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I major nuclear nations face nuclear Protection of the environment and public
waste problems. Many also share a comhealth requires careful and responsible manage-
mon history of radioactive contamina- ment and long-term control of nuclear waste. In
tion incidents stemming from inadequaterecent years, as the Cold War and the nuclear
attention to environmental protection. Thearms race have abated, many nations, institu-
United States and Russia, in particular, haveions, and individuals have become increasingly
some similar nuclear waste management andoncerned about the environmental legacy of the
contamination problems within their respectivenuclear age. Reports about nuclear waste dump-
nuclear weapons complexes. Current work orng, radioactive discharges and accidents, and
these problems is enhanced by recently increasedheir potential human health effects have galva-
cooperation and improved public awareness ofiized public attention and forced nations to seek
the benefits of environmental protection. How-solutions to these problems.
ever, radioactive contamination has endangered Nuclear waste in the Arctic is a subject that
public health in some cases arndl £ngenders has been brought to the forefront by recent reve-
serious public reaction worldwide for a numberlations about the dumping of Soviet submarine
of reasons. Among these are the fear resultingeactors and waste products in the sea over the
from vivid portrayals of atomic bomb victims; past several decades when the region off the
concerns about chronic and long-term healtmorthwestern coast of Russia was a hub of
impacts from radiation exposurdistrust of gov- nuclear fleet and nuclear testing igities. The
ernments who kept most nuclear informationArctic elicits images of vast frozen expanses
secret for decades; and the presence of an enwi4th little human habitation or industry and a rel-
ronmental hazard that is difficult to detect andatively pristine environment. But these images
even more difficult for most people to under-are not always accurate, and contamination from
stand. Any attempt to address solutions to enviboth military and industrial activities has bight
ronmental and human health threats from nucleaguestions about its impact not only locally but in
contamination must consider both the scientificthe wider Arctic region. Box 1-1 and figure 1-1
and the social realities. describe the geographic focus of this Office of
Technology Assessment (OTA) study.
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BOX 1-1: Geographic Focus of This Study

The Arctic region is frequently defined as all areas north of the Arctic circle (66.5°N latitude), which
means it includes the Arctic Ocean, Greenland, and northern parts of the European, Asian, and North
American continents. It has distinguishing characteristics in both political and ecological terms. There are
eight Arctic circumpolar nations: the United States, Canada, Russia, Norway, Sweden, Iceland, Finland,
and Denmark. All are signatories to the Declaration on Arctic Environmental Protection.

Alaska’'s northern coast borders the Arctic. Half of the Arctic coastline, however, lies within Russia.
That country has historically used these waters as an important transportation route, linking its western
and eastern northernmost regions, as well as providing access to the Atlantic and Pacific Oceans. The
Arctic region is also home to two-thirds of Russia’s fleet of nuclear submarines and icebreakers. To
ensure access to harbors all year round, Russia maintains a nuclear-powered fleet of icebreakers, as well
as a large number of radioisotope-powered lighthouses.

The central core of the Arctic region—its ocean—is “a sea bordered by prominent countries, all of
which have concerns regarding security, resource exploitation, environmental protection, etc.” (11). Cov-
ering about 390,000 square miles, the Arctic Ocean is the world’s smallest. It is almost completely cov-
ered by six to 10 feet of ice in winter. In summer it becomes substantially open (ice free) only at its
peripheries. There are two international outlets: the Bering Strait, which lies between Alaska and Russia,
and the Fram Strait situated between Greenland and Norway’s Spitsbergen Islands. These two straits are
not only shipping lanes but also the principal routes for exchange of surface waters.

The Arctic Ocean is ringed by seas. Principal among them are the Beaufort (shared by Canada and
Alaska); Chukchi (between Alaska and Russia); the East Siberian, Laptev, and Kara Seas of Russia; and
the Barents, bordered by both Russia and Norway. The liquid and solid nuclear wastes dumped by the
Soviet Navy are located in the Barents and Kara Seas, in the Pacific Ocean along the east coast of Kam-
chatka, and in the Sea of Japan. In addition, an island group called Novaya Zemlya which separates the
Barents and Kara Seas was the site of most of the atmospheric and underground nuclear testing by the
former Soviet Union.

Other than Canada’s Mackenzie River, all the major rivers that flow into the Arctic’s adjacent seas are
Russian, and more than 40 percent of that flow is to the Kara Sea. Russia’s Pechora, Ob, and Yenisey Riv-
ers empty into the Kara Sea; its Kotuy and Lena Rivers, into the Laptev Sea; and the Indigirka and
Kolyma, into the East Siberian Sea. The Pechora River, already severely polluted in some areas, has been
under additional ecological threat from leaking oil pipelines, such as the Koma oil spill, which occurred
early this year. Nuclear contamination created by facilities thousands of miles south in the Urals could
possibly migrate to the Kara Sea and the mouths of the Ob and Yenisey Rivers.

The waters of the Arctic, its sea ice, and sediments are sinks for pollutants. The water, ice, and air cur-
rents serve as mechanisms for the transborder migration of pollutants (nuclear and otherwise) originating
in all rim nations. Special characteristics of the Arctic region, such as low temperature, short and inten-
sive growing seasons, a widely varying photocycle, permafrost, sea ice, and small number of species,
make it very sensitive to environmental insult (6). Pollutants have long residence times, and because Arc-
tic ecosystems are already under stress as a result of the harsh living conditions, they are highly sensi-
tive. Food chains tend to be formed from very few species: therefore, they have large natural fluctuations
and are more weakly balanced than those observed in temperate and tropical ecosystems (1).

This report examines the environmental andnto these marine environments, and radioactive
human health impacts from nuclear wasteseleases from both past and future nuclear activi-
dumped in the Arctic (and, to a lesser extent, théies in these regions. Questions about the envi-
North Pacific), nuclear contaminants dischargedonmental and health impacts of these practices
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cannot have clear and certain answersh@\lgh dumping and other discharges of radionuclides
some information about waste and contaminatiorinto the oceans. They also want to know about
is available, it does not follow that we know risks to these regions from other Russian nuclear
how, when, or where they may affect people andctivities, both past and future, and the potential
their health. Because so many factors ard¢hreat to the environment and population beyond
involved and science cannot provide absolutdRussian borders.

answers to many questions, this study empha- Inthe United States, a particular concern is the
sizes the need for care, awareness, and prudengmssible theat to Alaskan Native communities,
It also stresses the need for a stable and endurinigeir traditional food supies, and other Alaskan
institutional frameworkfor long-term observa- fisheries resources. The impact of dumping

tion or monitoring. radioactive wastes in Arctic waters is also a key
concern of other nations, in particular Norway,
[1 Arctic Nuclear Contamination which depends on a major fishery in the Barents

. . . Sea and is therefore very active in supporting
Despite popular perceptions of the Arctic as an : S .
research into such contamination in nearby

unscathed area, it has become increasingly clear
. ; waters.
that this important ecosystem has not avoided the
effects of industrialization and development. ) )
Evidence of contamination by persistent organiéj DIS(_:IOSUI’eS of Russian Nuclear
pollutants, heavy metals, and radioactivity had?Umping
been gathered since th®50s but did not attract Rumors started to circulate in Russia in 1990 that
much public interest. However, in the last threedumping of nuclear waste had taken place in the
years a tremendous amount of attention has be@urents and Kara Seas. A conference organized
directed to environmental contamination in theby Greenpeace International in September 1991
Arctic from Russian nuclear sources. ldugh  brought international interest and concern. At the
the activities of several countries have release@ress conference, Andrei Zolotkov, a People’s
radionuclides into the Arctic environment for Deputy from Murmansk, presented a map show-
decades, the news of ocean dumping of submang purported dump sites used for radioactive
rine reactors and nuclear wastes by the formewastes from 1964 to 1986 (13). Local papers
Soviet Union has generated particular interespublished the maps with listings of the sites and
and concern because it revealed previosstyet numbers of dumped objects (2). When the Soviet
activities and enhanced the long-standing publi&Jnion made no official denial of these allega-
fear of radioactivity. tions at the subsequent 14th Consultative Meet-
Past dumping of nuclear submarine reactorgng of the London Convention in November
and fuel assemblies, as well as significantl991, delegates demanded that it furnish infor-
amounts of other radioactive wastes, into watershation on past dumping (3).
adjacent to the Arctic and North Pacific Oceans Meanwhile, news of the Soviet dumping in the
was disclosed in some detail by the Russian FedArctic was causing some concern in the United
eration in a 1993 white paper that is generallyStates. In August 1992, Senator Murkowski
referred to as the “Yablokov report” (3). The ulti- chaired a hearing of the U.S. Senate Select Com-
mate fate and effects of this dumping aremittee on Intelligence that focused attention on
unknown, but possible impacts on regional enviU.S. and Alaskan perspectives on the problem
ronments and public health have brought conand the many questions remaining to be
cerns not only to Russia but to other countries iraddressed. Government officials, scientists, and
the Arctic and North Pacific regions. People inrepresentatives of Native organizations stressed
the United States—in particular, Alaska and thehe need for more information and for coopera-
Pacific Northwest—want to know about this tion with the Russian Federation to obtain it (9).
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FIGURE 1-1: The Arctic Region
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At the November 1992 meeting of theLondon ~ 1992) of a Presidential Commission under the
Convention, the government of the new Russian  direction of Alexei Yablokov, special environ-
Federation announced the formation (in October ~ mental adviser to the president, to gather infor-
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mation and “ensure Russia’'s compliance with
obligations under international treaties which it
signed as successor to the Soviet Union” (13).

The report of the commission (the Y ablokov
report), submitted to the president of the Russian
Federation in early 1993, was a frank document
presenting inventories of both liquid and solid
radioactive waste dumping that occurred
between 1959 and 1992. It was largely consistent
with unofficial accounts (4) and detailed the
dumping of damaged submarine reactors, spent
fuel from the nuclear fleet, and other radioactive
waste into the Kara Sea off the archipelago of
Novaya Zemlya (as indicated in figure 1-2), into
the Sea of Japan, and in other locations. Other
than the estimated inventory of the activity of the
items dumped, which has been refined since the
release of the report by an expert group working
with the International Atomic Energy Associa-
tion (IAEA), and the precise locations of some of
the dumped objects, most of the information pre-
sented in the Y ablokov report remains a key
source of data about the Russians' radioactive
waste dumping in the Arctic.

FIGURE 1-2: Arctic and North Pacific Fleet Headquarters and Kara Sea Dump Site

The Yablokov report was a remarkable docu-
ment to emerge from the new government of the
Russian Federation. It represented the results of a
tremendous effort to gather information, some of
it decades old, from a multitude of Soviet minis-
tries and agencies; to declassify that information;
and to report it frankly to the international com-
munity and to the Russian people. It spelled out
and acknowledged violations not only of interna-
tional conventions such as the London Conven-
tion, but of normative documents that the former
Soviet Union had approved, which required
coordination with environmental bodies, as well
as monitoring and supervision of nuclear safety
in handling radioactive waste (3).

The report listed dumping that had taken place
in the Arctic and North Pacific since 1959.
Wastes listed as dumped in the Kara Seaand in
fjords along the coast of Novaya Zemlya
included containers, barges, ships, and subma-
rines containing nuclear reactors both with and
without spent reactor fuel. Figure 1-3 indicates
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TABLE 1-1: Objects Dumped by Northern Submarine and Icebreaker Fleets

Depth Estimated activity in 1994
Location Objects (m) (kCi)
Ambrosimov Inlet 8 submarine reactors (3 with SNF) 20 379
Novaya Zemlya Depression 1 submarine reactor (1 with SNF) 300 7.8
Stepovoy Inlet 2 submarine reactors (2 with SNF) 50 22.7
Techeniye Inlet 2 submarine reactors 35-40 0.1
Tsivolka Inlet 3 reactors from icebreaker Lenin and 50 594

shielding assembly from Lenin reactor
assembly with SNF
Total 16 reactors (6 with SNF) 127.9
1 shielding assembly from icebreaker
Lenin with SNF

KEY: kCi = kilocuries; SNF = spent nuclear fuel.

SOURCES: Government Commission on Matters Related to Radioactive Waste Disposal at Sea (“Yablokov Commission”), created by Decree No.
613 of the Russian Federation President, Oct. 24, 1992, Facts and Problems Related to Radioactive Waste Disposal in Seas Adjacent to the Ter-
ritory of the Russian Federation (Moscow: 1993); translated by Paul Gallager and Elena Bloomstein (Albuquerque, NM: Small World Publishers,
Inc., 1993); N. Lynn, et al., “Radionuclide Release from Submarine Reactors Dumped in the Kara Sea,” presented at Arctic Nuclear Waste
Assessment Program Workshop, Woods Hole Oceanographic Institution, Woods Hole, MA, May 1-4, 1995; Y. Sivintsev, “Study of Nuclide Com-
position and Characteristics of Fuel in Dumped Submarine Reactors and Atomic Icebreaker Lenin,” Part I—Atomic Icebreaker (Moscow: Kur-
chatov Institute, December 1993); and M. Mount, Lawrence Livermore National Laboratory, personal communication, June 14, 1995.

the reported locations of the dumped wastes. Auclear refueling vessels in both the Russian

total of 16 reactors was dumped at five differentnorth and Far East.

sites. Six of the reactors and an additional con-

tainer held spent reactor fuel. The totahattof  [J International Response to the Yablokov

these materials at the time of disposal was estReport

mated in the Yablokov report to be more than 2rhe activities discussed in the Yablokov report

million curies! U.S. and Russian scientists havegenerated tremendous international concern,

concluded that, today, only aboutpgrcent of both about the current status of the dumped

this activity2 remains at these @ta Sea dump waste and its contribution to radioactivity in the

sites (see table 1-1). nearby Arctic Ocean and about the potential

fong-term effects of this waste. Since radionu-

listed similar dumping (but smaller quantities clides can affect human health only if and vvhen_
humans are exposed to them, the key question is

and lower levels of radioactivity) in the Sea of ;

] d he K hatka Peninsula (f whether and how they may migrate toward popu-
apan and near t ? amchatka er.nnsu a_( '9UTGtions and other ecosystems (e.g., food supplies)
1-4). It also described nuclear accidersslid,

_ _ : _in the future. Over the past two years since the
low-level radioactive waste dumping; extensiveyaplokov report, a number of data collection

low-level liquid waste discharges; the sinking ofefforts and investigations to address this question
a nuclear submarine in the Norwegian Sea; anflave been undertaken by U.S. investigators, Nor-
serious problems with the operation of currentwegians, Russians, other nations close to the

In the Russian Far East, the Yablokov repor

1 Radioactive decay rates (“activity”) have two commaitsiof measve, curies and becquerels, both named after scientists who were
active late in the last century. The curie (Ci) represents the activity of 1 gram of radium, namely ¥ nudlear disintegrations per
second. The becquerel (Bq) is a more modern unit and corresponds to 1 disintegration per second.

2This reduction in estimates is due both to corrections in original inventories and to radioactive decay over time.
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FIGURE 1-3: Locations of Nuclear Waste
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Government Commission on Matters Related to Radioactive Waste
Disposal at Sea (“Yablokov commission”), created by Decree No. 613
of the Russian Federation President, October 24, 1992, Facts and
Problems Related to Radioactive Waste Disposal in Seas Adjacent to
the Territory of the Russian Federation (Moscow, Russia: 1993).

Russian sites, and international agencies such as
the IAEA.

The United States has cooperated in a number
of international efforts and has established some
bilateral agreements with Russia (such as those
concluded by the Gore-Chernomyrdin commis-
sion) relevant to nuclear dumping issues. The
United Statesis also a party to the Declaration in
Arctic Environmental Protection approved by the
eight circumpolar nations’in June 1991. The
Arctic Environmental Protection Strategy
(AEPS), apart of the declaration, is anonbinding
statement of cooperation on the development and
implementation of programs to protect the Arctic
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SOURCE: Office of Technology Assessment. 1995, compiled from
data from Government Commission on Matters Related to Radioactive
Waste Disposal at Sea (“Yablokov commission”), created by Decree
No. 613 of the Russian Federation President, October 24, 1992, Facts
and Problems Related to Radioactive Waste Disposal in Seas Adja-
cent to the Territory of the Russian Federation (Moscow, Russia:
1993).

environment. Radioactivity is one of several pol-
lutants identified under the strategy for priority
action. The eight circumpolar nations are now
planning to establish a new council that would
provide the enforcement mechanism lacking in
current multilateral agreements on protection of
the Arctic.

The most significant U.S. efforts to investi-
gate Arctic nuclear contamination have been the
result of money set aside from “Nunn-Lugar”

*The United States, Canada, Norway, Russia, Finland, Iceland, Sweden, and Denmark.
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FIGURE 1-5: The Ob and Yenisey Rivers
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funds appropriated by Congress for the Depart-
ment of Defense (DOD) in FY 1993-95. During
each of the past three years, $10 million has been
assigned to DOD’ s Office of Naval Research
(ONR) for the Arctic Nuclear Waste Assessment
Program to address the nature and extent of
nuclear contamination by the former Soviet
Union in the Arctic region. With these finds,
ONR has sponsored extensive research activities
including nearly 70 different field, laboratory,
modeling, and data analysis projects; three major
workshops on nuclear contamination of the Arc-
tic Ocean; and extensive collaboration with
researchers from Russia, Norway, Germany,
Canada, Japan, Korea, the International Atomic
Energy Agency, and the Arctic Environmental
Protection Strategy. The initial results from
ONR’s Arctic Nuclear Waste Assessment Pro-
gram-in the view of many, a significant first

step toward understanding the Arctic contamina-
tion problem—are expected to be published in
scientific journals in 1997.

In the meantime, some tentative conclusions
have been reached, but the data collected by
these efforts are not yet sufficient to accurately
predict the impacts of this dumping. Researchers
have not found evidence of significant migration
beyond the immediate vicinity of dumped radio-
nuclides that might affect human health in the
short run. However, some key unknowns have
yet to be addressed, for example: 1) there has
been no detailed inspection of many of the dump
sites within the past two decades; 2) we have
limited knowledge of the possible release rates
and the long-term viability of materials used to
encase the waste; and 3) some of the critical
pathways by which radionuclides can affect
humans, such as the biologica food chain or
transport on moving Arctic ice, are in the early
stages of investigation. Severa other possible
“sources of contaminants that could affect the
Arctic environment are also only beginning to be
investigated.

In the Kara Sea region, for example, one
potential source of contamination is from the
large, northward-flowing Siberian rivers, at
whose headwaters (more than 1,000 miles
upstream) are located the major Russian nuclear
weapons production facilities (see figure 1-5). At
several of these sites, such as Chelyabinsk,
Tomsk, and Krasnoyarsk, the largest releases of
radioactive wastes in the world have been
recorded over the last few decades. Wastes total -
ing more than 100 million curies were dis-
charged into lakes and rivers at one site, and
billions of curies have been injected directly
underground. This contamination has clearly
resulted in serious health problems among local
populations and is now being studied. Research
on whether the contamination may migrate down
rivers such as the Ob or Yenisey into the Kara
Sea and the Arctic Ocean in the future is now
underway.
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[0 Overall State of the Environment in the that catch fire, and “dead” lakes. These images
Russian Federation are reminiscent of conditions in heavily industri-

. alized areas of the United States (and other West-
Although this OTA report focuses on nuclearem countries) in the 1950s and 1960s, which

contamination of the Arctic and North Pacific . :
. . . sparked the enactment and implementation of
regions, this problem is part of severe and perva- _ . . . .
i . . . ,_environmental protection laws addressing air,
sive environmental degradation of all kinds
X . .~ water, and waste.
throughout the former Soviet Union. Thus, while .
. o C All sectors of the Russian economy are
people in close proximity to past and continuing ) I ,
- . responsible for contributing to the country’s state
nuclear releases are at increased health risk fro

. X of the environment. In most cases, it is difficult
exposure to radionuclides, people all over th o se - L .
. . parate military and civilian soes; since
former Soviet Union are exposed to a host o .

. . ) .under the Soviet system theer often one and
other environmental contaminants. Extensive ait - came Today, massive industrial complexes
and water contamination caused by nonnuclear . ' ' o i ’
) X which may have beeuilt primarily for military
industrial and other sources and wastes can al

h health i ts. Theref the risks f rposes, still emit a full range of air pollutants,
ave health Impacts. Theretore, the risks roMgjq55e large quantities of untreated conventional

. ) . . Bnd toxic pollutants into aterways, andispose
|solat|c_>n, but in the conte_xt OT the broader PICtUr€st hazardous wastes on land, generally in unlined
of environmental contamination that follows. lagoons and landfills (12). For instance, only 9
Annual environmental reports now puinshedpercem of theoxic waste generated by the fer-
by Russia contain comprehensive data and infolrgys and nonferrous metals industry in 1990 was
mation on other types of pollutant generationyeported recovered or safelgisposed. Com-
releases, and impactsHowever, using these plexes built to produce nuclear weapons have
data to more fully understand environmentalreleased radioactive wastes directly into lakes
conditions in Russia is problertic. Of major and rivers and have injected them underground.
concern are the accuracy and coverage of thgrpan areas are faced with overcoming all major
data. A World Bank report says, faistance, that  environmental problems. Situated as they often
“. . .Bank missions have found that the [enVirOI’I-are amidst industrial zones, cities are SCﬂEjdtO
mental] data provided was in considerable errothe highest air glution levels.
(i.e., by factors of 2 to 5 times)” (12). Interna-  As a consequence of these policies and prac-
tional organizations providing assist® to Rus- tjces, the Russian Federation now faces major
sia have recognized this deficiency and thesosts to clean up and prevent future degradation
problems it causes for analysis and policy decCifrom all types of pbutants. Its 1992 &te of the
sionmaking. Both the World Bank, under its Environment report concluded that, consistent
Russian Federation Environmental Managemenyjith economic decline, pollution emissions had
Project, and the European Environmental Actiordecreased. However, the decrease was not as
Programme for Central and Eastern Europe argreat as expected because enterprises cut back on
helping to set up improved environmental infor-expenditures for environmental protection. A
mation systems. year later, the State of the Environment report
To some extent, however, data are not necesioted that “no appreciable changes” in these
sary to document the poor quality of environ-trends had occurred. In a recent speech, the Rus-
mental protection in Russia today. The problemsian Minister for Environmental Protection
resulting from chemical pollutants and waste arestated that in 1994, a quarter of national enter-
simply too visible. Descriptions abound of indus-prises had actually increased their discharges of
trial cities with dark skies during the day, riversharmful air emisions(7).

4 These reports are called “Report on the State of the Environments of the Russian Federation.”



10 | Nuclear Wastes in the Arctic

So, while there may be some diminution ofdents that could add significantly to the problem.
pollutant releases in the short-term, as Russia'®hereas past dumping has received considerable
market economy grows, future discharges intattention recently from scientists and analysts,
the environment will also grow. To prevent this, the risk of future releases has not begehject to
cleaner technologies must be incorporated intthe same scrutiny or careful study. OTA has
its industrial base, and proper environmentateviewed the nature and general magnitude of
controls must be installed and maintained forhis future risk and the knowledge—or lack of
residual wastes. These needed actions appiy—about what actions have been, could be, or
across the board to all pollutionfggrating should be taken. Even though the potential for
sources, whether nuclear or not. significant future releases may be difficult to

On the nuclear side, many waste generatiomssess from existing data, the proverbial ounce of
and handling practices continue as beforquld  prevention could well be worth pounds of cure.
wastes are still being disafgeed underground at  Based on the limited information currently
weapons complex reprocessing facilities. Andayailable, there are certain key areas that pose
although the dumping of nuclear wastes intofyture contamination risks from Russian nuclear
Arctic seas has been discontinued for o, activities in the Arctic and the North Pacific
growing volume of this waste is being generategegions. OTA has selected three of these areas
due to the downsizing and dismantlement of theor focus and analysis in this study because they
submarine fleets. Reprocessing of spent fuehppear to be most significant at this time: 1) the
from nuclear reactors continues—a practice thaRyssian Northern and Pacific nuclear fleets, and
has been associated in Russia with increase@leir vulnerabilities to accidents during the
waste and residue. Although efforts are undergownsizing and dismantiement now under way:
way to mitigate some of the contamination fromy) the management of spent nuclear fuel and

nuclear reactor operations in the Urals, huggyaste from these fleets, and concerns about
amounts of waste will remain uncontrolled in the oftactive containment, safety, security, and
environment for many decades, with the continus e releases; and 3) thessibility of accidents
ing risk of further migration. ~ or releases from Russian civilian nuclear power
Even as information about severe environ-ants, particularly those located in the Arctic.
mental contamination in the former Soviet Union It appears important to evaluate appropriate

has emerged from many sources, it is the nuCIeEf‘F\easures to prevent future releases, dumping, or

contamination of the Arctic and Nprth Pacnjc ccidents such as those that have occurred in the
that has attracted most attention in the Umte_%st. The management of spent fuel and other
States' The north co_ast of the State of Alaska S.' dioactive waste from the Russian nuclear fleet
adjacent to the Arctic Ocean. _The B.e”’_‘g Stra'té)resents a special concern. Serious problems
along Alaska’s western coast, is a principal rout exist with the removal of spent nuclear fuel from

for the exchange of surface waters between thg

Arctic and the North Pacific. ubmarine reactors; the storage of spent fuel

aboard service ships thate used in submarine
. o defueling; spent fuel handling and storage at
[0 Potential Future Contamination naval bases in the Russian north and Far €ast;
In addition to past radioactive contamination andhe lack of capacity at land-based storage facili-
releases in the Arctic, important guess ties; the management of damaged and nonstand-
remain about future releases, duing, or acci- ard fuels for which no reprocessing system

5 Russia is still not a signatory to the London Convention ban on dumping of all radioactive wastes but has annoumakyl itsfo
intention to refrain from dumping if possible.

6The northern naval bases are located mainly on the Kola Peninsula, near the Norwegian border and adjacent to the Barents Sea; the Far
Eastern bases are generally near Vladivostok on the Sea of Japan and on the Kamchatka Peninsula.
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exists; and the transportation and reprocessing @nd selecting or developing appropriate future

spent fuel at distant sites such as Mayak. Figur&reatment or storage technologies are chglten

1-2 shows the general location of the Russiamnd costly and will require some technology not

Navy’s Northern and Pacific Fleets. now available in Russia. This process is also
During the past three decades, the Soviefloving at a very slow rate because of a lack of

Union built the largest fleet of nuclear subma-resources. Additional evaluation of sffec situ-

rines and the only fleet of nuclear-powered iceations and some focused research or develop-

breakers in the world. The Russian Navy hagnent are probably needed to ensure safe

been retiring and decommissioning older nucleamanagement in the future. The question of risks

submarines at an increasing rate over the pa&om current or future operations to dismantle

several years. More than 120 Russian nucledtuclear submarines and manage spent fuel has

submarines have been taken out of service, areen addressed recently in several studies and is

many are in various stages of dismantlement@ Priority concern.

Only about 40 of these have had their spent

nuclear fuel removed. Some submarines havél Potential Health Effects from Nuclear

been out of service with nuclear fuel aboard forContamination

more than 15 years. The most serious factorpeqple are worried about how extensively the
contributing to this condition are the following: dumped wastes in the Arctic might contaminate
1) Almost all spent fuel storage facilities at theéihe environment and whether they pose current
nuclear fleet bases are full, and véitte spent o fyture hazards to human health or ecosystems.
fuel is currently being transported to reprocessyngderstanding both current and future risks to
ing sites to make room for fuel removed frompyman health requires information about the
nuclear submarines scheduled for decommispatyre and amount of radionuclides released in
sioning. 2) There is a lack of fuel reloading andihe environment, and about their transport
storage equipment (including servicghips, through the environment and through food
transfer bases, and land-based storage), and wWhaains to reach human beings. Understanding the
does exist is poorly maintained. 3) There areisks to ecosystems requires additional informa-
shortages of safe transportation containers, limtjon about the effects of radiation on the variety
ited facilities for loading and moving them, orga- of organisms that make up the ecosystems.
nizational problems at fuel transfer bases, and gjnce the release of the Yablokov report
lack of upgrades of certain railways. The situaescribing dumping in the Arctic, more has been
tion is deteriorating further, with many vesselsjeamed about some of the wastes, but their con-
and facilities lacking adequate maintenance, pardition and likely radionuclide release rates
ticularly at a time when the number of decom-remain largely unknown. Current levels of radio-
missioned submarines is expected to gfow. nuclides in theseawater and sediment in Arctic

Nonstandard and damaged fuel fodsom  marginal seas do nasuggest that significant
submarine and icebreaker reactors presentleases have already occurred. Even though cur-
another set of problems. Such fuel includes zirrent risks would not appear to be increased as a
conium-uranium alloy fuel, fuel from duid result of the dumping, future release rates and
metal reactors, damaged and failed fuel assenpathways to people remain to be evaluated.
blies, and fuel in damaged reactor cores. Remounvestigations of these transport mechanisms are
ing this fuel from reactors for temporary storagenow under way.

7 Although the rate of decommissioningll decline in the latter half of this decade, by that time there will lbege backlog of subma-
rine reactor cores (300-350) with spent reactor fuel.

8 Some reactor fuel is of unique design contairspgcial magrials that cannot bgrocessed in current féities. Other fuel has been
damaged due to corrosion or handling and cannotfbl/ saoved with existing equipment.
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Sciertists have developed models to approxi-help with data availability but will improve the
mate the behavior of pollutants such as radionueredibility of thedata and lead to more effective
clides in the environment. These require aong-term solutions.
tremendous amount of site-specific information, If the released radionuclides come in contact
much of which is not yet known either for the with people in amounts sufficient to cause health
Arctic environment or for particular dump sites. effects, these effects are most likely to be can-
Several efforts are now under way to model thecers. Radiation is a known cause of cancer and
transport of radionuclides dumped in the Arctic,other health effects at high doses, but at the low
as well as thoseeleased at sites within Russia doses that might occur from environmental con-
along rivers that drain into the Arctic. tamination its effects are less certain. Interna-

The most likely route of human exposure totional and U.S. radiological agencies have
radionuclides in the seas is through the foodleveloped radiation exposure limits for the pro-
chain. Thus, in addition to information abouttection of public health from nucleselated
radionuclide movement through the physicalpractices. These can be used as reference points
environment, specific data are needed for thdo calculate potential radiation exposures and the
Arctic about biological pathways to human degree of hazard that radioactive discharges and
beings. The marine food web is complex, anddumped nuclear waste might pose. Research thus
most available data were collected in temperatéar shows that radionuclide concentrations mea-
climates, rather than Arctic settings. Thereforesured in the Arctic Ocean near the United States
information about how radionuclides are trans-are extremely low; thus, any existing exposures
ferred and sometimes concentrated through theould be orders of magnitude below currently
food chain under special local and regional conestablished limits.
ditions is required. However, certain contaminated sites within

People of the world are not equally at riskRussia contain very high levels of radionuclides
from radionuclides dumped in Arctic seas or inthat have exposed people to radiation doses
the Russian Far East. Current and future investiexceeding those normally considered acceptable
gations need to focus on gathering relevant inforby the United States and international bodies.
mation about the dietary habits and otherThere is substantial evidence that radioactive
characteristics of thpopulations who are most wastes from certain Russian nuclear weapons
likely to be exposed, such as Native northerrplants and other facilities have had serious health
populations and others who rely on Arcticimpacts on local populations. Populations that
marine resources. This information will be have been exposed due to certain nuclear acci-
important for a thorough risk assessment to estidents are particularly at risk. Both Russian and
mate the most likely effects on human healthU.S. experts are now collecting data from these
Concerns about contaminants in food and the&xperiences that will be valuable in future health
environment can lead to stress and a disruptioaffects studies.
of lifestyles that have a negative impact on peo- Although Russian people have suffered health
ples’ lives. As data are gathered, it is critite@dt impacts from nearby radioactive releases, the sit-
the public be involved in the press. Genuine uation is drastically different when large regs
efforts are necessary to ensure that the potesuch as the Arctic are considd, given the
tially affected communities participate in deci- uncertainties about very low-level exposures.
sions, provide input, and have access to th&here is not yet a clear answer to questions of
information collected. Meaningful and under- what the future health impacts on the wider
standable data are often unavailable to peopleegion may be from nuclear wastes dumped in
affected by environmental contaminants; thusthe Arctic and North Pacific. Estimates and
their concerns go unanswered. Citizen participaapproximations of future impacts based on the
tion in the decisionmaking process not only will information available do not suggest a noticeable
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effect on human health or on plant and animamented to some degree by actions to monitor
populations. However, many unknowns remaingconditions; to provide early warnings cshd
from the status of the dumped wastes, to théhey be necessary; and to prevent future acci-
likely movement of radionuclides through the dents or releases.

environment, to the dietary intakes of those most For decades, national security and strategic
likely to be exposed. Native populations in theimplications largely determined U.S. and inter-
Arctic depend on fish and marine mammals for enational interest in the Arctic. After the dissolu-
large portion of their diet; thus, special considertion of the former Soviet Union, and in response
ations are necessary when evaluating their poterte various reports documenting that country’s
tial for exposure to contaminants that may beadioactive waste dumping practices, theited

present in the marine environment. States and members of the international commu-
nity began to support domestic and cooperative
[] Institutional Framework and Policies approaches to assess the potential impacts of

) . ) o these activities. The State of Alaska also plays an
Many national and international institutions areimportant role in these efforts.

involved in initiatives to address solutions to the The United States has focused most organized

problems of nuclear waste dumping and diSetforts on and made the greatest advances in its

charges into the sea. Some are addressing thgsearcinitiatives. There are some gaps in the
thre.at of radioactive contamination to regional.agaarch program relating to regions covered (not
environments and human health. Others arg,ch effort in the Far East and North Pacific, for
working to ensure careful_ z_md safe fut_ure MaNexample), pathways investigated (biological
agement of nuclear activities, materials, _a”dpathways), and other factors, but the program is
wastes. An open question is whether these instiylving as a reasonably comprehensive investi-
tutions are #ective and whether their initiatives gation of key problms. Much work castill be
can bring about improvements. The improve-performed by the United States, but more coop-
ments needed, and thus the goals of many presation with Russia is eeled, especially in the
grams, are not clearly defined and sometimegrea of increased access to specific dump sites
represent compromises among conflicting objecyng dumped material.
tives. Because the problerase international, it The United States and other nations are now
is difficult to harmonize the polies and goals of developing plans for possible future monitoring
each nation affected. In addition, mangilat-  a3nd warning initiatives. International cooperation
eral, bilateral, and multilateral organizationsin this area is imperative if an effective assessment
have developed over the years, each with misand response program is to follow. International
sions that evolve and change to meet the chajnstitutions may be the most appropriate organiza-
lenges of the day and to reflect unique conflictsjons to carry out such initiatives. However, long-
or cooperative mods ofthe time. term consistent support and the adoption of rigor-
Against this complex backdrop, the Unitedous scientific implementation programs must be
States and the international community areensured for these efforts to be effective.
directing attention and resources to the problem Some attempts are under way to fund preven-
of nuclear contamination in the Arctic and Northtion initiatives, but beause most of the key deci-
Pacific Oceans. The current focus is principallysions must be made by Russia, it is difficult to
on research and data collectionlth®ugh this engender support for long-term substantial assis-
focus can lead to better knowledge and underance from the United States and other countries.
standing, it cannot provide all the answers to rea©TA has identified some possible joint projects
sonable concerns about future impacts on humatihat could benefit both the United States and
health and the environment any time soonRussia and could be mutually supported. Other
Therefore researciitiatives should be supple- countries such as Norway are proposing support



14 | Nuclear Wastes in the Arctic

for joint prevention projects. Hoswer, the community. Kara Sea dumping activities by the
United States Navy has not aggressively pursuefbrmer Soviet Union have yet to show a direct
cooperation with Russia in the prevention areaonnection to human health impacts but have
because of its belief that the Russian militarynonetheless raised concerns and questions that
does not need U.S. assistance. will require years to answer even partially. Long-

One of the moresignificant prevention pro- term dedication and planning, as well as compre-
grams relating to radioactive contamination,hensive programs within both U.S. and interna-
which has been in effect in Russia for the pastional institutions, will be necessary to
several years,involves nuclear power plant adequately protect the Arctic environment and
safety. The United States and other countriethe health of Arctic populations in the future.
have been funding programs to improve reactor

safety in Russia as part of its overall efforts toK ey FINDINGS OF STUDY

prevent another Chernobyl. Improvements have

been mainly in the areas of added auiniaryThe following description of key findings from

equipment, training, omitoring, and warning OTA's study is presented in sunany form and

systems, and regulatory oversight for existingreﬂeCtS conclusions from oweview of an enor-

reactors. Efforts by the State of Alaska have als§'0us amount of work discussed arederenced

been successful in improving regional cooperall the other chapters of this report. It is also

tion and information exchange. These efforts ar®@Sed on meetings, interviews, workshops, site
particularly important at some sites in the farViSits, reviewer commes, and feedback from
north where funding is limited and operations are?Ur Advisory Panel.

of margina| qua“ty Here, again’ more substan- The first queStion that OTA addressed in this
tial improvements such as replacing old design§tudy was: What kinds of environmental and
and equipment with safer systems require addiPublic health risks are posed by the Russian Arc-

tional resources and major policy choices thatic nuclear waste dumping disclosed in the
Russia itself must make. Yablokov report, and how do they affect U.S.

Crucial to U.S. and other international assisierritory? This question must be answered with

tance efforts is the need for Russia to strengthepome caution. Research and data collection
its institutional and legislative systems that areefforts regarding nuclear contamination in the
responsible for environmental protection and forArctic marine environment are incomplete. Some
the establishment of a nuclear safety culturemMajor gaps exist in our understanding of Arctic
Prior to the ésolution of the Soviet Union, most Systems and processes.
government agencies and institutes responsible Even so, OTA’s analyses suggest that ade-
for managing nuclear materials operated behinquate data have been assembled by expert scien-
a wall of secrecy withittle or noexternal regula- tists to reach conclusions about immediate risks.
tory oversight. Today, Russia is only slowly In particular, the research and data collected to
beginning to develop the legal framework necesdate indicate that no significant amounts of
sary to effectively enforce basic environmentalradioactive materials have migrated from the
protection laws, regulate the use of nucleamarine radioactive dumping in the Russian Arc-
energy, and manage radioactive materials antic and Far EastThis dumping refers to the sites
wastes. in the Kara Sea, the Barents Sea, and the Sea of
In sum, all three areas—research, monitoringJapan that were covered in the Yablokov report.
and prevention—are critical to protect humanResearch to assess contamination from these
health and the environment from widespread andites was summarized most recently in May 1995
indiscriminate radioactive contamination in theat a workshop of the principal investigators with
Arctic and North Pacific. Poor waste manage-the ONR Arctic Nuclear Waste Assessment Pro-
ment practices have alerted the internationagram, held in Wdods Hole, Massachusetts, and
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included other work sponsored by key internatransported these radionuclides over long periods
tional institutions. of time.

Although only a few of the dump sites in the  Many researchers are also concermdut
Kara Sea have been inspected recently by meamgctic contamination from nonnuclear hazardous
of international survey cruises, and measurematerials. Although OTA has not investigated
ments were not exhaustive, no substantial leakyonnuclear contamination, it is clear that indus-
age appears to have occurred, and only very locglig| discharges and toxic wastes have entered the
samples show elevated radionuclide levels. Ilnrctic and could present problems. Thus, we
similar measurements from U.S. and Russiahave concluded thatontaminants other than
expeditions near the mouths of Russian rivers, npygionuclides could have a significant impact on
large migration of radionuclides down the riversyhe arctic environment. The relative magnitudes
has been detectédlt is well known that by far of risks from other sources such asg metals
the largest amount of radioactivitgleased into - hergjstent organics are currently unknown,
the environment in Russia is found in regions, ¢ expanded risk assessments could help evalu-

around the major_nucllear weapons plant_s Iocategte these factorswhile the ONR research pro-
along the large Siberian rivers that flow into thegram has been limited thus far to radioactive

Arctic. Only ml_nor r-eleases anq transport of contamination, other contaminants could also be
these radionuclides into the Arcticc€an have . )
considered in the future.

been suggested by recent research, but future OTA h fully i : d th
migration and impacts beyond Russian borders as carefully investigated the programs

constitute a plausible scenario and deserVewithin various federal agencies that have devoted

investigation. attention to this nuclear contamination question

Research and data collection expeditions iff"d found no substantive long-term program

the general Arctic Ocean region indicate that cerWith specific goals. We have concluded ttrat

tain activities other than Russiamotic dumping Arctic Nuclear Waste Assessment Program
and river discharges are greater sources of tHadministered by the @¢e of Naval Research is
radionuclides measured to dafadioactive con- the only U.S. program specifically euating the
tamination from European reprocessing p|an»[SArctic radioactive contamination problem. It has
and atmospheric weapons testing in the 1960s i@cconplished significant data collection and
identified as contributing to current low-level €valuation work over the past three years. To fill
Arctic contamination, whereas leakage from thesome remaining data gaps, additional research
nuclear dump sites in the Kara Sea or discharge$ needed in areas such as ice transport, biologi-
from the Ob and Yenisey Rivers have not bee@dl pathways, and human exposure assessments.
confirmed in the wider Arctic basirEuropean Many of the scientists engaged in the ONR pro-
reprocessing sources have been studied ar@fam recognize the current data gaps and the
tracked for a long time and thus are well docuseed for catinuing and augmenting the program
mented. Recent work on the European reproces#s fill them. However, the ONR program is not a
ing discharge plume has provided goodlong-range effort with specific goals for the
indications of how Arctic Ocean circulation hasfuture.

9 Sufficient data existiocumenting thenigration, at least at low levels, of radionuclidizsvn the Yeniseyiver, probably originating
from pass-though reactors and coolingaters. See Figure 1-5.
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The Murmansk Shipping Company’s Atomflot facility showing the dock and service ship Lotta where spent nuclear fuel is stored (top
left); a railroad car used for transporting spent nuclear fuel from Atomflot to the reprocessing plant at Mayak (top right); the dockside
crane transferring a spent tie/ shipping cask from (he service ship Lotta to the railroad car (bottom).
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OTA's analysis suggests that now is the time OTA's investigations of the situation at the
to make long-range plans and to structure a morcal bases of the Russian nuclear fleet in the
comprehensive program for the futufrelimi- north and Far East show that severe problems
nary assessments do not suggest a major, longxist in adequate management of nuclear wastes
term impact on human health for the broad Arc-and spent fuel from submarine reactors. These
tic region from radioactive dumping and dis- problems include poorly maintained vessels and
charges that have already occurred. HoweverOther equipment for handling spent fuel, over-
identifying the potential for human exposure toloaded storage and treatment facilities, and a sub-
radioactivity in the future will require some form standard transportation infrastructure. These
of monitoring and a comprehensive, rigorousproblems could lead to accidents or pressure to
exposure assessmerlanning for these has €ngage in more dumping in the future if they are
started, and it would be useful fpolicymakers ot addressed soon.
to define the major goals and key questions so There is, however, some evidence of progress

that the risk assessment can be useful and codgward improving spent fuel and nuclear waste
effective. management practices with regard to the Russian

Because the nuclear material dumped in thé\lorthern Nuclear Fleet, with the help of interna-

Arctic has not been adequately contained foponal assistance and cooperative effokéith

long-term disposal, and because very little Spe(_:ontlnuatlon and expansion of international

cific information exists about the condition of the efforts to address spent fuel problems in the Rus-

. : sian north (i.e., the Kola Peninsula, Murmansk),

dump sites, it has been suggested that some form o ) : .

) . . some significant improvements are possible in

of remediation be considered. Options for reme- : ) )

diation ranae from encasement in place tthe prevention of future radioactive releases
9 P %here. The sitation in the Russian Far East is

:tmhovalh and (Jggyipsal fat at (il;fferelnt I_Oczt'gn'more problematic, hower, with much less evi-
ough remediation ot past gumping IS beiNGyan.q of progress in international cooperation

investigated, it cannot be evaluated fully now The United States has recently been moving

because of the lack of data on waste sites anfjoward more cooperative work with Russia on

conditions.  When S.UCh data are obtam-ed., I'[Arctic nuclear waste issues. U.S.-Russian collab-
would be productive to study remediation

_ turth _ heir risk reduct oration in research and reactor safety has grown,
options further, estimate their risk reduction many useful contacts have been made.

value and cost, and choose the OptiMUMyTA'g analysis concludes that such efforts
approaches. should continue and expand in the future. These
Most options for the remediation of nuclear contacts, in particular, could be used to foster
wastes dumped into the environment are difficultgng encourage more interaction in areas dealing
and costlyBecause it is so difficult to take useful with the environmental impacts of military activ-
actions after radionuclides havieeen released ities. Research on Arctic contamination is
into the environment, it is wise to consider pre-enhanced and more politically acceptable when
vention efforts now that could minimize futureit is conducted cooperatively with Russia and
accidents, releases, or discharges. There are sewther countries. If monitoring and prevention
eral opportunities to enhance safety and prevenprojects are initiated, they will require further
future releases from Russian nuclear activities irdata from Russia and greater access to dump
the Arctic and Far East. Support for cooperativesites. Prevention itiatives will be difficult
work in reactor safety, sukamine dismantle- unless Russia takes the lead and assumes sub-
ment, spent fuel amagenent, waste disposal, stantial responsibility.
and other related matters deserves careful con- Even though Russia must be responsible for
sideration. its own nuclear waste management, the interna-
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tional community must also recognize that the[] Arctic Research Policies
country is limited in its current capabilities and

resources. While the Russian government hagurrent Policy Str?ltus .
taken initiatives to identify and describe pastEfforts by the United States to assess the Arctic’s

nuclear dumping activities, it has not been able tg@dioactive contamination began only recently.
provide many resources for further research of raditionally in Arctic research, the U.S. focus
other actions to address the problelsssian Was O its strategic and national security impor-

e . . tance. However, in 1993, as a response to reports
institutions for environmental protection and

o documenting the Soviet Union's ocean waste
nuclear safety have yet to be effective in regulat- . . —
. . . dumping, the United States adopted the “Policy
ing the military or civilian nuclear copiex, but

) ~ .. for the Arctic Region,” emphasizing for the first
they have been developing better capabilitieg;e 5 commitment to the environmental protec-

that could be encouraged over the long term withigy of this important ecosystem and authorizing

outside assistance. the State Department as the implementing
agency.
POLICY ISSUES AND OPTIONS Congressional suppofor research regarding

OTA'’s analyses show that radioactive contami-Arctic radioactive contamination began with the

nation in the Arctic and North Pacific regions isPassage of the Arctic Research Policy Act
not an immediate crisis but a long-term, chronid@RPA) in 1984. Congress established the insti-

problem requiring a certain level of Comprehen_tutional infrastructure (i.e., the Arctic Research

sive risk assessment, monitoring of conditionsCOMmission — and the Interagency Arctic
and preventon of future releases. SuchieSearch Policy Committee, or IARPC) to

approaches would help ensure the greatest posggvelop and coordinate U.S. Arctic research pro-

ble protection of human health and the environ3"2ms: In 1992, radioactive contamination from
ment. Current U.S. policies addressing theseSoviet activities was recognized as a potentially
. ' e . serious problem by ARPA. However, the statute
issues lack long-term goals or cohesiveness anéiE

t likelv to devel h Is without oes not provide any specific funds to support
are notlikely fo develop such goals WIthout €on-y ;yities by the commission or by IARPC agen-
gressional direction and action.

i i cieslOregarding research on radioactive contami-
Three possible policy areas that already have A5tion in the Arctic.

considerable history andstitutional .framework In 1994, IARPC proposed a $33-million
could be considered by Congress in terms of thg, . ease in research funds to implement an Arc-
direction and support ofederal programs {0 ¢ Contamination Research and Assessment Pro-
address Arctic nuclear contamination: 1) Arcticgram (ARCORA) which would begin in FY
research policies; 2) international environmentah gg6. The requested funds, if provided, would
protection policies; and 3) policiésr assistance support five essential research-related activities
to or COOperative work with the former SOVietin the Arctic: l) data and information manage-
Union. In each case, some programs currentlynent; 2) data retrieval and synthesis; 3) observa-
exist and have defined benefits and support. Ifion and monitoring; 4) development of models;
Congress wished, it could strengthen these praand 5) analysis of risks. Work in these areas
grams to help focus future attention and work orwould allow participating U.S. agencies to assess
the nuclear contamination problem. the sources, transport, fate, and environmental

10 The following federal agenciesompose what isfficially known as the Integency Arctic Research Policy Commiti@eRPC):
Department of State; Defense Nucldgrercy; NavalSea Systems @umand; Central Intelligence Ageyn U.S. Coast Guard; Department
of Energy; Department of Interior; EnvimmentalProtectionAgency; U.S. Geological Survey; National Science Foundation; and National
Oceanic and Atmospheric Administration.



Chapter 1 Summary, Findings, and Policy Options 19

and health effects caused by pollutants dis-
charged directly into the Arctic or accumulated
from non-Arctic sources. The NOAA and the
Department of Interiorly would be responsible
for most of the work. The Environmental Protec-
tion Agency, Department of Energy (DOE), and
National Science Foundation would aso play
active roles. Despite interest among proponents,
this proposal to fund a federal Arctic contamina-
tion research program was not supported by the
Administration.

Although the ARPA established the main
ingtitutional means for carrying out federal Arc-
tic research, the only relevant program actually
being implemented is the congressionally autho-
rized Arctic Nuclear Waste Assessment Program
(ANWAP) under the Office of Naval Research of
the Department of Defense. For each of the past
three years, Congress has mandated through
DOD authorizations or Nunn-Lugar legidation
that $10 million be allocated to ONR for Arctic
research work. Figure 1-6 compares this ONR
funding to overall expenditures for Arctic
research for FY 1995.

The initial emphasis of the ONR program
involved collecting and evaluating existing Arc-
tic environmental data. Subsequent efforts have
also included supporting numerous research
projects; holding workshops; collaborating with
various U.S. and international research organiza-
tions; and sponsoring scientific expeditions
designed to gather data in the Arctic and evaluate
potential transport pathways for radioactive
waste. ONR is also expanding its scope of
research to include the North Pacific and certain
major Russian rivers discharging into the Arctic
Ocean.

Support for U.S. research programs, other
than ANWAP, depends on the priorities estab-
lished by individual federal agencies that provide
research funds. In the recent past, most federal
agencies have not considered Arctic radioactive
contamination a priority on their research agen-
das. At the June 6, 1995, OTA workshop on U.S.

FIGURE 1-6: Expenditures for Arctic
Research and Radioactive Contamination

Assessment, FY 1995

Basic research (atmospheric and oceanic
circulation; structure and dynamics of the
Arctic Ocean; coastal process, etc.)

v

b

Nuclear contamination *
research (ANWAP)
KEY: ANWAP = Arctic Nuclear Wastes Assessment Program.

SOURCE: C. Myers, National Science Foundation, personal commu-
nication, June 7, 1995; Office of Technology Assessment, 1995,

Arctic ingtitutions, officials representing U.S.
Arctic research programs stated that their agen-
cies have not provided substantial support to
carry out their national and international Arctic
research work.

The State of Alaska has played a key role in
encouraging cooperation in research with
regional governments of the Russian Far East.
This cooperation has proven successful in pro-
moting information exchange on past contamina-
tion and possible preventive measures. Despite
the progress made to date, long-term support for
state research efforts remains limited.

During the next phase of its research program,
ONR will make the information gathered avail-
able to the scientific community and to the popu-
lations most likely to be at risk from, or to have
concerns about, Arctic contamination, The State
of Alaska actively participates in several cooper-

"Namely, the U.S. Geological Survey, the U.S. Fish and Wildlife Service, and the National Biological Survey.
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ative efforts to research andomitor Arctic con- agencies. Some funds would be needed to adapt
tamination. Most efforts by the state emphasizeANWAP results to other agencies’ goals and to
the identification of existing and potential public implement a long-range monitoring program.
health and safety hazards, particularly to itsAny such program should delineate clearly the
Native residents, and the sharing of environmenimplementing roles of relevant federal agencies.
tal data among regional governments. Alaska haSongress could also request an annual report
also been cooperating successfully with Russiagovering the successes and failures associated
regional governments in improving communica-with implementation of the plan.

tions, nuclear safety, and emergency response The ONR program plan currently includes

with the involvement of Native communities. efforts to conduct pre”minary risk assessment
that would be accomplished with existing fund-
Future Policy Initiatives ing. If Congress doesot fund the continuation

Despite the extensive institutional structure creof this research beyond FY 1995, this prelimi-
ated to conduct research in the Arctic, thdy  nary risk assessment as well as the publication of
U.S. program involved in research on radioactivaesearch results to date would probably be
contamination is ONR’s Arctic Nuclear Waste accomplished over the next one or two years, but
Assessment Program. There is no current policyo new work could be expected to fill data gaps,
to continue this ONR work through the next logi- conduct monitoring, or investigate new areas. If
cal phase or to use its results to plan for a transiongress continues funding for ONR but not for
tion to comprehensive risk assessments andther agencies, research on key unanswered
monitoring. questions could enhance a more rigorous risk
Congress could continue its current level ofassessment and reduce the uncertainties of envi-
financial support for ONR’s Arctic Nuclear ronmental and health impacts. However, dtuid
Waste Assessment Program through an initiabe difficult to establish useful long-term moni-
risk assessment phase and until future monitortoring programs, to effectively engage the
ing or corrective measures are adequately idenaffected communities in risk assessments, or to
tified. Funding of research efforts would mostaddress public health cosrms without the more
likely be short-term in nature since the mainactive participation and funding of other federal
objective would be to collect the data requiredand state agencies on the IARPC.
for future planning, for estailshing monitoring
programs, and for carrying out long-term risk ) |nternational Environmental Protection
assessments, if needed. When plans are COIB-O”CiES
pleted, Congress could direct ONR to conduct
future monitoring and assessment activities as .
well. However, the nature of these activitiesCuUrrent Policy Status

might require Congress to fund the ONR pro-U.S. support for international environmental pro-
gram on a multiyear basis to incorporate longiection and Arctic research has been effected

term planning. mainly through bilateral cooperation agreements

Congress may, on the other hand, opt not tdvith Russia. Prior to the dissolution of the Soviet
fund ONR’s Arctic Nuclear Waste Assessment/nion, most U.S. actions toward the former
Program but instead request IARPC or any ofSoviet Union centered on mobilizing the eco-
the U.S. agencies with Arctic programs to adopfiomic and military resources needed to with-
ONR'’s preliminary research findings and pre- stand any potential threat. Since the Soviet
pare the long-range plan needed to conduct riskreakup, U.S. policy has become largely support-
assessments and monitorin@ongress might ive of economic and fitical reform.
explicitly identify the level of funding for An extensive cooperative framework exists
IARPC, or for the relevant federal agency orbetween the United States and Russia, but fund-
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ing for work on Arctic radioactive contamination benefit from active participation in these cooper-
is limited. As part of their April 1993 Vancouver ative efforts. The United States has participated
summit, the Presidents of Russia and the Uniteth several international initiatives, including the
States agreed, for the first time, to forge a newnternational Arctic Seas Assessment Program
cooperative venture in many important economiaunder the IAEA; the Arctic Environmental Pro-
and technical areas (e.g., energy, space, sciendection Strategy established by the eight circum-
technology, environment). Despite its success ipolar nations; and other initiatives with Russia,
certain fields, progress by the Gore-ChernomyrNorway, and various European Nations. Many
din commission—the implementing body for international environmental agreements and con-
U.S.—Russian cooperation—regarding researckientions have traditionally kept nuclear issues
monitoring of the Arctic’'s nuclear contamination separate from those of other hazardous contami-
problem is generally confined to developingnants. This separation has made it difficult to for-
institutional relationships, entering broadly mulate policy that would compare the needs and
defined agreements of cooperation, and in a fewgriorities of nuclear and nonnuclear environmen-
cases, studying the technical fisdlgy of possi- tal problems.
ble environmental solutions. With regard to nuclear wastes, the United

Lack of funds and government leadershipStates has not provided an overall strategy for
appears to have hindered progress by the Goreelecting and participating in the most appropri-
Chernomyrdin commission in Arctic environ- ate international entities. Nor has it determined
mental work. At a January 1995 OTA workshopwhich federal agency would be resigile for
on Arctic institutions and programs, somedeveloping relevant research strategies, for for-
experts emphasized that the commission lacks gaulating and overseeing implementation strate-
funding mechanism or a specific budget item togies, and for providing the financial resources
support research on Arctic radioactive contami+equired in any joinefforts. Because so many
nation. They also pointed to the obligation ofinstitutions are involved in establishing interna-
federal agencies to conform to the Administra-tional programs it would be much more efficient
tion's policies and priorities. The limited for the United States to concentrate on working
resources provided under agreements precludaith a few selected programs that could produce
agencies from implementing fully the programsthe most useful work and best advance U.S. pol-
that the commission appears to support. icy goals.

Considerable concern exists about the clearly
inadequate information available on the extent ofuture Policy Initiatives
environmental contamination, particularly in the Congress could direct the Administration to pre-
Russian Far East. The inadequacy of regiongbare a coordinated plan for taking action on pro-
environmental data and of agency resources hagams that result from international agreements
also limited the ability to map the state of con-A coordinated plan should incorporate such mul-
tamination in Russia. The fragmented nature ofilateral efforts as the Arctic Environmental Pro-
the institutional structure responsible for ensurtection Strategy, which includes the Arctic
ing environmental protection in the Russian Arc-Monitoring and Assessment Program. It could
tic region is another matter of concern. incorporate the same level of U.S. leadership and

Several international efforts are under way tocommitment exercised through bilateral coopera-
assess issues of Arctic contamination and to fortive programs (i.e., the Gore-Chernomyrdin com-
mulate future monitoring and preventive mission).
approaches. These will help provide information Similarly, Congress could direct the Adminis-
about contamination and serve as a vehicle fotration to maintain entities such as the Gore-
communication and cooperation in research an@€hernomyrdin commission and the State Depart-
monitoring activities. The United States stands tanent as instruments of U.S. cooperation and to
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give specific funding authority to certain federal The London Convention is a major interna-
agencies to implement any cooperative researchional effort designed to prohibit dumping of
and monitoring projects developed under a coor+adioactive waste in the world’s oceans.
dinated plan.One clear benefit of a coordinated Although its guidelinesre voluntary in nature,
international plan is that savings could beRussia's failure to sign the convention’s 1993
achieved if two or more nations have certain eledecision to ban ocean radioactive waste dumping
ments under their control such as access to sitel§, Of great concern to many in the international
data, or key research work. Another benefit jcommunity, particularly the circumpolar nations.

avoidance ofduplication and, thus, improved One reason for concern is Russia’'s dumping of
efficiency or cost-effectiveness. low-level liquid radioactive wastes in the Sea of

Japan as recently as 1993. Although Russia has
.. . agreed to adhere to the principles of the London
0 POI'C'e_S for ASS'Stance to and ) ) C%nvention prohibiting thpe disFr))osal of all types
Cooperation with the Former Soviet Union ¢ radioactive waste in the marine environment,
it continues to be the only country that has failed
Current Policy Status to sign the ban formally. Therefore, the recent
Certain policies for cooperation with the formersigning of theMurmansk Initiative within the
Soviet Union are designed #dtiatives and pro- framework of the 1994 U.S.-Russia Agreement
grams to prevent future Arctic radioactive con-0n Pollution Prevention in therétic is signifi-
tamination. Included among the current initiativesc@nt because it will help Russia meet its commit-
are those designed improve radioactive waste ment to abide by the principles of the London
management practiceand upgrade Russia’s Convention._ Ru_ssia’s vc_JIun_tary gomnjitment to
older and most unsafe operating nuclear reacthe convention, in combination with this cooper-

tors. Despite the differences in their nature and irftVe agrigment, is a good first sltep, but much
the institutional framework involved, both types more work Is necessary to ensure long-term com-

have proven useful in improving bilateral andpllance. - ]
multilateral cooperation with Russia In addition to the London Convention, the
One of the existing U.S.-supported initiativesEuro.pearl Umon, pan, aqd I\_lo_ryva_ly also Sup-
. . . . ort international cooperative initiatives designed
to improve radioactive waste management in the ~. .
. . o .._.. 1o improve Russia’'s waste management and pre-
Russian Arctic region is the Murmansk Initiative . . L )
being imol tod under the G ch vent radioactive contamination in the Arctic. The
dglng 'mplemen ?I'h'un' er the Lore- efr_fnomgr'European Union, for example, is cooperating
In commission. This Is a cooperative efiort by, i, ryssia to identify and develop waste man-

Norway, the United States, and Russia to expangyement technologies for application in the Kola
the liquid radioactive waste storage and proces$paninsula. The Government of Japam the

ing capacity at the Murmansk Shipping COm-gther hand, is currently financing a project that
pany, thereby halting the unsafe managemenfould provide facilities for treatment of some of
and ocean dumping of these wastes. Currentlyhe |iquid radioactive waste stored by the Rus-
Russia continues to accumulate considerablgjgn Navy near the Sea of Japan.

amounts of liquid radioactive waste, particularly  of the Arctic countries, Norwais the most

at sites where submarine and icebreaker reactoggtive in searching for sations to the Arctic
are repaired or refueled. Design work has beepgadioactive contamination problem. Of primary
funded and construction funds have been identiconcern to Norway are the operational safety of
fied for facility expansion, but the fding nuclear facilities and the management of nuclear
authority for implementing this initiative within materials and wastes at civilian and military
the United States has often been unclear afiuclear sites operating near its borders. Recently,
imprecise. the Norwegian government created an interna-
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Fl/eating reactor compartments from decommissioned Russian submarines temporarily stored in Chazhma Bay near Vladivostok.

tional steering committee to cooperate techni-
cally and financially with Russia in the removal
and cleanup of a Russian nuclear waste service
ship in Murmansk (near the Norwegian border)
containing damaged spent nuclear fuel from the
naval and icebreaker fleets.

Another Norway-led initiative seeks coopera-
tion among Norwegian, U. S., and Russian
defense communities in the assessment of mili-
tary sources of radioactive contamination in the
Arctic region. On June 30, 1995, the U.S. Secre-
tary of Defense and his Russian counterpart
signed a Memorandum of Agreement to
exchange information on the environment, par-
ticularly in the areas of environmental protection
and cleanup, waste management, and disposal of
weapons material. No specific timetable or plan
of action was provided. Although this coopera-
tive agreement is broad and lacks a clear plan of
action, it constitutes a potentially useful attempt
to address key problems relevant to future inter-
national Arctic protection efforts.

A second major type of preventive measure
addresses commercial reactor safety. U.S. sup-

port for a nuclear safety initiative began immedi-
ately after the Chernoby! accident in April 1986.
Initially, most cooperation consisted of informa-
tion exchange by the Nuclear Regulatory Com-
mission and the Department of Energy with their
Russian counterparts. The commitment of the
United States to cooperate with Russia in the
field of nuclear reactor safety was expanded at
the U.S.-Russian presidential summit in Vancou-
ver, Canada, in 1993. The primary objectives of
these initiatives were to help Russia to reduce the
likelihood of future nuclear reactor accidents.

U.S. assistance to Russia on nuclear safety
issues is multiagency in nature. The State
Department and the Gore-Chernomyrdin com-
mission are the principal coordinators; the U.S.
Agency for International Development is the
agency with overall management responsibili-
ties; and the Department of Energy and Nuclear
Regulatory Commission are the executors.
Progress has been made under this initiative in
the areas of technical training and the provision
of some safety equipment.

IDVIINITIHD
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The State of Alaskhas played an important A number of U.S.-supported bilateral and
role in cooperating with Russia to achievemultilateralinitiatives are under way to collabo-
nuclear safety, particularly with the governmentrate with Russia in the prevention of future radio-
of the region in which the Bilibino nuclear power active contamination in the Arctic. The major
plant—the nearest to Alaska—is located. Anotheyy s, assistance program has focused on efforts to
Alaskan undertaking was the international radiojmprove the operational safety of Russia’s most
logical exercise held in June 1994 on emergencyangerous nuclear reactors so as to prevent
response procedures among Arctic nations. IRaher Chernobyl-type accident. Continued

ientgral, tthesel Alajkan _|n|t|a|1t|ves have r,'[elpte%ttention to the goals and coordination of these
retic national and regional governments 1o g o ic noaded.

strengthen communications and recognize the . .
However, the areas of improving spent fuel

need for improved cooperation in the areas of nd nuclear te management practi nd
nuclear safety and emergency response. a uclear waste management practices a

The United States also participates in theenhancmg submarine dismantlement to prevent

Nuclear Safety Account, a 1992 initiative thatfuture radioactive releases have only minimal

finances projects designed to improve the operaL-J'S' support. International cooperative efforts in

tional and technical safety of nuclear reactors ifiS aréa have been evolving, with Norway, the
Russia and other states of the former SovieEuropean Union, and Japan taking the lead.
Union. In addition to the United States, the Euro-Although the United States may not be as threat-
pean Union has also established a short-terfined by future releases as other countries, it too
nuclear safety improvement program at the Kolecould benefit from reduced contamination risks
Peninsula Nuclear Power Plant near the Arctic. in the future, from additional progress in Russian
OTA has found that a number of national andsubmarine dismantlement, and from new busi-
international programs are in place to improveness opportunities for U.S. firms.
Russia’s nuclear waste management practices Since the disintegration of the Soviet Union,
and prevent similar recurrence in the future. Thehe Russian government has made official its
varied nature and objectives of the national anghtent to improve environmental protection and
international missions supporting these programgyclear safety. Although considerable progress
make it difficult to evaluate their effectiveness. a5 peen made in the area of environmental regu-
No attempt has been made by the United Statqgions, more effective approaches are  still
or the international community to evaluate thepeegeq. |t is also crucial that Russia strengthen
overall progress made by their cooperative agencies responsibfer environmental pro-

ngclear safe_tynltlatlves n '_[he Arctic and deter- o otion and for estdishing a nuclear safety cul-
mine where improvement is needed.

Ru_sga finds itself in the midst of a difficult Another benefit to the United States from
transition related to nuclear safety and waste

management. Thus far, the creation of new agenc_ooperatlon with the former Sovienton is con-

cies and laws in Russia is just beginning totlnued, mutual demilitarization in the United

address the country’s radioactive contaminatiorpt@es and Russia. The common public notion is
problems and lack of a nuclear safety culture. [fhat the Cold War is over. However, certain mili-

is crucial that Russia continue to strengthen thes@ry institutions in both countries continue to dis-
efforts. Equally important is the fact that thetrust each other and are suspicious of the actions

severe economic situation affecting this natiorand motives of the other side. Existing and new
now requires creative and flexible approaches bynternational programs focusing on the environ-
the United States and other countries as a meamental legacy of the Cold War could lead to a
to ensure long-term cooperation. lowering of these post-Cold War tensions.
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Future Policy Initiatives

expanded sphere of coverage that, in Ity

Congress could continue current support forrun, could enhance demilitarization and encour-
U.S. participation in bilateral and multilateral age better transfer and safer storage of nuclear
cooperative initiatives to improve radioactive materials. Perhaps the greatest benefit to the
waste management and nuclear safety of readJnited States would be a long-range improve-
tors in RussiaHowever, Congress could requestment of the nuclear safety culture in Russia and a
that U.S. decisions at the bilateral level be coordecrease in Cold War tensions.

dinated with those involving multilateral
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