 
power plants of the two lost U.S. nuclear subma
rines, THRESHER and SCORPION, contained about a 
million curies each. Although there are no official 
figures on lost Soviet nuclear submarines, we 
believe there has been at least one and probably 
several. Other such sources include 10,000 curies 
of plutonium aboard a malfunctioning rocket and a 
nuclear weapon aboard an aircraft that crashed, 

By comparison, the deliberate dumping of 
radioactive material in the ocean is relatively 
modest. Before the United States stopped ocean 
disposal of radioactive waste in 1970, we disposed 
of about 95,000 curies of low-level waste packaged 
in about 90,000 containers, mostly 55 gallon drums, 
in four major dumpsites offshore our coasts. About 
three times that amount of anthropogenic radio
activity in suspended or dissolved form flowed 
into the Pacific Ocean each year from the Hanford 
reactors on the Columbia River from 1955 to 1964.  

Although the United States has stopped the 
deliberate release of anthropogenic radioactivity 
in the ocean, disposal is continuing elsewhere.  
The largest single contributer is the United King
dom's Sellafield (formally Windscale) plant which 
pumps about 200,000 curies a year into the North 
Sea. In addition, the United Kingdom along with 
a number of European communities have until 
recently dumped an average of about 44,000 curies a 
year, mostly in 55 gallon drums, at a designated 
dumpsite 4,000 meters deep in the Northeast Atlan
tic Ocean. (See Table 11-2 for a summary of anthro-

pogenic radioactivity added to the ocean since 
1944.) 

Except for the accidents, all the anthropogenic 
radioactivity in the ocean qualifies as low-level 
waste. No nation has used the ocean for the deposi
tion of high-level waste, and to the best of our 
knowledge, no nation is considering this option.  
Some, however, including the United States, are 
considering emplacement of this material deep 
in the sediments beneath the ocean floor. At pres
ent, this concept is being studied under a cooper
ative program coordinated through the Nuclear 
Energy Agency of the European-based Organization 
for Economic Cooperation and Development.  

Present Policy 

The Nuclear Waste Policy Act of 1982 defines 
U.S. policy for disposal of high-level radioactive 
wastes, i.e., the spent fuel rods and the radioac
tivity that remains from reprocessed nuclear fuel.  
Under this Act, the United States is expected to 
develop its first land-based repository by the 
1990s. Present U.S. policy is to find land-based 
solutions to the question of where to dispose of 
high-level wastes. As near as NACOA can judge, 
all other cooperating nations in the deep seabed 
disposal program have similar policies. However, 
a number of possible sites in the United States 
have already been eliminated for disposal of high
level wastes. Perhaps even more importantly, 
the political issue of local concern, once a final 
site has been chosen, has not yet been joined. For 
these reasons, a number of observers believe the 
possibility of using the deep seabed for emplace
ment of high-level radioactive waste cannot be 
dismissed despite present official U.S. policy. Fur
thermore, other nations such as Japan and the 
United Kingdom are not as well endowed geolog
ically as is the United States. Lacking suitable 
land-based sites, they may have little choice but 
to embrace the ocean option, if further research 
suggests that this is indeed a reasonably safe 
alternative.  

The United States currently disallows ocean 
dumping of low-level waste as well as high-level 
waste into the ocean. Land-based disposal sites 
must be found for all material generated by hos
pitals, research labs, and others who generate 
low-level waste material. The 1980 Low-Level 
Radioactive Waste Policy Act holds each State 
responsible for disposing of its commercial low
level waste. Furthermore, a January 1983 amend-
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ment to the Marine Protection, Research and Sanc
tuaries Act places a two-year moratorium on all 
ocean dumping of radioactive material except for 
small research projects. After the moratorium, 
both Houses of Congress must pass a joint resolu
tion granting authority for each specific permit 
before the Environmental Protection Agency can 
issue permits for disposal of low-level waste in 
the ocean.  

The London Dumping Convention of 1972 
(Convention on the Prevention of Marine Pollution by 
Dumping of Wastes and Other Matter) is somewhat 
less strict. Although it bans the dumping of high
level wastes, it allows limited disposal of low
level waste. There has recently been some inter
est by a number of nations in further restricting 
the amount and kinds of material that can be 
dumped. (See Chapter III.) 

The question of emplacing high-level waste in 
the sediments deep beneath the ocean is not spe
cifically addressed by any international law. How
ever, the United States and 54 other nations includ
ing Japan, the Soviet Union, and almost all west
ern European nations, are party to the London 
Dumping Convention, and the issue of subseabed 
emplacement will be addressed in this forum.  

The Issues 

Those who contend that the ocean is an excel
lent repository for anthropogenic radioactive waste, 
as well as those who argue against ocean use, 
often evoke marine science as their champion.  
The latter often argue that we know so little 
about ocean processes that it is far better to err on 
the side of conservatism because it will be diffi
cult to turn back if future studies show a mistake 
has been made. The argument for ocean use is 
more complicated but can be summarized as fol
lows. The ocean already contains a large amount 
of natural radioactivity, either long-lived radio
nuclides and their daughter products that have 
been on Earth from the beginning, or relatively 
short-lived radionuclides formed by the interac
tion of cosmic radiation with the atmosphere.  
The total amount of anthropogenic radioactivity 
that has found its way into the ocean since 1944 is 
about one-tenth of one percent of the total natu

"ral radioactivity in the ocean. Those who favor 
consideration of the ocean for waste management 
further argue that our knowledge of ocean pro
cesses is good enough to make adequate estimates 
of the fate of any anthropogenic radioactivity

placed in the ocean. Finally, they argue that the 
potential danger to humans is much less if radio
activity is placed in the ocean than in the various 
land-based alternatives. Humans are much less 
likely to be exposed to significant levels of direct 
radiation in the ocean than on land; there is min
imal opportunity for radioactivity to find its way 
into the groundwater that we tap for drinking.  
And, although the probability of significant radio
activity finding its way to the fish we eat is not 
zero, it is less likely to find its way into the food 
we eat than it would through most land-based 
options. NACOA believes the truth likely lies 
somewhere between these two extremes and that is 
the basis for our recommendations which follow.  

1. NACOA recommends that Congress and 
the Administration revise the present 
policy of excluding the use of the ocean 
for low-level radioactive waste disposal.  
Ocean disposal should not be initiated until 
adequately funded, well-identified moni
toring and research efforts are established 
that provide a full assessment of the fate 
and effects of such disposal.  

We are not prepared at this time to suggest that 
the Administration should reverse its present 
land-oriented position. However, we do believe 
the ocean option should not be dismissed out of 
hand. The goals of any radioactive waste disposal 
policy must include the following: 

1. Adverse health effects to humans should be 
minimized.  

2. Adverse health effects to future generations 
should be minimized.  

3. Adverse ecological effects, both present and 
future, should be minimized.  

4. Opportunities to rectify mistakes should be 
maximized.  

By comparison with various land-based dis
posal options, the ocean option has a number of 
advantages. The chances for prolonged direct expo
sure to humans are less in the ocean than in 
surface or near-surface disposal sites on land. If 
care is used in choosing the ocean site, the chanc
es of radioactivity finding its way into the food 
we eat are minimal, as they are for land-based 
sites that are carefully separated from farm land.  
Groundwater contamination is always a risk on 
land but is not a problem in the ocean.  

As for the ecological effects of prolonged expo
sure to low-level radioactivity, these are not well 
understood for either land or water ecosystems.
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On the other side of the picture, if future research 
and monitoring discloses that a site or its con
tainment strategy was poorly chosen or designed, it 
may be more difficult, if- not impossible, to recti
fy at an ocean site than it would at a land site.  

NACOA is concerned that too little attention is 
being paid to the requirement that radioactive 
waste disposal sites must be maintained for long 
periods. Low-level sites must be guarded for at 
least a hundred years, and high-level waste dis
posal sites must be maintained for thousands of 
years. History does not suggest that continuous 
vigilant efforts or adequate recordkeeping is likely 
over such long terms. Furthermore, climatic change 
may alter land values and usage, so sites now 
isolated may become less so. Because deep ocean 
sites would require high technology to disturb, it 
seems that ocean disposal could be designed to 
prevent unintentional human intrusion with more 
certainty than land disposal options.  

2. NACOA recommends the Federal Govern
ment intensify its research efforts on: the 
ecological effects of radioactivity in the 
marine environment; the possible path
ways of anthropogenic radioactivity in 
the marine environment; monitoring; and 
on delivery and retrieval systems for radio
active waste disposal in the ocean.  

We recognize that present U.S. policy excludes 
the ocean as a possible disposal site for radioac
tive waste. NACOA is concerned that a rigid policy 
of exclusion will result in so lowering the perceived 
priority of research as to slow down, if not cut off 
entirely, Federal agency support for the research.  
The budget recommendations for Fiscal Year 1985 
clearly demonstrate the effect of this policy on 
research.  

Although the United States presently does not 
utilize the ocean for radioactive waste disposal, 
the past 40 years of U.S. management of its radio
active waste problem does not instill confidence 
that today's policy will be followed tomorrow.  
Given the present concern of many communities 
about dumpsites of any kind in their area, it 
would be foolish to assume that there will be no 
political difficulties in finding adequate land-based 
sites for the growing stockpile of low- and high
level radioactive waste. Present evidence suggests 
that under certain circumstances, at least, the 
ocean offers an attractive alternative to land-based 
disposal. If there are reasons why the ocean is 
unacceptable, we need to know them. Arguing 
that we cannot use the ocean as a disposal site for

radioactive waste because we do not know enough 
about it may not be politically acceptable to those 
concerned with land-based disposal in their local 
communities. Research should not be limited to 
answering the first order scientific questions of 
the "routes, rates, reservoirs, and effects" of radio
active material, but should also address the first 
order technical questions of containment, moni
toring (once a disposal site has been selected), 
and retrieval, if future monitoring indicates a 
mistake has been made in site selection.  

3. NACOA recommends that the Office of 
Science and Technology Policy (OSTP) 
establish an interagency coordinating 
committee to develop and budget the nec
essary research plan to implement recom
mendations I and 2.  

The National Oceanic and Atmospheric Ad
ministration (NOAA), the Environmental Pro
tection Agency (EPA), and the Department of 
Energy (DOE) have responsibility for some aspects 
of anthropogenic radioactivity in the ocean. Much 
of our current knowledge comes from the Depart
ment of Energy (and its predecessor, the Atomic 
Energy Commission). DOE is currently funding 
what is perhaps the best organized and most imagi
native research in this area, the Deep Seabed Dis
posal Program, which is investigating the pos
sibility of emplacing encapsulated high-level radio
activity 30 to 100 meters deep into the sediments 
of the ocean floor in water depths of 4,000 to 
5,000 meters. A considerable amount of additional 
information about radioactivity in the ocean envi
ronment has come from work sponsored by the 
National Science Foundation. The contributions 
of EPA and NOAA have been more limited, perhaps 
in part because the present U.S. policy of not 
using the ocean for disposal of radioactivity has 
apparently limited the kinds of programs approved 
in these agencies. Both NOAA and EPA have devot
ed some effort to studying the fate of the relatively 
small amounts of radioactivity in the various 
containers that were deposited off both the east 
and west coasts during the 1960s. These have 
been projects of limited scientific value, given 
the lack of information about what was in these 
drums in the first place.  

NACOA believes there are a number of issues 
that need addressing. For example, can we agree 
on a "de minimis" definition, a level of anthropo
genic radioactivity sufficiently low, that we can 
ignore it? Given the varying levels of natural 
radioactivity on land and in the marine environ-
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ment, is there clearly some level of anthropogen
ic radioactivity sufficiently low that it does not 
add significantly to the natural background level? 
The 4 curies of radioactivity remaining in the 
90,000 tons of contaminated soil sitting in Mid
dlesex, New Jersey might so qualify. If so, perhaps it 
could be disposed of at sea with the same precau
tions as dredge spoil, rather than treating it with 
extra precautions of radioactive waste.  

A second possibility concerns dilution of those 
forms of radioactive elements we concentrate in 
our bodies. To a very high degree of approxima
tion, our bodies cannot discriminate between the 
various isotopes of an element. Given the rela
tively large amounts of stable isotopes of most 
elements in seawater, it may be possible to devise 
mixing schemes for disposing of radioactive iso
topes whereby in one or two hours the ratios of 
radioactive to stable isotopes reaches a "de mini
mis" level.  

NACOA is less concerned with the above exam
ples than we are that this Nation is not focusing 
sufficiently on the key issues of whether or not 
the ocean can be a relatively safe environment 
for the disposal of radioactive material under 
certain conditions. We believe the issue is an 
important one, and we call upon the Office of 
Science and Technology Policy to provide the 
necessary leadership.  

4. NACOA recommends that the Environ
mental Protection Agency establish ocean 
disposal regulations that are in agreement 
with international standards created by 
the International Atomic Energy Agency 
(IAEA) for the London Dumping Conven
tion. Although the United States may not 
choose to dispose of low-level radioactivity 
in the ocean as presently allowed under 
the London Dumping Convention, it should 
at least adopt the IAEA definitions, guide
lines, and criteria.  

Presently, in the United States high-level waste is 
defined qualitatively, as either spent fuel or the 
residue from fuel reprocessing, and large amounts 
of U.S. low-level wastes are identified only as 
those wastes remaining outside the definition of 
high-level waste. These do not meet the defini
t.ion standards of the IAEA which are character
ized generally by radioactivity levels. The United 
States should adopt the IAEA definition, guide
lines, and criteria for ocean disposal. Exceptions 
to the same should be documented carefully.

Ocean disposal is an international problem.  
The United States has always been been a leader 
in research concerning natural and anthropogenic 
radioactivity in the ocean. U.S. policy on the use 
of the oceans for radioactive waste disposal will 
influence the policies of other nations. Insofar as 
possible the United States should work through 
the IAEA to determine acceptable standards and 
criteria for radioactive waste disposal. The alter
native of each nation interpreting the London 
Dumping Convention to suit its own needs could 
result in widespread abuse of the spirit of the 
Convention.  

5. NACOA recommends that the United States 
urge the International Atomic Energy 
Agency (IAEA) to maintain a complete 
census of the level, kind, and distribution 
of human-derived radioactivity in the 
ocean, regardless of how it found its way 
there.  

Radioactive material enters the ocean in many 
forms and in many ways. More than 99 percent of 
the radioactivity in the ocean is natural radioac
tivity, mostly uranium and radioactive potassium 
eroded from the land and carried to the ocean via 
rivers. The largest single source of anthropogenic 
radioactivity in the ocean got there during the 
period 1946 to 1968 from the above ground or 
oceanic nuclear weapons tests. Other sources are 
the reactors of sunken nuclear submarines, efflu
ent from reprocessing plants, and packaged low
level waste dumped by the United States and 
some western European nations. Table 11-2 is 
NACOA's audit of all of the sources of anthropo
genic radioactivity in the ocean using available 
data. It is undoubtably incomplete.  

At least some of the radioactivity that finds its 
way to the ocean is short-lived. For example, the 
oceans probably contain less than 40 percent of 
the tritium that was present in 1963 at the time of 
the second nuclear test ban treaty; furthermore, 
the distribution in the ocean today of what remains 
is significantly different from what it was 20 
years ago. One element of any decision to use the 
ocean for disposal of low-level radioactive waste 
is an inventory of what is already there. This is an 
international responsibility. To the best of our 
knowledge no such continuing audit exists.  

6. NACOA recommends that broadly based 
citizen groups take the lead in establish
ing a clear and rational public debate on 
disposal of radioactive materials. Further, 
they should assist in the creation of pub-

8



lic forums for the education of the public.  
The Department of Energy should provide 
financial support for these efforts.  

The Earth's environment has been partially 
radioactive since its creation. The existence of 
such natural radioactive sources as radium have 
been known since the late 19th Century, while 
nuclear energy has been harnessed since the 1940s.  
Today our Nation relies on fission reactors for 
more than a tenth of its electrical power; its defense 
posture is predicated on nuclear weaponry and 
nuclear-powered vessels; and thousands of research 
institutions, hospitals, and other facilities nation
wide use various forms of radioactive materials.  

But despite such apparent familiarity, radio
activity-and its effects upon humans and their 
environment- baffles much of the public. Such 
bewilderment retards national efforts to reach a 
consensus on nuclear waste disposal. Nuclear 
activity is a national phobia, and rational debate 
is difficult. The reasons given are many: nuclear 
power came to public attention in the form of a 
city-devastating weapon; the widely published 
specter of a nuclear core melt-down; and the 
steadily increasing safety standards for nuclear 
power plants and for people handling radioactivity 
which imply that perhaps the experts who set 
the rules know less than they claim.  

At times rational debate on nuclear waste dis
posal is made difficult by statements of those 
who should know better. Many persons are genu
inely concerned about the development of com
mercial nuclear power reactors. In recent years, 
one argument of this group is that nuclear power

development should not go forward until there is 
an acceptable solution to the waste disposal prob
lem. Any proposition that suggests a waste dis
posal solution is possible undercuts their main 
concern. One side effect of these tactics is that the 
concern about about radioactive waste disposal is 
not limited to spent fuel rods but includes the 
large amounts of low-level waste, most of which 
is not generated by power reactors.  

For a number of reasons, the Federal Govern
ment and the nuclear power industry have limit
ed credibility. Too often nuclear power reactors 
have proved to be less safe than advertised, and 
proposed waste disposal sites have shown more 
complex geology than originally suggested. As a 
result, statements by government or industry 
spokespersons about the relative safety of one or 
another waste disposal plan are greeted with 
skepticism.  

The issues are too important for this lack of 
trust on both sides to continue to poison the air.  
NACOA calls upon such responsible public policy 
groups as the National Academy of Sciences, the 
League of Women Voters, university-based or
ganizations, national environmental groups, and 
others to address these issues, not as advocates 
for a given position, but as concerned citizens 
searching together for solutions. Somehow pub
lic confidence in this debate must be restored.  
Study groups are expensive and most nonprofit 
organizations must make difficult decisions on 
what issues to expend their limited resources.  
NACOA believes limited DOE support for this 
effort would be a good investment.
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CHAPTER I 
Radioactive Waste: An Inventory

Introduction 

Initial nuclear power research by the United States 
focussed on weapons production for World War II.  
Shortly after the war, however, the U.S. Government 
encouraged civilian applications for nuclear power, 
particularly for commercial electricity.  

The development of nuclear power, coupled with 
U.S. Government encouragement, caused the demand 
for private industry's components and services to grow, 
such that by the mid-1960s Federal assistance was no 
longer necessary to build a nuclear reactor.' As of 
1983, nearly 80 commercial nuclear reactors generated 
electricity in the United States. 2 Figure I-i illustrates 
the status of U.S. nuclear power reactors as of January 
1983. Government reactors on Federal sites continue 
to produce plutonium and tritium for military appli
cations.' The United States has more commercial reac
tors than do other nations, but because of our coun
try's size, these reactors still account for only a relatively 
small amount of our power output. France, for exam
ple, has 32 reactors producing over 40 percent of its 
national power.4 

Nuclear reactor operations result in radioactive waste, 
which has accumulated in large quantities. Although 
the princpal sources of waste are generated from fueling 
nuclear reactors, much radioactive material comes from 
educational, medical, and research institutions as well 
as from private and government laboratories. Currently, 
more than 20,000 facilities in the United States are 
licensed to use radioactive materials as part of their 
activities.' These facilities generate radioactive wastes 
that exist in various chemical forms and may be solid, 
liquid, or gaseous.6 The Federal Government has clas
sified these radioactive materials and placed them 
into the following categories.  

Spent fuel is irradiated fuel discharged from nucle
ar reactors. 7 In commercial reactors, this material 
typically contains about 96 percent unused uranium, 1 
percent plutonium, and 3 percent other fission prod
ucts categorized as high-level waste.' Of the unused 
uranium, 99 percent is uranium-238, and 1 percent is 
fissile uranium-235.9 

For continued operation, nuclear power plants require 
periodic replacement of uranium fuel with fresh fuel, 
which depends on the amount of reactor operating

time; about one-third of the reactor core fuel is replaced 
every 12 to 18 months. 0 A standard nuclear power 
reactor discharges about 30 metric tons of spent fuel 
rods each year." 

Most U.S. spent fuel is stored in pools of circulating 
water at commercial nuclear power reactor sites. Spe
cial government fuels, used for defense and research 
purposes and not routinely reprocessed, are stored at 
the Savannah River Plant and the Idaho Chemical 
Processing Plant. 2I 

High-level waste (HLW) is a term with several 
different meanings. In the United States, HLW is some
times defined as only the wastes generated in re
processing spent fuel.' 3 With this definition, most 
HLW in the United States is the residue from the 
reprocessing of irradiated fuel in the weapons pro
gram.14 Unprocessed spent fuel, however, is often includ
ed in the definition of HLW", which thus creates some 
ambiguity in common usage and meaning. The Inter
national Atomic Energy Agency (IAEA) definition of 
HLW includes all waste, irrespective of source, in which 
concentrations of radionuclides are high enough to 
be considered unsuitable for disposal at sea. IAEA 
currently uses the following limits of activity to define 
HLW:l6 

Alpha emitters ........... 1 curie or more/metric ton 
Beta or 

Gamma emitters .... 100 curies or more/metric ton 
Tritium ........................ 106 curies or more/metric ton 

(For more information on the IAEA definition, see 
Table III-1 in Chapter III of this report.) 

Transuranic wastes (TRU), as defined by U.S.  
Department of Energy (DOE) Order 5820.2, contain at 
the end of their institutional control period 100 nano
curies (I nanocurie = 10-9 curies) or more per gram of 
alpha-emitting radionuclides with an atomic number 
greater than 92 (uranium) and long half-lives (greater 
than 20 years). TRU arises primarily from the repro
cessing of fuel and from the fabrication of plutonium 
weapons and plutonium -bearing reactor fuel.'7 

Low-level waste (LLW) is any radioactive waste 
not classified as mill tailings, HLW, TRU, spent fuel, or 
by-product material as defined in Public Law 96-573, 
the Low-Level Radioactive Waste Policy Act of 1980, 
and Public Law 97-425, the Nuclear Waste Policy Act

13



COMMERCIAL NUCLEAR POWER REACTORS IN THE UNITED STATES

DOE-Department of Energy 

NRC-Nuclear Regulatory Commission

There are no symbols for units planned but not sited.  
Because of space limitations, symbols do not reflect 
precise locations.

Figure I-l.-Status of Commercial Nuclear Power Reactors in the United States as of January 1, 1983.

Source: U.S. Department of Energy. 1983. Nuclear Reactors 
Information Center, Oak Ridge, Tennessee, p. 6.  

of 1982. LLW contains low, but potentially hazardous, 
amounts of radionuclides, and may have a radiation 
level high enough to necessitate shielding in handling 
or transport.s8 

Active uranium mill tailings are the earthen resi
due remaining after uranium ore extraction. Although 
tailings occur in very large amounts, they contain low 
concentrations of natural radionuclides, such as radon
222 and radium-226. The tailings derive from the 
conventional mining and milling methods to obtain 
uranium. Of the 26 licensed mills in the United States, 
16 are currently active.i 9 

Intermediate waste is not a category officially used 
by the United States. This term is, however, used by 
certain European countries to manage nuclear waste

Built, Being Built, or Planned. DOEITIC-8200-R47, Technical 

forms that do not require the rigid constraints of HLW 
but cannot be handled as LLW.2 0 

Airborne waste pertains to krypton-85, iodine-129, 
carbon-14, tritium, and airborne radioactive particulates 
that require special treatment. According to DOE, these 
are considered effluents if released, but once trapped 
and retained are classified as LLW under current 
guidelines.

2
1 

The Nuclear Fuel Cycle 

Most radioactive waste results from the various stages 
of the nuclear fuel cycle, which consists of all the steps 
needed for a nuclear power system, plus reprocessing

14

NUCLEAR GENERATING UNIT 
CAPACITY 

* Licensed To Operate* Megawatts 

81 licensed by NRC to operate 64,056.0 
I other authorized to operate (DOE-owned) 

850.0 

* Being Built 
60 construction permits 66,004.6 

* Planned 
5 reactors ordered 5,140-0 

147 136,050.6 

*Includes San Onofre 3 and Grand Gulf 1, which, as of 
Jan. 1, 1983 are authorized to load fuel and conduct 
low power testing.



spent fuel. The cycle begins with the mining and mill
ing of uranium ore. Centralized mills extract uranium 
from the ore and convert it to uranium oxide (U30 8), 
which is then shipped to specialized plants for conver
sion to uranium hexafluoride (UF6 ). After enrichment 
of the 2"'U component from 0.7 percent to about 3 
percent, the UF6 is shipped to commercial fabrication 
plants where it is converted to uranium dioxide (UO2) 
powder. It is then pressed into pellets, stacked into 
fuel rods, and combined into fuel assemblies for use in 
reactors.'

2 

Nuclear power reactors produce electrical power 
from the energy released during fission of the urani
um fuel.23 There are two isotopes of uranium in reac
tor fuel: 97 percent is 238U; 3 percent is "31U. Inside 
reactors the uranium in fuel rods is bombarded by 
neutrons. Upon absorbing a neutron, "3'U undergoes 
fission into two atoms of lighter weight elements 
called fission products. This reaction releases about 
two thirds of the heat generated by the reactor. Con
currently, 131U absorbs neutrons, but instead of under
going immediate fission, it is transmuted into plu
tonium-239, which is called a transuranic element, 
because it has a higher atomic number than does ura
nium. When plutonium absorbs a neutron, it undergoes 
fission, and this process generates about one-third of 
the heat released in a fission reactor. Once the reac
tions are started, they continue in a chain reaction, 
because one neutron causing fission in a 2"'U atom 
releases two neutrons, and plutonium-239 releases 
three neutrons when it is bombarded. The processes 
continue at specified rates in reactors, because extra 
neutrons beyond those needed for proper operations 
are absorbed by non-reactive elements in "control 
rods" that can be inserted into or retracted from the 
reactor. When the reactor has operated long enough to 
reduce the percentage of "3'U to a concentration that 
will not sustain efficient fission reactions, the fuel is 
"spent." Spent fuel contains radioactive wastes in the 
form of residual uranium, plutonium, and unstable 
fission products. If spent fuel is reprocessed to retrieve 
the residual uranium and plutonium for further use in 
reactors a so-called "nuclear fuel cycle" is established.  
If those elements are not reclaimed, the nuclear fuel 
system proceeds from mining, to refinement, to use in 
a reactor, to disposal of spent fuel, without using a 
nuclear fuel "cycle."'4 Figure 1-2 illustrates the frac
tional amounts of nuclear waste generated in the fuel 
cycle.  

Thus, two options are available for spent fuel dispo
sition. One is to handle the fuel as HLW and to dispose 
of it as such. Currently, spent fuel remains at nuclear 
power plants within holding pools. Another option is 
to reprocess spent fuel, extracting uranium and plu
tonium for use in reactors. The latter alternative calls 
for chopping the used fuel assemblies, treating them 
with nitric acid to leach spent fuel out of the cladding,

and then chemically extracting residual uranium and 
the plutonium created in the fission process. The resul
tant liquid normally contains hundreds of thousands 
of curies of radioactivity per gallon. Technology exists 
to calcine (boil dry and bake into sand-like granules) 
or vitrify (evaporate and fuse into dense glass) the 
waste for ultimate disposition." 

Waste from the use of uranium for nuclear fuel 
varies in level and quantity, from large amounts of 
tailings produced in milling uranium ore to processed 
waste from UF6 conversion and fuel fabrication, to 
fission products and plutonium, to routine reactor 
wastes, such as ion exchange resins, cartridge filters 
and combustible solids. At the end of a reactor's life, 
the decommissioning wastes, such as irradiated reac
tor internals and reactor components, will also require 
treatment or disposal.'

6 

Domestic civilian nuclear power reactors vary in 
size from 50 to 1,250 megawatts of power produced for 
electricity. The average reactor size is about 1,000 mega
watts, capable of supplying the electricity needs of 
about half a million people.' 7 

Non-fuel cycle waste results from various applica
tions, such as nuclear and medical research. Radioac
tive waste is generated by institutions not only as 
sophisticated by-products of research using neutron 
activation analysis, particle accelerators, and research 
reactors but also as bulk trash consisting of paper, 
towels, rubber or plastic gloves, broken labware, and 
disposable syringes.2

8 

U.S. Inventory 

The majority of our country's processed HLW has 
resulted from defense-related DOE activities and is 
stored at three Federal sites: Savannah River Plant, 
South Carolina; Idaho Chemical Processing Plant, Idaho; 
and Hanford Reservation, Washington.29 Only a small 
amount of commercial reprocessed HLW, generated in 
the commercial operation of the Nuclear Fuels Servic
es Plant at West Valley, New York, from 1966 to 1972, 
exists outside of these major locations.'0 This waste is 
currently in liquid form, and there are plans to vitrify 
it for final disposal.3" Although most of the commer
cial spent fuel is stored at the nuclear power reactor 
sites of privately and publicly owned electric power 
companies, minor amounts are stored at two non
functioning civilian reprocessing plants at West Val
ley, New York, and Morris, Illinois.1" 

To comply with current U.S. policy, defense wastes 
are being converted for storage from their initial liq
uid form to intermediate solids, such as salt cakes, 
sludge, or calcine.33 Final disposal forms have not been 
selected, except at Savannah River where plans are 
underway to vitrify wastes.34 The Savannah River Plant 
and the Idaho Chemical Processing Plant also store 
spent test reactor and research fuel." Besides military
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SPENT FUEL (1,000 kg)
INITIAL FUEL (1,000 kg)

f-

ASSORTED FISSION 
PRODUCTS (35 kg)

VARIOUS ISOTOPES 
OF PLUTONIUM (8.9 kg)

+

(4.6 kg) 

rm (.12 kg) 

23 7Np (.5 kg) 

244Cm (.04 kg)

This diagram shows the transformation that takes place in the composition of the nuclear fuel in a 

light-water reactor over a three-year period. For every 1,000 kilograms of uranium in the initial fuel 

load (left) 24 kilograms of uranium 238 and 25 kilograms of uranium 235 are consumed (center), reducing 

the "enrichment" of uranium 235 from 3.3 percent to .8 percent. Uranium that is consumed is converted 

into 35 kilograms of assorted fission products, 8.9 kilograms of various isotopes of plutonium, 4.6 

kilograms of uranium 236, .5 kilogram of neptunium 237, .12 kilogram of americium 243 and .04 

kilogram of curium 244 (right).  

Figure 1-2.-Fractional Amount of Nuclear Waste from Initial Fuel.  

Source: The Disposal of Radioactive Wastes from Fission Reactors. Bernard Cohen. Copyright 0 1977 by Scientific American, 

Inc.

waste, DOE manages radioactive waste from its ura

nium enrichment and breeder reactor operations and 

from its space and naval programs.36 

DOE stores military transuranic waste at the Idaho 

National Engineering Laboratory in surface storage 

facilities. The Waste Isolation Pilot Plant (WIPP), located 

in a deep salt layer near Carlsbad, New Mexico, is 

being constructed to provide a research and develop

ment facility to demonstrate the safe disposal of TRU 

waste from national defense programs. Authorized by 

Public Law 96-164, the DOE National Security and 

Military Application Nuclear Energy Authorization 

Act of 1980, WIPP is exempted from NRC licensing.  

The primary objectives of WIPP are "to demonstrate 

through a full-scale pilot plant the technical and 

operational methods for permanent isolation of defense

generated radioactive waste and to provide a facility 

for experiments on the behavior of high-level waste 

in bedded salt." The plant is designed to receive, inspect, 

emplace, and store defense waste.3 7 

Table I-I lists the 1982 inventory of U.S. spent fuel 

and reprocessed HLW from commercial and military 

sources. At the end of 1982, the United States was 

storing nearly 32,000 fuel rod assemblies that con-

tained more than 8,700 metric tons of uranium and 
more than 11 hillion curies of radioactivity. In addi

tion, Federal Government sites contained over 310,000 

cubic meters or about 1.4 billion curies of HLW. Most 

of this HLW resulted from military applications. Nearly 

2.9 million cubic meters of LLW containing about 

16,500 curies of radioactivity were disposed of at national 

LLW sites.  

Table 1-2 divides the inventory of HLW into its 

component parts and storage site. The HLW stored at 

the Nuclear Fuel Services Plant in West Valley, New 

York, resulted from reprocessing spent fuel from com

mercial plants and one reactor at Hanford, and from 

the reprocessing of a small amount of thorium-uranium 

fuel from another source. Reprocessing at the Nuclear 

Fuel Services Plant and Hanford Reservation was ter

minated in 1972, and no additional HLW has since 

been generated at these sites. Reprocessing of HLW 

does continue at the Savannah River and Idaho sites?8 

and it was restarted at Hanford in November 1983.  

Figures 1-3 and 1-4 place this inventory into per

spective by graphically showing that most of the 3.58 

million cubic meters of radioactive waste is low-level, 

while spent fuel accounts for more than 88 percent of
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Table I-1.-U.S. Spent Fuel and Radioactive Waste Inventories as of December 31, 1982 

Activity Thermal Power 

Commercial Spent Fuel' Mass(MTUY (Thousands of curies) (kilowatt) 

BWRs (20,702 assemblies) ......................................................... 3,733 3,530.00 12,900 

PWRs (12,520 assemblies) ......................................................... 5,256 7,558.00 28,700 

Volume Activity Thermal Power 

High-Level Waste (Cubic meters) (Thousands of curies) (kilowatt) 

Savannah River Plant ................................................................. 115,000 828.00 2,490 

Idaho Chemical Processing Plant .............................................. 11,500 72.00 217 

Hanford Reservation ................................................................. 183,000 487.00 1,400 

Nuclear Fuel Services Plant ........................................................ 2,320 36.00 106 

Volume Activity Thermal Power 

Transuranic Waste' (Cubic meters) (Thousands of curies) (kilowatt) 

Department of Energy, buried .................................................. 298,000 1.06 762 

Department of Energy, stored .................................................. 72,000 2.04 1,112 

Volume Activity Land used 

Low-Level Waste' (Cubic meters) (Thousands of curies) (hectare) 

Department of Energy sites ...................................................... 1,971,000 9.80 122 

West Valley, N.Y. (closed 1975) ................................................ 66,500 0.58 3 

Maxey Flats, Ky. (closed 1977) ................................................. 135,000 2.40 10 

Sheffield, I1. (closed 1978) ......................................................... 88,000 0.06 4 

Barnwell, S.C .............................................................................. 397,000 2.10 20 

Beatty, Nev .................................................................................. 94,000 0.44 12 

Richland, Wash .......................................................................... 142,000 1.08 16 

Volume Activity Thermal Power 

Active Uranium Mill Tailings' (Cubic meters) (Thousands of curies) (kilowatt) 

At all mill sites ........................................................................... 98,500,000 0.41 9 

Volume Activity Number of 

Remedial Action Programs (Cubic meters) (Thousands of curies) Sites 

UMTRAP ..................................................................................... Projected to begin in 1983 0.14 24 

FUSRAP ...................................................................................... 27,000 -- 36 

SFM P ............................................................................................ 1,570 - - (about) 500 

GJRA P ......................................................................................... 52,0007 -

Low-Level Waste Activity Number of 

Commercial Decommissioning (Cubic meters), (Thousands of curies) Reactors 

Decomissioned reactors ............................................................. 
5 

"Mothballed" reactors ............................................................... 10 

BWRs: Boiling Water Reactors; PWRs: Pressurized Water Reactors.  

'MTU: Metric Tons of Uranium. This unit refers to the mass of the radioactive fuel metal.  
The transuranic waste (TRU) in this table is based on its former definition of 10 nanocuries per gram. With the new definition of 100 nanocuries per gram, these volumes will decrease as 

the old wastes are reassayed. Because current requirements for identification and segregation of TRU waste did not govern burial practices, an accurate assessment of buried volumes of TRU 

wastes is difficult. Before 1970, the Federal Government allowed the disposal of TRU waste In low-level waste burial grounds where geological isolation seemed secure. The Atomic Energy 

Commission changed its policy in 1970 to reflect concerns about the breaching of burial waste containers and contamination of surrounding soil. DOE is, however, studying the government's 

early disposal practices to estimate the amount and nature of the waste that was buried.  

Defense TRU waste is confined in interim storage at the Savannah River Plant, the Hanford Reservation, and the Idaho National Engineering Laboratory. Some defense TRU waste is also 

stored at the Oak Ridge National Laboratory, the Los Alamos National Laboratory, and at the Nevada Test Site.  

(From: Gilbert, Charles P. 1984. Policy and Practices in the United States of America for DOE-Generated Nuclear Wastes. In Radioactive Waste Management, Proceedings of an 

International Atomic Energy Agency Conference, Seattle, 16-20 May 1983, Vol. 1, International Atomic Energy Agency, Vienna, Austria, p. 69-78.) 

Commencing in October 1988, DOE TRU waste will be stored at the Waste Isolation Pilot Plant in New Mexico on a demonstration basis.  

4 DOE-generated low-level waste (LLW), which results from defense activities, uranium enrichment operations, the Naval Reactors Program, and various research and development 

programs, is buried at DOE sites with the exception some waste that is hydrofractured. The remaining sites store commerctally generated waste from fuel cycle facilities and from various 

institutional and industrial activities.  

Licensed mills: 16 of the 26 licensed mills are currently in operation.  
DOE carries out remedial action activities in four programs. The Uranium Mill Tailings Remedial Action Program (UMTRAP), which includes only mill tailitngs at inactive uranium mills 

and an industrial park in Canonsburg, Pennsylvania, deals with 24 candidate sites classified according to potential health effects on the public. The Formerly Utilized Sites Remedial Action 

Program (FUSRAPI has identified 36 sites in 15 States used by the Manhattan Engineer District and the U.S. Atomic Energy Commission in their work with nuclear materials. The Surplus 

Facilities Management Program ISFMP) is geared to decontaminate about 500 current or potential surplus facilities. The Grand Junction Remedial Action Program (GJRAP) oversees the 

rehabilitation of about 650 structures that used uranium mill tailings in construction.  

'In the form of mill tailings.  
'Little commercial decommissioning has been done to date; most has been to small test reactors.  

Source: U.S. Department of Energy. 1983. Spent Fuel and Radioactive Waste Inventories, Projections, and Characteristics. DOE/NE-0017/2, Assistant Secretary for Nuclear Energy and 

Assistant Secretary for Defense Programs, Washington. D.C., p. 6, 13, 15, 16, 53, 54, 90, 169, 189, 91, 127, 169, 189.
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amount of waste will challenge individual States, which, 
as Chapter III of this report explains, are responsible 
for disposing of LLW generated within their borders.  
Fhe volume of spent fuel rods stored at commercial 
reactor plants can barely be perceived when compared 
with the bulk of projected LLW. Figure 1-6, however, 
shows that the radioactivity in spent fuel is much 
greater than in TRU or LLW. The predicted growth of

Table I-2.-Current inventories of high-level waste in storage by through 1982.  

Volume Radioactivity 
Salt Radio- Heat 

Site Liquid Sludge Cake Slurry Calcine Capsules' Total activity, Generation 

Thousands of Cubic Meters Megacuries Megawatts 

Defense-related 
Savannah River Plant .......................... 72.900 12.300 29.800 .... 115.000 827.000 2.490 
Idaho National Engineering Lab ....... 9.100 ---- 2.400 11.500 71.600 0.217 
Hanford Reservation .......................... 34.000 47.000 98.000 4.000 0.0049 183.000 486.600 1.400 

Subtotal ......................................... 116.000 59.300 127.800 4.000 2.400 0.0049 309.500 1,386.000 4.107 

Commercially generated 
Nuclear Fuel Services 

Alkaline waste ................................. 2.100 0.170 .... 2.270 32.900 0.097 
Acid waste ........................................ 0.045 . .. . 0.045 2.970 0.009 

Subtotal ......................................... 2.145 0.170 -- -- 2.315 35.870 0.106 
Total .......................................... 118.100 59.500 127.800 4.000 2.400 0.0049 311.800 1,422.000 4.213 

Capsules contain either strontium ('tSR-"Y) fluoride or cesium (irCs-'i1mBa) chloride.  
A waste encapsulation facility went into operation at Hanford in 1974. Strontium-90 and cesium-137 removed from high heat waste in the waste separation plant are converted to solids 

and then doubly encapsulated in Hastalloy or stainless steel containers about 2½/ inches in diameter and 20 inches long. (From: Atlantic Richfield Hanford Company. 1976. Radioactive Waste 
Management at Hanford. Richland, Washington, p. I L) 

' Calculated values allowing for radioactive decay.  
Source: U.S. Department of Energy. 1983. Spent Fuel and Radioactive Waste Inventories., Projections, and Characteristics. DOE/NE-0017/2, Assistant Secretary for Nuclear Energy and 

Assistant Secretary for Defense Programs, Washington D.C., p. 64, 65.
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Figure I-3.-Volume of Commercial and Department of 
Energy/Defense Waste and Spent Fuel Ac
cumulated through 1982.  

Source: U.S. Department of Energy. 1983. Spent Fuel and 
Radioactive Waste Inventories, Projections, and 
Characteristics. DOE/NE-0017/2, Assistant Secre
tary for Nuclear Energy and Assistant Secretary for 
Defense Programs, Washington, D.C., p. 8.

Figure I-4.-Radioactivity of Commercial and Department 
of Energy/Defense Wastes and Spent Fuel Ac
cumulated through 1982.  

Source: U.S. Department of Energy. 1983. Spent Fuel and 
Radioactive Waste Inventories, Projections, and 
Characteristics. DOE/NE-0017/2, Assistant Secre
tary for Nuclear Energy and Assistant Secretary for 
Defense Programs, Washington, D.C., p. 8.
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the 12.5 billion curies of radioactivity in the U.S. radioac

tive waste inventory. Figure 1-5 projects cumulative 

volumes for this inventory through 2020; Figure 1-6 

projects the radioactivity accumulated from 1980 to 

2020. These projections are based, on DOE estimates of 

future nuclear power growth as of January 1983. Fig

ure I-5 illustrates the dramatic increase in the volume 

of LLW when projected to 2020. Dealing with this
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Figure I-5.-Projection of Cumulative Volumes for Various 
Wastes and Spent Fuel.  

Source: U.S. Department of Energy. 1983. Spent Fuel and 
Radioactive Waste Inventories, Projections, and 
Characteristics. DOE/NE-0017/2, Assistant Secre
tary for Nuclear Energy and Assistant Secretary for 
Defense Programs, Washington, D.C., p. 10.  

spent fuel radioactivity dominates all forms of U.S.  
radioactive waste regardless of whether the rods remain 
in their current configuration or are transformed into 
another form of HLW.  

International Inventory 

The commitment to nuclear power in many other 
nations equals or exceeds that of the United States.  
Nuclear power accounts for more than 25 percent of 
the electricity generated in the Soviet Union, France, 
United Kingdom, Japan, Federal Republic of Germa
ny, and Canada.19 Moreover, in addition to the United 
States, 23 nations have nuclear reactors generating 
electricity, and an additional 17 have firm commit
ments for nuclear power programs.40 At the beginning 
of 1983, there were 297 nuclear reactors generating 
more than 173 gigawatts of electricity in nations around 
the world.41 

France's 32 operating reactors produce more than 40 
percent of its electrical power output, and France intends 
to generate 85 percent of its electricity from nuclear 
reactors by the end of the century. Advancements in 
nuclear power are not limited to western nations-in 
1982, the Peoples Republic of China ordered its first 
commercial reactor; Brazil installed a commercial reac
tor; India and Japan commenced construction of

U
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Figure 1-6.-Projection of Cumulative Radioactivity for 
Various Wastes and Spent Fuel.  

Source: U.S. Department of Energy. 1983. Spent Fuel and 
Radioactive Waste Inventories, Projections, and 
Characteristics. DOE/NE-0017/2, Assistant Secre
tary for Nuclear Energy and Assistant Secretary for 
Defense Programs, Washington, D.C., p. 10.  

reprocessing plants; and the Republic of Korea began a 
program for fast breeder reactors.4 2 

Cumulative spent fuel that will be generated by the 
year 2000 from the global use of nuclear power is 
estimated by one source to be about 300,000 metric 
tons of heavy metal. Spent fuel reprocessing capacity 
will probably increase to 7,000 metric tons per year by 
2000. If all the spent fuel were to be reprocessed, some 
10,000 cubic meters of conditioned high-level waste 
and nearly one million cubic meters of conditioned 
low-level waste would require disposal by 2000.41 

There are several major international organizations 
involved in the problems of managing nuclear waste.  
The Organization for Economic Cooperation and Devel
opment (OECD) was formed in 1960 to promote global 
economic growth. The members of the OECD are: Aus
tralia, Austria, Belgium, Canada, Denmark, Finland, 
France, the Federal Republic of Germany, Greece, Ice
land, Italy, Japan, Luxembourg, the Netherlands, New 
Zealand, Norway, Portugal, Spain, Sweden, Switzer
land, Turkey, the United Kingdom, and the United 
States.44 The OECD Nuclear Energy Agency (NBA), 
formed in April 1972, is designed to "promote coop
eration between its member governments on the safety 
and regulatory aspects of nuclear development, and 
on assessing the future role of nuclear energy as a 
contributor to economic progress," and works in close 
collaboration with the International Atomic Energy 
Agency (IAEA).45
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The IAEA, headquarted in Vienna, Austria, is com

prised of 106 member nations whose mission is to 

develop the peaceful use of nuclear energy worldwide.  

As part of its waste management activities, IAEA uses 

outside consultants to develop safety standards and 

criteria to manage and dispose of radioactive wastes 

arising from the nuclear fuel cycle. IAEA also pro

motes information exchange, provides technical as

sistance, and coordinates research programs.46 

The Soviet-sponsored Council for Mutual Economic 

Assistance (CMEA) is designed to promote economic 

and industrial cooperation among its member coun

tries: Bulgaria, Cuba, Czechoslovakia, German Demo

cratic Republic, Hungary, Mongolia, Mongolia, Poland,

Rumania, Soviet Union, and Yugoslavia. CMEA's Stand
ing Commission on the Use of Atomic Energy for Peaceful 
Purposes holds meetings to review waste management 
programs and research. CMEA research on radioactive 

waste management includes treatment of non-HLW, 
solidification and storage of radioactive waste, burial 

in geologic formations, and techniques for removing 
radioactive aerosols and gases from materials released 
into the atmosphere.47 

Table 1-3 projects the global growth of nuclear power 
plants by gigawatts of electricity generated and shows 

the type of reactor used in the nations listed. By 1990, 
CMEA nations are expected to generate about 18 percent 

of the total worldwide capacity. table 1-4 forecasts

Table I-3.-Global Nuclear Power Plant Growth Projections 

Plant Capacity (GWe)l 
Country 1980 1985 1990 2000 Reactors Used, 

Argentina ........................................................................ 0.34 0.94 1.60 3.70 PHWR 
Belgium ........................................................................... 1.70 5.40 5.40 8.00 PWR 
Brazil ................................................................................ 0.60 1.90 4.40 PW R 
Canada ............................................................................. 5.45 10.35 13.65 14.90 PHWR, BWR 

Egypt ................................................................................ 0.90 2.70 LW R 
Finland ............................................................................ 2.10 2.14 2.14 3.20 BWR, PWR 
France .............................................................................. 12.40 35.87 50.77 62.40 PWR, GCR, FBR, GCHWR 

Federal Republic of Germany ........................................ 8.60 16.40 22.90 28.80 BWR, FBR, PWR, HTGR 
India ................................................................................. 0.60 1.00 1.20 4.40 BWR, PHWR 

Italy .................................................................................. 0.41 1.28 1.28 6.70 BWR, PWR, GCR 
Japan ............................................................................... 14.41 21.31 31.99 50.03 PWR, HWR, FBR, GCR, BWR 
Mexico ............................................................................. 0.00 0.00 0.65 1.30 BWR 
Netherlands ..................................................................... 0.51 0.51 0.51 0.45 PWR, BWR 
Pakistan ........................................................................... 0.12 0.12 0.12 1.12 LWR, PHWR 
Philippines ...................................................................... - 0.60 0.60 1.20 PWR 

Republic of Korea ........................................................... 0.60 2.70 7.40 11.20 PWR, PHWR 
South Africa .................................................................... - 1.80 1.80 3.80 PWR 
Spain ................................................................................ 1.10 5.48 7.48 10.18 BWR, PWR, GCR 
Sweden ..................... : ..................................................... 4.60 8.40 9.40 9.40 BWR, PWR 
Switzerland ..................................................................... 1.92 2.90 2.90 3.40 BWR, PWR 

Taiwan Republic of China ............................................. 1.20 4.00 4.90 8.70 BWR, PWR 
United Kingdom ............................................................. 6.45 10.15 11.24 13.55 GCR, FBR, PWR, AGR 
United States ................................................................... 50.10 93.70 118.50 128.60 BWR, PWR 

Soviet Union ................................................................... 13.40 26.60 42.60 -- PWR, LGR, FBR 
Other CMEA5 Countries ................................................ 3.58 7.85 23.11 36.30-39.30 PWR, PHWR 

Peoples Republic of China .............................................. 0.60 0.60 10.00 PWR 

Total ......................................................................... 129,300 263.700 366.700 

GWe = gigawatt: a gigawatt of electricity is one billion watts of power supplied through electrical generators.  
'PHWR: Pressurized Heavy Water Reactor 

PWR: Pressurized Water Reactor 
BWR: Boiling Water Reactor 

GCR: Gas-Cooled Graphite Moderated Reactor 
FBR: Fast Breeder Reactor 
GCHWR: Gas-Cooled, Heavy Water Moderated Reactor 

LWR: Light Water Reactor 
HWR: Heavy Water Reactor 
AGR: Advanced Gas-Cooled Reactor 
HTGR: High-Temperature, Gas-Cooled Reactor 

)Council for Mutual Economic Assistance. comprised of Bulgaria, Cuba, Czechoslovakia. German Democratic Republic, Hungary, Mongolia, Poland, Rumania. Soviet Union, and 

Yugoslavia.  

Source: Based on: Harmon, K.M., J.A. Kelman, D.A. Shields, and C.M. Bennett. 1982. International Nuclear Fuel Cycle Fact Book. PNL-3594 Rev. 2, Pacific Northwest Laboratory. Battelle 
Memorial Institute, p. Energy-6. These data were updated by Dr. Harmon in January 1984.  
Data for the United States were taken from: U.S. Department of Energy. 1983. Spent Fuel and Radioactive Waste Inventories, Projections, and Characteristics. Assistant 

Secretary for Nuclear Energy and Assistant Secretary for Defense Programs, Washington, D.C., p. 23.
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global spent fuel accumulation in metric tons of ura
nium (MTU) and in metric tons of initial heavy metal 
for the United States. As seen in this table, nations for 
which estimates are available are expected to discharge 
257,337 MTU by the turn of this century.  

Summary 

Many of the nations of the world are committed in 
varying degrees to the use of nuclear power. These 
nations include not only such developed nations as

Table I-4.-Global Fo 

Country 

A rgen tin a ....................................................................................  
B elgium ........................................................................................  
Brazil........................................  
Canada.......................................  
Egypt2 .............................................. . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . .. . .. . .. . ......  Federal Republic of Germany ............................  
Finland. ......................................  
France.......................................  

nda................................................................  
Italy ..............................................................................................  

Jap an ...........................................................................................  
Mexico..................................  

Pakistan......................................  
Ph ilippin es ..................................................................................  
Republic of K orea .......................................................................  
South Africa ...................................  
Spain ............................................................................................  
Sweden 
Switzerland........  
Taiw an Republic of China .........................................................  
U nited K ingdom .........................................................................  
United States4 ..................................  
Soviet Union 
Other CM EA Countries' .............................................................

Peoples Republic of China .......................................................... 0 

Total ........................ ............ ......................................... 44,516

France and Japan but developing nations such as the 
Republic of Korea, Thailand, and Brazil. With this 
commitment to nuclear power comes the problem of 
safely and securely managing radioactive waste.  

The United States has used nuclear power for nearly 
four decades. During this time, our Nation has gener
ated enormous quantities of nuclear waste in a variety 
of forms. Even if the United States were to halt its use 
of nuclear power, the waste accumulated over the past 
40 years would still have to be managed. The manner 
in which the United States has tackled this problem is 
discussed in Chapter II.

recast of Spent Fuel Accumulation' 

Fuel Discharged in Metric Tons of Uranium (MTU)

1985 1990
940 
560 
32 

8,800 
0 

2,250 
350 

10,700 
776 

1,520 
5,025 

0 
190 
110 

0 
360 

40 
1,300 
1,330 

650 
430 

24,830 
13,812 
6,680 
1,225

8

81,918

1,900 
1,290 

180 
17,700 

0 
4,550 

650 
18,100 

1,580 
1,980 
9,360 

105 
270 
170 
80 

1,450 
310 

2,420 
2,360 
1,090 
1,140 

35,032 
27,074 
12,600 
3,525

90 400 1,290

145,006 190.896 257,337

3,300 
2,100 

510 
28,000 

70 
7,350 

950 

26,400 
2,730 
2,630 

14,990 
300 
350 
230 
160 

3,010 
580 

3,730 
3,660 
1,530 
1,770 

38,580 
42,002 

5,594

5,594 9,240

2000 

5,800 
3,100 

1,010 

39,000 
360 

10,500 
1,450 

35,300 

4,920 

3,630 
21,450 

500 

430 

290 

270 
4,450 

1,200 

5,140 
5,000 
2,090 

2,700 

40,330 
57,887 

9,240

For all countries except the United States, the source author of this table based his estimates on the projections for nuclear power capacities shown in Table 1-3.  'For Egypt, Mexico, Pakistan, Phillipines, Peoples Republic of China, Republic of Korea. South Africa, and the CMEA countries (Bulgaria, Cuba, Czechoslovakia, German Democratic Republic. Hungary, Poland, Rumania, and the Soviet Union). estimates are based on assumptions that expected fuel burnup is achieved and that plant operating efficiency is 60 percent.  About one-third of Finland's spent fuel is expected to be returned to the Soviet Union.  4 Units of mass for the U.S. data are in metric tons of initial heavy metal IMTIHM); data were compiled assuming no future reprocessing.  SCouncil of Mutual Economic Assistance. Comprised of Bulgaria, Cuba, Czechoslovakia, German Democratic Republic, Hungary, Mongolia, Poland, Rumania, Soviet Union, and Yugoslavia.  
'These sums are approximate, because most units in this table are MTU, but the U.S. data are in MTIHM. These data are, however, useful for making comparisons, because the two units of measurement are relatively close.  Source: Based on: Harmon, K.M., J.A. Kelman, D.A. Shields, and C.M. Bennett. 1982. International Nuclear Fuel Cycle Fact Book. PNL-3594 Rev. 2, Pacific Northwest Laboratory, Battelle Memorial Institute, p. Fuel -3.  Data for the United States were taken from: U.S. Department of Energy. 1983. Spent Fuel and Radioactive Waste Inventories, Projections, and Characteristics. Assistant Secretary for Nuclear Energy and Assistant Secretary for Defense Programs, Washington, D.C.. p. 39-41.
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CHAPTER II 
Radioactive Waste Management: An Evolving Strategy

As the world moves further into the nuclear age, the 
problem of disposal and management of the growing 
stockpiles of radioactive waste becomes more acute.  
As noted in Chapter I, the amount of radioactive material 
to be managed is not trivial, and because of its inher
ent toxicity and its prolonged existence, a successful 
national nuclear waste program must protect this and 
future generations beyond the life span of any con
ceivable social institution.  

High-Level Waste 

The U.S. definition of high-level waste (HLW) has 
included all spent reactor fuel plus all wastes from the 
reprocessing of spent fuel. As indicated in Chapter I, 
the Environmental Protection Agency (EPA) recently 
proposed a new U.S. definition of HLW according to 
concentration levels of certain radionuclides in repro
cessed fuel wastes. The EPA definitions set broad limits 
for long-lived radionuclides (half-lives greater than 
20 years).t 

Such standards can be based on health and safety 
considerations or on concerns to establish regulations 
governing the safe transport of nuclear materials and 
operations at waste treatment plants. For the United 
States, these definitions serve mainly to provide descrip
tive information about the different types of waste.  
Although categorizing nuclear waste appears useful 
for management purposes, arriving at an effective 
strategy for disposing of this waste has proved costly 
and difficult.  

High-level nuclear waste contains radionuclides 
whose half-lives require essentially permanent isola
tion. Table II-I shows the principal radionuclides con
tained in nuclear waste. Unfortunately, past Federal 
attempts to manage this waste, even on a temporary 
basis, have generated problems that compound the 
threat. Large volumes of liquid waste evaporated and 
solidified by DOE may have been rendered impossible 
to move for permanent disposal, radioactive liquids 
have leaked from single-walked tanks,2 and, before 
1970, wastes contaminated with transuranics were 
not distinguished from other LLW and were buried in 
shallow land sites.'

Table II-1.-Principal Radionuclides Contained 
in Radioactive Waste' 

Half-life Radiation 
Isotope (Years) Emitted 

'H (hydrogen; tritium) ......... 12.30 Beta 
"1C (carbon) ............................ 5,730.00 Beta 
"Fe (iron) .............................. 2.60 X-ray 
"CO (cobalt) .......................... 5.26 Beta, Gamma 
"INi (nickel) ........................... 80,000.00 X-ray 
"Ni (nickel) ........................... 92.00 Beta 
"9Sr (strontium) ..................... 28.10 Beta 
"91Nb (niobium) ...................... 20,000.00 Beta, Gamma 
"Tc (technetium) .................. 2.12 x 10' Beta 
I29l (iodine) ........................... 1.17 x 107 Beta, Gamma 
"1'Cs (cesium ) ............. ........ 3.0 x 106 Beta 
"'1Cs (cesium) ....................... 30.00 Beta, Gamma 
1t1U (uranium) ...................... 7.1 x 10' Alpha, Beta, Gamma 
2311 (uranium) ...................... 4.51 x 10' Alpha, Gamma 
11

7Np (neptunium) ................ 2.14 x 10' Alpha, Beta, Gamma 
"
T8

Pu (plutonium) ................. 86.40 Alpha, Gamma 
"2t'Pu (plutonium) ................. 24,400.00 Alpha, Gamma "240Pu (plutonium) ................. 6,580.00 Alpha, Gamma 
2"Pu (plutonium) ................. 13.20 Alpha, Beta, Gamma 
2"4Pu (plutonium) ................. 2.79 x 10' Alpha 
14"Am (americium) ............... 458.00 Alpha, Gamma 
"1t Am (americium) ............... 7,950.00 Alpha, Beta, Gamma 
"1'1Cm (curium) ...................... 32.00 Alpha, Gamma "114Cm (curium) ...................... 17.60 Alpha, Gamma 

' The radionuclides listed in this table represent those that would be normally found in 
the spent fuel extracted from a nuclear power reactor after storage of the fuel rods to allow 
the decay of short-lived radionuclides.  

ý Tritium.  
Source: U.S. Nuclear Regulatory Commission. 1981. Draft Environmental Impact State

ment on 10 CFR Part 61 "'Licensing Requirements for Land Disposal of Radioac
tive Waste." Summary. Office of Nuclear Material Safety and Standards, Wash
ington, D.C., p. 12.  

Before 1977, reprocessing HLW was expected to occur 
on a commercial scale as soon as the nuclear power 
industry had expanded enough to justify the large 
facilities needed for economic operation.' It was thought 
that reprocessing would significantly reduce the total 
volume of material handled as HLW, because the fis
sion products-such as cesium and strontium-would 
be separated from the remaining uranium and plu
tonium and then placed in a glass matrix for disposal.' 
Reclaimed uranium-235 and plutonium would be reused 
in the fission process.' 

An attempt to commercially reprocess spent fuel 
was made by the Western New York Nuclear Fuel
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Services plant at West Valley, New York. While in 

operation, the plant only reprocessed about 630 met

ric tons of spent fuel, generating about 600,000 gallons 

of HLW. Two additional commercial reprocessing plants 

also were constructed but never operated: the Mid

west Fuel Recovery Plant, built by General Electric at 

Morris, Illinois, and the Allied-General Nuclear Ser

vices Plant at Barnwell, South Carolina.  

Political issues, technical problems, regulatory uncer

tainties, and unanticipated high costs have hampered 

the successful establishment of commercial reprocessing 

in the United States. And, according to studies cited by 

the Office of Technology Assessment (OTA), "repro
cessing...does not offer advantages that are sufficient 

to justify its use for waste management reasons alone." 

Reprocessing generates additional radioactive waste 

and involves its own operational risks. Commercial 
investments in large-scale reprocessing of spent fuel 
and recycling of its unused fissionable material hinge 

on the actual costs and regulatory uncertainties involved 

and on the current worldwide excess of uranium ore.  
It is uncertain when, if ever, reprocessing will become 
more economically attractive than is the current min
ing of uranium ore.8 

On October 28, 1976, President Gerald S. Ford halted 

reprocessing until proof could be found that the "world 
community could overcome effectively the associated 
risk of proliferation."9 In April 1977, President Jimmy 

Carter reaffirmed the Ford initiative when he deferred 

commercial reprocessing of spent fuel to' minimize the 
risk of diversion of the separated plutonium for illicit 

purposes.'0 Although operations never started at the 
Barnwell, South Carolina, reprocessing plant, owned 

by Allied-General Nuclear Services, the Carter Adminis
tration did provide funds for research and develop
ment (R&D) activities." Since that time, President Ronald 

Reagan has supported the concept of reprocessing by 
private industry if economic conditions warrant.1 2 How
ever, when Congress suspended R&D funds for Barnwell 
in July 1983, Allied-General Nuclear Services decided 
to mothball the last facility available for commercial 
reprocessing in the United States in December 1983.13 

To alleviate the buildup of U.S. spent fuel, both the 

Ford and Carter Administrations had planned to con
struct off-site, temporary away-from-reactor (AFR) 
storage facilities for cooling the fuel prior to its dis

posal.' 4 These facilities, not an integral part of the 
reactor plant, were to retain fuel until such time for 

reprocessing or disposal." However, these facilities 
have never been built; spent fuel rods remain tempo

rarily stored at reactor sites originally designed for 
only one year's accumulation."6 Although restricted 
storage space has been alleviated through such means 

as building special storage racks that allow for on-site 
storage of all the spent fuel a reactor generates during 
its life-time, the problem remains of how to perma-

nently dispose of the spent fuel when they run out of 
storage space and at time of decommissioning.' 7 

Such alterations and dilemmas in' America's high
level nuclear waste management have been typical of 
the nearly four-decade history of this issue. During 
the initial stage of U.S. nuclear waste management in 
the 1940s and 1950s, the U.S. Atomic Energy Commis
sion (AEC) constructed a system of tanks to store liq
uid HLW at the Hanford and Savannah River waste 
sites. After discovering leaks in 1958, the AEC started 
constructing double-walled tanks and transferred the 
waste to the new tanks. The AEC and its successors 
chose to solidify the waste in the form of salt cake and 
sludge, and then retain it in tanks at Federal sites until 
a permanent disposal option could be selected."8 

In the 1960s, the AEC examined the feasibility of 
emplacing soldified HLW in deep underground salt 
formations. In 1963, the AEC initiated Project Salt 
Vault and investigated salt deposit sites in Kansas, 
Michigan, and New York. The Oak Ridge National 
Laboratory (ORNL) conducted experiments in an aban
doned salt mine near Lyons, Kansas, but an attempt to 
develop this mine into a national HLW repository was 
thwarted for political and technical reasons. Kansas 
political leaders used scientific objections, e.g., insuf
ficient information had been gathered about the behav
ior of hot radioactive canisters in salt and about the 
Lyons site in particular, to generate public opposition.  
The efforts of the Kansas politicians led to an amend
ment in the AEC Authorization Act (P.L. 92-84) for 
fiscal year 1972, which prohibited disposal of HLW at 
the Lyons site except for limited research and devel
opment. Moreover, hydraulic fracturing operations 
conducted at a salt mine near the Lyons test site resulted 
in an unexplained- loss of water-questions then arose 
as to the site's geological integrity.  

After Lyons, the AEC opted for monitored retriev
able storage (MRS) facilities where HLW could be stored 
indefinitely while the Federal Government studied geo
logic formations for an acceptable repository site.' 9 

Development of these temporary MRS facilities has 
been initiated on several occasions to allow more time 
to develop permanent repositories and to allow more 
sites to be used for waste storage. Work on these plans 
has been stopped several times to save money and to 
expedite development of permanent repositories. The 
Department of Energy (DOE), successor to the AEC 
and the Energy Research and Development Adminis
tration (ERDA), is currently developing plans to con
struct MRS facilities if deemed necessary. 20 

After 1975, ERDA expanded its search for a U.S.  
HLW repository, using broad surveys in 36 States prior 
to specific site examinations. ERDA's efforts, howev
er, were thwarted by political barriers in Michigan 
and Louisiana. By June 1980, about 25 States had placed
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bans or restrictions on storage, disposal, or transport 
of radioactive waste within their borders.21 

A 1982 report by the Office of Technology Assess
ment (OTA) highlights major policjT issues dealing 
with HLW disposal and argues the need for a compre
hensive U.S. waste management strategy although that 
report assumes waste disposal in a land-based geolo
gical repository.22 The Department of Energy has exam
ined nine disposal options: 1) mined geologic sites; (2) 
the subseabed; 3) very deep holes (around 10,000 feet); 
4) islands; 5) space; 6) rock melt; 7) ice sheets; 8) well 
injection; and 9) transmutation. Of all alternatives, 
transmutation, or the transforming of long-lived radio
active waste nuclides into shorter-lived materials by 
neutron bombardment, would initially appear to be 
the most attractive. Strontium-90, with a 30-year half
life, could in theory be converted by this technique to 
its 9.7 hour half-life isotope strontium-91. Other 
possibilities, such as changing cesium-137 to cesium
138, exist. However, this alternative has not yet proved 
practical, because the necessary high neutron flux for 
transmutation requires the introducduction of addi
tional concentrated high-level radioactive material 
into the reactor system, and thus creates another 
radioactive waste problem," 

As a result of its prior investigations, DOE favors 
land-based repositories for disposal of commercially 
generated high-level radioactive waste and spent fuel. In 
this process, a shaft will be cut into a stable geologic 
formation, and wastes will be emplaced in caverns 
excavated laterally off the main shaft deep below the 
Earth's surface. After the repository has been filled to 
capacity, all access to the underground repository (i.e., 
shafts and boreholes) will be filled and permanently 
sealed.14 

DOE has considered the basalt underlying the Hanford 
Reservation in Washington, tuff at the Nevada Test 
Site, and several salt sites as a possible first reposito
ry.2' As a second possible repository, DOE is studying 
crystalline rock in 17 States across the Nation; DOE 
plans to identify a possible second repository in early 
1985.26 Figure II-I shows the four types of rock DOE is 
considering for geologic repositories.  

Underground disposal of high-level waste, howev
er, presents various geologic problems, which depend 
on the medium considered. The corrosive nature of 
rock salt poses complications, because it contains brine 
that tends to migrate toward a heat source, and waste 
canisters could thus become immersed in a "hot, highly 
corrosive bath."2" Furthermore, as a recent report by 
the National Research Council of the National Acade
my of Sciences indicated, the heat generated by dis
posed waste could crack surrounding rock formations, 
such as granite or tuff.2 8 

Every activity specified in the Mission Plan of the 
Civilian Radioactive Waste Management Program is 
geared to: "accept commercial high-level radioactive

waste for safe management, storage, and permanent 
disposal on a firm schedule, beginning not later than 
January 31, 1998." For the first repository, DOE has 
identified nine potential sites and has notified the 
governors and legislators of each of the six States 
involved. The sites identified are: 

"* Vacherie Salt Dome, Gulf Coast Salt Dome Basin, 
Webster and Bienville Parishes, Louisiana.  

"* Cypress Creek Salt Dome, Gulf Coast Salt Dome 
Basin, Perry County, Mississippi.  

"* Richton Salt Dome, Gulf Coast Salt Dome Basin, 
Perry County, Mississippi.  

"* Yucca Mountain Site (tuff) on the Nevada Test 
Site, Southern Great Basin, Nye County, Nevada.  

"* Palo Duro Site A (bedded salt), Permian Basin, 
Deaf Smith County, Texas.  

"* Palo Duro Site B (bedded salt), Permian Basin, 
Swisher County, Texas.  

"* Davis Canyon Site (bedded salt), Paradox Basin, 
San Juan County, Utah.  

"* Lavender Canyon Site (bedded salt), Paradox Basin, 
San Juan County, Utah.  

"* A-11 Site (basalt) on the Hanford Reservavation, 
Pasco Basin, Benton County, Washington.  

From these nine sites, DOE will nominate five sites 
for "characterization." Following characterization of 
these five, DOE must recommend three sites to the 
President for "detailed site characterization" by Jan
uary 1985. Detailed site characterization comprises 
specific activities to "establish the geologic conditions 
and the ranges of the parameters of a candidate site 
relevant to the location of the repository." This also 
includes an examination of the many environmental
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Figure II-1.-Rock Types Under Investigation as Possible 
Geologic Repositories.  

Source: U.S. Department of Energy. 1983. Office of Civilian 
Radioactive Waste Management, Washington, D.C.
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and socioeconomic factors involved. Public Law 97-425 
calls for the President to recommend one site for the 
first repository to Congress by 1987.29 

In this step-by-step process established by the Nuclear 
Waste Policy Act, the President, the Congress, the 
States, affected Indian tribes, DOE, and other Federal 
agencies must collaborate on all phases of the siting, 
construction, and operation of these geologic reposi
tories.3 0 Difficult political questions face decisionmakers: 
In which State(s) will the repository be located? Near
ly 156 States and local governments have enacted leg
islation banning various waste activities within their 
borders, and several have sought to prevent DOE from 
conducting initial site investigations." Although 
Congress has the right to override a State's refusal to 
accept a repository, the procedures outlined in the 
Nuclear Waste Policy Act were designed to instill con
fidence that the Federal Government is open to public 
concerns and attentive to health and safety issues.2 

These location problems are familiar in other coun
tries that are concentrating on land geologic forma
tions as HLW repositories. In recent years, however, 
our Nation and others have initiated programs to investi
gate the subseabed as a possible HLW disposal site.  
Chapter V discusses these efforts in further detail, and 
Appendix B summarizes various global approaches 
toward HLW management. Meanwhile, the U.S. stock
pile of HLW continues to grow.  

Transuranic Waste 

Transuranic wastes (TRU) contain alpha-emitting 
radionuclides with atomic numbers higher than 92 
and half-lives greater than 20 years in concentrations 
of more than 100 nanocuries per gram. For the most 
part, handling transuranic waste requires little or no 
shielding when dealing with just alpha particle emit
ting radionuclides; however, energetic gamma and 
neutron emitting radionuclides and fission-product 
contaminants may cause the wastes to require shield
ing or remote handling.33 

Before 1970, transuranics in low concentrations were 
disposed of as low-level waste, but since then new 
definintions and a new management plan have come 
into place. Under DOE's current plan, newly generat
ed and readily retrievable TRU wastes are destined for 
geologic disposal in the Waste Isolation Pilot Plan 
(WIPP) in New Mexico. At that site, a shaft and lateral 
caverns have been excavated into a 200 million year 
old salt deposit. Currently, TRU waste is stored at the 
Savannah River Plant in South Carolina, the Hanford 
Reservation in Washington, the Idaho National Engi
neering Laboratory, the Oak Ridge National Laborato
ry in Tennessee, the Los Alamos National Laboratory 
in New Mexico, and the Nevada Test Site. Other gen
erators of TRU waste currently send wastes to these

t

six sites, but when WIPP begins to operate, TRU wastes 
will be processed as required and sent directly to WIPP 
for disposal. When WIPP opens, a five-year period of 
testing will begin. If operations proceed well, after 
five years a decision will be made to designate WIPP as 
a permanent repository for TRU wastes.3 4 

TRU wastes that are not readily retrievable will be 
left in current disposal sites. The National Academy of 
Sciences and others have found that retrieval of the 
TRU wastes disposed of in shallow land burial sites 
before 1970 can be more hazardous than leaving them 
in place. The plan for managing this TRU waste is to 
monitor it, take remedial actions as may be necessary, 
and reevaluate its safety periodically." 

Low-Level Waste 

Managing our Nation's low-level radioactive waste 
(LLW) has proved no less controversial than has man
aging our HLW. LLW results from almost every phase 
of nuclear technology, and each of our 50 States gener
ates LLW in large quantities from myriad sources.  
Although the exact quantity of LLW generated in the 
United States is not known'36 some scientists estimate 
the United States generated about 80,000 m3 in 1980. 1 

Of the LLW shipped to commercial disposal sites, DOE 
averages for 1978 to 1980 show that nuclear power 
reactors accounted for 54 percent, medical and research 
institutions accounted for 33 percent, industrial activities 
accounted for 10 percent, and Federal and military 
sources comprised 2 percent.38 LLW in gaseous form is 
usually treated through a series of filters and then 
either released into the environment or disposed of at 
a LLW dump site; LLW in liquid form is usually treat
ed, solidified, andtlTen disposed of at a LLW dump
site.3 9 Solid LLW is primarily buried in shallow trenches 
with unsealed bottoms and mounded earthern caps; 
this method relies on such techniques as soil geochem
istry to minimize the dispersal of radionuclides in the 
soil,4 0 as well as on waste packaging, minimizing water 
infiltration, reducing water/waste contact time, and 
siting in areas of low moisture flux.  

Between 1962 and 1971, the AEC (and subsequently 
the Nuclear Regulatory Commission) or the "situs State" 
under the States Agreement Program licensed six shallow 
land burial sites to receive commercially generated 
LLW and some unclassified Federal LLW. 4

1 In March 
1975, however, the West Valley, New York, site was 
closed for radioactive water seepage problems; the 
Maxey Flats site closed in December 1977 when usage 
was discouraged after the Kentucky legislature imposed a 
10-cent per pound excise tax on wastes received for 
disposal as a safeguard measure against unforeseen 
problems; and a third site in Sheffield, Illinois closed 
after licensed capacity had been reached and the 
operating company withdrew its application for renewal
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of its NRC license.42 At tfie three remaining sites-Beatty, 
Nevada; Barnwell, South Carolina; and Richland, 
Washington- various restrictions have been contin
ued.41 Projections for the 1980s suggest the United States 
could generate more LLW than existing disposal sites 
could accommodate 44 This has raised the possibility 
that hospitals and institutions with constrained capacity 
for on-site storage would have to curtail their use of 
radioactive materials. In 1981, however, a new Feder
al rule governing medical radioactive wastes became 
effective and allowed for a large volume of medical 
wastes containing minute amounts of tritium and 
carbon-14 to be disposed of as nonradioactive wastes. 4' 
Although this ruling may temporarily postpone the 
time when disposal of LLW becomes critical, the basic 
problem of storage capacity remains.  

Because States already hosting sites are reluctant to 
shoulder our Nation's entire LLW burden, additional 
disposal facilities and improved management practic
es are mandatory. DOE operates 13 LLW disposal sites 
on U.S. Government land; eight of these are small and 
used solely for local plant operations. And, although 
almost any Federal site is physically capable of storing 
commercial LLW, national security considerations could 
rule out several sites. The approach by the States has 
been to join in compacts, which are discussed in fur
ther detail in Chapter III of this report. 46 

Low-Level Waste Ocean 
Disposal by the United States 

Before 1970, ocean dumping was the preferred U.S.  
method for LLW disposal. At that time, it was widely 
believed that if waste containers leaked, the large 
volume of ocean waters would dilute and disperse the 
waste dumped at sea. Because most LLW radionuclides 
have short half-lives, it was calculated that dilution 
plus decay would result in innocuous levels and pose 
minimal hazards to man. Furthermore, the sea was 
readily available and economical to use.47 

For a quarter of a century (1946 to 1970), the United 
States disposed of about 90,000 containers having an 
initial radioactivity of 95,000 curies in four major 
dumping areas in the Atlantic and Pacific Oceans.41 
The United States held the position in the 1950s and 
1960s that disposal of LLW in the ocean did not pose a 
significant environmental problem, and careful records 
were not kept of what was disposed of and where.49 
This lack of recordkeeping has haunted the Federal 
Government ever since, as public pressure continues 
to force the government to reconstruct previous dis
posal scenarios to prove its original opinions were 
correct.  

More than 90 percent of our country's ocean dump
ing was generated by AEC contractors and defense 
facilities." The U.S. Navy assisted in transporting LLW to

sea until 1959, when AEC licensed private companies 
to do the job." At about that time, heightened public 
concern and increased disposal costs caused the AEC 
to place a moratorium on new licenses for sea disposal 
of LLW.12 AEC facilities at Oak Ridge, Tennessee, and 
Idaho Falls, Idaho, were designated as interim burial 
sites for AEC licensees." Then, in 1962, the first land
based disposal site for commercial LLW was estab
lished at Beatty, Nevada.'4 In addition to deliberate 
dumping of wastes, the United States has allowed 
radioactive material from defense reactors at Hanford, 
Washington to enter the ocean via the Columbia River 
as shown in Table 11-2 and Appendix E." 

Low-Level Waste Ocean 
Disposal by Other Nations 

Second only to weapons testing, the greatest source 
of anthropogenic radioactivity in the ocean results 
from LLW discharged following the reprocessing of 
spent fuel and the dumping of solid LLW by various 
European countries.'6 The most significant of the five 
nuclear fuel reprocessing plants in the "European Com
munity" are Sellafield (formerly Windscale), located 
on the northwest coast of England in Cumbria, and La 
Hague on the northern coast of France in Manche.'7 

Ocean dumping of LLW and discharges into the 
ocean from shore have been common practices in Europe.  
Between 1950 and 1967, the United Kingdom disposed 
of about 3,300 curies of alpha-emitting and 44,000 
curies of beta-emitting wastes in the Northeast Atlantic 
Ocean near the Bay of Biscay. From 1950 to 1963, the 
United Kingdom and Belgium disposed of 390 curies of 
alpha-emitting and 1,176 curies of beta-emitting LLW in 
the "Hurd Deep," located about 20 miles north of 
Guernsey Island in the Channel Islands. Most of this 
waste was packaged in 55-gallon drums weighted with 
concrete."' From 1957 to 1980, the Sellafield plant 
discharged about 2.3 million curies of assorted radio
nuclides into the adjacent Irish Sea.' 9 The French 
reprocessing plant at La Hague discharged LLW into 
the English Channel for 15 years until the French 
discontinued ocean dumping of LLW in 1969.60 

In 1967, OECD's Nuclear Energy Agency agreed to 
supervise ocean disposal of LLW by NEA member 
nations. (See Chapter I for a listing of these nations.) 
Belgium, France, the Federal Republic of Germany, 
the Netherlands, and the United Kingdom participated in 
this first ocean disposal of LLW directed under inter
national supervision. The second internationally super
vised operation occurred in 1969 with the added 
participation of Italy, Sweden, and Switzerland and 
the abstension of the Federal Republic of Germany. 6' 

Since 1971, only Belgium, the Netherlands, Switzer
land, and the United Kingdom have chosen the ocean 
disposal option.62 NEA records reveal the approximate
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STable II-2 .-- Anthropogenic Radionuclides Added to the Sea' 

Source and/or Years Activity2 
Location Used Description (curies) 

Nuclear weapons tests3  
1946-68 360 Nuclear Explosives 100 total; includes 

Detonated 21 x 106 (Sr"m ) 
34 x 10' (Cs'",)

U.S. Nuclear submarines4

Hanford plant, Richland, Washington' 

Sellafield, United Kingdom 

European Community nuclear 
power plants' 

U.K. LLW dumping' 
Hurd Deep 

U.K. area 

Northeast Atlantic 
LLW Dump Site5 

U.S. Low-Level Waste Dumpsites'0 

Major Atlantic Ocean Dumpsites 
Sandy Hook I (N.J.) 

Sandy Hook 2 (N.J.) 
Massachusetts Bay 

Major Pacific Ocean Dumpsite 
Farallon Islands 

38u30'N 72'06'W'i 

Aerospace generator 2 

Thule, Greenland i

1963 
1968

1944-71 

1952-today 

1956

today 

1950-63 

1951-67 

1967-81 

1951-56 

1959-62 

1957-59 

1952-59 

1946-70 

1959 

1964 

1968

Possible Soviet Submarine 
wrecks and fallen Satellites

USS THRESHER 

USS SCORPION 

8 plutonium -producting 
reactors 

reprocessing plant; restricted 
to total beta activity release 
of 300,000 curies per year and 
6,000 alpha curies per year; 
principal components of activity: 
is

7
CS, isRu, 9°Sr, 2iuPu, and 3H.  

Over 40 plants 

61,570 containers 

50,570 containers 

Generally concrete, bitumen, 
or, plastic matrices within 
steel and/or concrete containers 

14,301 containers 

14,500 containers 

4,008 containers 

47,500 containers 

Pressure vessel of Seawolf Reactor 

SNAP- 9A nuclear generator 

Nuclear weapon aboard 
downed aircraft 

unknown quantity

Classified

about 1,000 per day during 
the period of maximum reactor 
operations (1955-64) 

225,000 per year 
(average) total

826.4 (less H
t
) 

total for 1978 

390 (alpha) total 
1,176 (beta) total 

3,331 (alpha) total 

44,096 (beta) total 

12,315 (alpha) total 
420,512 (beta/gamma) total 
434,256 (tritium) total 

74,400 total 

2,100 total 
2,440 total 

14,500 total 

33,000 total 

10,000 (Pull') total 

a few curies, apparently 
less than 5 

unknown

Table does not attempt to show all anthropogenic radioactivity in the ocean.  Activity per day, per year, and total as indicated. Isotopes with short half-lives may have already undergone substantial reduction by radioactive decay, depending on when they were added to the ocean.  
Resulted from the testing programs of the United States, the Soviet Union, the United Kingdom, France, and China; total excludes underground detonations. Because of their long half-lives, strontium-90 and cesium- 137 are frequently used as tracers of fallout depostition in the ocean.  Sources: Joseph, A.B., P.F. Gustafson, I.R. Russell, E.A. Schuert, H.L. Volchok, and A. Tamplin. 1971. Sources of Radioactivity and Tbeir Charateristics. tn Radioactivity in the Marine Environment, National Academy of Sciences, Washington, D.C., p. 9.  

Templeton. W.L., and A. Preston. 1982. Ocean Disposal of Radioactive Wastes. Radioactive Waste Management and the Nuclear Fuel Cycle 3s 1); 77.  'Nuclear fuel inventories for these lost submarines are classified, but land-based nuclear power reactors of similar size contain 10t to 109 curies of activity. As Triplett et al. indicate, core activity depends on fuel mix, fuel inventory, and burnup which, for the lost submarines, are not known. The authors based their estimate on a 1,000 MWe pressurized water reactor after 550 full power days; a core activity of 4 x 10' curies results.  Source: Triplett. Mark B., Kenneth A. Solomon, with Charles B. Bishop and Robert C. Tyce. 1982. Monitoring Technologies for Ocean Disposal of Radioactive Waste. Prepared for the National Oceanic and Atmospheric Administration, R-2773-NOAA, Rand, Santa Monica, California, p. II.  Radionuclides entering the ocean via the Columbia River were about 95 percent chromium-51 and most of the rest were zinc-65 and phosphorus-32.  Source: Seymour, Allyn H. 1980. Distribution of Hanford Reactor Produced Radionuclides in the Marine Environment, 1961-73. Wylie Eastern Limited, Bombay, India, p. 330-332.  'Sellafield, formerly Windscale, is Europe's major reprocessing plant; most of its liquid radioactive waste is discharged into the Irish Sea. Sellafield began using the Purex process in 1964.  Activity based on average releases to coastal waters for 1977 and 1978: included are about 32.000 curies per year of 1H and -Pu.  Source: British Nuclear Fuels Limited. 1979. Annual Report on Radioactive Discharges and Monitoring of the Environment 1978. Health and Safety Directorate, Risley, Warrington, Cheshire, United Kingdom, p. 10-11.  
As cited in: Triplett, Mark B. etal.: ap.cit., p. 10- 11.  
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Europe has four other major reprocessing plants: 

First Water body 
Facility/Location "Hot Run" recipient of waste 

Federal Republic of Germany 
Wiederaufarbeitungsanlage (WAK) ............... 1971 Rhine 

France 
La Hague ........................................................... 1966 English Channel 
M arcoule ............................................................ 1958 Rhone 

United Kingdom 
Dounreay ........................................................... 1958 Atlantic Ocean 

Source: Luykx, F, and G. Fraser. 1980. Radioactive effluents from nuclear power stations and nuclear fuel reprocessing plants in the European Community. Directorate-General 
Employment and Social Affairs, Commission of the European Communities, Plateau du Kirchberg, Luxembourg, Table XII (unnumbered page).  

Radionuclides have also been released into the sea from several other research centers located in Trombay, India; Studsuik, Sweden; and Petten, the Netherlands.  
Source: Foster, R.F., lL. Ophel. and A. Preston. 1971. Evaluation of Human Radiation Exposure. In Radioactivity in the Marine Environment, National Academy of Sciences, Washington, 

D.C.. p. 254.  
7 Nuclear power plants located in Belgium, Federal Republic of Germany, France, Italy, the Netherlands, and the United Kingdom. Of the active European nuclear power stations, the 

Calder plant in Cumbria, England was the first to go on line in October 1956. A large amount of radioactivity is discharged to the atmosphere as gaseous waste by these stations.  
Figures based on 1978 data.  

Source: Luykx, F.. and C. Fraser, op. cit., 49 p. and tables.  
I "Hurd Deep"-area near 50*N 01 °W; includes some low-level wastes dumped by Belgium.  

U.K. area-through 1961, wastes were disposed of near 34"N 20*W; after 1961, except for 1967, disposal occurred in a rectangular area with the following coordinates: 40"20'N 13*53"W, 
47"56'N 13'27'W, 48'43'N 13105'W. and 48*19'N 12°39"W.  
Source: Joseph, A.B. el al., op. cit.. p. 39.  

To verify control of liquid radioactive waste dumping in the ocean and to ensure that the resultant public radiation exposure is within its nationally accepted limits, the 
United Kingdom initiated an environmental monitoring program under its 1960 Radioactive Substances Act.  

Source: Hunt, C.J. Radioactivity in Surface and Coastal Waters of the British Isles, 1979. Aquatic Environment Monitoring Report Number 6, Ministry of Agriculture, Fisheries and Food.  
Directorate of Fisheries Research, Lowestoft, United Kingdom, p. 1.  

'Templeton, W.L., and A. Preston, op. cit.. p. 101.  
1* According to the Environmental Protection Agency, most of the waste was either packaged in special containers placed in concrete-filled steel drums or was directly mixed in concrete 

and then placed in steel drums.  
Source: Mattson. Roger J. 1980. Prepared Statement of Roger J. Mattson, Director, Surveillance and Emergency Preparedness Division, Office of Radiation Programs, U.S. Environmental 

Protection Agency. In Radioactive Waste Disposal Oversight Hearings (November 20) before the Subcommittee on Oceanography of the Committee on Merchant Marine and 
Fisheries, U.S. House of Representatives, 96th Congress, Serial No. 96-53, Washington, D.C., p. 361--366.  " Estimated number of curies of induced activity.  

Source: Joseph, A.B. et al.. op. cit., p. 37.  
0 Templeton, W.L., and A. Preston, op. cit., p. 79.  

Aarkog, A.  
1971. Radioecological Investigations of Plutonium in an Arctic Marine Environment. Health Physics 20 lJan.):31-47.  
1977. Environmental Behavior or Plutonium Accidentially Released at Thule, Greenland. Health Physics 32 (April):271-284.

quantities of radioactive waste disposed of at the North
east Atlantic Dump Site from 1967 through 1981: 12,315 
curies of alpha-emitting radionuclides (radium-226 
and plutonium-239); 420,512 curies of beta-gamma 
emitting radionuclides (strontium-90--beta emitter; 
cobalt-60, zinc-65, and cesium- 137-beta-gamma emit
ters); and 434,256 curies of tritium.6

1 Figure 11-2 shows 
the NEA dumpsite for LLW in the Northeast Atlantic 
Ocean. (International activities concerning high-level 
waste will be discussed in Chapter III.) 

Dumping of LLW was halted by a moratorium reso
lution adopted by the Seventh Consultative Meeting 
of the Parties to the London Dumping Convention in 
February 1983. (The "London Dumping Convention" 
derived its name from the Convention on the Prevention 
of Marine Pollution by Dumping of Wastes and Other Mat
ter in the Oceans held in London, England, in 1972.) The 
moratorium resolution called for an immediate two
year suspension of ocean dumping of radioactive waste.  
Although several nations announced they would not 
abide by this non-binding resolution, transport trade 
unions in the United Kingdom, and later in Belgium 
and Switzerland, boycotted the handling of radioac
tive wastes slated for ocean disposal. This action pre
vented any ocean dumping of radioactive wastes in

1983. The de facto moratorium will likely continue 
through September 1985.64 

Although strong international resistance to ocean 
dumping of LLW continues to prevail, several nations 
have plans to either resume or start ocean dumping of 
this radioactive waste. Although the Netherlands no 
longer plans to resume ocean dumping, the United 
Kingdom and Switzerland hope to use the Northeast 
Atlantic Dump Site when the current boycott ends.65 

France is considering ocean disposal of certain types 
of radioactive waste, such as tritium and iodine which 
could be isotopically diluted in seawater, as part of its 
national waste management program.66 

In 1976, Japan's Atomic Energy Commission set 
basic principles for disposal of LLW, including the 
ocean disposal option. The Japanese government favors 
ocean disposal of LLW. A participant of the London 
Dumping Convention and the Multilateral Consulta
tion and Surveillance Mechanism for Sea Dumping of 
Radioactive Wastes, Japan has solicited not only the 
support of its people but also that of other South 
Pacific countries.

67 

Several Pacific governments, including the Ameri
can Pacific islands and territories, districts of the 
Micronesian Trust Territory, members of the South
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Figure II-2.-Dumpsite of the Nuclear Energy Agency 
(NEA) for Low-Level Radioactive Waste.  

Source: Lounsbery, William J. 1981. High-Level Radioac
tive Nuclear Waste Disposal in the Sub-Seabed: 
Prospects for an International Waste Disposal Sys
tem. Master of Marine Affairs Thesis, University 
of Washington, Seattle, Washington, p. 48.  

Pacific Congress, and New Zealand, have made official 
protests or voiced concern about these Japanese plans .6 

In fact, the government of the Northern Marianas was 
reported to have threatened to prohibit Japanese fishing 
vessels from its fishing zone if dumping commenced.6

9 

Furthermore, in 1981, a professor from the University 
of California at Santa Cruz, acting as an adviser to the 
Pacific governments, called into question the reliability 
and accuracy of Japan's safety assessments made of 
the proposed operation.7 0 The Japanese government, 
however, rejected the adviser's findings as scientifi
cally inaccurate because of a misinterpretation of Jap
anese dose and disposal rates.71 

Japan proposes to conduct a test-the dumping of 
5,000 to 10,000 cement drums containing a total of 
about 500 curies of radioactivity at a 6,000 meter deep 
disposal site (30 0 N, 147°E). (See Figure ]113.) Although 
Japan has not yet determined the actual amount to be 
dumped, in assessing the radiological effects of full
scale ocean disposal, Japanese scientists assumed that 
105 curies of radioactivity would be dumped into the 
ocean each year. Full-scale ocean disposal of LLW
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Figure II-3 .- Proposed Dumpsite for Japan's Low-Level 
Waste.  

Source: Lounsbery, William J. 1981. High-Level Radioac
tive Nuclear Waste Disposal in the Sub-Seabed: 
Prospects for an International Waste Disposal Sys
tem. Master of Marine Affairs Thesis, University 
of Washington, Seattle, Washington, p. 50..  

would begin if experimental ocean disposal over a 2
to 3-year period confirmed the procedure is environ
mentally safe.72 

Other Sources of Anthropogenic 
Radioactivity in the Ocean 

Ocean dumping and discharge from shore have not 
been the only source of anthropogenic radionuclides 
in the marine environment-most have resulted from 
the production and testing of nuclear weapons.7 3 Fall
out from weapons testing is the major contributor, 
and radionuclides from this source are spread relatively 
uniformly throughout the surface water of the world's 
oceans in low concentrations.7 4 The radiation result
ing from global nuclear weapons testing is estimated 
to be 0.1 percent of the total oceanic radionuclide 
inventory. 7' Contributions of radionuclides to the ocean 
from nuclear weapons testing have been estimated at 
one billion curies with tritium ranking as the largest 
contributor.7 6 Additional anthropogenic radionuclides 
may reach the oceans as LLW from medical, pharma
ceutical, industrial, and research activities, and from 
naval and civilian propulsion reactors, aerospace nuclear 
reactors, and radioisotopic power generators.77 

In addition, accidents have been sources of anthro
pogenic radioactivity in the ocean. The loss of the 
nuclear submarines THRESHER and SCORPION in the 
Atlantic Ocean,78 the crash near Thule, Greenland, of a 
U.S. airplane carrying nuclear weapons, 7

9 and the
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re-entry of a U.S. aerospace nuclear power generator 
after a satellite launch malfunction"0 have contributed 
to the radioactivity of the ocean. Although Table 11-2 
lists several sources of anthropogenic radioactivity in 
the ocean, the listing is incomplete. A comprehensive 
international inventory of all anthropogenic radioac
tivity deposited in the ocean is needed.  

Summary 

For nearly 40 years, the United States has faced the 
problem of radioactive waste disposal. As our knowl
edge of radioactivity and its inherent dangers has 
increased over these years, so has the quest to find a 
permanent and safe repository for high- and low-level 
wastes. This national quest remains a matter of con
siderable debate, fueled by such questions as: 

a Should radioactive waste be contained and isolat-

ed, or can tactics of dilution and dispersion be 
devised? 

"• Should radioactive waste be placed only in retriev
able storage until advancements are made in treat
ment and disposal? 

"* How can the United States determine the reliability 
of various disposal systems and develop models to 
ensure effective containment?"' 

Although the United States and other nations have 
used the ocean for disposal of low-level waste, its 
total contribution to the ocean to date has been far less 
than that made by nuclear weapons testing and the 
rare accidents of sunken nuclear submarines or a fall
en airplane carrying nuclear weapons. Presently, the 
United States is not using the ocean for the disposal of 
low-level radioactive waste. A few nations plan to 
resume dumping soon, and at least one, Japan, is 
considering starting. No nation has used the ocean for 
disposal of the dangerous high-level wastes.
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Air and balloonb .................. 47 -- 48 
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Barge and ship .....................- -- 35 -
Underwater ...........................-- 1 3 2 
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Source: Joseph. A.B. et al. 1971. Sources of Radioactivity and Their Characteristics.  
In Radioactivity in the Marine Environment. National Academy of Sciences, Washington, 
D.C., p. 9.  

As Volchok et al. also indicate in this 1971 NAS report, bomb-produced radinuclides 
have been of interest to scientists both as potential contaminants and as radioactive tracers 
for studies of water masses, sediment movement, and various biological parameters.  

In his 1976 report, "The health of the oceans," Edward Goldberg shows the levels of the 
major fallout radionuclides in surface sea water:



Average concentration and/or range (pCi/i) 

Location 9
1Sr 1TCs* 

3H 14C 23°Pu 

North Atlantic Ocean ................. 0,13 (0.02-0.50) 0.21 (0.03-0.8) 48 (31-74) 0.02 (0.01-0.04) (0.3-1.2)x10
South Atlantic Ocean ................. 0.07 (0.02-0.20) 0.11 (0.03-0.32) 19 (16-22) 0.03 (0.2-0.04) 0.2xlO-0 
Indian Ocean North-West ............ 0.10 (0.02-0.15) 0.16 (0.03-0.24) 
Pacific Ocean South-West ............. 0.54 (0.07-3.1) 0.86 (0.11-5.0) 29 (6-70) 0.03 (0.02-0.03) (0.1-I.4)xlO-0 
Pacific Ocean North-East .............. 0.08 (0.01-0.20) 0.13 (0.02-0.32) 8(0.7-22) 
Pacific Ocean South-East .............. 0.27 (0.05-0.58) 0.43 (0.08-0.93) 44(10-240) 0.03 (0-0.04) (0.1-l.3)xlO-t 
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North Sea ....................................... 0.05 (0.31-0.97) 0.80 (0.50-1.55) 
Baltic Sea ........................................ 0.71 (0.36-1.0) 1.1 (5.6-1.6) 
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Mediterranean Sea ........................ 0.23 (0.09-0.38) 0.37 (0.14-0.61) 

*Calculated from the "Sr values on the assumption that the activity ratio -"Cs/"Sr- .6. Reproduced from D.S. Woodhead, "Levels of Radioactivity in the Marine Environment and the 
Dose Commitment to Marine Organisms", in Radioactive Contamination of the Marine Environment. p. 499-525. Vienna, International Atomic Energy Agency, 1973.  

Source: Goldberg, Edward D. 1976. The health of the oceans. The UNESCO Press, Paris, France, p. 87.
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19 Aarkog, A.  
1971. Radioecological Investigations of Plutonium in an Arctic 

Marine Environment. Health Physics 20(Jan.):31-47.  
1977. Environmental Behaviour of Plutonium Accidentially 

Released at Thule, Greenland. Health Physics 32(April):271-284.  
. A B-52 U.S. aircraft carrying nuclear weapons crashed on January 

21, 1968, near Thule, Greenland, depositing plutonium isotopes 
onto the ice and into the sea. The U.S. Air Force removed wreckage 
debris and comaminated snow shortly after the accident. Scientific

expeditions were later carried out in 1968, 1970, and 1974. The 
plutonium contamination was confined mainly to marine sediments 
that contained about 25 to 30 curies of radioactivity; plutonium-238 
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s0 Hardy, E.P., P.W. Krey, and H.L. Volchok. 1973. Global Inven
tory and Distribution of Fallout Plutonium. Nature 241(5390):444.  

In 1964, a SNAP-9A nuclear power generator, containing 17,000 
curies of plutonium-238, aboard a TRANSIT navigational satellite 
re-entered the atmosphere following a launch malfunction. (Sys
tems for Nuclear Auxiliary Power (SNAP)is a U.S. designation for 
devices that use the heat of radioactive decay to power small electrical 
generators.) This accidental "injection" of plutonium-238 caused 
an almost three-fold increase in the global fallout of the isotope.  

As indicated in the 1971 NAS report, "Radioactivity in the Marine 
Environment," plutonium-238 in the generator was assumed to 
have ablated during reentry. The report further states: 

It is interesting to compare the probable sensitivity required for observing the 
"2Pu deposited on land and in the sea. By the end of 1971, when virtually all 
of the SNAP-9A debris will have been deposited on the Earth, the average 
concentration in the surface ocean water (assuming that the aaaPu is 
homogeneously mixed to a depth of 100 m) will be approximately 0.0005 
pCi per liter. Even within the latitude band of maximum deposition, 
400-500 S, assuming no horizontal mixing. we would not find concentra
tions much higher than 0.0001 pCi per liter. In contrast, the aiaPu deposited 
on the land in the 400-500 S band will be about I mCi per kma, or about 
1,000 pCi per ma. Even in the northern hemisphere, the deposits in mid
latitudes will be in excess of 100 pCi per ma. These projected concentrations 
on land and in the sea seem to indicate clearly that the 238Pu will be a very 
useful and practical tool for continental fallout studies. For marine studies, 
however, the concentrations will probably be beyond the range of practical 
measurement, using current equipment and technology. Therefore, if we 
are to make use of this radioactive source as an oceanic tracer, new systems 
for sampling of the sea-for determining chemical or physical concentra
tions of plutonium in seawater or for low-level alpha counting (or some 
combination)--must be developed.  

From: Joseph et al., op. cit., p. 34-35.  
11 Haggerty, Stephen E. 1983. Radioactive Nuclear Waste Stabili

zation: Aspects of Solid-State Molecular Engineering and Applied 
Geochemistry. Annual Reviews of Earth Planetary Science 11:134.  

As a matter of perspective, the Department of Energy, the Nuclear 
Regulatory Commission, and other agencies are addressing these 
questions.
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CHAPTER III 
Institutional Framework: Avenues and Roadblocks

Domestic Laws and Policies 

U.S. policies on radioactive waste disposal have 
reflected changing waste management philosophies 
since the introduction of nuclear technology in the 
1940s. These changes have resulted from the passage 
of new laws and from the articulation of policy and 
regulatory approaches by various Federal agencies. At 
present, U.S. nuclear waste management emphasis is 
placed on land disposal. The following three laws 
currently stand out as the principal directives for U.S.  
nuclear waste management: 

1. The Marine Protection, Research and Sanctuaries 
of 1972, as amended, prohibits ocean disposal of 
high-level waste and places special restrictions 
on ocean disposal of low-level waste, including a 
current 2-year moratorium on any low-level waste 
dumping other than for certain research purposes.  

2. The Low-Level Radioactive Waste Policy Act of 
1980 holds each State responsible for disposing 
of its commercial low-level waste within its own 
borders. The Act also allows regional manage
ment through State compacts and instructs the 
Department of Energy to assist in that effort.  

3. The Nuclear Waste Policy Act of 1982 provides 
for the development of disposal repositories for 
high-level waste and spent fuel. The Act estab
lishes programs for research, development, and 
demonstrations of disposal of high-level waste 
and spent fuel on land and under the seabed.  

A brief examination of past U.S. policies concerning 
radioactive waste disposal provides an historical per
spective that led to current domestic statutes and reg
ulatory authorities. Following War II, the United States 
sought to protect its atomic energy knowledge and to 
prevent dissemination of nuclear materials for weap
ons production. To this end, Congress enacted the 
Atomic Energy Act of 1946 (Public Law 79-585). The 
Act established the Atomic Energy Commission (AEC) 
and provided the Federal Government with complete 
control over nuclear materials. Although the 1946 Act 
did not directly provide management disposal authority, 
the AEC assumed responsibility to manage and dis
pose of national radioactive wastes. Eight years later, 
the Atomic Energy Act (Public Law 83-703) was exten
sively revised to include the peaceful use of nuclear 
power by private firms, primarily to generate electricity.

Through the Atomic Energy Acts of 1946 and 1954, 
the AEC exclusively regulated nuclear materials, includ
ing waste, and used the ocean as the primary means of 
disposing of low-level waste. But concerted opposition to 
ocean dumping began in the late 1950s when coastal 
States, concerned by the close proximity and shallow
ness of proposed dumpsites, first protested disposal in 
the Gulf of Mexico. Their protest led to legislation 
limiting AEC criteria for site selection, with the result 
that dumping in the Gulf of Mexico was denied.2 

All ocean dumping of radioactive waste from 1946 
to 1970 was conducted under the direction and licens
ing authority of the AEC. In 1960, the AEC placed a 
moratorium on issuing new ocean dumping licenses.  
In 1970, the United States ceased all ocean dumping of 
radioactive wastes following recommendations from 
the President's Council on Environmental Quality, 
although the AEC retained licensing authority until 
1972. U.S. records of ocean dumping activities consist 
mainly of the AEC licenses issued to private contrac
tors and of logs indicating approximate locations of 
disposal sites. Unfortunately, most of these records do 
not indicate the specific isotopic content of the waste, 
the content of the containers, nor verification of the 
precise dumping locations.3 (See Appendix C for fur
ther discussion and a table of the Environmental Pro
tection Agency's findings to date.) 

In 1972, Congress enacted the Marine Protection, 
Research and Sanctuaries Act, commonly called the 
"Ocean Dumping Act." This Act governs ocean dis
posal of all waste materials and explicitly prohibits 
disposal of high-level waste and radiological warfare 
agents in the ocean. Title I, the primary regulatory 
mechanism of the Ocean Dumping Act, allows the 
Environmental Protection Agency (EPA) to grant permits 
for ocean dumping of non-dredged waste materials 
and to provide penalties for permit violations. Permits 
for low-level waste disposal are allowed only if deter
mined that "such dumping will not unreasonably 
degrade or endanger human health, welfare, or amen
ities, or the marine environment, ecological systems, 
or economic potentialities." However, the Nuclear Regu
latory Commission (NRC), which regulates land burial 
of radioactive wastes, has ruled that ocean disposal of 
nuclear materials should only occur as a last resort.4 

The 1969 National Environmental Policy Act sets 
out a general statement of U.S. policies on environ-
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mental preservation, in particular the need for envi

ronmental impact statements. The Environmental Qual

ity Improvement Act reaffirmed the principle that 

State and local governments have primary responsi
bility for environmental conservation, but this Act 

also enlarged EPA's activities by directing the Federal 
Government to encourage and support State efforts.  

EPA regulations pursuant to the Ocean Dumping 
Act were first published in October 1973; substantive 
revisions were next published on January 11, 1977.  
EPA's regulations specify that: 

1. Radioactive materials must be contained to pre
vent their dispersion into ocean waters, and 

2. The containment system must be designed to 
remain intact until the radioactive materials decay 
to innocuous levels.  

Moreover, before a permit for ocean dumping can 
be approved, the regulations require evidence that no 
alternative locations or methods of disposal are avail
able that present less adverse environmental impact 
than would ocean disposal. An assessment of the impact 
on esthetic, recreational, and economic values also 
must be made prior to permit approval.' 

EPA has been reviewing its 1977 regulations, pri
marily to determine how to incorporate the standards 
of the International Atomic Energy Agency (IAEA) 
that were adopted by the London Dumping Conven
tion in 1978. To this end, EPA is developing criteria for 
evaluating a permit request to include considerations 
of environmental and economic impact, monitoring 
requirements, quality assurance in measurement pro
grams, and alternatives to ocean disposal.6 

Congressional amendments to the Ocean Dumping 
Act place a 2-year moratorium on the authority of the 
Administrator of EPA to approve permits for ocean 
dumping of radioactive waste, although limited dis
posal associated with research may be allowed. After 
the two-year moratorium ends on January 6, 1985, 
Congress has decreed that future permit applications 
for ocean disposal must be preceded by a Radioactive 
Material Disposal Impact Assessment which, among 
other criteria, includes: an environmental analysis of 
the dumping site; a plan for retrieval if containers leak 
or decompose; a comprehensive monitoring program; 
and an analysis of the resulting environmental and 
economic conditions if the containers fail to contain 
the radioactive waste material initially deposited at 
the specific site.7 Not only must the Radioactive Mate
rial Disposal Impact Assessment address these eco
nomic and environmental concerns, it must include 
determinations by affected States that any proposed 
action is consistent with approved Coastal Zone Man
agement Programs and must contain comments and 
results of meetings with State officials and public hear
ings in the affected States. 8 Furthermore, the amend
ments prohibit the Administrator of EPA from issuing 
a permit without the express approval of both Houses

of Congress by resolution within 90 days of continu
ous session commencing on "the date after the date" 

of receipt of permit request. (The full text of January 
1983 amendments is contained in Attachment 1 to 

this chapter.) 

The 1980 Low-Level Radioactive Waste Policy Act 
(Public Law 96-573) directs that each State will dis

pose either "within or outside the State" the nuclear 
waste generated within its borders, other than that 

resulting from DOE activities. Each State may enter 
into compacts-with specific approval from Congress

that will establish regional facilities for low-level waste 

disposal. The compacts can restrict disposal of wastes 

from States outside the compact region, but restric
tions will not take effect until Congress approves the 

compacts. DOE is not aware of any current State efforts to 

dispose of commercial low-level wastes in the oceans.9 

The 1980 Act directs the Department of Energy to 

assist the States in their efforts to establish compacts 
for low-level waste disposal, and it tasks DOE with 

preparing a national plan of low-level radioactive 

waste management. The plan must take into consid

eration such aspects as the evaluation of disposal tech
nology, the capacity required for present and future 

low-level radioactive waste disposal on a regional 

basis, measures to assure the protection of public health, 
and transportation requirements.' 0 

The United States is currently divided into eight 

distinct compact regions: Central States, Midwest, 

Northeast, Northwest, Rocky Mountain, and Western.  

The State of Texas has elected to form its own com
pact. Although formulation of compacts is progress

ing at various rates throughout these regions, com

pacts will probably not have operating low-level waste 

disposal facilities in-.place by the required 1986 date." 

On January 7, 1983, the U.S. commitment for dis

posing of its high-level waste on land was strength
ened by the Nuclear Waste Policy Act of 1982 (Public 

Law 97-425), which established a national policy for 
storage and disposal of high-level radioactive waste 

and pertinent research and development programs.  
As stated in Chapter II, this Act provides for comple

tion of an initial U.S. high-level waste land repository 
by January 31, 1998, based on a national selection 
process managed by DOE, with local, State, and public 

involvement. It also provides rules for interim storage 

facilities if they are needed. The Act requires that by 

January 1, 1985, three sites be recommended to the 

President, who will in turn recommend one to the 

Congress by March 1, 1987. The U.S. repository for 

HLW, including spent fuel, is estimated to require an 

area of about one mile radius. The 1982 Act includes 

provisions for interim storage of 1,900 metric tons of 
commercial spent fuel at Federal facilities, with removal 

to occur within three years after completion of the 

repository.
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The step-by-step process outlined for site selection 
in the Act enables States, affected Indian tribes, the 
public, and the Federal Government to have a rein
forced role in site determination. The Act declares 
that this "participation in the planning and develop
ment of repositories is essential in order to promote 
public confidence in the safety of disposal of such 
waste and spent fuel...." After the President has rec
ommended a final site, the governor, State legislature, 
or affected Indian tribe may submit a notice of disap
proval to Congress. Overriding such a notice requires a 
joint resolution of Congress. DOE will file a license 
application for a construction permit with the NRC 
once site designation becomes effective." 

Although some of the deadlines specified in the Act 
for the first repository will not be met, DOE believes 
that the goal of completing a permanent repository by 
January 31, 1998, can still be achieved. For example, 
because of delays inherent in land acquisition and 
shaft construction, complete characterizations of three 
sites and the Presidential selection of one of them will 
not be possible until December 1990. However, if a 
limited work authorization is granted to allow DOE to 
proceed with preparatory construction during the three 
or four years that NRC will need to authorize use of the 
site, then the facility can be ready for use as required 
by January 31, 1998.13 

The 1982 Act establishes a Nuclear Waste Fund to 
finance waste management activities, based on a charge 
of 1 mill per kilowatt-hour to nuclear utilities. The 
Act also directs the Federal Government to take title 
to commercial spent fuel beginning in 1998 and pro
vides for such measures as local compensation and 
public hearings.  

The legislation also authorizes research and devel
opment activities and includes responsibilities for inter
national cooperation with "non-nuclear weapon states" 
for spent fuel storage and disposal. Egypt, Brazil, Korea, 
and the Netherlands have expressed interest to work 
with the United States in this technical disposal 
venture.14 

To examine alternatives for permanent disposal of 
high-level waste, the 1982 Act calls for DOE "...to 
accelerate a program of research, development, and 
investigations of alternative means and technologies 
for the permanent disposal of high-level radioactive 
waste from civilian nuclear activities and Federal 
research and development activities...." In addition to 
its study efforts on mined land repositories, DOE is 
funding research on subseabed disposal of high-level 
waste. This program is based on a concept of burying 
containerized high-level waste in sedimentary clay 
below the seafloor. The United States is part of the 
international Seabed Working Group, established in 
1976 under OECD's Nuclear Energy Agency, to assess 
seabed disposal feasibility. The major objectives of the 
program are to:

1. Determine the technical, environmental, and insti
tutional feasibility of burying high-level radio
active waste in stable clay sediments of the deep 
ocean.  

2. Cooperate with other nations in assessing seabed 
disposal.  

3. Maintain seabed disposal as a possible disposal 
alternative until the second repository is select
ed, if the concept proves feasible.1" 

Although we discuss this program in further detail 
in Chapter V of our report, we note here that the 
concept of subseabed disposal of high-level radioac
tive wastes raises both domestic and international 
issues. A subseabed repository would probably be subject 
to international agreement. Although current U.S. law 
expressly prohibits ocean disposal of high-level waste, 
depositing wastes beneath the ocean sediments may 
not be considered to be "ocean disposal." However, 
Congressional clarification may be necessary.  

Title II of the Marine Protection, Research and Sanctu
aries Act sets forth Federal responsibilities for research 
on ocean dumping, which includes a comprehensive 
program on possible "long-range effects of pollution, 
overfishing, and man-induced changes of ocean eco
systems." The 1978 National Ocean Pollution Planning 
Act (NOPPA) establishes a 5-year plan for ocean 
pollution research and monitoring and designates the 
National Oceanic and Atmospheric Administration 
(NOAA) as the lead agency in preparing the plan.  
Through the interagency Committee on Pollution 
Research, Development and Monitoring (COPRDM), 
NOAA coordinates the development of a national plan 
for research and monitoring to evaluate the marine 
option for disposal of low-level radioactive wastes.  
Given the unlikelihood of a request for marine dis
posal of radioactive waste in the near future, some 
elements of this plan are not developed, although the 
Department of Energy has a research effort on subseabed 
disposal of high-level waste, and DOE supports "eco
logical research" programs that examine some aspects 
of low-level waste disposal. EPA's modest program is 
associated with dumpsite designation for low-level 
waste. NOAA does not conduct any specific radioac
tive waste disposal research in the marine envi
ronment.

16 

If ocean disposal of .LLW is resumed, NOAA will 
most likely be called upon to do the required site
specific studies of proposed dumpsites to determine 
their suitability. NOAA would probably also be responsi
ble for carrying out monitoring of the ocean environ
ment after dumping occurred. However, in the past, 
EPA has surveyed the four major U.S. radioactive waste 
marine dumpsites, where the bulk of this country's 
dumping occurred. (See Appendix C.) These surveys, 
all by manned and unmanned submersibles, were made 
to determine the condition of the radioactive waste 
packages and to assess our Nation's capability to mon-
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itor ocean dumpsites." In other, radioactive waste moni

toring activities, EPA and the Food and Drug Admin

istration have both conducted examinations of sea

foods collected from marketplaces near the largest 

U.S. ocean dumpsites. EPA believes these marketplace 

seafood monitoring programs provide an adequate 

safeguard against humans receiving unacceptable doses 

of radiation from past ocean dumping.' 7 (A descrip

tion of EPA's activities is contained in Appendix E, 
Case Histories.) 

Thus, because of its present land-oriented disposal 

policies, the United States does not currently have a 

well-coordinated research and monitoring effort related 

to low-level nuclear waste disposal in the ocean. Dump

ing of LLW was suspended allowing time for more 
research. However, because the prospect of near-term 
resumption of ocean dumping of LLW was removed, 
the priority for research in this area has, in effect, 
been lowered and support has subsequently been 
reduced.  

International Law 
Regulating Ocean Disposal 

International regulation of ocean dumping was first 
codified in 1958 in the Geneva Convention on the High 
Seas, with a provision requiring nations dumping low
level waste to take measures to prevent marine 
pollution.' 9 A move by some states to adopt a provi
sion in this convention barring all discharges of radio
active substances into the sea proved unsuccessful.  

In 1961, the International Atomic Energy Agency 
(IAEA) outlined standards for radioactive waste dis
posal, including a recommendation to ban all ocean 
dumping of high-level waste and specific dumping 
recommendations for low-level waste.2 0 No system of 
compulsory standards has ever been set up; however, 
the IAEA and the International Commission on Radio
logical Protection (ICRP) have established safety stan
dards for radioactive waste disposal. Although non
binding, these form the basis of most national controls; 
the IAEA has also called for the international registration 
of all ocean disposal of radioactive wastes.2 

A number of countries continued ocean dumping 
until 1967, when the Nuclear Energy Agency (NEA) of 
the Organization for Economic Cooperation and Devel
opment (OECD) agreed to coordinate such operations, 
and developed the Multilateral Consultation and Surveil
lance Mechanism for Sea Dumping of Radioactive Waste to 
provide a dumping system at the Northeast Atlantic 
site. 22 In association with the IAEA, the NEA has 
developed guidelines on the packaging and dumping 
of LLW. The Mechanism also provides for prior con
sultation one year in advance of projected dumping 
operations by member nations, a system of interna
tional surveillance on ships at the time of dumping,

and the keeping of records that are sent to the Intema
tional Maritime Organization (IMO).  

In June 1972 at the United Nations' Conference on the 
Human Environment (Stockholm Conference), among 
the declarations adopted was a general obligation of 
nations to preserve the marine environment. Global 
regulation of ocean disposal of radioactive waste came 
in November 1972 under the purview of the Convention 
on the Prevention of Marine Pollution by Dumping of Waste 
and Other Matter. Commonly called the "London Dump
ing Convention" (LDC), this international decree pro
hibits ocean disposal of high-level radioactive waste, 
but allows dumping of low-level waste after certain 
requirements have been met. (As shown in Appendix 
D, the LDC has been ratified by 55 nations, including 
the United States.) The IAEA has established specific 
criteria for low-level waste disposal in the sea, and 
the NEA requires special permit approval.3 The LDC 
provides for the control "of any 'deliberate disposal at 
sea of wastes or other matter from vessels, aircraft, 
platforms or other manmade structures at sea' or any 

deliberate disposal of such vessels, aircraft, etc. them
selves." 

The LDC establishes three categories of waste: Cate
gory I-materials prohibited from dumping, which 
includes high-level radioactive waste; Category II
materials requiring a special permit for dumping, which 
includes lower levels of radioactive waste; Category 
III-all other materials which require a prior general 
permit. Permits may issued by the appropriate national 
authority only after careful consideration of all fac
tors set out in Annex III of the Convention. These 
include the characteristics of the waste (toxicity, 
persistency, synergistic effects such as bioaccumulation), 
characteristics QLthe dumping site and method of 
deposit, effects on other ocean uses (fishing, ameni
ties, navigation, use of the sea water for other indus
trial purposes), and the availability of alternative land
based methods of treatment or disposal that must be 
considered.  

Although the LDC is not binding on nations that are 
not Contracting Parties to it, all nations that have 
recently disposed of radioactive waste at sea are party 
to the convention with the exception of Belgium. Thus, 
almost all radioactive waste disposal is subject to LDC 
direction. As directed by the Convention, the IAEA 

defined high-level waste and developed recommen
dations for the permit processes by contracting coun
tries.24 In 1974, the IAEA provisionally defined high
level radioactive waste for the purposes of exclusion 
from ocean disposal. The definition was provisional 
because of a general concern by IAEA scientists that 
the methodologies used, particularly those in connec
tion with oceanographic processes, were deficient.2 ' 

In 1978, the IAEA refined its definition of high

level waste unsuitable for ocean dumping, and made 

recommendations for ocean disposal of other radioac-
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tive materials. The IAEA recommendations were based 
on a model that had both an oceanographic and a 
radiological component. Limits were set on nuclear 
waste concentration in the ocean by defining projected 
radioactivity level constraints on alpha, beta-gamma, 
and tritium activity (Table III-I) and by outlining 
technical criteria for low-level waste (Table 111-2).  
The IAEA is currently revising its definition for con
sideration at a 1985 intergovernmental LDC meeting.  
IAEA limits are now based on the radioactivity con
tent of the waste rather than the release rate of radio
activity to the environment. Although release rates 
are recognized as the critical factor, they have not 
been used to date, because they are difficult to deter
mine and to predict for the future.  

Table III-1.-Definition of High-Level 
Radioactive Wastes or Other High-Level 

Radioactive Matter Unsuitable for 
Dumping at Sea.

Source: International Atomic Energy Agency. 1978. Convention on the Prevention of Marine 
Pollution by Dumping of Wastes and Other Matter. The Definition Required by 
Annex I, paragraph 6 to the Convention, and the Recommendations Required by 
Annex 11, section D. INF CIRC/205/ Add. I/Rev. I., Vienna, Austria, p. 3.

Table III-2.-International Atomic Energy 
Agency Recommendations for Ocean Dumping 

of Low-Level Nuclear Waste.

Source' International Atomic Energy Agency. 1978. Convention on the Prevention of Marine 
Pollution by Dumping of Wastes and Other Matter. The Definition Required by 
Annex I, paragraph 6 to the Convention, and the Recommendations Required by 
Annex II, section D. INF CIRC/205/ Add. I/Rev. 1., Vienna, Austria.  

Any dumping operation involving radioactive waste 
to be carried out by a signatory nation is required to 
comply with the LDC and is required to be in accor
dance with the IAEA definitions. The Convention also 
requires notification to the IMO of any dumping permit 
issued.  

As previously stated, permits for ocean dumping off 
Europe are issued by the OECD/NEA, pending compli
ance with standards. The NEA does site suitability 
studies and maintains a continuing "Research and 
Environmental Surveillence Programme" for the North
east Atlantic Dumpsite.  

The permit process recommended by the IAEA, which 
is not to be construed as encouragement by the IAEA 
for ocean dumping of nuclear waste, has been estab
lished to ensure that ocean disposal of low-level waste 
will involve no unacceptable degree of hazard to human 
health, harm to living resources and marine life, dam
age to amenities or interference with other legitimate 
uses of the sea. The models currently used by IAEA are
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1. Sites should exist between 50°S and 50°N latitudes to 
avoid sources of bottom water (characterized by strong 
vertical mixing) and areas of high biological productiv
ity (polar regions); 

2. Depth should be 4,000 meters or more (biological, chemi
cal, physical and topographical gradients are generally 
low, bottom water circulation is slower, and organic 
carbon in the sediments tends to be low); 

3. Sites should be remote from continental margins to 
avoid regions of high biological productivity, active 
resource exploration and exploitation, and geologic unpre
dictability and instability (continental slope, rise and 
associated fans and canyons); 

4. Sites should be away from areas of potential seabed 
resources; transoceanic cables in use; and areas where 
geologic hazards (such as submarine slides, volcanoes 
and earthquakes) decrease a site's environmental pre
dictability; 

5. The area of a site should be defined by precise coordi
nates, with an area as small as practicable; and, if possible, 
covered by precise navigational aids to assist in relocat
ing the site; 

6. Sites should be away from features such as submarine 
canyons which may unpredictably affect rates of exchange 
between deep and surface waters near the continental 
shelf; 

7. Sites should be chosen for convenience of disposal 
operations and to avoid so far as possible, the risk of 
collision with other traffic and undue navigtional diffi
culties; and 

8. Bottom current shear stress should not exceed critical 
erosional shear stress to prevent high rates of resuspen
sion and eroding of the sediments.

For the purpose of Annex 1 to the Convention, high-level 
radioactive wastes or other high-level radioactive matter 
unsuitable for dumping at sea means any waste or other 
matter with an activity per unit gross mass (in tonnes) exceeding: 

(a) I curie/ton (Ci/t) for alpha-emitters, but limited to 
10I Ci/t for radium-226 and supported polonium-210 
("supported" means plutonium that is present in equi
librium concentrations because its relatively long-lived 
parent, lead-210, is present): 

(b) 100 Ci/t for beta/gamma-emitters with half-lives of 
at least half a year (excluding tritium), and beta/gamma
emitters of unknown half-lives; and 

(c) one million Ci/t for tritium and beta/gamma-emitters 
with half-lives of less than half a year.  

The above activity concentrations shall be average over a 
gross mass not exceeding 1000 tonnes.  

The definition must not be taken to imply that material 
falling outside the definition is deemed suitable for dumping.  

[1.1 The Definition is based on: 
(1) An assumed upper limit to the mass dumping rate of 

100,000 tonnes per year at a single dumping site; and 
(2) Calculated upper limits to activity release rates from 

all sources, (other than natural sources) of: 
(a) 100,000 curie/year (Ci/yr) alpha-emitters (but limited 

to 10,000 Ci/yr for radium-266 and supported 
polonium-210); 

(b) 10 million Ci/yr for beta/gamma-emitters with 
half-lives of at least half a year (excluding tritium), 
and beta/gamma emitters of unknown half-lives; 
and 

(c) 10l Ci/yr for tritium and beta/gamma-emitters 
with half-lives of at least half a year (excluding 
tritium), and beta/gamma emitters of unknown 
half-lives; and also in the case of alpha-emitters 
when released to an ocean basin of not less than 1071 
cubic meters.



based on assumptions designed to guarantee conser
vative results. For example, in computing possible 

doses to humans caused by deep-sea disposal of wastes, 
the assumptions are made that all the waste dumped 

is immediately released to the ocean, all of it is imme
diately transported to the surface, and then immedi

ately transported to shore. The models do not attempt 

to approximate reality, but rather to describe "worst 

case" possibilities.  
Because the IAEA continually reviews its definitions 

and recommendations, it constantly seeks improve
ments in the oceanographic model. Advice on ocean 
dumping is offered by the United Nations Joint Group 
of Experts on the Scientific Aspects of Marine Pollution 
(GESAMP), and through the IAEA's International Labo
ratory of Marine Radioactivity in Monaco. The IAEA 
is working on programs to define what concentrations 
and types of radioactive materials can be considered 
essentially non-radioactive, or "de ntinimis," and there
fore suitable for ocean disposal under general rather 
than special permit. Such a definition can be likened 
to the LDC's exemption from its pollution provisions 
of "trace" and "insignificant amounts of substances."26 

In addition to the scientific evaluation by GESAMP 
on the oceanographic basis of the IAEA definition, the 
Scientific Committee for Oceanic Research of the 
International Council of Scientific Unions (ICSU/SCOR) is 
reviewing the potential use of the deep subseabed for 
high-level waste. Also, research on various oceanic 
processes dealing with problems similar to ocean dump
ing is being coordinated by such bodies as the UNESCO 
Intergovernmental Oceanographic Commission (OC), 
the European-based International Council for the Explo
ration of the Sea (ICES), and independent scientific 
organizations funded by participating countries in 
Europe and North America.  

Some of the research is motivated by political necessi
ty. During the February 1983 meeting of contracting 
parties to the LDC, the delegations representing the 
Pacific Island nations of Kiribati and Nauru proposed 
amendments to the Convention to ban all ocean dis
posal of nuclear waste. In their view, current scientific 
evidence did not prove that dumping of nuclear waste 
would not have a detrimental effect on fisheries. The 
Nordic countries proposed to phase-out all sea dis
posal by January 1, 1990, to provide time necessary to 
find an alternative means of disposal. Owing to con
cerns stemming from scientific uncertainties and social 
protest over dumping at the Northeast Atlantic Dump
site, the Spanish delegation submitted a draft resolu
tion to suspend ocean dumping operations until the 
necessary research and evaluation was completed. A 
compromise resulted between those positions and others 
that favored continued dumping, calling for a non
binding suspension of nuclear waste dumping at sea 
until examination of the issue by an international 
group of scientists with expertise in such areas as

ecology, oceanography, radiological protection, marine 
chemistry, and mathematical modeling. (By Article 15 
of the LDC, all decisions or amendments to the Con
vention must be based on technical and scientific infor
mation.) Contracting parties to the LDC called upon 
the IAEA and its secretariat, the International Mari
time Organizaton (IMO), to collect the scientific data 
and information and to present a status report at the 
February 1984 consultative meeting.27 

Although the moratorium resolution adopted at the 
seventh consultative meeting is not legally binding, 
several nations indicated that it should be viewed as 
morally binding. Other countries announced their inten
tion to proceed with dumping activities in the sum
mer of 1983. However, no sea disposal of radioactive 
waste occurred in 1983 because of national boycotts 
and protests that deterred transport of the wastes. 28 

The eighth consultative meeting of the contracting 
parties to the LDC was held in London in February 
1984. At this meeting, the resolution suspending all 
radioactive waste dumping at sea was reaffirmed 
pending presentation of the final scientific and tech
nical report in September 1985.29 

Attention at the February 1984 meeting also focussed 
on the contentious issue of the legality of emplace
ment of high-level radioactive waste in the seabed.  
Some Contracting Parties believe high-level waste dis
posal is covered by the LDC and hence prohibited; 
others contend that seabed disposal of high-level waste 
is not covered by the LDC and therefore not prohibit
ed. Although no consensus was reached among the 
parties on the issue, the session did conclude: 

Without prejudice to the question of the applicability of 
the London Dumpivg Convention to disposal of high-level 
radioactive wastes or other high-level radioactive matter 
into the sea-bed, the Consultative Meeting arrived at a 
consensus on the following: 

1. The Consultative Meeting of the Contracting Parties to 
the London Dumping Convention is the appropriate 
international forum to address the question of the 
disposal of high-level radioactive wastes and matter 
into the sea-bed, including the question of compatibil
ity of this type of disposal with the provisions of the 
London Dumping Convention; 

2. No such disposal should take place unless and until it is 
proved to be technically feasible and environmentally 
acceptable, including a determination that such wastes 
and matter can be effectively isolated from the marine 
environment, and a regulatory mechanism is elabo
rated under the London Dumping Convention to gov
ern the disposal into the sea-bed of such radioactive 
wastes and matter?0 

Another international treaty that could affect ocean 
disposal of radioactive materials is the Convention on 
the Law of the Sea (LOS). Although the United States has 
decided not to sign the convention, it has been signed
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by 132 nations and ratified by 11. The LOS treaty will 
govern the international marine affairs of those nations 
that ratify it once the convention has been ratified by 
60 countries. During the discussions at the Third United 
Nations Conference on the Law of the Sea, the issue of 
radioactive waste disposal was not directly consid
ered. The resultant treaty, however, does incorporate 
a sense of the now established environmental norms 
that all nations should protect the marine environ
ment, and that they should be liable for any breach of 
this obligation.  

The LOS Convention reflects this concern through 
Article 192 in which "States have the obligation to 
protect and preserve the marine environment." In 
addition, Article 194 dedares that "States shall take...all 
measures.. .necessary to prevent, reduce and control 
pollution of the marine environment from any source...." 
Articles 232 and 235 assert that States are liable for 
pollution damages caused by them, and that States are 
required to ensure that prompt and adequate compensa
tion will be paid for losses resulting from pollution.

By Article 56, nations have jurisdiction within their 
exclusive economic zones to protect and preserve the 
marine environment. It is not clear how the develop
ment of such extended coastal State jurisdiction over 
large areas of the ocean will eventually affect ocean 
dumping or effluent discharges from nuclear repro
cessing facilities. However, ratifying States must 
endeavor to establish global and regional rules con
cerning control of marine pollution, acting especially 
through competent international organizations or dip
lomatic conference. Because "competent international 
organizations or diplomatic conference" can reason
ably be interpreted to include the IAEA and the LDC, 
it is likely that the provisions of these or similar 
agreements will become binding on all nations that 
are party to the LOS Convention. Because the jurisdic
tion of the LDC extends through the EEZ and territo
rial sea, widespread adoption of the LOS Convention 
will probably contribute to international efforts to 
control ocean dumping of radioactive wastes, even in 
the EEZs.
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PUBLIC LAW 97-424-JAN. 6, 1983

ATTACHMENT 1

Effective date.  
15 USC 713c-3 
note.

Amendments to Section 104 of the Marine Protection, 
Research and Sanctuaries Act of 1972 Public Law 97-424

OCEAN DUMPING 

SEC. 424. (a) Section 104 of the Marine Protection, Research, and 
33 USC 1414. Sanctuaries Act of 1972 (33 U.S.C. 1431(b)) is amended by adding the 

following new subsections at the end thereof: 
Permit issuance. "(h) Notwithstanding any provision of title I of the Marine Protec
33 USC 1414. tion, Research, and Sanctuaries Act of 1972 to the contrary, during 

the two-year period beginning on the date of enactment of this 
subsection, no permit may be issued under such title I that author-' 
izes the dumping of any low-level radioactive waste unless the 
Administrator of the Environmental Protection Agency 
determines

"(1) that the proposed dumping is necessary to conduct 
research

"(A) on new technology related to ocean dumping, or 
"(B) to determine the degree to which the dumping of 

such substance will degrade the marine environment; "(2) that the scale of the proposed dumping is limited to the 
smallest amount of such material and the shortest duration of 
time that is necessary to fulfill the purposes of the research, 
such that the dumping will have minimal adverse impact upon 
human health, welfare, and amenities, and the marine environ
ment, ecological systems, economic potentialities, and other 
legitimate uses; 

"(3) after consultation with the Secretary of Commerce, that 
the potential benefits of such research will outweigh any such 
adverse impact; and 

"(4) that the proposed dumping will be preceded by appropri
ate baseline monitoring studies of the proposed dump site and 
its surrounding environment.  

Each permit issued pursuant to this subsection shall be subject to 
such conditions and restrictions as the Administrator determines to 
be necessary to minimize possible adverse impacts of such dumping.  

Radioactive "(iX1) Two years after the date of enactment of this subsection, the 
Material Administrator may not issue a permit under this title for the 
Disposal Impact 
Assessment. disposal of radioactive waste material until the applicant, in addi

tion to complying with all other requirements of this title, prepares, 
with respect to the site at which the disposal is proposed, a Radioac
tive Material Disposal Impact Assessment which shall include

"(A) a listing of all radioactive materials in each container to 
be disposed, the number of containers to be dumped, the struc
tural diagrams of each container, the number of curies of each 
material in each container, and the exposure levels in rems at 
the inside and outside of each container; 

"(B) an analysis of the environmental impact of the proposed 
action, at the site at which the applicant desires to dispose of 
the material, upon human health and welfare and marine life; 

"(C) any adverse environmental effects at the site which 
cannot be avoided should the proposal be implemented; 

"(D) an analysis of the resulting environmental and economic 
conditions if the containers fail to contain the radioactive waste 
material when initially deposited at the specific site; 

"(E) a plan for the removal or containment of the disposed 
nuclear material if the container leaks or decomposes; 

"(F) a determination by each affected State whether the 
proposed action is consistent with its approved Coastal Zone 
Management Program; 

"(G) an analysis of the economic impact upon other users of 
marine resources; 

"(H) alternatives to the proposed action; 
Consultation "(I) comments and results of consultation with State officials 
and public and public hearings held in the coastal States that are nearest 
hearing results. to the affected areas;
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"(J) a comprehensive monitoring plan to be carried out by the 
applicant to determine the full effect of the disposal on the 
marine environment, living resources, or human health, which 
plan shall include, but not be limited to, the monitoring of 
exterior container radiation samples, the taking of water and 
sediment samples, and fish and benthic animal samples, adja
cent to the containers, and the acquisition of such other infor
mation as the Administrator may require; and 

"(K) such other information which the Administrator may 
require in order to determine the full effects of such disposal.  "(2) The Administrator shall include, in any permit to which 

paragraph (1) applies, such terms and conditions as may be neces
sary to ensure that the monitoring plan required under paragraph 
(1)(J) is fully implemented, including the analysis by the Adminis
trator of the samples required to be taken under the plan.  

"(3) The Administrator shall submit a copy of the assessment 
prepared under paragraph (1) with respect to any permit to the 
Committee on Merchant Marine and Fisheries of the House of 
Representatives and the Committee on Environment and Public 
Works of the Senate.  

"(4) (A) Upon a determination by the Administrator that a permit 
to which this subsection applies should be issued, the Administrator 
shall transmit such a recommendation to the House of Representa
tives and the Senate.  

"(B) No permit may be issued by the Administrator under this Act 
for the disposal of radioactive materials in the ocean unless the 
Congress, by approval of a resolution described in paragraph (D) 
within 90 days of continuous session of the Congress beginning on 
the date after the date of receipt by the Senate and the House of 
Representatives of such recommendation, authorizes the Adminis
trator to grant a permit to dispose of radioactive material under this 
Act.  

"(C) For purposes of this subsection
"(1) continuity of session of the Congress is broken only by an 

adjournment sine die; 
"(2) the days on which either House is not in session because 

of an adjournment of more than three days to a day certain are 
excluded in the computation of the 90 day calendar period.  

"(D) For the purposes of this subsection, the term 'resolution' 
means a joint resolution, the resolving clause of which is as follows: 
'That the House of Representatives and the Senate approve and 
authorize the Administrator of the Environmental Protection 
Agency to grant a permit under the Marine Protection, Research, 
and Sanctuaries Act of 1972 to dispose of radioactive materials in 
the ocean as recommended by the Administrator to the Congress on 

, 19-.'; the first blank space therein to be filled with 
the appropriate applicant to dispose of nuclear material and the 
second blank therein to be filled with the date on which the Admin

.istrator submits the recommendation to the House of Representa
tives and the Senate.".

Comprehensive 
monitoring plan.  

Assessment, 
copy to 
congressional 
committees.  

Recommenda
tion to 
Congress.  

Ocean dumping 
permit, 
restricted 
issuance.  

"Resolution." 

33 USC 1401 
note.
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CHAPTER IV 
Marine Radioactivity

For the past 25 years, oceanographers have obtained 
considerable information about marine radionuclides 
and about the oceanic processes-physical, chemical, 
biological, and geological-that influence them. This 
information can be applied to the issue of radioactive 
waste disposal. This chapter summarizes our present 
understanding of the sources and fate of marine radionu
clides and the mechanisms for human exposure to 
oceanic radioactivity. In addition, this chapter identi
fies some other areas requiring more research and 
greater understanding.  

Sources of Oceanic Radioactivity 

The Periodic Table of Chemical Elements provides a 
framework for relating radionuclides to each other 
and to their chemical properties. Figure IV- 1 (a modi
fied version of the Periodic Table) identifies some of 
the important radionuclides in the marine environ
ment and their sources: primordial radionuclides gen
erated from decay of primordial isotopes; radionuclides 
produced by cosmic rays; or radionuclides produced 
by humans (anthropogenic). Elements in the table 
that indicate an atomic mass are radioactive, and those 
with only a chemical symbol are essentially stable. For 
the known 104 chemical elements, about 1,400 radio
active nuclides have been identified, although many 
of these nuclides have very short half-lives ( i.e., less 
than an hour).' Because only those with moderate to 
long half-lives are important in natural systems, about 
60 radionuclides are significant. About half of these 
occur naturally; the other half are anthropogenically 
produced.  

It is useful to consider radioactive waste disposal in 
the context of the existing natural marine radioactivi
ty. Primordial radioactive elements were present dur
ing the Earth's formation; these that are still with us 
must have half-lives that are comparable to the age of 
the Earth or the universe (5 or 9 billion years). Upon 
decay, these primordial elements generate radioactive 
daughter products that exhibit a wide range of chemi
cal and radioactive characteristics. In addition, about 
10 important radionuclides, which are generated by 
the interaction of cosmic rays with gas molecules in

the Earth's upper atmosphere, are transported to the 
oceans, the biosphere, and land.  

Primordial and cosmic ray-induced radionuclides 
have been sources of marine radioactivity throughout 
biological evolution. To these natural sources, howev
er, humans have introduced a variety of additional 
sources of radioactivity called anthropogenic radio
activity.  

The Primordial Elements 
and Radioactivity 

Chemical elements were formed through a series of 
thermonuclear reactions that generated a wide range 
of stable and unstable nuclides. A stable atom has a 
certain proportion of protons and neutrons in its nucleus.  
For the lower mass elements, this proportion tends to 
be about an equal number, for the heavier nuclides the 
number of neutrons generally exceeds the number of 
protons. Without this favorable proportion, an ele
ment will be radioactive and will emit radiation to 
become stable. This process is known as radioactive 
decay. An element undergoes this process at a charac
teristic rate-known as its half-life-which charac
terizes the time of decay for half of the atoms of a 
given radionuclide. (A brief description of this process 
is found in Appendix A.) 

Early in the history of the universe, there were 
undoubtedly a large number of primordial radioactive 
elements. But after billions of years, many of those 
radionuclides have virtually all decayed. Today we are 
left with only those that have very long half-lives and 
with their decay products. On human time-scales, the 
Earth's quantity of the remaining nuclides is essen
tially constant. There is no present source to renew.  
them, and their decrease in the future will be deter
mined by their half-lives, which are very long on 
human time scales. Thus, the radioactivity they pro
duce will not diminish significantly.  

It is useful to separate the primordial radionuclides 
into two groups: 1) those that decay directly to a stable 
product; and 2) those that generate a series of daughter 
products spanning a range of chemical elements each 
with a distinctive behavior in the marine environ
ment. Table IV-1 lists the first group. The radioactivity
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The nuclides with their atomic mass shown are radioactive. For elements with more than one principal nuclide, the one with the longest half-life is shown. The letters beneath each nuclide indicate their sources: p = primordial; c= cosmic ray produced; and 
a = anthropogenic.  

Figure IV-1.-Periodic Table of Elements.  

Source: Kester, Dana R. 1983. Graduate School of Oceanography, University of Rhode Island, Kingston, Rhode Island.

Table IV-l.-Primordial Radionuclides that Decay 
Directly to Stable Products 

Half-life Type of 
Radionuclide (years) Decay 

4K (potassium) ................................. . 1.28 x 101 beta, ECI 
"IV (vanadium ) ................................. 6 x l0t, beta, EC 
S7Rb (rubidium ) ................................ 4.8 x 10 0 beta "I "In (indium ) .................................... 5.1 x 10"1 beta 
1atTe (tellurium ) ................................ 1.2 x 1013 EC 

tS1La (lanthanum ) ............................. 1.1 x 10', beta, EC 
"laCe (cerium ) .................................... 5 x 10"1 alpha 
"4Sm (samarium ) .............................. 1.1 x 10i alpha 
ti'Lu (lutetium ) ................................. 3.6 x 1011 beta 
"'tRe (rhenium ) ................................. 4 x 1010 beta 

B EC-electron capture mode of decay.  
Data from: Friedlander, G., J.W. Kennedy, and J.M. Miller. 1964. Nuclear and Radio

chemistry. John Wiley & Sons. New York, 585 p.  

resulting from each isotope is directly proportional to 
its abundance, and is inversely proportional to its 
half-life. Those with exceptionally long half-lives (e.g., 
greater than 1012 years) decay slowly and consequent
ly. gontribute very little to natural terrestrial radioac
tivity. The types of radiation emitted by the first group of 
nuclides include alpha particles, beta particles, and 
the gamma rays and X-rays that result from the elec
tron capture mode of decay. Of the primordial radio-

-i

nuclides listed in Table IV-l, potassium-40 and 
rubidium-87 are the most important contributors of 
natural radioactivity to the ocean.  

The second group of primordial radionuclides con
sists of three nucklides (thorium-232, uranium-235, 
and uranium-238), each of which initiates a complex 
series of decay products ending with stable isotopes of 
lead. Table IV-2 lists primary components of these 
three series.  

The chemical elements in these series have a wide 
range of marine geochemistries. The concentration of 
uranium is relatively uniform in the ocean and the 
element does not adsorb strongly onto particles. Tho
rium, protactinium, polonium, and lead tend to adsorb 
onto particles and become enriched in marine sedi
ment. Radium is relatively soluble in seawater. After 
radium is generated from the decay of thorium in 
sediment, it enters an aqueous phase and diffuses out 
into seawater. Radon, produced from the decay of 
radium, is an inert gas that can be transferred to the 
atmosphere.  

Cosmic Ray-Produced Radionuclides 
Cosmic rays are high-energy atomic nuclei of galac

tic origin, consisting primarily of protons (86%) and 
helium nuclei (13%), with small amounts of heavier
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Table IV-2.-Decay Series Initiated by Three 
Primordial Radionuclides Showing the Daughter 
Products with Half-lives Greater than One Day 

Nuclide Half-life Type of Decay 

Uranium-238 series 
'"U (uranium) ...................... 4.47 x 109 years alpha 
13'Th (thorium) .................. - 24.1 days 2 beta 
234U (uranium) ...................... 2.45 x 10' years alpha 
230Th (thorium) .................. 8.0 x 10' years alpha 
'22 Ra (radium) ........................ 1,600 years alpha 
222Rn (radon) ......................... 3.8 days 3 alpha, 2 beta 
aIOPb (lead) ............................. 22.3 years beta 
21Bi (bismuth) ...................... 5.01 days beta 
"2T0Po (polonium) .................... 138 days alpha 
2*6Pb (lead) ............................. stable -

Uranium-235 series 
"'U (uranium) ...................... 7.1 x 108 years alpha 
211Th (thorium) ..................... 25.5 hours beta 
"23'Pa (protactinum) ............ 3.48 x 104 years alpha 
"MAc (actinium) .................... 21.8 years beta 
IloTh (thorium) ..................... 18.7 days alpha 
"a3Ra (radium) ........................ 11.4 days 4 alpha, 2 beta 
"20'Pb (lead) ............................. stable -

Thorium-232 series 

"'2Th (thorium) ..................... 1.41 x 1010 years alpha 
"t Ra (radium) ....................... 5.76 years 2 beta 
"'Th (thorium) ..................... 1.9 years alpha 
"'14Ra (radium) ........................ 3.66 days 4 alpha, 2 beta 
"2

05Pb (lead) ............................. stable -

Note: Decay proceeds in the sequence listed for each series.  
Source: Adapted from: Friedlander, G., J. W. Kennedy, and J.M. Miller. 1964. Nuclear 

and Radiochemistry. John Wiley & Sons, New York, 585 p.  
Consult this source for a more complete representation of these decay series.  

nuclei-all of which are accelerated to very high ener
gy by interstellar magnetic fields. Solar flare activity 
also contributes to the cosmic ray flux received by the 
Earth.  

When these rays collide with gas molecules in the 
upper atmosphere they produce neutrons, protons, 
and alpha particles. These secondary particles then 
initiate nuclear reactions that produce radioactive nuclei, 
notably hydrogen-3 (tritium) and carbon-14. (Table 
IV-3 lists the cosmic ray produced radionuclides and 
their half-lives.) Other sources of radioactive nuclides 
are the spallation of heavy atmospheric constituents 
(e.g., argon), and entry to the atmosphere of inter
planetary dust (e.g., aluminum-26). Because radionu
clides are being produced continuously in the upper 
atmosphere, their concentration at the Earth's surface 
approaches a steady state between the rate of produc
tion and the rates of removal and decay. Their half
lives are short compared to the age of the Earth. They 
have been extremely useful in radioactive age-dating, 
particularly carbon-14 which becomes incorporated 
into living organisms and thus provides a means of 
dating organic remains over the range of hundreds to 
tens of thousands of years.

Table IV-3.-Radionuclides Produced in the 
Upper Atmosphere by Cosmic Rays 

Radionuclide Half-life Type of Decay 
3H (hydrogen; tritium) ......... 12.3 years Beta 
'Be (beryllium) ..................... 53.3 days EC' 
10Be (beryllium) .................. 1.6 x 106 years Beta 
14C (carbon) ............................ 5,730 years Beta 
"2Na (sodium) ........................ 2.60 years Beta, EC 
"26A1 (aluminum) .................. 7.4 x 10' years Beta 
s'Si (silicon) ........................... 650 years Beta 
"sIP (phosphorus) ................... 14.3 days Beta 
"Ip (phosphorus) ................... 25.3 days Beta 
"ISs (sulfur) ............................. 87 days Beta 
"s6C1 (chlorine) ....................... 3 x 10' years Beta 
"VAr (argon) ........................... 35 days EC 
"Ar (argon) ........................... 269 years Beta

I EC-electron capture mode of decay.  
Source: Friedlander, G., J.W. Kennedy, and J.M. Miller. 1964. Nuclear and Radlochem

istry. John Wiley & Sons, New York, 585 p.  

Figure IV-2 shows the concentrations of the major 
radionuclides in seawater. Potassium-40 accounts for 
more than 90 percent of the radioactivity in seawater.  
The relative abundance of radionuclides in seawater 
and in marine sediments is illustrated by comparing 
Figure IV-3 with Figure IV-2. Potassium-40 is impor
tant in sediments as well as in seawater, but there are 
also a large number of other radionuclides that con
tribute to the total radioactivity of sediments.  

Table IV-4 lists the characteristics of significant 
anthropogenic radionuclides. Of these, the transu
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Figure IV-2.-Concentrations of Major Radionuclides in 
Seawater.  

Source: Kester, Dana R. 1983. Graduate School of Ocean
ography, University of Rhode Island, Kingston, 

Rhode Island.
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Figure IV-3.--ConCentrations of Major Radionuclides in 
Marine Sediments.  

Source: Kester, Dana R. 1983. Graduate School of Ocean
ography, University of Rhode Island, Kingston, 
Rhode Island. Adapted from: Park et al. 1983. Ra
dioactive Wastes and the Ocean: An Overview. lIt 
Park et aii. (editors), Wastes in the Ocean. Volume 
3. John Wiley & Sons, New York, 3. 23-25.  

ranic nuclides are noteworthy, because each of the 

lower transuranic elements (neptunium, plutonium, 

americium, curium, berkelium, and californium) have 

one or more nuclides with half-lives ranging from one 

hundred to ten million years. Thus, they are capable of 

persisting in the marine environment for a long time.  

The Fate of Radionuclides 

in the Ocean 

A variety of oceanic processes determine the fate of 

radioactive substances: physical dispersion and ad

vection, isotopic dilution with stable nuclides of the 

same element or with isotopic analogs of chemically 
similar elements, marine chemical cycles, adsorption 
onto suspended particles, and uptake and transfer 

through the marine food web-awith possible transfer 

to humans. Marine sediments also play a very impor
tant role in the fate of radionuclides, because they 

become a repository for some elements and a site of 

release to the ocean for other elements.

Table IV-4.-Anthropogenic radionuclides from 
fission and neutron activation products 

Radionuclide Half-life Type of Decay

Fission Products 89Sr (strontium) .....................  
90Sr (strontium) .....................  
91Y (yttrium) .........................  

"9,Zr (zirconium) .....................  
"103Ru (ruthenium) .................  
0''Ru (ruthenium) .................  
12SSb (antimony) ...................  
131C s (cesiu m ) ........................  

1 41Ce (cerium) ........................  
'44Ce (cerium) ........................  
"147pr (praeseodymium) .........  
"I'Eu (europium) ...................  

Neutron Activation Products 

3H (hydrogen; tritium) .........  
"14C (carbon) ............................  
"IP (phosphorus) ...................  
"S (sulfur) .............................  
"Sc (scandium) ......................  
" Cr (chromium) ...................  

"5,Mn (manganese) ................  
"5Fe (iron) ..............................  
"Fe (iron) ..............................  
"5,Co (cobalt) ...........................  
"Co (cobalt) ...........................  

6oCo (cobalt) ....................  

6'Ni (nickel) ...........................  
"6Zn (zinc) ..............................
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Adapted from: Burton. J.D. 1975. Radioactive Nuclides in the Marine Environment. In 

J.P. Riley and G. Skirro (editors). Chemical Oceanography. Volume 3, 

Academic Press Inc., London. p. 91-191.  

Friedlander, G., J.W. Kennedy, and J.M. Miller. 1964. Nuclear and 

Radiochemistry. John Wiley & Sons, New York, 585 p.  

Dispersion and Advection 
Oceanic dispersion and advection dilute concentra

tions of substances away from their sources and trans

port material throughout the world's ocean. These 

processes range in scale from tens of meters to thou

sands of kilometers. An important oceanic feature in 

the physical distribution of material is the main thermo

dine, where density increases downward at depths 

ranging from about 200 to 1,500 meters, with depth 

and gradient depending primarily on location, season, 

and storms. This thermocline is present in nearly all 

regions of the ocean except high latitudes, where exten

sive cooling by the atmosphere leads to mixing of 

ocean waters to depths of several thousand meters.  

To simplify the concept of ocean transport process

es, the ocean can be featured as four boxes (Figure 

IV-4): a surface mixed layer, a deep mixed layer, a 

thermocline layer of restricted mixing, and a high 

latitude layer that is vertically mixed throughout its 

entire depth range. This simplified model accounts for 

many aspects of ocean transport processes over periods of 

years, because seasonal effects which vary latitudinally
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Figure IV-4.-Schematic Box Model of the Ocean.  

Source: Kester, Dana R. 1983. Graduate School of Ocean
ography, University of Rhode Island, Kingston, 
Rhode Island.  

in the surface mixed layer are averaged. The rate at 
which a substance will be diluted by dispersion and 
transported by advection will depend on which of the 
four "boxes" it enters. Present research suggests the 
rates are greatest in the surface mixed layer and next 
in the high latitude box; they are smallest in the ther
mocline and the deep layer. A typical time scale for 
exchange of waters among the four boxes through the 
Atlantic, Indian, Pacific, Antarctic, and Arctic Oceans 
is on the order of a thousand years.  

Consider the sources and fates of radionuclides in 
these boxes: Cosmic ray-produced nuclides and radio
active fallout from atmospheric nuclear weapons testing 
both enter the ocean in the surface mixed box and the 
high latitude vertically mixed box (e.g., tritium, carbon
14, and strontium-90). Physical processes then dis
tribute these nuclides within and among the boxes.  
For many of the primordial radionuclides and their 
progeny, entry to the ocean can be directly into the 
deep ocean box or at the continental boundaries. For 
example, radium enters the deep ocean water from 
marine sediments, or uranium is eroded from the land 
and washed into the ocean by rivers.  

Chemical Cycles in the Ocean 
One of the most rapid mechanisms for transporting 

radionuclides among the boxes is through oceanic 
chemical cycles, which generally combine the effects 
of the elements' specific chemical behavior, their 
participation in geochemical processes, and their incor
poration into marine organisms. Many chemicals in

the ocean are depleted in the upper waters where they 
are taken up by marine organisms. They are regener
ated back to the water column by organic degradation 
processes at mid-depths or at the seafloor.  

One type of chemical cycling is through marine 
biota, which can vertically transfer substances from 
the surface mixed box into the thermocline and deep 
layer boxes by gravitational sinking of particles or by 
vertical migration of organisms. The cycle is complet
ed by mixing and advection processes that return the 
chemicals from the deeper boxes back to the surface 
box on time scales of hundreds of years. Two examples 
are the major marine phytoplankton nutrients, phos
phate and nitrate, which are reduced to low concen
trations in the surface waters of the ocean (the upper 
50 to 150 meters) because of uptake by plants, and 
regenerated at mid-depths (300 to 1500 meters) by the 
degradation of organic material. Another example is 
silica, which is depleted in surface waters but regenerat
ed principally at the seafloor. The difference between 
silica and phosphate or nitrate is that the latter two 
are incorporated mainly into the organic tissues of 
organisms, whereas silica is used to form the hard 
skeletal material of some organisms. Furthermore, 
silica redissolves back into seawater at a slower rate 
than the microbial degradation of the organic material.  

A second type of chemical cycling occurs through 
marine sediments, where particulate material and dis
solved constituents in seawater undergo a variety of 
chemical reactions that can either release substances 
to the ocean or can incorporate them into solid phases.  
One example is the formation of manganese nodules 
on the seafloor.  

An important feature of marine chemical cycles is 
isotopic dilution of radionuclides. Chemical processes, 
even by biota, treat all nuclides of a chemical element 
similarly. Thus, the fact that (radioactive) strontium
90 has two more neutrons in its nucleus than does the 
most abundant stable isotope strontium-88 makes very 
little difference in the chemical reactivity of these 
nuclides. One difference is that nuclides having smaller 
atomic mass can react a bit faster than their heavier 
counterparts. This advantage is proportional to the 
difference in mass, which, in the example of stron
tium, is a difference of about 2 percent and 5 percent 
in carbon. Although these differences can cause mea
surable differences in chemical and biochemical reac
tion rates, and even can allow for some fractionation 
of isotopes of the same element, in general isotopes of 
the same element are chemically very similar. Conse
quently, when a radionuclide enters the ocean, it 
becomes not only physically diluted by dispersion but 
also isotopically diluted by the stable forms of that 
element already in seawater. If a thousand atoms of 
strontium-90 enter a volume of'seawater that con
tains a million atoms of stable strontium, and a marine 
organism incorporates some of the strontium into its
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tissue or skeletal parts, the organism will never have 
more than 0.1 percent of its strontium in the radioac
tive form. (This assumes that both isotopes are in the 
same chemical form and that the water is well mixed.) 

Radioactive Marine Sediments 
A radionuclide will accumulate in marine sediments 

according to the nature of the solid phases in the 
sediment and according to the geochemical behavior 
of the nuclide considered. Table IV-5 summarizes the 
radioactivity levels of principal nuclides in some marine 
sediments.  

Table IV-5.-Concentration and Radioactivity 
of Nuclides With Half-lives Greater Than 

One Day in Marine Sediments

Radionuclide

10Be (beryllium) ..............  
'4C (carbon) ......................  
"'Si (silicon) .....................  
11K (potassium) ...............  
z0]Pb (lead) .......................  
"110Bi (bismuth) ................  
"TloPo (polonium) ..............  
"222Rn (radon) ...................  
"tRa (radium) ..................  

14aRa (radium) ..................  
""Ra (radium) ..................  
"0 Ra (radium) ..................  

"22 Th (thorium) ...............  
22

8Th (thorium) ...............  
2t0Th (thorium) ...............

Half-life

1.6 x 106 years 

5,730 years 

650 years 
1.28 x 101 years 

22.3 years 

5.01 days 

138 days 

3.8 days 

11.4 days 

3.66 days 

1,600 years 

5.76 years 

18.7 days 
1.51 years 

8.0 x 104 years
"rTh (thorium) ............... 1.41 x 1030 years 
"114Th (thorium) ............... 24.1 days 
"'Pa (protactinium) . 3.28 x 104 years 
as4U (uranium) ............. 2.45 x 10' years 
2
"U (uranium) ................ 7.1 x 10' years 

"13U (uranium) ................ 4.47 x 10' years

g per kg Curie per kg

1.5 x 10-10 
0.5 x 10-10 
1 x 10.13 

2.6 x 10-3 

4.5 x 10-i' 

3.1 x 10-14 

8.8 x 10-13 

2.5 x 10-14 

8.5 x 10"-1 
3.4 x 10-"1 

4.0 x 10-9 
2.3 x 10-12 
1.3 x 10-14 

7.0 x 10"

2.0 x 10-1 
5.0 x 10"' 

1.4 x 10-'1 
1.0 x 10-a 

8.1 x 10-s 
7.1 x 10-6 
1.0 x 10-3

3.4 x 10"11 
2.2 x 10-10 
1.7x 10-11 

1.8 x 10-8 
3.4 x 10-1 
3.8 x 10-1 
4.0 x 10-1 
3.9 x 10-9 
4.4 x 10-'0 

5.4 x 10-'0 

4.0 x 10-1 
6.3 x 10-10 
4.0 x 10-.0 
5.8 x 10-10 

3.9 x 10-9 
5.5 x 10-11 

3.2 x 10-10 
4.7x 10-10 
5.0 x 10-10 

1.5 x 10-" 
3.4 x 10-11

Adapted from: Park, P. Kilho, Dana R. Kester, Iver W. Duedall, and Bostwick H.  
Ketchum. 1983. Radioactive Wastes and the Ocean: An Overview. In 
Park et al. (editors), Wastes in the Ocean. Volume 3. John Wiley & Sons, 
New York, p. 3-46.  

A widely studied radionuclide has been uranium, 
whose geochemical behavior is fairly well known., 
Generally, its concentration is relatively constant in 
day minerals, which compose a major fraction of deep
sea sediments. This background concentration is altered 
in some areas of the ocean, depending on contribu
tions from other sediment phases and the geochemi
cal behavior of uranium associated with the forma
tion of those phases. For example, calcium carbonate 
solid phases produced by marine organisms are low in 
uranium compared to clay minerals, and regions of 
the seafloor with high concentration of calcium car
bonate have correspondingly less uranium. In other 
areas of the ocean where the sediments are influenced 
by hydrothermal activity (such as near the mid-ocean

ridges and in regions of volcanic activity), there is an 
enrichment of uranium owing to its tendency to become 
extracted from seawater and incorporated into iron 
and manganese oxides.3 Another notable aspect of 
uranium's marine geochemistry is its high concentra
tions in those sediments which have sufficient organic 
matter (and correspondingly low oxygen) that they 
are anoxic. Finally, some sediment phases that form 
chemically from seawater, such as manganese nodules 
and phosphorites, contain elevated concentrations of 
uranium.  

Thorium, protactinium, lead, and polonium tend to 
accumulate and are enriched in sediments relative to 
seawater. Some of the radium generated by thorium 
decay, on the other hand, is released from marine 
sediments and becomes distributed throughout the 
ocean. Potassium-40 is a highly soluble constituent in 
the ocean, so that portion which occurs in marine 
sediments is tightly bound within the mineral lattice 
of the solids. Radon, which forms upon decay of radi
um, is an inert gas dissolved in seawater. Radon is also 
radioactive with a half-life of 3.8 days. At the sea 
surface radon escapes to the atmosphere, which con
tains very little radon, because it decays within a 
couple of weeks of entry to the atmosphere. Conse
quently, surface waters of the ocean are deficient in 
radon relative to their radium content, and this defi
ciency can be used to estimate the rate at which gases 
are exchanged between the ocean and atmosphere. An 
opposite effect of radon occurs near the seafloor. The 
radium content, and hence the radon content, in sed
iments is greater than that in seawater. There is a 
diffusion of radon from the sediment to the overlying 
waters, so that waters near the seafloor have more 
radon than would. be expected based on their radium 
content. This excess radon decays with a 3.8 day half
life, and its measurement can provide a means of 
estimating the rate of mixing of waters near the seafloor.  
This use of radon could be especially important in 
evaluating the rate at which substances might be mixed 
away from a radioactive disposal site on the seafloor.  

Hydrogen-3 (tritium), carbon-14, and silicon-32 enter 
the ocean from the atmosphere where they are formed 
by cosmic-ray interactions. In the ocean, they become 
components of the biologically cycled elements. They 
are transported vertically through the ocean with the 
flux of biogenic particles, and become incorporated 
into marine sediments and regenerated back to the 
water column through degradation and dissolution 
processes.  

Tritium, a radioactive isotope of hydrogen, exists in 
the ocean as tritiated water molecules-one of the 
hydrogen atoms of the water molecule is replaced by a 
tritium atom. Consequently, tritium is highly diluted 
by seawater and its distribution is controlled by physical 
processes; it is not associated with marine sediments.  
As a form of water, tritium will participate in the
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photosynthetic production of organic matter and in 
other biochemical processes, but it will be highly diluted 
by the large amount of ordinary water molecules avail
able for these- processes in the ocean.  

Recent Advances in Ocean Science 

Because of recent advancements in marine science, 
we are far better equipped today to address questions 
of disposal of radioactive materials in the ocean than 
we were 20 years ago. For example, the GEOSECS 
(Geochemical Ocean Sections Study) project sponsored 
by the National Science Foundation used radiotracers
tritium, radon, radium, and carbon-14-to better under
stand the dynamics of chemical and physical process
es in major ocean basins.4 In so doing, much informa
tion was gained regarding these nuclides.  

The tritium story illustrates the global impact of 
human actions. Natural tritium from cosmic ray-induced 
reactions in the upper atmosphere yields a steady
state global inventory, estimated to be in the range of 
3 to 7 kilograms. Atmospheric tests of nuclear weap
ons prior to 1963 added 100 kilograms of tritium to 
this global inventory, increasing tritium's inventory 
by a factor of 15 to 30. No evidence exists of any 
ecological impact resulting from such an increase, but 
oceanographers have utilized this alteration of the 
environment to learn about oceanic water transport 
rates. For example, GEOSECS has been able to trace the 
bomb-produced tritium in the upper 500 meters of the 
Atlantic Ocean and to depths greater than 4,000 meters in 
the North Atlantic (Figure IV-5).  

Radon has been used to determine vertical ocean 
movement. Because of the short half-life of its most 
abundant isotope (3.8 days), radon gives information 
about transport processes that occur within time scales of 
up to two weeks. Radon measurements from GEOSECS 
revealed that the spatial extent of upward mixing 
waters above the seafloor varies greatly. In one Pacific 
Ocean location, the waters 400 meters above the seafloor 
had radon concentrations indicating recent contact 
with the seafloor.5 

The use by GEOSECS of carbon-14 has helped in 
understanding the pathways of organic and inorganic 
carbon through the ocean. As with tritium, significant 
quantities of carbon-14 were produced by atmospheric 
tests of nuclear weapons. All of the radioactive carbon 
has long since decayed in such fossil fuels as petroleum, 
coal, and natural gas. Thus, the burning of fossil fuels 
reduces the ratio of carbon-14 to stable carbon-12 in 
the atmosphere. One of the main lessons from carbon
14 is that while it provides information about the 
rates of organic production cycles and deep circulation 
in the sea, the reading of this "radiochemical clock" is 
not a simple matter. It requires a complete under
standing of the pathways and processes involving 
organic and inorganic carbon in the ocean.

Tritium in the Western Atlantic (1972)
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50'S 70'N
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A TU is a tritium unit, 
which is the ratio of 
H-3/1-1-1 multiplied by 
1018.

This tritium resulted from fallout during weapon tests from 1951 to 1963.  

Figure IV-5.-Tritium Concentration in the Atlantic Ocean 
from North of Ireland to the Falkland Islands.  

Source: Ostlund, M.G., and R.A. Fine. 1979. Oceanic Dis
tribution and Transport of 3H. In Behavior of 3H in 
the Environment. International Atomic Energy 
Agency, Vienna, Austria, p. 303-304.  

Use of these tracers has revealed two interesting 
points. First, the ocean, particularly the deep ocean, is 
a more dynamic environment than most oceanographers 
would have believed a decade ago. Second, the chemi
cal nature of radionuclides, not the fact that they are 
radioactive, is a more important factor in determining 
their fates in the ocean. This latter point appears to be 
ignored by the practice of reporting and monitoring 
radioactive wastes placed into the ocean solely in terms 
of alpha and beta/gamma radioactivity. From that 
information, one cannot know the half-life of the 
radiation and hence the time scale of its importance 
nor can one make estimates about a nuclide's geo
chemical, physical, or biological cycling and transport 
in the sea.  

Many of the anthropogenic radionuclides are met

als such as strontium, cesium, iron, and zinc. Most 
naturally occurring metals are at very low concentra

tions in the marine environment and are affected to 

varying degrees by biological processes, hycirographic 

or oceanic water mass variations, and by sediment
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release. 6 Chemical studies of marine metals show that 
their chemistry is influenced by the formation of com
plexes with inorganic and organic substances in sea
water, by their adsorption onto particles suspended in 
the ocean, and, in some cases, by the solubility of solid 
phases. Such chemical reactions influencý the metal's 
availability for incorporation by marine organisms, 7 

and determine the conditions under which some met
als can be toxic to marine organisms.  

The mixing of water (and hence of radionuclides) 
appears to be both more complex and more dynamic 
than was believed 20 years ago. The Gulf Stream and 
other major currents are continuously throwing off 
rings and eddies, some more than 100 miles in diame
ter. Other types of eddies have been found in the 
central ocean basin and at varying depths. These 
phenomena have proved to be far more common than 
had been first anticipated. Because rings and eddies 
may be a major oceanic stirring mechanism, their 
passage through a radioactive waste dumpsite could 
influence the transport of radionuclides to a substan
tially greater degree than would be predicted based on 
average rates of oceanic mixing and advection.A 

Hydrothermal vents are the most recent example 
that the ocean is still capable of providing new, impor
tant, and unexpected discoveries. These vents, or loca
tions where hot water is streaming out of rocks in the 
seafloor, occur along the mid-ocean ridge in the east
ern equatorial and the north Pacific Ocean. Recent 
chemical studies reveal that the hot water from these 
vents is seawater seeping along cracks in the rocks of 
the mid-ocean ridge that becomes heated by local 
geothermal heat fluxes. Chemical reactions occur 
between the seawater and the hot rocks, so that the 
water's chemical composition is considerably altered.  
Geochemical processes associated with these vents are 
of considerable importance to understanding the cycling 
of some chemicals in the sea.  

The vents also support a heretofore unknown bio
logical ecosystem at depths of 2 to 3 kilometers beneath 
the sea surface, in permanent darkness. The hydro
thermal vent ecosystem is supported by both geothermal 
heat and chemical reduction. In vent communities, 
chemosynthetic bacteria occupy the same primary role as 
photosynthetic plants in surface communities. Because 
individual vents are episodic, there must exist a means 
for colonizing new vents on the order of a few decades.  
Thus, hydrothermal vents have implications for the 
disposal of radioactive wastes, because radionuclides 
could interact with the vent communities.  

Anthropogenic Versus 
Natural Radioactivity 

One of the most striking statistics is that there is 
now about a thousand times more natural radioactivi-

ty in the ocean than there is anthropogenic radioactivity, 
including the relatively large amounts of radioactivity 
that have entered the ocean from nuclear weapons 
tests. By comparison, the amount of radioactivity that 
would be added to the ocean, even if it were to become 
the final repository for all of the world's low-level 
radioactive waste, is relatively small. However, pro
viding a comparison between the human input of 
radionuclides to the marine environment and natural 
levels of radioactivity is not as straightforward as one 
might think. The comparison should consider the 
characteristics of the particular marine environment, 
the sources of the anthropogenic and natural radioac
tivity and the behavior of specific nuclides in the sea.  
The total volume of the ocean is not available to assimi
late anthropogenic radionuclides on reasonable time 
scales. Even for the radionuclides produced during 
atmospheric testing of nuclear weapons, which were 
widely dispersed in the atmosphere before finding 
their way to the Earth's surface, there was a strong 
hemispherical and latitudinal variation in the deposi
tion of fallout on the continents and the ocean. The 
middle latitudes of the northern hemisphere received 
most of the fallout. Furthermore, the ocean is not 
well-mixed vertically on time scales of centuries at 
most latitudes. (See the distribution of tritium in Fig
ure IV-5 from the nuclear weapons test.) Only at the 
northern latitudes has mixing extended from the sur
face layer to the deep water; elsewhere the tritium is 
concentrated in the surface layer.  

Most methods that are being considered for the 
disposal of radioactive wastes in the marine environ
ment would result in the designation of a particular 
location or disposal site for the material to be placed.  
If radionuclides escape from containers and become 
dispersed, they will initially affect that region of the 
ocean. On time scales of decades to possibly centuries, 
we can expect that the waters within a given ocean 
basin, say the western North Atlantic, will mix within 
that basin but not throughout the entire ocean.  

Various disposal scenarios have been formulated 
and played against different kinds of ocean mixing 
models. Although the ocean has a large capacity to 
accommodate additional radioactivity without an appre
ciable increase in background radiation, its capacity is 
finite, particularly on a regional scale or for time scales of 
decades. The ocean's capacity for a waste also depends 
on whether the waste remains in the water column or 
becomes associated with the surface sediments on the 
seafloor. Efforts should be made to refine our assess
ments of the behavior of anthropogenic radionuclides 
in the sea by obtaining a more complete understand
ing of their marine chemistry. Only when radioactive 
wastes have been characterized in terms of specific 
nuclides can we hope to make a meaningful assess
ment of their effect on the environment.
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Mechanisms for Human Exposure 
to Radioactivity in the Sea 

The ocean is an inherently dispersive medium and 
generally more remote from humans than continental 
nuclear waste repositories. Nevertheless, humans can 
be exposed to marine radionuclides through direct 
exposure from contact with seawater, marine organisms, 
and sediments, from ingestion of marine food sources, 
or from possible contamination of a marine resource 
that might be utilized in the future, such as manganese 
nodules.  

Direct exposure-through swimming, boating, marine 
transportation, or aerosol particles produced in the 
ocean by spray-appears infinitesimally small. With a 
few exceptions, the disposal methods that have been 
used in the past and that are likely to be used in the 
future place the waste away from the coastal zone 
where humans have the greatest contact with the sea.  
When the United States deposited containerized radioac
tive wastes in the ocean, they were usually placed 
below the main thermocline at depths greater than 
2,000 meters.9 An exception to this practice was 4,008 
cannisters placed on the continental shelf off Boston.  
A potentially more significant exposure to humans 
could result from long-term discharges to coastal waters 
of radionuclides from nuclear facilities such as fuel 
reprocessing plants or electrical power plants.  

The largest part of the radiation dose that the public 
receives from nuclear material in the ocean is from 
radionuclides in seafood. The technique that has been 
used to establish safe limits for the disposal of radioactive 
wastes in the marine environment is known as the 
critical pathway analysis. (Examples are presented in 
Appendix E, Case Histories.) This technique identifies 
pathways to humans from particular radionuclides 
and pinpoints the segment of the population that will 
receive the greatest exposure to that nuclide. Table 
IV-6 provides examples of the critical pathway and 
the population group for eight nuclear facilities.  

Summary 

The fate of radionuclides in the ocean is determined 
in part by such oceanic processes as dispersion, advec
tion, incorporation into marine organisms, and depo
sition in sediments. With these processes, there can be 
substantial chemical transformations that alter the 
chemical behavior of the nuclide in the ocean.  

Besides understanding these processes, we must also 
know the quantities disposed of specific radionuclides 
and the type of radiation they emit. Although much 
knowledge has been gained recently about marine 
radionuclide behavior, further information is needed

Table IV-6.-Critical Pathway of Radionuclides 
from the Marine Environment to Humans 

at Selected Coastal Sites 

Critical Principal Exposed 
Site Pathway Group 

Hanford, Washington Oyster Flesh General public 
(plutonium production reactors) on coast 

Sellafield, United Kingdom' Fish Flesh Local Fishermen 
chemical reprocessing) 

Porphyra General Public 
(Seaweed) (recreation) 
Estaurine 
Sediment Local Fishermen 

Bradwell, United Kingdom Oyster Flesh Oyster Fishermen 
(power reactors) and Families 

Dungeness, United Kingdom Fish Flesh Local Fishermen 
(power reactors) Beach Sediment and Families 

Bait Diggers 

Dounreay, United Kingdom Detritus on Local Fishermen 
(chemical reprocessing) Fishing Gear 

La Hague, France Fish Flesh Local Fishermen 
(chemical reprocessing) Seaweed 

Trombay, India Fish Flesh Local Fishermen 
(research and development) 

Tokaimura, Japan Fish Local Fishermen 
(chemical reprocessing) Shellfish 

'Formerly Windscale.  
Source: Park, P. Kilho, Dana R. Kester, Iver W. Duedall, and Bostwick H. Ketchum. 1983.  

Radioactive Wastes and the Ocean: An Overview. In Park et aL (editors). Wastes 
in the Ocean. Volume 3. John Wiley & Sons, New York, p. 3-46.  

in such areas as the deep ocean environment and its 
biological communities and marine chemical cycles.  

A comparison of anthropogenic and natural radio
activity in the marine environment indicates that pres
ent human activities are not increasing the level of 
total radioactivity in the ocean. The ocean has, how
ever, a limited capacity to accommodate anthropogenic 
radionuclides of specific species and in specific regions 
for time periods of decades to centuries. This limited 
capacity is especially important for the surface sedi
ments on the seafloor and for the upper mixed layer of 
the ocean. The continental shelves are especially poor 
regions for radioactive waste disposal, because these 
are regions of generally high biological activity, are 
close to human activity, and are in the upper layer of 
the ocean.  

The most likely link between marine radioactivity 
and humans is through seafood. There have been a few 
instances in which a critical path assessment has indi
cated that exposure to coastal sediment or detritus 
could be significant.
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CHAPTER V 
Ocean Disposal of Nuclear Waste: Possible U.S. Proposals

Chapter III explained that this Nation presently 
follows a land-based radioactive waste disposal policy.  
Nevertheless, several developments are stimulating 
continued examination of possibilities for resumption 
of ocean disposal of radioactive materials.  

Disposal of Defueled, 
Decommissioned 
Nuclear Submarines' 

The U.S. Navy has about 120 nuclear submarines 
now in operation, 100 of which will be taken out of 
service in the next 20 to 30 years at a rate of three to 
five a year. Five already have been decommissioned 
and await permanent disposal.2 

The Navy presented three disposal options for these 
defueled craft in a Draft Environmental Impact State
ment (DEIS) dated December 1982: bury the radioac
tive hull section and reactor at existing governmental 
land disposal sites; drop the entire defueled subma
rine onto a predetermined part of the ocean floor off a 
U.S. coast; or continue protective storage at an inactive 
ship facility until permanent disposal is decided.3 

If land disposal is the choice, the submarine's reac
tor compartments would be buried either at the Hanford 
Reservation in Washington or at the Savannah River 
Plant in South Carolina-each of which is already a 
LLW disposal site.4 

If they are to be disposed of in the ocean, the subma
rines would be towed to designated sites and sunk by a 
system of controlled interior flooding, to rest intact on 
the sea floor.5 Since the fuel would be removed before 
disposal, the remaining radioactivity in the subma
rine at the time of disposal would be radionuclides 
that are neutron-activated metal atoms within the 
structure of the reactor compartment. Those radionu
clides could only be released by corrosion of the metal 
structure. 6 Over a period of about 100 years, the reac
tor compartment containment barrier would be pene
trated by corrosion, and bottom currents would begin 
to flow through it, transporting corrosion products 
into the adjacent environment. 7 Naval engineers and 
radiologists calculate, however, that by then such 
reduced radionuclide emissions would be harmless to

man.a Although the total radioactivity initially con
tained within the 100 submarines may be 6 x 106 

curies, the maximum release in any one year would be 
39 curies during the 1,800 years required for decay or 
release of 99 percent of the radioactivity.' 

The Navy DEIS does not select potential disposal 
sites, although study areas avoided regions that: (1) 
produce large amounts of seafood or which are food 
sources for commercial fishes; (2) are currently used 
by humans for any purpose; or (3) have future resources 
potential-such as oil and gas fields, or ocean mining 
areas. 10 

Figure V-I shows two Atlantic study areas over 200 
miles east of Cape Hatteras, North Carolina, in depths 
of 13,000 to 16,000 feet.1 Figure V-2 shows the Pacific 
study area, about 160 miles west of Cape Mendocino, 
California. Water depths here are from 13,500 to 14,800 
feet.' 2 Study criteria for these areas were developed by 
the Navy, based primarily upon IAEA standards (noted 
in Chapter III) with the following additions:' 3 

I. Sites should avoid such areas as submarine can
yons, where high rates of exchange occur between 
the bottom water mass and surface layers over 
the adjacent continental shelf-to avoid short
ening any potential pathways to man.  

2. Bottom current shear stress in the study area 
should not exceed critical erosional shear stress.  
This precludes high rates of sediment resuspen
sion, and thus rapid movement of material.  

3. Sites should be away from areas of intense meso
scale eddy activity, since eddy diffusivity short
ens the pathway to man.  

The Navy lists the following adverse effects of ocean 
disposal:'

4 

1. Submarine disposal restricts the use of the seafloor 
for other activities. (If all 100 submarines were 
placed in the same general area, the region would 
be a circle of 11 statute miles in diameter, or an 
area of about 100 square miles.) 

2. About 3,000 tons of recyclable material-mostly 
steel-would be lost per submarine; however, 
the cost to recover the steel is greater than its 
scrap value.  

3. The ocean environment-primarily the sediment 
area-would absorb about 4,000 tons of corro-
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Figure V-1.-Atlantic Ocean Areas for Possible Disposal 
of Nuclear Submarines. Figure V-2.-Pacific Ocean Areas for Possible Disposal of Nuclear Submarines.

Source: U.S. Navy. 1982. Draft Environmental Impact 
Statement on the Disposal of Decommissioned, 
Defueled Naval Submarine Reactor Plants. Office 
of the Chief of Naval Operations, Washington, 
D.C., p. 3 -7.  

sion products per submarine, including a small 
amount of intermediate and long-lived radionu
clides. (About 120 curies of nickel-59 per subma
rine would be released.) 

The Navy summarizes the financial and regulatory 
advantages and disadvantages of sea disposal of nuclear 
submarines as follows:" 

1. Advantages 
a. The cost of sea disposal would be significantly lower 

than either of the land disposal options, approxi
mately $1.9 million per ship less than land disposal 
with sea disposal of the remainder of the ship and 
approximately $8.0 million per ship less than land 
disposal with the remainder of the ship scrapped.  

b. Sea disposal would be simpler than land disposal, 
requiring less shipyard production work to prepare 
and sink the ship compared with the work required 
for land disposal.  

c. Radioactivity would be far from human activities 
and unlikely to be disturbed inadvertently.  

2. Disadvantages 
-a. The environmental aspects of sea disposal are more 

controversial than those of land disposal. However, 
disposal at sea of low level radioactive waste is not 
prohibited by laws of the United States. Controversy 
has recently been focused on ocean dumping activi-

Source: U.S. Navy. 1982. Draft Environmental Impact 
Statement on the Disposal of Decommissioned, 
Defueled Naval Submarine Reactor Plants. Office 
of the Chief of Naval Operations, Washington, 
D.C., p. 3-8.  

ties of the United States from 1946 to 1970, result
ing in a review of the issues by the General Account
ing Office. This review determined that the "over
whelming body of scientific research and opinion 
shows that cOcerns over the potential public health 
and environmental consequences posed by past ocean 
dumping activity are unwarranted and overempha
"sized."6 

b. The sea disposal option would take longer to put into 
use than the land disposal option because sea dispos
al sites would have to be designated by the U.S.  
Environmental Protection Agency, and a permit 
from that agency would be required.  

The other general alternative -delayed protective 
storage-the Navy considers to be a satisfactory inter
im measure.17 

Finding fault with the Navy's DEIS is a national 
coalition of environmental and public interest organ
izations that believe that the DEIS does not provide a 
sound basis for consideration of sea disposal. Among 
the shortcomings the coalition found were:' 8 

(a) Difficulties in monitoring deepsea ecosystems
Neither available scientific technology nor the moni
toring program proposed in the DEIS would adequate-.  
ly gauge the incremental environmental impacts of 
disposed submarines.
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(b) Need to identify critical pathways-Potential 
pathways for transport of radioactivity from the sub
marines toward human consumers of seaweed and 
seafood should be identified.  

(c) Site-specific concerns-The impact on local fish
eries and potential seismic activity at Cape Mendocino 
should be determined; and transport by benthic cur
rents and fish toward shallow waters should be deter
mined off North Carolina.  

(d) Availability of radioactivity-The coalition 
questions whether the bulk of the submarine's radio
activity will decay before corrosion allows ocean cur
rents to carry that radioactivity into the marine 
environment.  

(e) Cumulative impacts-The coalition cited the 
need for a comprehensive register of all radioactivity 
known or reasonably expected to enter the ocean, and 
that this assessment should include an estimate of the 
ocean's assimilative capacity for radioactivity.  

(f) Indirect effects-Considerations such as impact 
upon commercial fishing or shoreline tourism should 
be considered.  

(g) Cost estimates-The coalition notes short-falls 
in the Navy estimates; for instance, the establishment 
of an adequate monitoring program connected with 
ocean disposal could eliminate the savings of $2 mil
lion per submarine over land disposal.  

(h) Irretrievability of submarines-The coalition 
believes that the size of the submarines and their 
corrosive state would preclude successful future retrieval.  

Several of the perceived shortcomings, among others, 
were addressed by EPA in its comments on the Navy's 
DEIS. In those comments, EPA assigned the DEIS a 
rating of ER-2, indicating that agency officials had 
"environmental reservations about the proposed Navy 
program and that additional information should be 
presented in the Final EIS."'9 

Ocean FUSRAP Project 

The U.S. Department of Energy's (DOE) Ocean FUSRAP 
project presents another possibility for ocean dispos
al. FUSRAP-or Formerly Utilized Sites Remedial Action 
Program -identifies and evaluates radiological con
ditions at sites formerly used by the Corps of Engi
neers Manhattan Engineer District and the Atomic 
Energy Commission (ABC).2 0 The purpose of the Ocean 
FUSRAP project is to assess the feasibility of disposing 
of FUSRAP waste containing trace amounts of natural 
radioactivity in the ocean or on the ocean floor." 

The Project has concentrated on the Middlesex, New 
Jersey Sampling Plant site where the United States 
handled and sampled Belgian Congo uranium ore 
through 1955.22 Potential Middlesex soil contaminants 
include natural radionuclides, dominated by uranium
238 series nuclides, although thorium series nuclides

are present, and several nonradioactive trace elements 
which are frequently enriched during processing along 
with uranium and thorium (i.e., arsenic, selenium, 
and other heavy metals). These contaminants are present 
in soil contained within the fenced perimeter of the 
9.6 acre Middlesex Sampling Site, 3 which presently 
costs $200,000 annually to maintain. There are about 
4 curies of radioactivity in 64,000 cubic yards of soil.24 

The citizens of Middlesex, who live in an industrial 
area, are concerned about the local high incidence of 
cancer, which is higher than the State and national 
averages. It is unknown whether there are any com
bined effects of radioactivity with other pollutants in 
the Borough's air and water.2' To address these these 
concerns, DOE is considering several options, among 
them: stabilizing the material in place at a cost of $24 
million by covering it with soil; moving the contami
nated soil to another land location where it might be 
stabilized at a cost of $30 million; or ocean disposal at 
significantly less cost.26 

With regard to ocean disposal, Ocean FUSRAP Proj
ect personnel have screened suitable sites for possible 
ocean disposal based on: (1) London Dumping Con
vention requirements for a depth greater than 4,000 
meters, (2) a location within the 200-mile Exclusive 
Economic Zone (to enhance EPA authority), and (3) 
the shortest distance possible-to minimize sea trans
portation costs.2 7 One site could be the U.S.-designated 
Deep Water Dumpsite (DWD 106), which is now used 
for the disposal of industrial wastes in slurry form. A 
second site, based on a survey of the areas proposed 
for disposal of obsolete nuclear submarines, is off Cape 
Hatteras.

2
8 

Dumping scows could remove the soil to DWD 106; 
or it could be transported in surplus ship hulls to the 
site off Cape Hatteras, where the entire hull would be 
scuttled. An estimated cost for disposing of the soil by 
the first method would be $1.65 million; by the second 
it would be $6.35 million.29 

The total radioactivity of the Middlesex soil is about 
5 x 10-8 curies/kilogram, less than the natural back
ground level in many parts of the world, including 
ocean sediments. (See Figure IV-3.) FUSRAP Project 
personnel consider their proposal for ocean dumping 
feasible and favor DWD 106, because it is already a 
designated site, and because a large amount of base
line data already exists to sutlpport that designation.30 

Subseabed Disposal of 
High-Level Waste 

Another U.S. ocean disposal activity could evolve 
from the results of the DOE's Subseabed Disposal Pro
gram (SDP). Its major objective is to assess the techni
cal, environmental, and engineering feasibility of dis
posing high-level waste in the sediments beneath the

63



oceans. The program seeks also to develop and main

tain the capability to assess the seabed nuclear waste 

disposal programs of other nations.' 
Under the direction of the Sandia National Labora

tories in Albuquerque, New Mexico, more than 100 

scientists and engineers from a number of U.S. univer

sities, oceanographic institutions, and research cen

ters are involved. They are part of the Department of 

Energy's Office of Civilian Radioactive Waste Man

agement, which has the goal of identifying and devel
oping technologies that can isolate HLW from the 

biosphere in a safe and environmentally acceptable 
manner.'

2 

Subseabed feasibility studies are scheduled through 
the 1990s, subject to some planned external reviews, 
and will culminate in a demonstrator subseabed reposi
tory. A chart of the program's milestones appears in 

Figure V-3, and program activity is depicted in Figure 

V-4. The studies are sequential with limited funding
and with the understanding that they could terminate 
should the program find that SDP is not feasible.3 

What physical advantages would the subseabed offer 

for HLW disposal? Subseabed Disposal Program per
sonnel believe there are several: 

1. First, stability. Scientific investigation of the ocean 
floor has revealed vast areas of deep ocean sedi
ment considered by geologists to be some of the
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most stable formations in the world. These regions 
have been the scene of continuous sedimentary 
deposition for millions of years. Based on theif 
geologic and climatic stability, long-term predic

tions can be made for sediment integrity. Ice ages 
and other large climatic changes have little or no 
effect on the stability and uniformity of the deep 
ocean environment.' 4 

2. Next, the nature of the sediment itself is an asset.  
These sediments are made up of minute, uni
formly sized grains that would be highly nuclide
adsorbing. The grains are packed together such 
that the pores surrounding them have a very 
high resistance to water movement. The sedi
ment environment has a low temperature (about 
1' C) that varies little; thus chemical processes, 
such as leaching, are retarded. And pressures are 
high so the sediment adjacent to the waste will 
remain uniformly saturated (without voids), and 
the pore water will not boil with the conditions 
of heating that occur under the disposal designs 
of the studies." 

3. A final factor is the water column above the 
seafloor repository. It would serve as an essen
tially infinite sink for heat generated by decay
ing radionuclides in nuclear waste.' 6 However, 
the ocean is not considered a primary radioactive 
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material barrier by the program.37 Rather, the 
program is predicated on the ocean sediments 
serving as an adequate shield with no significant 
radioactivity escaping from the sediment into 
the ocean.  

In addition to the physical advantages, there may be 
several other benefits to subseabed disposal. It is in 
the U.S. interest that other nations dispose of their 
wastes properly. It is not reasonable to expect small 
nations that run a few reactors to undergo the huge 
effort the United States is making to find safe land
based repositories. Development of subseabed reposi
tory techniques might keep many small users from 
establishing a variety of land-based repositories of 
questionable safety standards. Additionally, subseabed 
disposal may prove beneficial from the standpoint of 
security and safeguards. Placing HLW in the subseabed in 
isolated areas under the ocean and its seafloor would

set up a major barrier to terrorists attempting to retrieve 
forms of HLW.  

A subseabed repository large enough to accommo
date the HLW generated by the U.S. nuclear "industry 
this century would require less than 2,000 square 
kilometers, or about 0.0005 percent of the world ocean 
area. HLW canisters would be placed 100 meters apart, 

and each would serve as its own "mini-repository," so 
any event which might disturb one emplacement would 

not impair the others.38 

Originally focused on technical and environmental 
studies, the U.S. Subseabed Disposal Program has 
expanded to consider political, social, legal, and eco
nomic ramifications as well. Further, its scope has 
broadened to include international consultations and 

a shared research agenda on common problems in 

nuclear waste management. Specialists from the Com
mission of European Communities, the Federal Republic
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of Germany, the United Kingdom, France, the Nether
lands, Switzerland, Canada, and Japan have joined 
with U.S. scientists and engineers in forming an inter
national Seabed Working Group under the auspices of 
the Nuclear Energy Agency (NEA) of the Organization 
for Economic Cooperation and Development (OECD).3 9 

As noted in Chapter III, U.S. subseabed disposal of 
HLW may require amending the Ocean Dumping Act, 
and clarification of the London Dumping Convention 
which does not specifically address such disposal. And 
although subseabed disposal places HLW in regions 
far removed from direct human contact, it also incurs 
potential risk to many coastal nations that do not yet 
benefit from nuclear power. If the global community 
of coastal nations views subseabed HLW disposal as an 
ecological threat to the oceans, the system could prove 
difficult if not impossible to implement. However, 
should the ocean sediment prove to have a protective 
capacity greater than geological formations on land, 
its capability to isolate HLW could be an advantage 
generating serious consideration.  

Decommissioned Nuclear Reactors 

Other proposals to dispose of nuclear materials in 
the ocean could evolve, but no national programs cur
rently exist to consider them. One possibility is the 
disposal of large commercial reactors nearing the end 
of their life spans. Within a few years, several reactors 
may be shut down and dismantled; the first being a 
90-megawatt unit installed in 1957 at Shippingport, 
Pennsylvania. 40 Table V-1 shows a statistical summa
ry of U.S. nuclear reactors as of December 31, 1982.  

Low-Level Waste from 
Institutions and Facilities 

As noted in Chapter I, the United States generates a 
large amount of commercial low-level waste through 
academic research, electricity generation, medical servic
es, and manufacturing processes, but only three sites 
presently exist to accept it. Although the Low-Level 
Radioactive Waste Policy Act has encouraged States to 
join in. regional compacts to create LLW sites, a possible 
supplemental means of disposal for coastal States could 
be ocean dumping if other ocean concepts for LLW 
prove feasible.  

Need for a National Consensus 
. 'Present U.S. policy is to not use the ocean for radio
active waste disposal. However, new proposals are 
continuously advanced, and in some cases at least,

proponents can make a favorable case for ocean dis
posal as compared to land disposal. Proponents of 
ocean disposal argue mainly about the comparison of 
land and ocean with regard to human exposure. It is 
land that provides humans with 99 percent of their 
food, and 100 percent of such natural resources as 
wood and natural fibers.4' Proponents also note the 
ocean's capacity to absorb radioactivity. The natural 
level of radioactivity in the ocean waters and the 
marine sediments is not zero, and most proposals for 
radioactive waste disposal would not raise radioactiv
ity significantly above the total background level. The 
requirement is to devise a practical dilution scheme, 
or a containment/trickle-in scheme- that introduces 
small amounts over long periods into large volumes.  

Basic to any U.S. consideration to resume nuclear 
waste disposal in the ocean is the political issue of 
burden of proof. Opponents believe that all ocean 
dumping of nuclear waste should be terminated until 
the environmental and health consequences of LLW 
disposal can be completely resolved. They are not 
convinced that the level of scientific knowledge is 
sufficient to satisfy all reasonable doubts.  

Opponents to ocean dumping also cite the fact that 
the United States has a lesser need to use the ocean 
than nuclear-capable countries with a shortage of land 
mass-such as the United Kingdom, Japan, and the 
Netherlands. Why should this nation be the bellweather 
for global criticism of ocean disposal of nuclear waste 
when other nations have a greater need for ocean 
disposal? 

One fundamental concern by opponents of ocean 
disposal of nuclear waste is that of precedence. If the 
United States adopts ocean disposal, then other nations 
with less technology and capability for monitoring 
and research are 1ikely to follow our lead and use the 
ocean for nuclear waste disposal, but with fewer safe
guards than has the United States. Therefore, .the United 
States has a great responsibility to act cautiously and 
not to resume ocean disposal simply because it is expedi
ent to do so.  

Societal consensus on nuclear waste management is 
mandatory. Unfortunately previous government at
tempts to permanently dispose of U.S. radioactive waste 
have resulted in an erosion of credibility. Waste dis
posal is a complex problem and reaching agreement 
among America's many competing interests will be 
difficult. The ocean is not presently part of our Nation's 
radioactive waste disposal plan and NACOA does not 
suggest that the present land-oriented disposal policies 
should be reversed at this time. We do believe, how
ever, that given increasing national and international 
pressures it is unrealistic to assume that ocean dispos
al will continue to be prohibited in the future, and 
therefore, we should not close our minds to the 
possibility of ocean disposal.
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Table V-1.--Statistical Summary of U.S. Nuclear Reactors as of December 31, 1982 

Shut down 
Being or 

Operable built Planned dismantled 
CIVILIAN REACTORS 
Power Reactors 

Central-Station Electric Power' .......................................................................... 81 58 5 10 D ual-Purpose ........................................................................................... 1 2 
Propulsion (M aritim e) .........................................................................................  

Experimental Power-Reactor Systems' 
Electric-Power Systems ........................................................................................ 1 23 Auxiliary Power (SNAP) ..................................................................................... 9 Space Propulsion (Rover) ..................................................................................... 

21 
Test, Research, and University Reactors 

General Irradiation Test4 ......................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .  2 
High-Power Research and Test' ........................................................................ 7 
Safety Research and Test6 ......................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . .. . . . ...... 3 9 
G eneral Research 7  ................................................ . . . . . . . . . . . . . . . . .. . . . . . . . .. . . .. . . . . . . . . . . . . . . . . .  21 46 University Research and Teaching ....... . . ........................... 50 14 

PRODUCTION REACTORS 
M aterials Production ................................................................................................ 3 10 Process Developm ent ............................................................................................... 1 4 

MILITARY REACTORS 
Defense Power-Reactor Applications 

A . Rem ote Installations ........................................................................................ 
6 B. Propulsion Po aer ..............................................(v............................................. 138 32 8 

Developmental Power 
A. Electric-Power Experiments and Prototypes ............................................... 

3 B. Propulsion Experiments and Prototypes .................................................... 8 7 
Test and Research 

T est .........................................................................................................................  
R esearch ................................................................................................................. 4 5 

REACTORS FOR EXPORT 
Power Reactors 

Central-Station Electric Power ............................................................................ 38 27 9 3 
Propulsion .......................................................................................................... .. I 

Test, Research, and Teaching 
General Irradiation Test ..................................................................................... 7 G eneral Research .................................................................................................. 23 4 8 University Research and Teaching .................................................................... 24 

A facility designed and constructed for operation on a utility system.  'A nuclear power facility designed, constructed, and operated for more than one purpose. Possible purposes include: generation of electricity, production of nuclear materials, and process-heat applications including desalting.  
s A facility designed, engineered, constructed, and operated to test the technical feasibility of a concept or to provide the technical basis for a similar type nuclear power plant in a large 

sire.  
. A reactor having Ill a thermal power level exceeding 10,000 kW; (2) test loops or experimental facilities within, or in proximity to, the core; and 131 the use of nuclear radiation for testing the life or performance of reactor components as its major function.  
I A reactor having a relatively high thermal power level 15000 kW or morel but not classed as a general irradiation test reactor.  'A reactor associated with a nuclear safety research or engineering-scale test program conducted for the purpose of developing basic design information or demonstrating safety 

characteristics.  
A reactor--excluding that located at a university- -whose nuclear radiations are used primarily as a research tool for basic or applied research, and whose thermal power level is less than 5000 kw. It may include facilities for testing reactor materials.  SA reactor located at a university and usually operated for the primary purpose of training in the operation and utilization of reactors and for Instruction in reactor theory and 

performance.  
Source: U.S. Department of Energy. 1983. Nuclear Reactors Built, Being Built, or Planned in the United States as of December 31, 1982. DOE/TIC-8200-R47, U.S. DOE Technical 

Information Center, Oak Ridge. Tennessee, p. 3.
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Should that vessel be a nuclear submarine, defueling occurs in 
which the nuclear fuel is removed from the submarine's reactor 
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Time after 
Scuttling 

(years) Event 
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100 Reactor compartment containment barrier penetrated.  

Bottom currents begin to carry water-transportable 
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4300 Radioactivity release 99 percent complete. (If an ac
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within the metal matrix would decay to stable atoms before corro
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A table of comparable radiation exposure for conservative esti
mates of the Navy's options shows: 

Option Exposure 

Land- 100 reactor compartments 0.006 millirem 
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The estimate is for the time of largest impact (after 100 subma
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Committee to Bridge the Gap, Critical Mass Energy Project, Envi
ronmental Defense Fund, Farallon Foundation, Friends of the Earth, 
Greenpeace USA, Hudson River Sloop Clearwater Inc., National 
Audubon Society, Natural Resources Defense Council, Nuclear Free 
Pacific, Nuclear Information Resource Service, Ocean Education 
Project, Oceanic Society, Palmetto Alliance Scenic Shoreline Preser
vation Conference, Sierra Club, Southwest Research and Informa
tion Center, Union of Concerned Scientists, United Methodist Church Joint Law of the Sea Project, United Methodist General Board of 
Church and Society, and the Wilderness Society.  

The Coalition concludes with the following observations (p. 15-50): 
I. The consequences of delay are not significant in light of the 

two year moratorium recently placed on radioactive waste 
ocean dumping by Congress in the amendments to the Ocean 
Dumping Act.  

2. The present state of information regarding ocean disposal is 
not well developed.  

3. The U.S. needs to conduct research and studies to determine 
the effects of ocean disposal of radioactive waste.  

4. To correct the deficiencies in the DEIS a supplemental draft EIS 
must be prepared with its preparation awaiting the accumula
tion of relevant data.  

A final concern by the Coalition is that without a delay to under
take needed research, the Navy's EIS will run the very likely risk of illegally serving "as a pro formaa ritual preceding a predetermined 
result." 

"11 Alberico, Pasquale A. 1983. Cover letter of June 29, 1983, accompa
nying the "U.S. Environmental Protection Agency Comments

Pertaining to U.S. Navy Draft Environmental Impact Statement On 
the Disposal of Decommissioned, Defueled Naval Submarine Reac
tor Plants." 

20 FUSRAP is one of four programs initiated by the Department of 
Energy to assess national sites that might require remedial action to 
restore the site to its original condition, or nearly so. The radioac
tive wastes from these sites normally will have very low activity 
level from residues of natural radionuclides. The FUSRAP sites are 
located primarily in the Eastern U.S., and at the time of their use 
were active industrial areas convenient for the storage and process
ing of imported ores and other radioactive materials.  

From: U.S. Department of Energy. 1983. Spent Fuel and Radioac
tive Waste Inventories, Projections, and Characteristics. DOE/NE
0017/2, Assistant Secretary for Nuclear Energy and Assistant Secre
tary for Defense Programs, Washington, D.C., p. 190-218.  

23 Kupferman, S.L., D.R. Anderson, L.H. Brush, L.S. Gomez, J.C.  
Laul, and L.E. Shephard. 1982. Ocean FUSRAP: Feasibility of Ocean 
Disposal of Materials from the Formerly Utilized Sites Remedial 
Action Program (FUSRAP). Paper delivered at Waste Management 
'82, Tucson, Arizona.  

22 Dobies, Ronald S. 1983. Remarks to the National Advisory 
Committee on Oceans and Atmosphere on Middlesex Borough Low
Level Radioactive Waste. Presentation (April 13) before the Nation
al Advisory Committee on Oceans and Atmosphere, Washington, 
D.C.  

Mr. Dobies is Mayor of Middlesex Borough, New Jersey. Middle
sex Borough, about 4 square miles in area, is situated in the north
eastern corner of Middlesex County, New Jersey; about 33 miles 
from New York City and 60 miles from Philadelphia. At its southern 
tip, adjacent to Piscataway Township, lies the Middlesex Sampling 
Plant.  

"11 Kupferman, op. cit., p. 3-4.  
24 Baublitz, Jack. 1984. Personal Communication. Director, Divi

sion of Remedial Action Projects, U.S. Department of Energy, Washing
ton, D.C.  

25 Cohen, Ronald. 1984. Personal Communication. Health Officer, 
Middle Brook Regional Health Commission, Middlesex, New Jersey.  

16 Baublitz, op. cit.  
27 Kupferman, op. cit., p. 9.  
21Ibid., p. 10-11.  
1 Ibid., p. 12.  

The price difference is due mainly to the cost of the surplus ship 
hulls.  

10 Kupferman, S.L., D.R. Anderson, L.H. Brush, L.S. Gomez, and 
L.E. Shephard. 1982. FODOCS Annual Report, March E-September 
30, 1981. SAND 82-0292, Albuquerque, New Mexico.  

"11 Sandia National Laboratories. 1980. Subseabed Disposal Pro
gram Plan, Vol. I, Overview, Document SAND 80-0007/I, Albu
querque, New Mexico, p. 11.  

The Program is divided into four phases: (1) development of 
historical data, (2) determination of technical and environmental 
feasibility based on oceanographic and effects data, (3) determina
tion of engineering feasibility, and (4) demonstration of capability.  

The Program is based on four assumptions: 
1. A definable system of natural barriers exists which will pro

vide the required containment of waste constituents.  
2. A system of manmade barriers can be constructed such that 

the integrity of the waste form can be ensured for the duration 
of the credible heat life of the canister.  

3. The total time of containment by both the above systems will 
at least be of magnitude greater than the half-lives of the 
radionuclides of interest.  

4. Since the required isolation period is so long, the attributes of 
each component of the barrier system must be adequately 
known.  

From: Sandia National Laboratories. 1980. Subseabed Disposal 
Program Annual Report January to December 1978. Vol. 1, Albu
querque, New Mexico, p. 1.
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gram Annual Report, January to December 1980. Volume 1. Sum

mary. SAND- 1095, Albuquerque, New Mexico, p. 11.  
"33Sandia National Laboratory. 1980. Subseabed Disposal Program 

Plan. Volume 1. Overview. SAND 80-0007/11, Albuquerque, New 
Mexico, p. 12.  

"34 Ibid., p. 8-9.  

31 Ibid.  
36 Ibid., p. 9 
37 Sandia National Laboratories, SAND- 1095, p. 10.  
"38 Sandia National Laboratories. 1980. Subseabed Disposal Pro

gram Annual Report, January to December 1980. Vol. 1. Summary.  
Albuquerque, New Mexico, p. 13.  

The total area of the ocean is 361 million km 2 , or 70 percent of the 
Earth's surface.

"Sandia National Laboratories. 1982. Seventh International 
NEA/Seabed Working Group Meeting, La Jolla, California, March 

15-19, 1982. SAND 82-0460, Albuquerque, New Mexico.  

The NEA Seabed/Working Group has divided its efforts into 

several tasks: system analysis, site selection, biology, physical 

oceanography, sediment and rock studies, waste form and canister, 

and engineering studies. These are handled through Task Groups 

supervised by an Executive Committee.  
40 A summary of the potential for disposal of nuclear reactors is 

contained in "A Long-Term Problem for the Nuclear Industry," 22 

January 1982, Science 215:376-379.  
41 Osterberg, Charles. 1982. Presentation (October 25) before the 

National Advisory Committee on Oceans and Atmosphere, Wash.  

ington, D.C.  

Dr. Osterberg was the Director of the IAEA's Marine Radiological 

Laboratory at Monaco from June 1976 to June 1979.
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APPENDIX A 
Nuclear and Health Physics

Nuclear Physics 
An atom can be visualized as being composed of neutrons and protons within its nucleus, with elec

trons moving in stable orbits around that nucleus.  
Normally, chemical reactions involve interactions 
between orbiting electrons, with relatively small energy 
changes.' However, the phenomenon of radioactivity 
involves changes in the nuclei of atoms in which a 
nucleus spontaneously emits a particle and changes 
into another type of nucleus. Other types of nuclear 
reactions are brought about by the bombardment of 
nuclei by particles such as neutrons, protons, alpha 
particles, or gamma rays.2 Compared to chemical reac
tions, nuclear reactions can involve very large amounts of 
energy.  

The number of protons in the nucleus of an atom 
determines the element and its atomic number. Atoms 
containing the same number of protons but varying 
numbers of neutrons are called isotopes of that ele
ment. An element may have several isotopes. Exam
ples are the two isotopes of uranium found in nature 
(uranium-235 and uranium-238), which each have 92 
protons. However, uranium-235 contains 143 neutrons 
(92+143=235) while uranium-238 has 146 neutrons.  
The numbers 235 and 238 indicate the mass number of 
these isotopes, which is the sum of the protons and 
neutrons in the nucleus of each.3 At the other end of 
the atomic scale is hydrogen. Its most common state is one proton and no neutrons; however, another iso
tope of hydrogen called deuterium has one proton and 
one neutron and comprises about 0.015 percent of all 
hydrogen.4 The third isotope (called tritium) has one 
proton and two neutrons.  

Many isotopes are stable, meaning they undergo no 
spontaneous nuclear changes.' Isotopes that are not 
stable may gain stability during radioactive decay by 
releasing nuclear energy, mostly in emitted particles 
and/or emitted electromagnetic radiation. Such unstable 
isotopes are called radionuclides, and the process is 
referred to as radioactivity.6 

Some nuclear emissions can cause ionization in the atoms they strike by causing orbital electrons to be 
separated from their atoms.7 Essentially five types of 
ionizing nuclear emissions and one type of ionizing 
radiation from orbital electrons can be initiated by 
nuclear reactions. They are alpha particles, beta particles, 
protons, neutrons, and gamma and x-rays.

Alpha particles: These are nuclear emissions con
sisting of particles composed of two neutrons and two 
protons, which makes them essentially the nuclei of 
helium atoms." Alpha particles are the largest particles 
emitted during radioactive dacay. Compared to other 
types of radiation, alpha particles have great ability to 
ionize atoms, because they transfer more of their energy 
to each of the atoms they meet than do other types of 
emissions. Consequently, alpha particles are brought 
to rest rapidly, penetrating less than 0.013 centime
ters in soft tissues; low energy alpha particles penetrate 
only 0.0008 centimeters. Because of the inability of 
alpha particles to penetrate deeply into tissue, alpha
emitting radionuclides are generally hazardous to 
humans only if they decay while inside the body.9 

Beta particles: These are electrons emitted during 
radioactive decay of nuclides.1o High energy beta particles 
can penetrate 1.5 centimeters in soft tissue, and low 
energy beta particles can penetrate 0.025 centimeters.  
Because of these short ranges, beta-emitting nuclides 
are of concern mainly when they decay within the 
body. However, beta penetration can be deep enough 
to constitute some danger from decay of nuclides on 
the ground or on skin." 

Protons: These are particles of positive electricity, 
with charges equal in magnitude to electrons, but 
with 1,836 times the mass of electrons. When emitted 
from nuclei, protons can ionize atoms.'2 Protons are 
not emitted during the spontaneous radioactive decay 
of atoms, but rather they must be given energy through a 
nuclear collision with a high energy photon (such as a 
gamma ray) before they can be expelled from the 
nucleus."I 

Neutrons: These are uncharged particles, normally 
constituting parts of atomic nuclei, each with a mass 
about equal to one proton. Because they have no charge, 
they do not transfer energy to atoms by electrical 
attraction and replusion as do alpha, beta, or proton 
emissions, Thus, there is little impediment to neutron 
passage through atoms, and they are deeply penetrating.  
Neutrons can react with atomic nuclei, causing them 
to emit gamma rays or protons that in turn ionize 
other atoms,' 4 but most damage from neutrons occurs 
during collisions with atoms that recoil from the 
momentum, become charged, and then penetrate tis
sue as directly ionizing particles." However, neutrons 
are rarely encountered in nature, because very few 
radioactive materials spontaneously emit them."6
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Gamma rays and X-rays: These are essentially 
identical forms of electromagnetic radiation differing 
only in their energy levels and in their places of origin 
within the structure of the atom.'7 Gamma rays are 
emitted from the nucleus during nuclear changes, and 
X-rays radiate from the orbital electrons as the elec
trons change energy levels. Energy from a nuclear 
reaction can be transferred to an orbital electron, which 
in turn can emit X-rays.18 Gamma and x-rays are very 
penetrating. In general, the greater the energy of the 
ray the greater the penetration into tissue. The energy 
of gamma rays varies over a wide range, so penetration 
also varies widely. However, gamma radiation that 
strikes a human can always be considered to carry at 
least some of its initial energy entirely through the 
body. 19 

The travel distance of emitted particles depends 
upon their energy, usually measured in millions of 
electron volts (Mev), and upon the medium through 
which they are traveling.20 Distances vary greatly by 
particle. In air, for example, the approximate path 
lengths are: three quarters of a centimeter per Mev for 
an alpha particle, and 2.5 meters per Mev for a beta 
particle.2" The energy emitted by radionuclides varies 
from 0.019 Mev for tritium emissions to 10.54 Mev for 
alpha emissions from thorium.22

There is no simple relationship between energy and 
travel distance. For example, the neutron, which has 
the same atomic mass as a proton, travels a greater 
distance than does a proton, because the neutron has 
no charge.23 Travel paths are reduced when particles 
travel in denser media. 24 

The decay time, called half-life. is the time required 
for one half the atoms in a sample of a radioactive 
element to decay.2' Radionuclides with short half-lives 
decay quickly to stability. For example, tritium whose 
half-life is 12.26 years, decays to less than one
thousandth of its original number in ten half-lives (or 
122.6 years). Emission rates and decay rates of radio
nuclides vary considerably; it takes 1.28 billion years 
for half of a quantity of potassium-40 nuclides to 
decay to the stable isotope potassium-39; the same 
number of oxygen-19 nuclides would take 29 seconds 
to decay to the stable nuclide oxygen- 18.26 

Some elements decay to another unstable radionu
,clide rather than to a stable isotope. An example is the 
complicated uranium-238 decay series, shown in Fig
ure A-I, in which uranium decays 14 times before it 
finally comes to rest as the stable lead-206 isotope.  

A common measure of radioactivity is the curie, 
defined as the quantity of any radioactive nuclide 
which undergoes 3.7 x 10 10 disintegrations per sec-

Element U-238 Series Th-232 Series U-235 Series 

Neptunium 
U-2IE U-234 

L 3 
Uranium 4.47 . to' 2.48 10' U-41W 

'rs r 7.04 x I 

Pa--lI Protactinium 1.18 Pa-23 i rmin 3.25. × ( 

Th-234 .1-Th-23 - - T- 232 Th 228 Th-231, Th227 Thordum 24. 7.52a s 1.40x 10"' 1.91 25.5 18.7 
days ysr vrs hrs. days 

Actinium c 613- 218 

~hr., vr, Ra-226 Ra-228 Ra-224 Ra-223 R a d iu m .6 2 tO 173I1.4 
irs Sr, days days 

FranciumI 

Rn-222 IT 
Radon 3.82 Rn-220 Rn-219 days 55.6 3.96 

18aln SIC 31I' Ttl l 

mmC5(sooe r lstre nun (ic ~ e 

Po-214 Po 0 P-21 i 
Polonium 3.05 1.64x3I47 138 71 1 

ain days m.1 64m17 SBi-214 1 Bi-210 ;r f III22 . W $1 B 2 
Bismuth 19.7 5.01 60.6 2.15 

FCin t n dm Tou Sisoon rain Pb-214.,I P - 0 Pb-206 Pb-212 l 'b-208 ilb-211,, " | b-207 Led26.8 22.3 •t stble lead 10.fi 361..; Stable Zed 61 1ta1 la 

Be r, rain yrs (iotope) hrs t e S(iaohe ty p ) b r va 

U y s e 
Alpl~afdeca~ys are shown by the veritcal arrows; beta decays ,are Shown by the diagonal arrows.  

Figure A-l.-Decay Chain of the Uranium and Thorium Series Isotopes.  

Source: Broecker, W.S., and T.-H. Peng. 1982. Tracers in the Sea. Lamont-Doherty Geological Observatory, Columbia 
University, Palisades, New York.
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ond.2 7 Thus, a curie measures only the number of 
disintegrations, not the kind of radiation emitted, nor 
the energy emitted. For example, potassium-40, the 
main contributor to natural radioactivity in seawater, 
(see Table IV-2 of this report) emits a beta particle of 
relatively high maximum energy (1.35 Mev) and a 
gamma ray of high energy (1.46 Mev). In contrast, the 
radionuclide tritium, a hydrogen isotope that contribut
ed most of the radioactivity to the sea from the nucle
ar weapons tests (see Table 11-2 of this report) emits 
only a weak beta particle (0.019 Mev).' 8 Thus, a curie 
of potassium-40 represents a far greater potential for 
physiological damage than does a curie of tritium.  

There are three sources of ionizing radiation on 
Earth. Cosmic radiation consists of both the charged 
particles arriving from outer space and the secondary 
particles generated from the interaction of the original 
particles with the atmosphere.29 Other radiation results 
from the decay of radionuclides that are naturally 
present in the Earth's components. These two sources 
together are called natural radiation. The third source 
of ionizing radiation results from the activities of human 
beings, including nuclear weaponry, nuclear power, 
medical procedures, and consumer products.30 

Radiation from nuclear fission and the resulting 
radionuclides is by far the largest source of radiation 
hazard." So far nuclear fission has been the source of 
energy for all nuclear power plants. Of all the isotopes 
known, only uranium-233, uranium-235, and plu
tonium-239 are fissionable.2 Of these, only uranium
235 is found in nature;" the other two are anth
ropogenically produced in nuclear reactors. When an 
atom of one of these three isotopes is struck by a 
neutron, the neutron may be absorbed into the nucleus, 
causing the fissile isotope to break into two roughly 
equal parts, releasing energy and usually two or three 
neutrons. The energy at first is in the form of kinetic 
energy of the fission fragments,34 but this is converted 
into heat as the fragments slow down. A typical fis
sion reaction is:" 

'35U + n = 9"Mo + t39La + 2n + 205 Mev energy 
95 42 57 

(In other words: uranium-235 absorbs a neutron 
and yields the elements molybdenum and lanthanum, 
plus two neutrons and 205 million electron volts of 
energy.) 

Fissile atoms can be caused to undergo fission by a 
single neutron, fast or slow, with kinetic energy that 
may be no greater than a small fraction of an electron 
volt." If one of the neutrons released during fission 
can be used to induce another atom to fission, the 
process can be maintained. The amount of fissile material 
required to sustain a chain reaction is called the criti-

cal mass, This amount depends on the concentration 
of the fissile material and its surroundings, which 
may or may not be reflective of neutrons. Devices used 
to control the rate of the fission process after critical 
mass is reached are called nuclear reactors. If two 
subcritical masses are combined very quickly so that 
an uncontrolled chain reaction occurs, the violent explo
sion of an atomic bomb occurs.37 

In nuclear reactors, the neutrons given off during 
fission must be slowed down because at first they are 
too energetic and the probability of causing fission is 
much greater for slow neutrons. The fissile material is 
therefore surrounded by a light material such as hydro
gen or carbon with which neutrons collide and there
by lose energy. The rate of fission in a reactor is con
trolled by control rods, made of materials such as 
boron or cadmium, which have extremely large prob
abilities of absorbing neutrons. The rods are gradually 
pulled out of the reactor to allow fission to proceed, 
and adjusted to produce the desired rate of fission.38 

Health Physics 

Ionizing radiation can injure humans by causing 
changes in the chemical reactivity of cellular compo
nents. Molecules can be damaged so they cannot func
tion normally, or the products of molecular disinte
gration can tend to clog and poison the cell. If only a 
relatively few atoms in a cell are ionized, it may recover 
from the damage without difficulty. But if a relatively 
large number of ionizations occur, the cell may be 
unable to carry on its activities and die. Injury to 
chromosomes can occur when cells are irradiated, and 
it has been proved by experiments with insects, mam
mals, and plants that X-rays and the nuclear radia
tions (alpha, beta, gamma, neutron) cause mutations.  
There is every reason to believe that cosmic rays have 
similar genetic effects.,' 

The degree of injury caused by radiation depends in 
part on the type of particle or ray,40 and the amount of 
energy in the emission.41 The relative localization or 
dispersion of the effects of ionizing radiation affects 
the body's ability to repair damage; the massive local 
damage done by non-penetrating particles is general
ly more harmful than is the damage caused by rays 
that spread the same amount of energy through larger 
volumes of the body. Alpha particles cause damage 
that is essentially non-repairable. 42 The degree of dam
age also depends on the type of tissue irradiated, with 
rapidly dividing cells being especially sensitive.43 

The basic unit of radiation dose is the rad. One rad 
equals 100 ergs of energy deposited per gram of absorp
tion material.44 The basic health radiation unit is the 
rem, which is an abbreviation of "rad equivalent in 
man." 41 A rem is that dose of ionizing radiation, mea
sured in rads, which produces in humans a biological
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effect equivalent to that produced by one rad of X-rays or 

gamma rays." For example, for equal amounts of energy 

transferred to tissue, neutrons cause 10 times the damage 

of X-rays, and alpha particles cause 20 times the dam

age of X-rays. Therefore, one rad of neutrons repre

sents 10 rems, and one rad of alpha radiation repre

sents 20 rems. X-rays, gamma rays, and beta particles 

all cause about equal damage per unit energy, so for 

these radiations one rad equals one rem.47 

Organisms living on Earth receive ionizing radia

tion from a variety of sources, -and the amount of 

natural radioactivity to which humans are subjected is 

varied. The intensity of cosmic radiation depends on 

altitude due to absorption of the rays by the atmo

sphere, and on latitude, because the Earth's magnetic 

field deflects cosmic rays away from the equator. Inhab

ited areas of the Earth receive cosmic radiation vary

ing from 35 millirems per year to 300 millirems per 

year. Seattle receives about 50 millirems and Denver 

about 90 millirems per year from cosmic radiation.4 8 

Natural radiation from the radionuclides in the Earth's 

crust also is highly variable from one region to anoth

er. In general, natural radionuclides are concentrated 

in granite rocks. Limestone and sandstones are low in 

radioactivity, but certain shales are very radioactive, 

especially those containing organic matter. The aver

age dose at a height of about one meter above lime

stone is about 20 millirems per year, while for granite 

areas the corresponding figure is 150 millirems per 

year.
49 

In some places, natural radioactivity is much higher 

than average. In India, a population of over 100,000 

people live in an area that gives them an average dose 

of 1,300 millirems per year. In the Northern Nile Delta, 

people in several villages receive doses of 300 to 400 

millirems per year. About seven million people in 

France live in areas where the rocks are principally 

granite, which exposes them to doses of 180 to 350 

millirems per year.' 0 

So far it has not been possible to establish any con

nection between the level of background radiation 

and differences in biological disorders. Differences in 

other health-related factors between various areas of 

the world make conclusions about the effects of back

ground radioactivity difficult; however, no differences 

have so far been detected in genetic anomalies or the 

incidence of cancer between various peoples of the 

world who live in areas where natural background 

radiation levels differ by a factor of 10. This gives 

some justification for thinking that small amounts of 

* anthropogenic radiation are unlikely to cause detect

able harm to a human population."

In the last century, human exposure to natural radi

ation has increased due to such technological devel

opments as air travel and the use of naturally radioac

tive goods-phosphate fertilizers, natural gas, coal, 

and oil. Additional exposure occurs from radiation

emitting consumer products, medical uses of radia

tion, the nuclear fuel cycle, and nuclear explosions."2 

The total exposure to U.S. citizens each year is summa

rized in Table A-1.  
What constitutes a safe level of radiation for humans? 

The potential effects of ionizing radiation have been a 

concern to scientists for several decades. The Interna

tional Commission on Radiological Protection (ICRP), 

formed in 1928, and the National Council on Radiation 

Protection and Management (NCRP), a U.S. organization 

formed in 1929 as the Advisory Committee on X-Ray 

and Radiation Protection, are the oldest scientific 

organizations with responsibility for the health effects of 

the radiation. Since their beginnings, the accepted 

"safe level" of radiation dose has steadily decreased 

from 0.1 roentgen/day in 1934 to 15 rem/year in 1950, 

and to 5 rem/year today.5" (See Table A-2.) Recom

mendations by research groups to advisory bodies have 

become more conservative as knowledge of radiation 

effects and the desire to avoid those effects have 

increased. Radiation protection guidelines have become 

dependent upon public value judgments and a concept 

that some risk exists at all levels of exposure.' 4 

The present system of ICRP dose limits, summarized 

in Table A-2, incorporates objectives which aim to 

ensure that: 1) no practice shall be adopted unless its 

introduction causes a positive net benefit (that is the 

combined effects of the costs, risks, and benefits of 

procedures utilizing radiation must be more favorable 

than those of al-ernative procedures that do not use 

radiation); 2) all exposures shall be kept "as low as 

reasonably achievable," with economic and social factors 

being taken into account, (known as the ALARA prin

ciple for as low as reasonably achievable); and 3) the 

dose equivalent to individuals shall not exceed the 

limits recommended by the ICRP." 

In setting a tolerance level of 5 rem per year, the 

ICRP has not defined an acceptable level of risk, but 

rather taken the position that this level is the maxi

mum allowable and should be rarely approached and 

never exceeded. Together with the ALARA principle, 

the 5 rem/year limit results in individuals working 

around radioactive materials receiving only about one

tenth of that level, or 500 mrem per year. Further

more, the ICRP limits result in the general public 

receiving no more than 50 mrem per year beyond 

natural doses.' 6

76

I



Table A-1.L-Annual Dose Rates from Radiation Exposure in the United States 
Source Exposed Group Part of body exposed Average dose 

mrems/year 
Natural Background 

Cosmic radiation ......... ................... Total Population Whole Body 28 Terrestrial radiation' ........................................................ Total Population Whole Body 26 Radionuclides inside human bodies ............................... Total Population Gonads 28 Radionuclides inside human bodies ............................... Total Population Bone Marrow 24 
Medical X-rays ..................................................................... Patients Bone Marrow 106 Medical radiopharmaceuticals ..................... Patients Bone Marrow 300 
Atmospheric weapons testing ............................................ Total Population Whole Body 4 to 5 
Nuclear power plants ........................................................... Population within Whole Body Less Than 

10 miles of plant 10 
Research activities ................................................................ Research Workers Whole Body Unknown 

Consumer products 
Building materials ............................................................ Population in Brick Whole Body 7 

and Masonry Buildings 
Television receivers .......................................................... Viewing Populations Gonads 0.2 to 1.5 
Luminous compounds 

Wrist Watches .............................................................. Persons using product Gonads I to 3 Clocks ............................................................................. Persons using product W hole Body 9 
Cumbustion of fossil fuels Coal .................................... Persons using Product Lungs 0.25 to 4 Oil ................................................... 

Persons using Product Lungs 0.002 to 0.4 Natural gas 
Cooking ranges .......................................................... Persons using Product Bronchial Epithelium 6 to 9 
Unvented heaters ..................................................... Persons using Product 22 

Sources: Adapted from: Committee on the Biological Effects of Ionizing Radiations. 1980. The Effects on Populations of Exposure to Low Levels of Ionizing Radiation: 1980. (commonly called the BEIR III Report) National Academy of Sciences, National Academy Press, Washington, D.C, p. 38, 42. and 66.  
National Council on Radiation Protection and Measurements. 1977. Radiation Exposure from Consumer Products and Miscellaneous Sources. NCRP Report No. 56, Washington, D.C..  p. 29.
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Table A-2.-Guidelines for Radiation Protection

National Council on International Commission on 
Radiation Protection (NCRP) Radiological Protection (ICRP) 

Year Limit Annual Equivalent Limit Annual Equivalent 

1934 ............. 0.1 R/dayi 30 R
2  

0.2 R/dayt 60 R 

1949-54 ...................... 0.3 rem/week 15 remn* 

1950-54 ...................... 0.3 rem/week 15 rem 

1957 ............................ 5(N - 18) rem 
4  

5 rem 
10 rem/30 year (15 rem maximum) 

Public: 

1/3 rem average 

1958 ............................ 5(N- 18)rem 5 rem 
(15 rem maximum) 
Public: 

5 rem/30 year 
170 mrem average 

1971 ............................ 5(N - 18) rem 5 rem 
(15 rem maximum) 
Public: 

500 mrem, individual 
170 mrem, average 

1977 ............................ 5 rem/year 5 rem 

Public: 

500 mrem (maximum) 
50 mrem average 

The original levels were set at 1/10 the dose that caused abnormal redness of the skin. When radiation use was seen to be increasing, the limits were lowered, just to be more cautious. In 
the 1950s, concern over genetic effects of radiation caused the limits to be lowered still further.  

SAlthough roentgens were originally used as the unit of measure, rems are now used so the biological significance of all forms of ionizing radiation can be considered and controlled. (For 
X-rays aid gamma rays. I roentgen=i rad= I remi.  

I ICRP used the same information as NCRP to set this level, but ICRP rounded the data differently and arrived at higher allowable limits.  
4 Represents the person's age its years.  

Source: Warren K. Sinclair. 1981. Radiation Protection: The NCRP Guidelines and Some Considerations for the Future. Yale Journal of Biology and Medicine 54:473.
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APPENDIX B 
Summary of Waste Management Strategies of 

Other Nations' 
(as of February 1984) 

NATION WASTE MANAGEMENT STRATEGY 

Argentina Argentina is considering vitrifying liquid high-level waste and placing it in a granite re
pository at a depth of 500 meters.  

Belgium Belgium's nuclear fuel cycle activities and waste management research are centered at Mol, 
where area residents are receptive to its location. (The Belgian centralized government has 
conducted an extensive public information program.) Boom clay underlies the Mol area and 
is being investigated as a permanent repository for high-level waste, Which is presently 
contained in stainless steel tanks.  

Canada Canadian research for a repository for high-level waste is focused on the use of the crystal
line Canadian granite shield in Ontario, an area where most of the nuclear power facilities are located. Canada does not reprocess spent fuel; its spent fuel is contained in surface 
and near-surface engineered structures.  

Czechoslovakia Czechoslovakian spent fuel is returned to its supplier, the Soviet Union. A pilot scale solidi
fication process for high-level waste was due on line in 1982, and an experimental storage 
facility is due in the late 1980s.  

Denmark Denmark is examining underground disposal of vitrified high-level waste-most probably 
in natural salt domes such as those located at Mors.  

Egypt Egypt is constructing an experimental radioactive waste management station at its Nuclear 
Research Center near Cairo.  

Federal The Federal Republic of Germany is studying various salt formations for disposal of vitrified Republic waste. An abandoned salt mine at Asse has functioned as a pilot plant and test facility of Germany (1967-1978). Gorleben, located in Lower Saxony, has been approved as a permanent repos
itory. Liquid wastes from the reprocessing plant at Karlsruhe are stored in stainless tanks.  

Finland Finland is investigating crystalline rocks for possible repositories for solidified wastes re
turned from the Soviet Union, its fuel supplier and reprocessor.  

France France's treatment of high-level waste is the most advanced among the nations of the 
Organization for Economic Cooperation and Development (OECD). The central government 
exerts authority among the local populace through its appointed officials, the prefects. This authority is supplemented by strong centralization through the French Atomic Energy Agency 
(CEA), and its nationalized electricity supplier, (EdF). This centralized role of French government is reinforced by an active program of public education on the benefits of nuclear power.  
A pilot scale vitrification plant has operated at Marcoule, in Southeast France, since 1978.  A second full-scale plant is targeted for 1986. Several sites are under study for disposal of 
vitrified waste after interim storage in air-cooled vaults.
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German 
Democratic 
Republic

The German Democratic Republic disposes of its radioactive wastes in a reconstructed salt 

mine operated by its nuclear power utility. Spent fuel is returned to its supplier, the Soviet 

Union.

India High- and medium-level liquid reprocessing wastes are kept in interim storage at Tarapur.  

A small vitrification plant has been in operation since 1981. Vitrified wastes are stored in 

air-cooled vaults. India is examining igneous and sedimentary rock formations as eventual 

repository sites.

A pilot reprocessing plant has been in operation since 1970. Small quantities of liquid high

level waste are stored in stainless steel tanks awaiting vitrification. Italy plans an underground 

research laboratory for studying geological disposal of high-level waste.

The Japanese strategy for gaining acceptance of its nuclear facilities -located at remote 

coastal regions-is to financially compensate the local public. The Tokaimura reprocessing 
plant is well established, and about 100 companies have joined together to develop an 1,100 

metric tons per year plant by 1990. Japan has investigated tuff, shale, and clay as possible 

repository sites. The waste generated at Tokaimura is stored in stainless steel tanks awaiting 

solidification. Other wastes from contract reprocessing by the United Kingdom and France 

eventually will be returned to Japan. Officials are investigating granite and zeolite rock 

formations for waste repositories. Japan plans to dispose of low-level waste in the sea, and 
is actively seeking political support among Pacific Ocean nations to attain that goal.

The The government of the Netherlands is examining a state-owned northeastern region of the 

Netherlands country and salt deposits off the Dutch coastline; these rock salt formations in the con

tinental shelf under the the North Sea could serve as repositories for returned solidified wastes.  

Spent fuel is reprocessed under contract in the United Kingdom and France. The Dutch have 

conducted low-level waste dumping at the Northeast Atlantic dumpsite, although this dump

ing has met with resistance from organized environmentalists and has been discontinued.  

Spain Spain is examining salt formations for location of two high-level waste repository sites.  

Sweden Sweden was the first OECD nation to approve an away-from-reactor storage site for spent 

fuel assemblies. The eventual location for the waste reprocessed from these assemblies is the 
granite rock of the Baltic Shield, where extensive research is underway at the Stripa abandoned 

iron mine. Spent fuel is reprocessed under contract to France and the United Kingdom. When 

returned, it will be stored in air-cooled vaults prior to permanent disposal. Temporary storage 
facilities are being constructed in southern Sweden for unreprocessed spent fuel. By parlia
mentary decision, Sweden's nuclear power program is limited to 12 reactors, all of which 
are to be shut down by the year 2010.  

Switzerland The Swiss-a nation of local political autonomies-have sustained public resistance to na

tional programs of waste repository siting. The nuclear power referendum in 1979 gave the 

government support to proceed with a provision for safe demonstration prior to locating any 

permanent repository. By 1985, nuclear industry officials must show that safe disposal methods 

have been devised for high-level waste expected to be generated over the next 60 years.  
Research is focusing on deep rock caverns for both unreprocessed spent fuel and vitrified 

wastes returned from the United Kingdom and France. The Swiss have dumped low-level 

waste at the Northeast Atlantic dumpsite.

United 
Kingdom

I, 

1 Ii

Most of the promising sites in the United Kingdom for high-level waste disposal have been 

locally resisted; therefore, emphasis is currently directed toward interim storage of high

level waste. The only repository now under investigation is that at Dounreay, Scotland. High

level waste is stored as liquid in stainless steel tanks at Sellafield, the accumulation of 30 
years from the U.K. nuclear program. The British decided to adopt the French vitrification 

process and are building a plant targeted for 1990. The United Kingdom plans surface storage 

for at least 50 years, although studies will be conducted on possible future disposal in deep
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geologic formations. The United Kingdom was the primary nation dumping low-level waste at the Northeast Atlantic dumpsite.  
Union of The Soviets are generally secretive about their waste disposal procedures, but some informaSoviet tion is known. They probably do not reprocess spent fuel from nuclear power generating Socialist stations. They are probably working on a vitrification process for high-level waste in anticiRepublics pation of reprocessing spent fuel, but it has probably not yet been demonstrated. They are currently testing metal and concrete canisters for surface land-based storage of high-level waste, and they are investigating various geological formations, especially salt deposits, for repositories of high-level waste. They have reportedly experimented with injecting liquid high-level waste into water-bearing porous rock 350 meters below the surface of the land.  The water in these rocks is said to be stagnant. The wastes are injected at 10 to 12 atmospheres pressures. Reports concerning Soviet low-level waste and intermediate level waste disposal are several years old and include storage of low-level waste in metal-lined concrete reservoirs, and injection of liquid wastes into underground strata that are said to contain "-stagnant" groundwater. In 1976, they injected 75,000 cubic meters of intermediate-level waste into strata 1,500 meters deep. In 1977, the Soviets reported that they think pressurized injection into the groundwater of certain deep strata is adequate for disposal of wastes containing up to 100 curies of radioactivity per liter.  

In 1976, a Seabed Working Group was established to coordinate international assessment of subseabed disposal under the auspices of the Nuclear Energy Agency in the Organization for Economic Cooperation and Development.  Nations currently researching subseabed disposal of high-level waste are Canada, Federal Republic of Germany, France, Japan, the Netherlands, Switzerland, the United Kingdom, and the United States. The Commission on European Communities also is a member of the Seabed Working Group, and Belgium and Italy have participated as observers at meetings on subseabed disposal research. 2 In the United States, DOE has lead responsibilities for directing the U.S. Subseabed Disposal Program. The prime contractor for DOE is Sandia National Laboratories; about 50 percent of the research and development is subcontracted to academic institutions.  
Harmon. Kent, and Lawrence T. Lakey. 1984. Personal communication. International Support Program Office, Battelle Northwest Laboratory, Richland, Washington.  

SSandia 
National Laboratories. 1983. The Subseabed Disposal Program: 1983 Status Report. SAND83-1387. Albuquerque, New Mexico, p. 162.  

Lawrence, Michael J. 1983. Statement by Michael J. Lawrence, Acting Deputy Director, Office of Civilian Radiaoactive Waste Management. U.S. Department of Energy. In Radioactive Waste 
Oversight Hearings (November 2) before the Subcommittee on Oceanography, Committee on Merchant Marine and Fisheries, U.S. House of Representatives, 98th Congress, Serial No. 98-26, Washington, D.C.  

For additional information on strategies for disposal of high-level wastes of other countries, see: Layman. Patricia. 1983. Other countries choose various high-level waste disposal strategies. In Pamela S. Zurer, U.S. Charts Plans for Nuclear Wastes Disposal. Chemical and Engineering News (61):34-35.
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APPENDIX C 
U.S. Ocean Dumping of Radioactive Waste

From 1946 to 1970, the United States dumped low
level radioactive wastes into the ocean under the licens
ing and contracting authority of the Atomic Energy 
Commission (AEC). Most of these wastes, packaged in 
steel drums weighted with concrete, were dumped in 
the ocean at various depths. As a 1981 report of the 
General Accounting Office (GAO) stated: 

At the time, the containers were not intended to 
permanently contain the waste. They were intended 
only to ensure that it descended to the ocean floor 
where ocean currents would dilute and disperse the 
radioactivity to insignificant concentrations.  
In 1960, the AEC opened land burial sites to all 

generators of radioactive waste, and ocean dumping 
decreased dramatically. By 1970, ocean dumping of 
radioactive waste had ceased.  

During the almost 25 years of ocean dumping, the 
U.S. Navy performed most of the actual dumping for 
the AEC. When ocean dumping of radioactive wastes 
was performed under contract or interagency agree
ment directly for the AEC, no license and definitive 
accounting of the waste was required. Information 
that was reported varied greatly and often did not 
indicate the amount of waste involved or the exact 
location of its dumping.  

On the other hand, licenses, issued by the AEC, were 
required for commercial disposal agents to dispose of 
low-level radioactive waste in the ocean. According 
to GAO, "a disposal agent's license prescribed an area 
of the ocean where the waste could be dumped, the 
basic types of waste that could be dumped, and the 
depth of the water at the dumpsite." The material to 
be reported fell into one of three categories: by-product, 
source, or special nuclear material. GAO reports that 
these agents were not, however, required to report the 
specific amounts or kinds of waste, and consequently, 
records for commercial dumping activities "were no 
more than gross approximations of their extent and 
location."

According to GAO, DOD reporting policies were 
equally as vague: 

... In fact, the Navy had no detailed information on 
its Pacific Ocean dumping activities, and its informa
tion regarding the Atlantic Ocean was nonexistent 
with the exception of a few years. Moreover, for the 
years in which records were available, they included 
only dates, locations, broad characterizations of the 
contents such as "atomic waste' or "radioactive waste" 
and the volume of material in the waste containers.  
There was no information about the specific kinds of 
material or its radioactive level.  

NACOA's search of the literature on U.S. ocean dump
ing practices during this period reveals many discrep
ancies in the actual number and location of these 
dumpsites. It appears that most of the radioactive 
waste was dumped at four major dumpsites, three in 
the Atlantic Ocean and one in the Pacific Ocean. The 
fact remains, as GAO clearly states: 

... -the Federal Government has no complete and 
accurate catalogue of information on how much, what 
kind, and where low-level nuclear waste was dumped 
because detailed records were not required....  
As part of its mandated responsibility under the 

1972 Marine Protection, Research and Sanctuaries Act, 
Public Law 92-532, the Environmental Protection Agen
cy (EPA) is attempting to collect data on the extent 
and location of past U.S. ocean dumping practices for 
low-level waste. The table contained in this appendix 
represents information gathered by EPA and presented 
in testimony before the House Subcommittee on 
Oceanography of the Merchant Marine and Fisheries 
Committee.  

Source: u.s. General Accounting Office. 1981. Hazards of Past 
Low-Level Radioactive Waste Ocean Dumping Have Been 
Overemphasized. EMD-82-9, Washington, D.C., p. 2-9.
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TABLE OF U.S. OCEAN DUMPING Of RADIOACTIVE MATERIALS 
(as prepared by the Environmental Protection Agency) 

Pacific Ocean Disposal Sites 

Recorded Site Depth Central Relation Years 
Designation(s)-, (meters) Coordinates2  to Land3  Materia14 Activity' Containers' Agents7  Used 

Pi Farallon 896- 37038'N 25-60 miles WSW B,S, 14,500 47,500 NEC,OTC, 1946
Islands (8) 1,700 123*08'W of San Francisco SNM CR, AEC, 1970 

USNRDC 

P2 Hawaiian 21°28'N 20 miles NE B 00.9 39 UH 1959
Island (8)1 3,500 157'25'W of Honolulu* 1960 

P3 Midway 34'58'N 300 miles NE of B 14 7 MSTS 1959
Island (1) 5,490 174*52'W Midway Islands* 1960 

P4 Santa 1,830- 33140'N 35 miles SW of B,S 108 3,114 PN,AEC 1946
Cruz (3) 1,940 119*35'W Port Hueneme 1962 

P5 (1) 3,294 420 12'N 230 miles W of B 0.95 26 CR 1955
129031'W Or/Ca border* 1958 

P6 (1) 2,928 43*52'N 190 miles NW of B 0.08 4 CR 1960 
127044'W Or/Ca border* 

P7 (1) 4,099 42004'N 35 miles W of B 0.08 4 CR 1960 
125001'W Or/Ca border* 

P8 Los Angeles 3,660- 30043'N 1000 miles WSW B 0.95 26 CR 1955
(2) 4,570 139*05'W of Los Angeles* 1958 

P9 (1) 3,477 28*47'N 800 miles SW of B 1.1 29 CR 1955
135000'W San Francisco* 1960 

PI0 San Diego 2,210- 32*00'N 225 miles SW B,S, 34 4,415 CMDC, 1959
(1) 3,660 121030'W of San Diego SNM ISC 1962 

P1 Cape 1,830- 40007'N 800 miles WNW of B,S 0.22 29 AML 1960 
Mendocino (1) 1,990 135*24'W San Francisco* 

P12 Cape Scott 1 3,294 50°56'N 350 miles NW of BS 96 197 AML"° 1958
(1) 1400 12'W Cape Flattery* 1966 

P1 3 Cape Scott 2 3,294 52*25'N 550 miles NW of B,S 28 163 AML1° 1962
(1) 140012'W Cape Flattery* 1969 

North Pacific 51 *30'N 0.54 38 1946
(1) 136°31'W 1962 

North Pacific 52005'N 0.54 41 1946
(I) 140*00'W 1962 

North Pacific 47100'N 97.4 361 1946
(Unk.) 138'54'W 1966 

(1) 1,830 1.2 37 1946
1962 

(1) 96.5 231 1963

1966 

Atlantic Ocean Disposal Sites

Recorded Site 
Designation(s)1,8

Depth Central Relation 
(meters) Coordinates, to Land' Material' Activity' Containers6 Agents 7
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setts Bay (I) 70o35'W Bay 1952
1959

A2 Cape Henry 1,830- 36*56'N 80 miles E of B 87 3 NIH 1949(5) 1,967 74*23'W Cape Henry U 1967 
A3 Sandy 1,830- 38 0

30'N 140 miles SE of B 74,400 14,301 AEC 1951Hook 1(Q) 2,800 72o06'W Sandy Hook* 
1956 

1959

1962 
A4 Sandy 1,830- 37 0

50'N 220 miles SE of B 2,100 14,500 AEC 1957Hook 2 (1) 3,800 70'35'W Sandy Hook* 
1959 

A5 Charleston 915- 31*32'N 220 miles E of B 0.66 119 SMO, 1955(13) 3,660 76*30'W Charleston* 
ARC 1962 

A6 Morehead 18 34032'N 15 miles S of B 0.3 unpackaged FWS 1955City (1) 76*40'W Morehead City* 
1961 

A7 thru All 3,660- 36*20'N B 480 432 MSTS 1959Central 5,289 43*49'N 
1960 Atlantic 45'00'W 

A12 Sapelo 11 Off Coast of B 0.005 liquid UG 1955Island 
Sapelo Islands 

1960 

Gulf of Mexico Disposal Sites 
Recorded Site Depth Central Relation 

Years Designation(s)IIn (meters) Coordinates, to Land' Materials, Activity' Containers' Agents 7  
Used 

GM1 1,930 27*14'N 170 miles S of B 10 1 MP 1958 
89033'W New Orleans, LA* 

GM2 3,111 25 0
40'N 250 miles SE of B 0.002 78 SMO 195585°17'W Appalachicola, Fla* 

1957 
In contracting and licensing the ocean dumping of radioactive wastes, the AEC designated general areas for approved dumping. In some instances these areas were identified by single 

coordinates and the wastes were concentrated in relatively specific areas, while in other instances the AEC designated much broader areas and allowed those dumping to proceed according to 
general guidelines. Dumping under these designations resulted in much less concentrated dumping activities and a multitude of individual "dumpsites." The number of such individual 
dumpsites under a particular heading in this column is indicated in parentheses. The designation AL through A12, GMI and GM2, and PI through P13 refer to the NRC site numbering system.  Central coordinates designate dumping areas thought to have received concentrations of waste materials. Actual coordinates may have varied over wider distances.  Approximations for land references: an asterisk means that EPA has not plotted the coordinates on nautical charts to confirm the stated distance from land; blanks mean we haven't 
found the information yet.  

4Three types of materials were dumped under AEC licenses or by AEC contractors: by-product materials (B), source materials 1S). and special nuclear materials (SNM). By-product 
materials refer to a wide variety of substances which were exposed to incidental radiation. Source materials include uranium and thorium. Special nuclear materials include plutonium, uranium-233, enriched uranium-233 or 235. and any other materials which the AEC may have determined to be special nuclear materials.  Radioactivity is given in estimated curies at the time of packaging.  Waste materials were generally either packaged in special containers which were then placed In concrete-filled steel drums, or mixed directly in concrete which was in turn placed in 
the steel drums.  

IAEC U.S. Atomic Energy Commission; AML- American Mall Lines; ARC: Atlantic Refining Company; CMDC. Coastwise Marine Disposal Corporation; CR: Chevron Research; FWS: U.S.  
Fish and Wildlife Service; ISC: Isotope Specialty Company; MP: Magnolia Petroleum; MSTS: Military Sea Transport Service; NEC Nuclear Engineering Company; NIH: U.S. National Institute of Health; NRDL: U.S. Naval Radiation Development Laboratory; OTC: Ocean Transport Company; PN: Pneumodynamics; SMO: Socono-Mobile gil; UG: University of Georgia; UH: University of Hawaii.  

There were some AEC approved ocean dumping sites for which EPA has no records of dumping activities. They are as follows: 

Pacific Ocean 
Atlantic Ocean 

39*30'N; 125*40'W 
41*33,N; 65*30'W 

37*40'N; 124*50'W 
41u33"N; 65*33'W 36000'N; 124100'W 
41-28-.38N; 65°28-45*W 34*30'N; 122*50'W 
38'30'N; 72*00'W 

36*30'N; 74013YW 

36* 15 N; 76*35"W 
34'1 5"N; 76*35W 'Based on NRC memorandum of 8/14/80 additional dumpings appear to have taken place in the 1960's and are being characterized in ongoing records research.  "Under the terms of the AML license, AML was authorized to dunp along the path of its shipping route beyond depths of 1,000 fathoms 01.850 meters).  "Report published by NOAA in April 1973, Submersible Inspection of Drep Ocean Waste Disposl Sites OffSouthern California describes survey of Santa Cruz Basin.  'See note number', above.  

Source: Mattson, Roger J. 1980. Prepared Statement of Roger J. Mattson, Director, Surveillance and Emergency Preparedness Division, Office of Radiation Programs, U.S. Environmental Protection Agency. In Radioactive Waste Disposal Oversight Hearings (November 20) before the Subcommittee on Oceanography of the Committee on Merchant Marine and Fisheries, U.S. House of Representatives, 96th Congress, Serial No. 96-53. Washington, D.C. p. 361-366.
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APPENDIX D Signatory Countries to the London Dumping Convention 

Contracting Parties to the Convention on the Preven
tion of Marine Pollution by Dunping of Wastes and Other 
Matter (December 29, 1972 London: IMO, 1972), as of 
January 1, 1983:

Afghanistan 
Argentina 
Belize 
Brazil 
Byelorussian Soviet Socialist 

Republic 
Canada 
Cape Verde 
Chile 
Cuba 
Denmark 
Dominican Republic 
Federal Republic of Germany 
Finland 
France 
Gabon 
German Democratic Republic 
Greece 
Guatemala 
Haiti 
Honduras 
Hungary 
Iceland 
Ireland 
Japan 
Jordan 
Kenya 
Kiribati 
Libya 
Mexico

Monaco 
Morocco 
Nauru 
Netherlands 
New Zealand 
Nigeria 
Norway 
Onam 
Panama 
Papua New Guinea 
Philippines 
Poland 
Portugal 
Seychelles 
Solomon Islamds 
South Africa 
Spain 
Suriname 
Sweden 
Switzerland 
Tunisia 
Tuvalu 
Ukrainian Soviet Socialist 

Republic 
Union of Soviet Socialist 

Republics 
United Arab Emirates 
United Kingdom 
United States 
Yugoslavia 
Zaire

Source: U.S. Department of State. 1983. Treaties in Force. A List of 
Treaties and Other International Agreements of the Unit
ed States in Force on January 1, 1983. Publication 9351, Office 
of the Legal Advisor, Washington, D.C., p. 253.
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APPENDIX E 
Case Histories

Hanford 
The first deliberate introduction of anthropogenic 

radioactivity into the ocean was via the Columbia River 
'vhen nuclides were added to the river at the Hanford 

.Reservation near Richland, Washington, 360 miles 
ipstream from the mouth of the river. Beginning in the 
940s, thousands of curies of low-level nuclides were 
lischarged through the cooling water of Hanford's re
tctor plants. Unlike present nuclear power reactors 
vhere the primary coolant is contained in a closed 
ystem, the Hanford plutonium production reactors were 
ooled by water that passed through the reactors and 
vas then discharged into the Columbia River. Nine re
ctors were built at Hanford; during full operation (from 
955 to 1964), about 1,000 curies per day were deposited 
irectly into the Columbia. The first plutonium-produc
ig reactor at Hanford began operations in 1944, and 
ae last reactor to be cooled by river water was shut 
own in January 1971.' 
To determine the effects of Hanford's discharges on 

ie Columbia River, laboratory studies were initiated 
t the University of Washington in 1943 and at the 
anford Laboratories in 1945. Field studies were begun 
L 1946 by Hanford. After the detonations of the atomic 
)mbs at Hiroshima and Nagasaki, public awareness 

"Hanford's operations and programs grew substantial
By 1950, seven State and Federal agencies had par

cipated in reviews of Hanford's programs related to 
:e Columbia River, including the Columbia River Advi
.ry Group, which was formed in 1949. For 15 years, 
.ey provided advice on program direction and waste 
sposal practices. In 1950, the U.S. Public Health Ser
ce undertook a two-year comprehensive study of 
dionuclides in the Columbia River. The study of the 
tuary and marine environments were incidental to 
e studies of the river itself until the Columbia River 
arine Programme was organized by the Atomic En
gy Commission in 1960. Participants in the program 
!re the University of Washington, Oregon State Uni
rsity, the Oregon Fish Commission, and the U.S. Bu
tu of Commercial Fisheries. The fruits of their efforts 
!re published in the 1972 book, "The Columbia River 
tuary and Adjacent Ocean Waters." 2 

Such major U.S. living marine resources as fish, razor 
ms, dungeness crabs, and oysters were in the pathway 
Hanford's radioactive outpourings. Although 20 ra-

dionuclides accounted for 98 percent of the radioactivity 
in reactor cooling water four hours after irradiation, 
by the time the water reached the ocean only three 
nuclides (chromium-51, zinc-65, and phosphorus-32) 
remained as significant contributors to the radioactivity 
in the river. Some radionuclides still remain in river 
bottom sediments, mostly behind the four dams between 
Hanford and the ocean. However, the results of the 
investigations by independent academic researchers 
is summed up by one of the primary researchers, who 
concluded that ". . . the discharge from the Columbia 
River of "Cr, 6sZn, and 12P from the Hanford plutonium 
producing reactors into the North Pacific Ocean at the 
rate of about 1000 curies per day did not affect marine 
organisms or jeopardize the health of man."3 

Pacific Fallout 

On March 1, 1954, a small Japanese fishing vessel, 
the DAIGO FUKURYU-MARU (LUCKY DRAGON V), was 
working 1.10 kilometers east of the Bikini-Eniwetok 
atolls during U.S. nuclear testing. The fishermen were 
heavily exposed to radiation, and upon return to port 
their fish catch was found to be heavily contaminated 
by fallout. Many other fishing boats were also heavily 
contaminated. In response to this incident, the research 
vessel SHUNKOTSU-MARU, which belonged to the 
Japanese Fisheries Agency, was sent to the equatorial 
North Pacific in May of 1954. From an area west of Bi
kini, the research vessel tracked residual radiation in 
the upper surface waters westward toward Japan, and 
found high activity in the seawater 450 km west of Bi
kini (91,000 dpm/1), and activity greater than 1,000 
dpm/1 2000 km from Bikini along the North Equato
rial Current.  

In the spring of 1955, the U.S. Atomic Energy Com
mission, in cooperation with the Scripps Institution of 
Oceanography and the University of Washington's 
Applied Fisheries Laboratory, conducted an exped
ition aboard the U.S. Coast Guard Cutter TANEY) to 
trace the radioactivity discovered during the 
SHUNKOTSU-MARU cruise. The contaminated area 
was located off the coast of Luzon Island of the 
Philippines, indicating the radioactivity was being 
carried west by the North Equatorial Current. In the 
summer of 1955, an international cooperative study by
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Canada, Japan, and the United States detected radio

activity in seawater in a still larger area of the Western 

Pacific, indicating dispersion by the Kuroshio Current, 

as well as the North Equatorial Current.4 

Beyond the findings of the Eniwetok-Bikini exped

itions, a large volume of literature concerning radio

nuclide distribution and cycling from both fallout and 

waste disposal has led to an understanding of critical 

pathways and bioaccumulation potentials in different 

marine organisms.' 

U.S. Ocean Dumping 

When the United States dumped low-level waste 

(LLW) at sea between 1946 and 1970, four major dump

sites received more than 97 percent of the total amount: 

an Atlantic Ocean site 140 miles southeast of Sandy Hook, 

New Jersey in 2,800 meters of water; another site 220 

miles southeast of Sandy Hook in 3,800 meters (com

bined Atlantic total: about 50,000 containers, 99,500 

curies); Massachusetts Bay, 15 miles east of Boston (4,000 

containers, 2,400 curies in about 100 meters); and near 

the Farallon Islands in 1,000 to 2,000 meters 50 miles 

west of San Francisco (about 45,000 containers, 14,500 

curies.
6 

Beginning in 1957, several surveys were conducted 

at these sites. The first was an examination sponsored 

by the Atomic Energy Commission (AEC) of the water 

column, sediment, and biota at the Farallon Islands by 

the Scripps Institution of Oceanography. Results did not 

reveal "easily detectable amounts of radioactivity even in 

the immediate vicinity of the oldest official marine dis

posal area. "7 The AEC initiated a similar study in 1960 

by the Pneumodynamics Corporation, which found that 
"within experimental error there was no radioactivi

ty detected that exceeded background levels" at the 

Farallons.8 

A year later, the U.S. Coast and Geodetic Survey, now 

part of NOAA's National Ocean Service, investigated 

the Atlantic dumpsites. Although the survey underwater 

photos did not show any drums so samples may not 

have been taken in the immediate vicinity of the con

tainers, they found no positive indication of released 

radioactivity.9 

From 1974 through 1978, the Environmental Pro

tection Agency (EPA) surveyed the major sites using 

manned and unmanned submersibles, noting that the 

condition of LLW packages at these sites varied from 
"very good with little surface corrosion to very poor 

with severe hydrostatic implosion."' 0 In 1981 and 1982, 

at EPA's request, the National Oceanic and Atmospheric 

Admninistration (NOAA) surveyed the Massachusetts 

Bay using a side-scan sonar, and gathered bottom biota 

and sediment samples for radioanalysis by EPA.  

Although detailed analysis needs to be completed, 

preliminary results show "radioactivity concentrations

were found to be within normally expected ranges for 
background levels.""II 

As a result of its studies of past U.S. dumpsites, EPA's 

overriding conclusion has been that there is "no evidence 

of harm either to people or the marine environment 

resulting from past U.S. practices of ocean disposal of 

radioactive material." The sediment acts to accumu

late radionuclides. Evidence showed that radioactivi

ty decreased from dose to the container to normal back

ground level only a few meters away.12 
This conclusion was supported by the U.S. General 

Accounting Office which, in late 1981, summarized the 

results of U.S. marine dumpsite investigations by ob

serving that the "overwhelming body of scientific re

search and opinion shows that concerns over the 

potential public health and environmental consequences 

posed by past ocean dumping activity are unwarrant
ed and overemphasized.""3 

THRESHER and SCORPION Sinkings 

Two U.S. nuclear submarines, the USS THRESHER 

and the USS SCORPION, were lost at sea in the Atlan

tic Ocean. In the event of serious accidents such as these, 

U.S. submarine reactors are designed to withstand se

vere damage and to corrode slowly. Thus, the radioac

tive material in the reactors' fuel elements should 

continue to be contained for long periods of time while 

the fission products and the neutron-activated metals 

decay to reduced activity levels.'4 However, the uranium 

and plutonium nuclides remaining in the fuel rods are 

very long-lived; they will be released to the environ

ment when the submarines finally disintegrate.  

Radiation measýuements were made, and various 

samples of water, sediments and debris were collected 

for analysis at the THRESHER site shortly after its 

sinking in May of 1963, and were again collected in 1965.  

Similarly, seawater and sediment samples taken near 

the SCORPION's hull were analyzed for radioactivity.  

None of the samples showed radioactivity above back

ground levels, and no evidence indicates that radioac

tivity had been released from either the THRESHER or 

the SCORPION." 
Direct radiation measurements were made of the 

gamma-emitting radionuclides contained in the upper 

sediment layers at the THRESHER (in 1977) and SCOR

PION (in 1979) sites. Water, sediment, marine life and 

debris also were collected for analysis. Again, as of those 

dates, there was no evidence of release of radioactivity 

from reactor fuel elements. Cobalt-60, however, was 

detected at low levels in the sediment samples of both 

sites. Its source would be the submarines' coolant sys

tems or internal surfaces of piping or components. The 

nuclide was not present in the samples of water, ma

rine life, or debris.' 6
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;ellafield 
The United Kingdom's Atomic Energy Authority's 

.uclear facility at Sellafield (formerly Windscale) on 
tie Cumberland coast' 7 contains the largest and best 
ocumented nuclear reprocessing plant. Operated by 
ritish Nuclear Fuels Ltd., the plant has discharged 
ffluent from a two-mile pipe into the Irish Sea since 
952.1 
The radionuclide in the effluent that most restricts 

ie total discharge of radioactive waste was first iden
fled as the fission product, rubidium-106. The criti
il pathway that limits the amount of rubidium-106 
'hich can be discharged is the consumption of contami
ited seaweed by a small human population.'9

The ingestion rates of radionuclides have also been 
measured in consumers of fish and shellfish within the 
local fishing community and in a larger population of 
consumers of commercial fisheries products caught from 
vessels operating out of ports along the Northeast coast of 
the Irish Sea. The consumption rates estimated for local 
consumers yielded a maximum dose in 1979 of 21 percent 
of the limit recommended by the International Com
mission on Radiological Protection (ICRP) for mem
bers of the public. Maximum dose to consumers of the 
commercial catch from the North East Irish Sea ports 
was 12 percent of the ICRP limit.20
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APPENDIX F 
Meeting Dates, Speakers and Presentation Topics 

Titles of each participant are listed according to the title held at the time of presentation to the Committee.  

'er Topic

;ust 30, 1982 
ýs Mangeno 
ity Director of the Nuclear 
chnology Division 
il Sea Systems Command 
ear Propulsion Directorate 
Navy 

,chard Anderson 
;ion Supervisor, Seabed 
eabed Disposal Program 
ia National Laboratories 

Boyer 
ram Manager of Subseabed Program 
ion of Waste Dispository Deployment 
Department of Energy 

)ber 25, 1982 
)n Curtis 
rney at Law 
.r for Law and Social Policy 

on Thompson 
ulting Scientist 
n of Concerned Scientists 

les Osterberg 
ne Scientist 
)gical Research Division 
Department of Energy 

ember 14, 1982 
.ias Kitsos 
lative Analyst 
hant Marine and Fisheries Committee 
*-ouse of Representatives 

Sjoblom 
tor, Office of Radiation Programs 
•onmental Protection Agency 

iond Johnson 
Officer 
! of Radiation Programs 
•onmental Protection Agency

Navy's Efforts to Safely Dispose of Aging Submarines 

Subseabed Disposal and Ocean FUSRAP Programs 

Subseabed Disposal Program 

Views on Radioactive Waste Disposal in the 
Marine Environment 

Concerns about Radioactive Waste Disposal in the Marine 
Environment 

Views on Radioactive Waste Disposal in the Marine 
Environment 

Policy Trends as seen within the Merchant Marine and 
Fisheries Committee, U.S. House of Representatives 

EPA Regulations for Ocean Disposal of Radioactive Waste 

EPA Monitoring and Surveying Activities at 
Previous Dumpsites
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Speaker 

January 24, 1983 
Susan Wiltshire 
Senior Consultant 
Technology Management Division 
Research and Planning, Inc.  

William Barnard 
Program Director 
Ocean Programs 
Office of Technology Assessment 

Christopher Roosevelt 
President 
The Oceanic Society

Colin Heath 
Manager of Northern Operations 
NUS Cooperation 

Jon Hinck 
National Campaign Director 
Greenpeace 

Loring Mills 
Vice President 
Nuclear Institute 
Edison Electric Institute 

Peter Sears 
Member of the Public 
Ban Ocean Nuclear Dumping 
(Public Interest Group) 

March 7, 1983 
William Templeton 
Associate Manager 
Environmental Sciences Department 
Northwest Laboratory, Battelle 
Chairman, Nuclear Energy Agency's 

Research Committee on Sea Dumping 

of Radioactive Waste in the Ocean 

Bertrand Barre 
Attache for Nuclear Activities 
French Scientific Mission 

Tetsuhisa Shirakawa 
First Secretary of Science 
Embassy of Japan 

Mark Wimbush 
Associate Professor of Oceanography 
Graduate School of Oceanography 
UJfiiversity of Rhode Island 

Mohammed Shaker 
United Nations Representative 
International Atomic Energy Agency

Topic

Role of the Public in Nuclear Waste Management 

National Legislation regarding Nuclear Waste Management 

Overall Concerns regarding Possibilities of Ocean Disposal 
of U.S. Radioactive Waste 

National Efforts to Dispose of High-Level Radioactive Waste 

Environmental and Ecological Concerns 

Public Utilities and the Storage of Spent Fuel Rods 

Environmental and Ecological Concerns 

International Research on-Ocean Dumping of Low-Level 

Radioactive Waste 

French Nuclear Waste Management 

Japan's Nuclear Waste Management and Proposals for 
Ocean Dumping of Low-Level Radioactive Waste 

Oceanic Processes (notably physical) that Affect 
Radionuclides 

IAEA Definitions and Recommendations regarding Ocean 

Disposal of Radioactive Waste
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peaker Topic

ean Louis Hyacinthe 
kttache for Oceanography 
ýrench Scientific Mission 

ipril 13, 1983 
lary White 
lanager 
-rand Junction Remedial Action Program 
.S. Department of Energy 

onald Dobies 
layor 
Uiddlesex Borough 
ew Jersey 

lay 24, 1983 
o speaker 

uly 12, 1983 
o speaker 

.ugust 25, 1983 
o speaker 

ctober 19, 1983 
: speaker 

ecember 6, 1983 
)speaker

inuary 31, 1984 
)speaker 

Larch 19, 1984 
)speaker

French Activities regarding the Possibility of Ocean

French Activities regarding the Possibility of Ocean 
Disposal of Certain Forms of Radioactive Waste 

DOE Efforts to Stablize FUSRAP sites 

Disposal of FUSRAP Material at Middlesex Borough, 
New Jersey 

Panel work session 

Panel work session 

Panel work session 

Plenary. Review of the findings of the NACOA Panel.  
Review of preliminary report outline.  

Panel work session. Review of preliminary report draft.  

Panel work session. Consideration of reviewers' comments.  
Tentative approval of recommendations.

Plenary. Review and approval of report.
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APPENDIX G 
Glossary of Acronyms

AEC .................... Atomic Energy Commission 
AFR .................... Away-From-Reactors Storage Facilities 
BNFL .................. British Nuclear Fuels Limited 
CEQ .................... Council on Environmental Quality 
CFR ..................... Code of Federal Regulations 
CMFA ................ Council for Mutual Economic Assistance (Eastern Block Nations) COPRDM ........... Committee on Pollution Research, Development, and Monitoring 
DOE .................... Department of Energy 
DOT .................... Department of Transportation 
EEZ ..................... Exclusive Economic Zone 
EPA .................... Environmental Protection Agency 
ERDA ................. Energy Research and Development Administration 
GEOSECS ............ Geochemical Ocean Sections Study 
GESAMP ............ (United Nation's Joint) Group of Experts on the Scientific Aspects of Marine 

Pollution 
HLW ................... High-level waste (radioactive) 
IAT A .................. International Atomic Energy Agency 
ICES .................... International Council for the Exploration of the Sea 
ICRP ................... International Commission on Radiological Protection 
ICSU ................... International Council of Scientific Unions 
IOC ..................... Intergovernmental Oceanographic Commission 
ISHTE ................. In-Situ Heat Transfer Experiment 
LDC .................... London Dumping Convention 
LLW ................... Low-level waste (radioactive) 
LOS ..................... Law of the Sea 
MPC ................... Maximum Permissible Concentration 
UPC .................... Mid-plate, mid-gyre 
MRS .................... Monitored Retrievable Storage (Facilities) 
MTHM ............... Metric tons of heavy metal (includes plutonium, etc.) 
MTU ................... Metric tons of uranium 
NACOA .............. National Advisory Committee on Oceans and Atmosphere 
NEA ................... Nuclear Energy Agency (Part of the Organization for Economic Cooperation 

and Development) 
NFS ..................... Nuclear Fuel Service 
NCRP .................. National Council on Radiation Protection and Measurement 
NEPA ................. National Environmental Policy Act 
NOAA ................ National Oceanic and Atmosphere Administration 
NOPPA ............... National Ocean Pollution Planning Act 
NRC .................... Nuclear Regulatory Commission 
OECD .................. Organization for Economic Cooperation and Development (Western Europe) 
OSTP ................... Office of Science and Technology Policy 
PWR ................... Pressurized water reactor 
SCOR .................. Scientific Committee for Oceanic Research 
SDP ..................... Subseabed Disposal Program 
SI ........................ International System of Units 
TRU .................... Transuranic waste (radioactive) 
UK ...................... United Kingdom 
WIPP .................. Waste Isolation Pilot Plant
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APPENDIX H 
Glossary of Selected Terms

'tion-the action of a body, such as charcoal, in 
msing amd holding a gas or soluble substance upon 
face; distinguished from absorption in which the 
al is taken up within the body by either physical or 
cal forces.  

parftwe-a positively charged nuclear particle con
of two protons and two neutrons (essentially 

icleus of the helium atom.) Alpha radiation, the 
t of alpha particles, is the most densely ionizing 
ist penetrating type of radiation; alpha particles 
! stopped by several sheets of paper. Alpha
ng radionuclides are generally hazardous to 
is only if they decay while inside the body.  
vogenic--originated through human activities.  
-a basic component of all matter; the atom is the 
t part of an element having all the chemical prop
3f that element; basically composed of protons 
itrons in the nucleus and electrons in outer orbits.  
mass-the mass of any species of an atom, ex
in atomic mass units (equal to 1/12 of the atomic 
the most abundant carbon isotope, carbon- 12).  
number-a number characteristic of an element 
:o represent the positive charge on the nucleus 
tom of the element normally equal to the number 
ns in the nucleus the atomic nunber is equal to 

nber of electrons outside the nucleus in a neu
Mn.  

V/eight-the relative weight an atom on the basis 
n-12 defined as 12. For a pure isotope, the atomic 
rounded off to the nearest integer gives the total 
of nucleons (neutrons and protons) making up 

nic nucleus.  

?l (Bq)--international unit of radioactivity 
one nuclear disintegration per second.  

icle-an electron or positron emitted by the nu
an atom during radioactive decay. Beta radia

;tream of beta particles, is, a more penetrating 
ionizing radiation than is alpha. Beta particles 
utopped by a thin sheet of metal. Most fission 
s in spent fuel and reprocessed waste (e.g., 
31, cesium-137, and strontium-90) are beta 
Beta-emitting nuclides are of concern main

they decay within the body.

Bioaccumulation-the build-up of radionuclides in liv
ing organisms. The chemical similarities between some 
radionuclides and naturally occurring elements in the 
human body makes this a potentially dangerous pro
cess. (For example, strontium-90 resembles calcium and 
concentrates in bones). A danger also exists in that 
marine organisms can bioaccumulate radionuclides and 
then be consumed by man.) 

By-product material--"waste produced by the extraction 
or concentration of uranium or thorium from any ore 
processed primarily for its source material content, 
including discrete surface waste resulting from urani
um solution extraction processes; excludes fission 
products and other radioactive material covered in 10 
CFR Part 20.3 (3)". (DOE order 5820.2) 

Cesium-137-a radioactive fission product with a 
30-year half-life.  

Chain reaction-a self-propagated fission of atomic nuclei 
continued by the further action of one of the products, 
best exemplified by the fission of a uranium nucleus 
by a neutron that causes the release of more neutrons 
that cause further fissions, etc.  

Cladding-protective alloy shielding in which fission
able fuel is inserted; is relatively resistant to radiation 
and the physical and chemical conditions in a reactor 
core; may be stainless or some alloy such as zircaloy.  

Cosmic rays-radiation of intense penetrating power, 
emanating from outer space and consisting mainly of 
high energy positively charged particles.  

Critical pathway approach--evaluation of a series of events 
through which radioactive material that is introduced 
into the marine environment is diluted or concentrat
ed, and eventually reaches humans in food or from other 
contacts.  

Curie-a measure of the rate of radioactive decay, equiva
lent to that of radium, in which exactly 3.7 x 1010 dis
integrations occur per second.  

Decay product-nuclide resulting from the radioactive 
disintegration of a radionuclide, formed either direct
ly or as the result of successive transformations in a 
radioactive series; may be radioactive or stable.
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Disposal--nuclear waste isolation that relies on na

tural and anthropogenic barriers. Disposal does not 

permit easy human access to the waste after its final 

emplacement, and does not require continued human 

control and maintenance.  

Entombment- process by which nuclear reactor plants 

are sealed with concrete or steel after liquid waste, fuel 

and surface contamination have been removed to the 

greatest extent possible.  

Fission-process by which an atomic nucleus is split or 

broken apart (as by bombardment with neutrons) into 

approximately equal parts. The fission of certain heavy 

elements (as uranium and plutonium) results in the 

release of enormous quantities of energy.  

Fission product-a nuclide produced either directly by 

the fission of a chemical element or by the subsequent 

disintegration of products of this process.  

Gamma radiation--high-energy electromagnetic waves.  

Gamma radiation has greater penetrating power than 

have alpha or beta radiation, and usually accompanies 

beta emission. Gamma radiation can penetrate and dam

age critical organs in the body.  

Geologic repository-a mined underground cavity for 

the disposal of radioactive waste.  

Gigawatt- billions of watts of electricity generated: 
(I GWe,= 1,000 MWe).  

Gray (Gy)-the international unit of absorbed radi

ation dose (1 Gy= 1 joule of absorbed energy per kilo

gram of material= 100 rad.) 

Half-life-time required for half of the atoms of a ra

dioactive substance to disintegrate to another nuclear 

form, which may range from seconds to billions of years.  

High-level waste-defined by the United States as spent 

reactor fuel and any wastes generated during repro

cessing spent fuel above a defined concentration. The 

International Atomic Energy Agency (IAEA) definition is 

any waste with radioactivity too concentrated or present 

in amounts too large to be considered suitable for dis

posal at sea. IAEA currently uses the following limits 

of activity to define high-level waste: 
Alpha emitters: 1 curie or more/metric ton 

Beta or gamma emitters: 100 curies or more/metric ton 

Tritium: 106 curies or more/metric ton.  

Irradiation--intentional exposure of a substance to 

radioactivity.  

Isotope-one of two or more species of atoms of the same 

chemical element that have the same atomic number, 

and which occupy the same position in the periodic table.  

Isotopes are nearly identical in chemical behavior but 

differ in atomic mass or mass number, and so behave 

differently in radioactive transformations and in 

physical properties (for example, diffusion in the gas
eous state).
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Megawatt-one million watts of electricity generated.  

Microfauna--small or strictly localized minute ani

mals, especially those invisible to the naked eye.  

Monitoring- systematic observations of predetermined 

pollutants or pertinent components of the marine 

ecosystem over a length of time sufficient to determine: 

(1) the existing level, (2) the trend, and (3) the natural 

variation of parameters of the water column, sediments, 
or biota.  

Mothballing--decommissioning a nuclear facility.  

Low-level waste-any radioactive waste that is not classi

fied as mill tailings, high-level waste, tiansuranic waste, 

spent fuel, or the by-product material defined in the 

Low-Level Radioactive Waste Policy Act of 1980.  

Nuclear reactor-device in which a controlled nuclear 

chain reaction is maintained, either for the purposes 

of experimentation, production of weapons grade fis

sionable material, or generation of electrical power.  

Nuclide-type of atom characterized by the constitution 

of its nucleus, and hence by the number of protons, neu

trons, and its energy content.  

Parent-a radionuclide that upon disintegration yields a 

specified nudide, called the "daughter," either directly or 

as a later member of a radioactive decay series.  

Penetrometer-a projectile housing high-level waste 

which, when dropped from a ship or lowered from a 

winch, would penetrate soft sediments.  

Phytoplankton-free floating microscopic aquatic plants.  

Plutonium-a radioactive metallic element of the actinide 

series, similar chemically to uranium, that is usually 

produced in nuclfgr reactors as the long-lived isotope 

plutonium-259 (half-life of 24,000 years) by spontaneous 

emission of an electron from neptunium, obtained in 

turn from uranium-238. Plutonium is also found in 

minute quantities in pitchblend and other uranium
containing ores.  

Rad-measurement of the amount of energy absorbed 

per gram of material, such as human tissue, from ion

izing radiation. 1 rad-= 100 ergs/gram.  

Radioactivity-the spontaneous emission of various forms 

of radiation (usually alpha or beta particles or gamma 

rays) by the disintegration of the nuclei of atoms.  

Radioisotopes--an unstable isotope of an element that 

will eventually undergo radioactive decay.  

Radium-an intensely radioactive metallic element 

of the alkaline earth group, that occurs principally as 

the isotope radium-226 formed from uranium-238 and 

having a half-life of 1,620 years. Radium-226 emits 

alpha particles or gamma rays to form radon.



Radon-a heavy radioactive gas with a half-life of 3.8 
days; formed by disintegration of radium and used simi
larly to radium in medicine; hazardous in unventilat
ed areas because it can build up to high concentrations 
and cause lung disease if inhaled for long periods of 
time.  

Rem-(roentgen equivalent man) a unit expressing the 
effective radiation dose equivalent for all forms of ioniz
ing radiation. The rem is that amount of any ionizing 
radiation that will cause the same amount of biologi
cal injury to human tissue as one rad of X-ray or gamma 
ray dosage.  

Reprocessing- chemical process by which unfissioned 
uranium-235 and plutonium-239 are removed from 
spent reactor fuel.  
Roentgen--measures the amount of energy lost in air 
by the passage of gamma or X-rays, by generating 
(through ionization) one electrostatic unit of charge in 
one cubic centimeter of dry air at standard conditions 
of temperature and pressure.  

Sievert(Sv)--international unit of radiation dose that 
is multiplied by a quality factor dependent upon the 
type of radiation distribution within biological mate
rial (=100 rem.) 

Sorption coefficient-(Kd) an inverse measure of the 
potential for nuclide transport through sediments.  
Refined as the ratio of solid phase concentration to so
lution phase concentration.  

Spallation-a nuclear reaction in which light particles 
are ejected as the results of bombardment (as by high
energy protons); especially a reaction resulting in 
numerous products.  

Spent fuel-irradiated fuel discharged from nuclear reac
tors; in commercial reactors, this material typically con
tains about 96 percent unused uranium, 1 percent 
plutonium, and 3 percent other fission products cate
gorized as high-level waste.  
Storage--isolation permitting easy access to the waste 
after emplacement; requires human control and main
tenance to guarantee isolation.  

Tailings--residue from uranium mining and milling 
operations (in the form of fine sand) that contain low 
concentrations of naturally occurring radioactive 
materials.  

Thorium-a radioactive metallic element usually asso
ciated with rare earths principally as the isotope thor
ium-252 having a half-life of 1.4 x 1030 years.  
Tracer-a radionuclide that can be traced through a 
chemical, biological, or physical system in order to study 
the system.

Transuranic waste-any material containing at the end 
of its institutional control period 100 nanocuries (1 na
nocurie=l0-9 curies) or more per gram of alpha-emit
ting radionuclides with an atomic number greater than 
92 (uranium) and long half-lives (greater than 20 years).  

Tritium-a radioactive isotope of hydrogen with two 
neutrons and one proton in the nucleus and a half-life 
of 12.3 years.  

Tuff-fragmented rock consisting of the smaller kinds 
of volcanic detritus, usually more or less stratified.  

Uranium-a heavy radioactive metallic element of the 
actinide series, that exists naturally as a mixture of three 
isotopes: uranium-238 (99.28%), uranium-235 (0.71%), 
and uranium-234 (0.006%). Uranium undergoes very 
slow radioactive decay and captures neutrons in a nu
clear reactor to produce a heavier isotope, uranium-239, 
which decomposes by beta emission and is used primari
ly in atomic energy programs to sustain chain reactions, 
to provide a source of the light isotope uranium-235, 
and to make plutonium.  

Vitrification--formation of glassy or noncrystalline 
material out of nuclear wastes after subjection to tem
peratures between 9501C and 1,1501C.  

The definitions contained in this glossary were obtained 
form the following sources: 

Foster, R.F., I.L. Ophel, and A. Preston. 1971. Evaluation of Human 
Radiation Exposure, In Radioactivity in the Marine Environment, 
National Academy of Sciences, Washington, D.C., p. 240-262.  

Gove, Philip Babcock. (Editor) 1976. Webster's Third New Interna
tional Dictionary. (Unabridged) G. & C. Merriam Co., Spring
field, Massachusetts, 2,662 p.  

Lipschutz, Ronnie D. 1980. Radioactive Waste: Politics, Technology, 
and Risk. A Report of the Union of Concerned Scientists. Ballinger 
Publishing Company, Cambridge, Massachusetts, p. 203-214.  

Office of Technology Assessment. 1982. Managing Commercial 
High-Level Radioactive Waste. OTA-0-1972, Congress of the Unit
ed States, Washington, D.C., 65 p.  

Stein, Jess. (editor) 1975. The Random House College Dictionary.  
Revised Edition. Random House, Inc., New York, 1,568 p.  

Triplett, Mark B., a al., 1982. Monitoring Technologies for Ocean Dis
posal of Radioactive Waste. Prepared for the National Oceanic 
and Atmospheric Administration, R-2773-NOAA, Rand, Santa 
Monica, California, p. xvii-xix.  

U.S. Department of Energy. 1983. Spent Fuel and Radioactive Waste 
Inventories, Projections, and Characteristics. DOE/NE-0017/2, 
Assistant Secretary for Nuclear Energy and Assistant Secretary 
for Defense Programs, Washington, D.C., p. 2.  

U.S. Department of Energy. 1984. DOE Order 5820.2. Radioactive Waste 
Management. Assistant Secretary for Defense Programs, Wash
ington, D.C., p. 3-6.  

Weast, Robert C., and Melvin J. Astle. (editors) 1981. CRC Handbook 
of Chemistry and Physics. Chemical Rubber Publishing Co., Boca 
Raton, Florida, Section F.
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APPENDIX I 
Glossary of Organizations

UNITED STATES 
Atomic Energy Commission (AEC). From 1946 to 1974, the AEC was the agency responsible for developing, 
promoting, and regulating U.S. nuclear activities. The Energy Reorganization Act of 1974 abolished the ABC, dividing its responsibilities between the Energy Research and Development Administration and the Nuclear Regu
latory Commission.  

Energy Research and Development Administra
tion (ERDA). From 1974 to 1977, ERDA was responsible for nuclear research and development, including the nuclear waste management program. In 1977, ERDA was abolished as an independent agency, and its activities were absorbed into the Department of Energy.  

Nuclear Regulatory Commission (NRC). Established in 1974, the NRC is an independent board whose five members are appointed by the President. The NRC regulates all U.S. commercial nuclear activities (including 
active uranium mill tailing sites). All private nuclear 
facilities must be licensed by the NRC before starting operation. Although Federal radioactive waste storage and disposal activities are not generally subject to NRC review, DOE must get an NRC license for some HLW disposal facilities. In addition, the NRC regulates the packaging of radioactive material for transport.  
Department of Energy (DOE). Formed in 1977, DOE absorbed the responsibilities of the Energy Research and Development Administration for nuclear research and development, including: research necessary to make policies concerning radioactive waste management; 
actual handling and storage of all nuclear defense wastes; and disposal of commercial high-level waste and/or 
spent fuel.  

Environmental Protection Agency (EPA). Established in 1970, EPA assumes lead responsibility in the Federal Government for identifying, evaluating, and controlling environmental pollutants. The purview of EPA includes freshwater, estuarine, coastal, and oceanic pollution. EPA is responsible for issuing permits for the ocean dumping of any material (except dredged mate
rial), including low-level radioactive waste.  
Department of Transportation (DOT). DOT regulates the safe transport of privately owned radioactive materi-

als, including nuclear waste, by all modes and means 
of transport.  

National Oceanic and Atmospheric Administra.  
tion (NOAA). Established in 1970, the mission of NOAA 
includes conducting or supporting programs of research, 
development, and monitoring to understand the effects 
of various pollutants and activities on ocean, coastal, 
and Great Lakes ecosystems. NOAA is the lead organ
ization in planning and coordinating Federal activities in 
ocean pollution research and monitoring.  

National Council on Radiation Protection and Mea
surements (NCRP). The NCRP is a non-profit cor
poration chartered by Congress in 1964 to collect, ana
lyze, develop, and disseminate information about 
protection against radiation amd about radiation 
measurements.  

INTERNATIONAL 

International Atomic Energy Agency (IAEA). Since 
its establishment in 1957, the IABA has been concerned 
with radioactive waste management within its gener
al mandate of seeking to accelerate and to enlarge the 
contribution of atomic energy to peace, health, and pros
perity throughout the world.  

Organization for Economic Cooperation and Devel
opment-Nuclear Energy Agency (OECD, NEA).  
The mission of NEA is to promote orderly development 
of peaceful uses of nuclear energy through coopera
tion among Member States. NEA initiates, encourages, 
and coordinates cooperative work in reactor research, 
nuclear fuel cycle studies, radiation protection, waste 
management, nuclear safety regulatory matters, amd 
nuclear data collection.  

International Commission on Radiological Protection 
(ICRP). The ICRP has functioned since 1928, when it 
was established as the International X-ray and Radi
um Protection Committee. It is the international body 
that has given global guidance on the use of radiation 
sources caused by the developments in the field of nu
clear energy. Its mission is to provide principles of ra
diation protection as a basis for each country to use to 
establish technical codes of practice.
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APPENDIX J 
Selected National Laws Pertaining to 

Radioactive Waste Disposal 

Atomic Energy Act of 1954, 
42 U.S.C. §§2011 et seq. (19 8 2 & Supp. 1983).  

National Environmental Policy Act of 1969, 
42 U.S.C. §§4321 et seq. (1982 & Supp. 1983).  

Federal Water Pollution Control Act Amendments of 1972, 
33 U.S.C. §§1251 et seq. (1982 & Supp. 1983).  

Marine Protection, Research and Sanctuaries Act of 1972, 
33 U.S.C. §§1401 et seq. (1982 & Supp. 1983).  

Energy Reorganization Act of 1974, 
42 U.S.C. §§5801 et seq. (1982).  

Transportation Safety Act of 1974, 
46 U.S.C. §§2101 et seq. (Supp. 1983).  

Clean Air Act Amendments of 1977, 
42 U.S.C. §§7401 et seq., §7422 (1983).  

National Ocean Pollution Planning Act of 1978, 
33 U.S.C. §§1701 et seq. (1982 & Supp. 1983).  

Uranium Mill Tailings Radiation Control Act of 1978, 
42 U.S.C. §§7901 et seq. (1982).  

Department of Energy National Security and Military Applications of 
Nuclear Energy Authorization Act of 1979, 42 U.S.C. §§7235, 7271; 
1980, 42 U.S.C. §§7272, 7273; 1981, 42 U.S.C. §§7272, 7273; 1982, 

42 U.S.C. §§202la, 2168, 2201, 2231 (1982 & Supp. 1983).  
Low-Level Radioactive Waste Policy Act of 1980, 

42 U.S.C §§2021(b)-2021(d) (Supp. 1983) 

Indian Health Care Amendments of 1980, 
25 U.S.C. §§1601, 1677(a) (Supp. 1983).  

Nuclear Waste Policy Act of 1982, 
42 U.S.C. §§1010 et seq. (1982 & Supp. 1983).  

Department of Energy Organization Act, 
42 U.S.C. §§7101 et seq. (1982).  

Territories and Insular Possessions, 
48 U.S.C. §§1491(a) (Supp. 1983).  

Hazardous Materials Transportation Act, 
49 U.S.C. §§1801 et seq. (1982 & Supp. 1983)
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APPENDIX K 
Selected International Agreements Pertaining 

to Nuclear Energy

Part A: Selected Treaties to 
Which the United States is Party 

(as of January 1 1983) 

Convention on the High Seas, April 29, 1958, 13 UST 
2312, TIAS 5200.  

International Convention for the Safety of Life at Sea, 
November 1, 1974, TIAS 9700.  

U.N. Conference on the Human Environment (Stock
holm Conference), UN DOC. A/CONF. 48/14 (1972).  

Convention on the Prevention of Marine Pollution by 
Dumping of Wastes and Other Matter (London 
Dumping Convention), December 29, 1972, 26 UST 
2403, TIAS 8165.  

Treaty Banning Nuclear Weapons Tests in the Atmo
sphere, in Outer Space, and Under Water, August 
5, 1963, 14 UST 1313, TIAS 5433.  

Treaty on the Prohibition of the Emplacement of Nuclear 
Weapons and other Weapons of Mass Destruction 
on the Seabed and the Ocean Floor and in the Sub
soil Thereof, February 11, 1971, 23 UST 701, TIAS 
7337.  

Antarctic Treaty, December 1, 1959, 12 UST 794, TIAS 
4780.  

Agreed Declaration on Atomic Energy by the United 
States, United Kingdom, and Canada, November 15, 
1945, 60 Stat. 1479, TIAS 1504.  

Agreement as to Disposition of Rights in Atomic Energy 
Inventions, September 24, 1956, 7 UST 2526, TIAS 
3644.  

Statute of the International Atomic Energy Agency, 
October 26, 1956, 8 UST 1093, TIAS 3873.  

Agreement Concerning a Joint Project for Planning, 
Design, Experiment Preparation, Performance and 
Reporting of Reactor Safety Experiments Concern
ing Containment Response, January 24, 1975, 28 
UST 629, TIAS 8479.

Implementing Agreement for a Cooperative Research 
and Development Program Leading to Construction 
of an Intense Neutron Source, May 20, 1976, 28 
UST 8185, TIAS 8754.  

Agreement Concerning a Joint Project for Planning, 
Design, Experiment Preparation, Performance and 
Reporting of Reactor Safety Experiments Concern
ing Critical Flow, April 14, 1977, 30 UST 129, TIAS 
9184.  

Agreement Amending the Agreement of February 11, 
1977, between the United States and the Federal 
Republic of Germany in the Field of Gas-cooled 
Reactor Concepts and Technology, September 30, 
1977, 29 UST 4039, TIAS 9047.  

Agreement on Research Participation and Technical 
Exchange in the In-pile CABRI and Annular Core 
Pulsed Reactor (ACPR) Research Programs Related 
to Fast Reactor Safety, May 2, June 7 and 22, 1978, 
30 UST 7545, TIAS 9603.  

Agreement on Research Participation and Technical 
Exchange in the United States Power Burst Facility 
(PBF) and Heavy Section Steel Technology (HSST) 
Research Programs and the Nordic Group's Water 
Reactor Safety Research Programs, June 26, 1979, 
31 UST 985, TIAS 9627.  

Arrangement on Research Participation and Technical 
Exchange in a Coordinated Analytical and Experi
mental Study of the Thermohydraulic Behavior of 
Energency Core Coolant during the Refill and Re
flood Phase of a Loss-of-coolant Accident in the 
Pressurized Water Reactor, January 25, March 20 
and April 18, 1980, TIAS 9835.  

Treaty on the Non-proliferation of Nuclear Weapons, 
July 1, 1968, 21 UST 483, TIAS 6839.  

Additional Protocol I to the Treaty of February 14, 
1967 for the Prohibition of Nuclear Weapons in Latin 
America, February 14, 1967, TIAS 10147.
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Additional Protocol II to the Treaty of February 14, 
1967 for the Prohibition of Nuclear Weapons in Latin 
America, February 14, 1967, 22 UST 754, TIAS 7137.  

Trilateral Agreements signed at Vienna among the 
International Atomic Energy Agency, the United States, 
and Other Countries for the Application of Safeguards 
by the International Atomic Energy Agency to Equip
ment, Devices and Materials Supplied under the Bilat
eral Agreements for Cooperation Concerning Civil Uses 
of Atomic Energy between the United States and the 
following countries: 

Argentina, June 13, 1959, 20 UST 2629, TIAS 6722.  
"* Australia, September 26, 1966, 17 UST 1612, TIAS 

6117.  
"* Austria, August 20, 1969, 21 UST 56, TIAS 6816.  

Brazil, March 10, 1967, 19 UST 6322, TIAS 6583 
(Amendment: July 27, 1972, 23 UST 2526, TIAS 
7440).  
China (Taiwan), December 6, 1971, 22 UST 1837, 
TIAS 7228.  
Colombia, December 9, 1970, 21 UST 2677, TIAS 
7010 (Extension: March 28, 1977, 28 UST 2404, 
TIAS 8556).  
India, January 27, 1971, 22 UST 200, TIAS 7049.  

"* Iran, March 4, 1969, 20 UST 2748, TIAS 6741.  
Israel, April 4, 1975, 26 UST 483, TIAS 8051 (Exten
sion: April 7, 1977, 28 UST 2397, TIAS 8554).  
Japan, July 10, 1968, 19 UST 5371, TIAS 6520.  
Korea, January 5, 1968, 19 UST 4404, TIAS 6435 
(Amendment: November 30, 1972, 24 UST 829, TIAS 
7584).  

"* Philippines, July 15, 1968, 19 UST 5426, TIAS 6524.  
"* Portugal, July 11, 1969, 20 UST 2564, TIAS 6718.  

South Africa, July 26, 1967, 18 UST 1643, TIAS 6306 
(Amendment: June 20, 1974, 25 UST 1175; TIAS 
7848).  
Spain, December 9, 1966, 17 UST 2351, TIAS 6182 
(Amendment: June 28, 1974, 25 UST 1261; TIAS 
7856).  

"* Sweden, March 1, 1972, 23 UST 195, TIAS 7295.  
"* Switzerland, February 28, 1972, 23 UST 184, TIAS 

7294.  
Turkey, September 30, 1968, 20 UST 780, TIAS 6692 
(Extension: June 30, 1981, TIAS 10201 
Venezuela, March 27, 1968, 19 UST 4385, TIAS 
6433 (Extension: February 18, 1981, TIAS 10096).  

* Suspended by agreement.  

Trilateral Agreements Signed at Vienna among the 
International Atomic Energy Agency, the United States, 
andOther Countries for the Suspension of the Appli
cation of Safeguards and Providing for the Application 
of Safeguards Pursuant to the Non-proliferation Trea
ty of July 1, 1968, have been concluded with the fol
lowing countries:
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Australia, July 10, 1974, 25 UST 1325, TIAS 7865.  
Austria, September 21, 1971, 23 UST 1308, TIAS 

7409.  
Denmark, March 1, 1972, 23 UST 167, TIAS 7289.  
Greece, March 1, 1972, 23 UST 169, TIAS 7290.  
Iran, June 19, 1973, 25 UST 853; TIAS 7829.  
Norway, September 25, 1973, 24 UST 2046, TIAS 7721.  
Philippines, February 21, 1973, 25 UST 2967, TIAS 

7957.  
Portigal, September 23, 1980, TIAS 9899.  
Sweden, April 14, 1975, 26 UST 478, TIAS 8049.  
Switzerland, September 23, 1980, TIAS 9900.  
Thailand, June 27, 1974, 25 UST 1178; TIAS 7849.  

Agreements among the International Atomic Energy 
Agency, the United States, and Other Countries for the 
Supply of Nuclear Material or Equipment have been 
concluded with the following countries: 

Argentina-Peru, May 9, 1978, 30 UST 1539, TIAS 
9263.  
Indonesia, December 7, 1979, TIAS 9705.  
Malaysia, September 22, 1980, TIAS 9863 (Amend
ment: June 12 and July 22, 1981, TIAS 10202).  
Mexico, December 18, 1963, TIAS 9906; October 4, 
1972, TIAS 9906; February 12, 1974, TIAS_ 
June 14, 1974, TIAS___; March 6, 1980, TIAS 
9906.  
Yugoslavia, June 14, 1974, TIAS 9728; January 16, 
1980, TIAS 9767; February 26, 1980, TIAS 9728; De
cember 14, 15 and 20, 1982, TIAS_ .  

Source: U.S. Department of State. 1983. Treaties in Force. A List of 
Treaties and and other International Agreements on the 
United States in Force on January 1, 1985. Publication 9351, 
Office of the Legal Advisor, Washington, D.C., 324 p.  

Part B: Selected International 
Nuclear Agreements to Which the 

United States is Not Party 

Worldwide Nuclear Liability Agreements 
Convention on Third Party Liability in the Field of 

Nuclear Energy, Paris, July 29, 1960.  
A Convention Supplementary to the Paris Convention 

on Third Party Liability in the Field of Nuclear 
Energy, Brussels, January 31, 1963.  

International Convention on the Liability of Operators of 
Nuclear Ships, Brussels, May 25, 1962.  

Convention on Civil Liability for Nuclear Damage, 
Vienna, May 21, 1963.  

Convention relating to Civil Liability in the Field of 
Maritime Carriage of Nuclear Material, Brussels, 
December 1971.



Regional Agreements on Nuclear Waste 
Treaty Establishing the European Atomic Energy Com

munity, Rome 1957.  
Treaty for the Prohibition of Nuclear Weapons in Latin 

America, Mexico City, 1967.  
Convention for the Prevention of Marine Pollution 

from Land-based Sources, Paris, February 1974.

Convention on the Protection of the Marine Environ
ment of the Baltic Sea Area, Helsinki, March 1974.  

Nordic Mutual Emergency Assistance Agreement in 
Connection with Radiation Accidents, October 1963.
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