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Foreword

ne of the lasting legacies of the Cold War, and the buildup in nuclear weap-

onry and military over the past 50 ysais nucleawaste and its threat to

human health and the environment. Notable examples of waste dumped into

the open environment have caused people and nations to demand information
about what was done and what health risks may result. In 1993, disclosures about Rus-
sian dumping of submarine reactors, nuclear fuel, and other wastes into the Arctic and
North Pacific Oceans brought this region and its problems into the world spotlight. Peo-
ple in the United States want to know about this dumping and other discharges of radio-
nuclides into the oceans. They want to understand the risks from Russian nuclear
activities, both past and future, and the potential threat to their health and that of the
Arctic ecosystem.

Because of these concerns, Senator Ted Stevens, Chairman of the Defense Subcom-
mittee of the Senate Appropriations Committee, and Senators William V. Roth and John
Glenn, Chairman and Ranking Minority Member of the Senate Committee on Govern-
mental Affairs, asked the Office of Technology Assessment (OTA) to prepare this
assessment of Nuclear Waste in the Arctic.

This report examines the environmental and human health impacts from wastes
dumped into the Arctic and North Pacific regions, from nuclear contaminants dis-
charged into these environments, and from radioactive releases from both past and
future nuclear activities in the region. The report presents what is known and unknown
about this waste and contamination and how it may affabtic health. Beause so
many factors are involved and science cannot provide absoiateers to many ques-
tions, this study emphasizes the need for care, caution, awareness, and prudence. It also
stresses the need for a stable and endurirtguitienal framework and international
cooperation for long-term observation and monitoring.

OTA received considerable assistance during this study from many organizations and
individuals. We sincerely appreciate the guidaremeived from our Advisory Panel,
workshop participants, numerous revigsjecmtributors, consultants, and contractors.

We also received help from several U.S. federal agencies, reseaitctions, interna-

tional organizations, the Russian Government and private institutions, the Norwegian
Government and private organizations, and others. Without this cooperation and expert
advice, OTA would not have been able to accomplish this study.
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Summary,
Findings,
and Policy
Options | 1

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.

| 1



2 | Nuclear Wastes in the Arctic

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

Murmansk
Northern Fleet

Ob & Yenisey
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SOURCE: Office of Technology Assessment, 1995
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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

Dumping in Russian Northemn Seas

FIGURE 1-4: Locations of Nuclear Waste
Dumping in Russian Far Eastern Seas

e
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B Solid nuclear waste
& Liquid nuclear-waste

SOURCE: Office of Technology Assessment, 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 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

Bering Sea

LN

lussia

Kamchatka
Peninsula

Sea of Okhotsk
o
V
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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.”
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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
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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.
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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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Ithough popular perceptions of the Arc- mation required to understand the health and
tic might characterize it as a gtine environmental impacts of this contamination.
area, it has become increasingly clearChapter 4 addresses other potential sources of
that this important ecosystem has notcontamination of the Arctic and North Pacific
avoided the effects ofindustrialization and environments.
development. Evidence of contamination by per- Past dumping of nuclear submarine reactors
sistent organic pollutants, heavy metals, andnd fuel assemblies, as well as significant
radioactivity has been gathered since 1#860s amounts of other radioactive wastes, into waters
but has not garnered a great deapualblic atten- adjacent to the Arctic and North Pacific Oceans
tion. However, in the last three years a tremenwas disclosed in some detail by the Russian Fed-
dous amount of attention has been directe@ration in a 1993 government white paper
toward assessing the extent of, and ifging  referred to as the “Yablokov report.” The ulti-
possible remedies to, the environmental contamimate fate and effects of this dumping are cur-
nation problem in the Arctic from Russian rently unknown, but possible impacts on local
nuclear sources. Ithough the activities of sev- and regional environments and public health
eral different countries have released radionuhave raised concerns not only in Russia but in
clides into the Arctic environment for decades,other countries of the Arctic and North Pacific
news of ocean dumping of submarine reactorsegions. People in the United States—in particu-
and nuclear wastes by the former Sovieidth lar, Alaska and the Pacific Northwest—want to
has generated particular interest and concerknow about this dumping and other discharges of
because it revealed previously secret activitiesadionuclides into the oceans. They also want to
and enhanced the traditional public fear of radioknow about other risks to these regions from
activity. This chapter analyzes available informa-Russian nuclear activities, both past and future,
tion about the wastes dumped in the Arctic andaind the potential threat to the wider regional
North Pacific, what is known of their contribu- environment and population beyond Russian
tion to contamination of the marine environment,borders.
and the research efforts needed to address unan-As discussed in chapter 3, a particular concern
swered questions. Chapter 3 discusses the infois the possible tleat to Alaskan Native commu-
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TABLE 2-1: Objects Dumped by the Northern Submarine and Icebreaker Fleets

Depth Estimated activity in
Location Objects (m) 1994 (kCi)
Ambrosimov Inlet 8 submarine reactors (3 with SNF) 20 37.9
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, October 24, 1992, Facts and Problems Related to Radioactive Waste Disposal in Seas Adjacent to the
Territory of the Russian Federation (Moscow, Russia: 1993), translated by Paul Gallager and Elena Bloomstein (Albuquerque, NM: Small World
Publishers, Inc.); N. Lynn, J. Warden, Y. Sivintsev, E. Yefimov, M. Mount, K. Gussgard, R. Dyer, and K-L Sjoeblom, “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 14, 1995; Y. Sivintsev, “Study of Nuclide Composition and Characteristics of Fuel in Dumped Submarine Reac-
tors and Atomic Icebreaker Lenin,” Part I—Atomic Icebreaker (Moscow: Kurchatov Institute, December 1993); M. Mount, Lawrence Livermore
National Laboratory, personal communication, June 14, 1995.

nities, their traditional food supplies, and otherwastes, the information presented in the
Alaskan fisheries resources. The impact of radioYablokov report has not been disputed.
active wastes that have been dumped in Arctic As the 1993 Yablokov report described, the
waters is also a key concern of other nations, paiSoviet Union dumped a multitude of materials in
ticularly Norway, which depends on a majorthe Kara Sea and in fjords along the coast of
fishery in the Barents Sea and is therefore verjNovaya Zemlya in the 1960s, 1970s, and 1980s,
active in supporting researdfito such contami- in violation of international as well as domestic
nation in nearby waters. laws. The wastes included contaime barges,
The 1993 Yablokov report described theand ships and submarines containing nuclear
extensive past history of Russian dumping ofreactors both with anditihout spent reactor fuel.
damaged submarine reactors, spent fuel from tha total of 16 reactors were dumped at five differ-
nuclear fleet, and other radioactive waste into thent sites; six of these and an additional container
Kara Sea off Novaya Zemlya, into the sea otheld spent fuel (see table 2-1). The report esti-
Japan, and in other locations. It was a remarkablmated the maximum total radioactivity of these
document to emerge from the new governmenmnaterials at the time of disposal as more than 2
of the Russian Federation. The report representadillion curies. Recent studies by Russian and
the results of a tremendous effort to gather inforU.S. scientists have reached the preliminary con-
mation, some of it decades old, from a multitudeclusion that about 0.13 million curies are present
of Soviet ministries and agencies; declassify itat these Kara Sea dump sites today.
and report it frankly to the international commu- The Yablokov report also listed similar dump-
nity and to the Russian people. Other than théng (of materials with lower radioaeity) in the
estimated inventory of the activity of the itemsRussian Far East (the Sea of Japan and near the
dumped, which has been refined since the releaséamchatka Peninsula). In addition, the report
of the report by an expert group working with thedescribed some accidents (most notably, the
International Atomic Energy Association (IAEA) explosion of a naval reactor during refueling in
and the precise location of some of the dumpe€hazhma Bay near Vladivostok); solid, low-
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TABLE 2-2: Solid Intermediate- and Low-Level Radioactive Waste Dumped in Northern and Far

Eastern Seas

Depth Activity

Location (m) in Sr-90 equivalentsa (Ci)
Kara Sea, Novaya Zemlya Depression 380 3,320
Sedov Inlet, Novaya Zemlya 13-33 3,410
Oga Inlet, Novaya Zemlya 24 2,027
Tsivolka Inlet, Novaya Zemlya 56-135 2,684
Stepovoy Inlet, Novaya Zemlya 25-27 1,280
Abrosimov Inlet, Novaya Zemlya 12-20 661
Blagopoluchiye Inlet, Novaya Zemlya 13-16 235
Techeniye Inlet, Novaya Zemlya up to 50 1,845
Near Kolguyev Island 40
Chernaya Bay, Novaya Zemlya 300
Barents Sea >100

North, Total ~15,900
Sea of Japan (3 sites) 1,900-3,300 3,820
East coast of Kamchatka Peninsula 2,000-2,570 2,992

Far East, Total 6,812

anformation from original sources used by the Yablokov commission presented the activity of solid radioactive waste as “activity (strontium-90
equivalent) curies.” These units appear to relate to the radiation measured outside the container or object and are not likely to have a consistent
relationship to actual activity. The numbers therefore can be used for comparisons only within the low- and intermediate-level solid radioactive
waste (SRW) category; more information is needed to understand the radioactivity they might represent today.

SOURCE: 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), translated by Paul Gallager and Elena Bloomstein (Albuquerque, NM: Small World
Publishers, Inc.).

level radioactive waste dumping; extensive low-Russian sites, and international agencies such as
level liquid waste discharge; the accident on anghe IAEA. Some tentative conclusions have been
sinking of a nuclear submarine in the Norwegiarreached, but the data collected by these efforts

Sea; and serious problems with the operation odre not yet sufficient to accurately predict the
current nuclear refueling vessels in both the Rusmpacts of this dumping.

sian North and Far East (see tables 2-2 and 2-3). Rasearchers have not found evidence of

The dumpings listed in th_e Yablokov reF’Ortmigration beyond the immediate vicinity of the
generated a number of questions about the pOteraUmped radionuclides that might affect human
tial impacts of the discharged radionuclides.

. . . Health in the short run. However, some key ques-
Since radionuclides can affect human health ant h t to be add q f le- 1
the environment only if and when the radionu- lons have yet to be addressed, for example: 1)

clides come in contact with them, the key quesEhere hgs be_e”_ no inspection of many of the
tion is whether and how they may migratedump sites within the past two decades; 2) we

toward populations and other ecosystems in th8ave limited knowledge of thpossiblerelease
future. Over the past two years since theates and the long-term relidity of materials
Yablokov report, a number of data collectionused to encase the waste; and 3) some of the crit-
efforts and investigations have been supported ttgal pathways for radionuclides to affect humans,
address this question by U.S. investigators, Norsuch as the biological food chainioe transport,
wegians, Russians, other nations close to thare only in the early stages of investigation.
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TABLE 2-3: Liquid Radioactive Waste
Dumped or Accidentally Released in

Russian Northern and Far Eastern Seas

Activity at time

of dumping

Location (Ci)
Barents Sea—open sea (3 sites) 11,779.0
Barents Sea—coastal (4 sites) 3,389.0
Kara Sea (1 site) 8,500.0

North, Total 23,668.0
Sea of Japan (6 sites) 11,984.8a
Sea of Okhotsk (1 site) 0.1
East coast of Kamchatka 352.2
Peninsula (2 sites)

Far East, Total 12,337.1

ancludes 0.38 Ci dumped into the Sea of Japan by the Russians in
October 1993.

SOURCES: Government Commission on Matters Related to Radioac-
tive 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 Territory of the Russian Federation (Moscow, Russia:
1993), translated by Paul Gallager and Elena Bloomstein, (Albuquer-
que, NM: Small World Publishers, Inc.); V.M. Zakharov, “Situation and
Course of Action for the Problem of Managing Radioactive Wastes in
the Russian Pacific Fleet,” Proceedings of U.S.-Russia-Japan Study
Group for Radioactive Wastes in Sea of Japan, Sea of Okhotsk and
North Pacific Ocean (Biloxi, MS: January 1995); V.A. Danilyan, and
V.A. Vysotsky, “Nuclear Waste Disposal Practices in Russia's Pacific
Ocean Region,” Proceedings of U.S.-Russia-Japan Study Group for
Radioactive Wastes in Sea of Japan, Sea of Okhotsk and North
Pacific Ocean (Biloxi, MS: January 1995).

migrate down rivers such as the Ob or Yenisey
into the Kara Sea and the Arctic Ocean is cur-
rently under study.

Another related concern is the possibility of
radioactive releases from a Russian submarine,
the Komsomoletsthat sank in deep water in the
Norwegian Sea in 1989. Although recent surveys
have not detected any significardleases and
researchers believe that the future threat is mini-
mal, some have advocated actions to continue
monitoring and/or provide better barriers to
future leakage.

[J Modeling and Risk Assessment

Research and data collection efforts within the
U.S.-supported program under the Office of
Naval Research (ONR), as well as research by
other nations and international organizations,
have provided only preliminary answers to ques-
tions about the ultimte fate of the radionuclide
releases in the oceans and rivers and their poten-
tial impact onpublic health in the Wwer region.
The traditional scientific approach to providing
such answers, known as risk assessment,
involves careful defiition of the source (g., the
dumped material, its calition, its potential for
leaking and spreading over time, and its hazard);
careful modeling of the most likely pathways
(transport by ocean currents, by ice movement,

Several otherpossible sources of contami- through the biota or food chaietc.); and esti-

nants that could affect the Arctic environmentmating the risk of human exposure and conse-

are also just beginning to be investigated. In thQ]uem health impacts based on a number of
Kara Sea region, for example, one serious poterscenarios. Some work on each of these compo-
tial source is the large, northward-flowing Sibe-nents is in progress, including modeling of likely
rian rivers, at whose headwaters are located thgathways through the marine environment. The
major Russian nuclear weapons production facilmodeling requires validation wherpossible,
ities. Over the last few decades, the largesfith real measurements and additional data for
releases of radioactive wastes in the world havénputs. An integrated assessment of all of these
been recorded at several of these sites, such &tors has not yet been done for the radioactive
Chelyabinsk, Tomsk, and Krasnoyarsk. Wasteslumping in the Arctic and North Pacific,
totaling more than 100 million curies were dis-although planning for such a risk assessment is
charged into lakes and rivers at one site, and overow under way in the ONR program.

1 billion curies were injected directly under- To produce a rigorous risk assessment would
ground at two other sites. Consequences of thesequire more data and research in areas not yet
releases in the local areas are now ursfedy. well investigated (ice transportjobogical path-
Whether high levels of contamination mayways, human consumption patterns, etc.), as well
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as the conduct of a multi-year project with sub-some biological indicator. The first step in plan-
stantial investment in resows. Most experts ning a specific monitoring program has not yet
agree that at least four years and several milliobegun; therefore, no specific goals have been set.
dollars would be required. However, the size of If a planning process were initiated, it would
the effort could be modified substantially, be possible to evaluate other past and present
depending on the detailed plan and specifignonitoring efforts for similar purposes. For
goals. Such goals would have to include (akxample, the Norwegians have initiated a pro-
least): a defiition of the population to be studied gram of measuring radioactive contaminants in
for health risks; a definition of the region to befish, other seafood, water, and seaweed in their
considered; a definition of the time frame forregions of interest in the Arctic. In the past, the
investigation; and a definition of the most likely U.S. Navy has conducted surveys at the sites of
scenarios for pollutant release and migration.  sunken nuclear submarines in the deep waters of
the Atlantic Ocean to measure any discharges to
O Monitoring the surrounding environment. Experience with
Another aspect of research and data coIIectioFlhese and othe_r efforts could help dev_elop a pro-
: ram for monitoring nuclear contamination in
that has not yet been undertaken is long-ter . o .
. : .. the Arctic and North Pacific. Information from
monitoring of the environment and related indi- i .
. . previous efforts would be useful as a first step
cators that may help provide early warning of . o . L
toward identifying possible goals and defining

potential future health or ecological risks from ) )
dumped radionuclides. The OTA review andapproaches needed to establish an effective mon-
P ; itoring program.

many experts’ conclusions point toward almost
no immediate threat to human health beyond o
Russian borders, based on what is now knowk! Remediation
about the nuclear waste dumping and dischargesa significant risk is posed by radioactive mate-
under study. That conclusion, hoveg, does not rials dumped or discharged into the environment,
preclude future threats from contamination thatt is possible to consider some means of recov-
has yet to leak and migrate. One possible way tery, improved containment, or improved barriers
answer the question of future threat is to underto prevent further releases. The term remediation
take a rigorous, long-term scientific risk assesshas been coined in the United States to cover all
ment as discussed above. Another way is t@f these possible meass: In the case of the
devise a monitoring program to facilitate earlydumped reactors and solid waste in the Kara Sea
detection of future releases, anticipate possibler the Russian Far East, much remains unknown
migration, and prevent potentially adverse healttabout the quality of the containment technology
and environmental impacts. used and its long-term integrity. Therefore, some
Many experts have thought about establishingxperts have suggested that the sites be
a monitoring program for the nuclear dumping“entombed” in place with a major structure that
under study, but no spiic plan has been put would encase the material and prevent future
forward. Monitoring could take many forms. It leakage. Others have proposed recovering the
could be tied to some form of leak detectiondumped materials and providing a more secure
devices at dump sites and possible dischargstorage on land. Studies are just beginning to
points (river mouths); it could entail continuousexamine the cost and feasibility of some remedi-
or periodic measuring of ambient concentrationsation options. However, muchare information
of contaminants; it could involve testing of tis- is required about the condition of the dump sites
sues from animal species important for humarand the characteristics of the materials them-
consumption (such as sampling Alaskan fish oselves before any practical remedial approach
Arctic mammals); it couldnvolve sampling of could be investigated adequately.
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The site that has received the most attention ionly way to obtain answers about future risks is
terms of remediation or possible recovery is théby conducting onsite investigations to identify
location of the sunken submarik®@msomolets possible problems. Practical and effective meth-
This Russian submarine sank in about 5,000 fee$ds of monitoring may assist in observing sug-
of water in the Norwegian Sea with a nucleargestive trends or providing early warning of
reactor and two nuclear warheads. Expeds to  (gleases.
the site have identified a damaged hull with sev- g, o, though the disclosures ofotic dump-

eraII Zotles’ Some of \;Vh'ch Wleff St’r?seq%emwng and other releases caused international reac-
sealed to minimize water circulation throu €. :
g tions and are a serious concern, they are not

vessel's torpedo compartments. Some plannin . .
P P P %ecessarlly the only major concern or the most

for possible recovery of the submarine has been . i :
. . .“serious releases or impacts from radionuclides.
done, but most experts consider the risk of radio=

nuclide contamination from th€omsomoletdo Other radioactive accidents and discharges of

be so low as to make its recovery unnecessary. wastes into the Arctic environment (including

Remediation at other sites where majorthose of nations other than the former Soviet

amounts of radionuclides have been releaselfnion) could be similarly relevant depending on
(such as the rivers flowing past Russian nucleaf@ny factors including, most importantly,
production complexes) is possible, and somavhether they can lead to human exposure. For
work at places like Lake Karachai and the Tech&xample, nuclear weapons testing in ft860s
River is under way. However, these effortsand the Chernobyl accident in 1986 released
appear to be more focused on reducing exposutgrge amounts of radionuclides into the atmo-
risk to the local population than on preventingsphere, and the resulting low-level contamination
future migration into the Arctic Ocean, which is can be widely measured throughout the Arctic.
more than a thousand miles downriver. Also, sea discharges of radioactive wastes from
Some future remediation efforts at the Arcticnuclear processing plants in the United Kingdom
or North Pacific dump sites may be worthwhile,and France in the 1970s have been detected in
depending on the findings of the ongoing assessrctic waters thousands of miles away.
ments of potential radionuclide release ratesResearchers have identified and traced specific
Norwegian authorities and the IAEA are plan-migration of radionuclides from bomb tests,
ning some studies to determine the value OfEuropean reprocessing plants, and the G¥syin
applying containment or recovery techniques t0ccident, through the atmosphere and the water

the Kara Sea sites, but no decisions have beqg \arious Arctic regions. In &, since we have
made as to the value of any specific technOIOgyh'ttle indication of migration from Russian dump-

Little information exists about implementation ing activities, this other contamination, and the

costs and  funding sources for remediationmethods used to identify it, provide a context in
projects at these siteand studies to address yILp

these questions are just beginning to be consicﬁ/hICh the impacts of the dumping or discharges

ered. The United States has not initiated any suc om rivers m_ay b? |nve§t|gated. ,

studies and probably could not justify them until 1he following discussion summarizes the cur-
much more information about the dump sitegent understanding of the extent of radioactive
themselves is obtained and verified. contamination in the Arctic and North Pacific

The situation described in thishapter pro- egions resulting from known sources. It evalu-
vides only a first indication afurrent condibns ~ ates how well the problem has been character-
and of needs for peible future reearch. It is ized to date and the uncertainties that remain. It
evident, however, that when such material is disalso identifies information and research gaps and
charged into the open environment, its fate isuggests important topics for future investiga-
very difficult to predict in the long term. The tion.
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TABLE 2-4: Large Global Releases of Radioactivity

Source Time period Amount released (Ci) Comments
Fallout from atmospheric 1952-1980 25 million, Cs-137 Widely dispersed over the globe
testing of nuclear devices 16 million, Sr-90
6.5 billion, H-3
European reprocessing 1952—-present 5.2 million total to 1986 Discharged into the Irish Sea and
plants English Channel, dispersed through the
oceans
Chernobyl 1986 50-80 million total, Injected into the atmosphere, with
6.8 million of long-lived heaviest deposition in Belarus, Ukraine,
radionuclides and western Russia

KEY: Cs-137=cesium-137; H-3=tritium; Sr-90=strontium-90.

SOURCES: A. Aarkrog, “Radioactivity in the Polar Regions—Main Sources,” J. Environ. Radioactivity 25 (1994); North Atlantic Treaty Organiza-
tion, Committee on the Challenges of Modern Society, Cross-Border Environmental Problems Emanating from Defense-Related Installations and
Activities, Final Report. Volume |: Radioactive Contamination, Phase |: 1993-1995; U.S. Navy, Office of Naval Research, Radioactive Inventories
and Sources of Contamination of the Kara Sea by Riverine Transport, prepared by D.J. Bradley and U.P. Jenquin of Pacific Northwest Laboratory,
PNWD-2316 (Richland, WA: Pacific Northwest Laboratory, 1995).

ARCTIC CONTAMINATION FROM amounts of radioactivity that have been dis-
NON-DUMPING SOURCES charged over the years, and the movement of

radionuclides into the North Sea and then to the
0 Global Releases Norwegian Sea and beyond into Arctic seas.

Three major sources of radioactive contamina- . Tr.}f retactoc;_ ac?d_(;:nt_af[t Cirr:ernobyl releasted
tion released globally have also been sources gnimcant radioactivity 1nto the environment,
. . - . . : ut the heaviest deposition was not in the Arctic
radionuclides in the Arctic environment. Listed = . .
. ) region. Nonetheless, some cesium-137 (Cs-137)
in table 2-4, these are: 1) global fallout from the as been deposited and transported there, as
testing of nuclear weapons; 2) discharge oﬂescribed in box 2-3 '
nuclee}r wastes from European reprooeg All three of these sources of released radionu-
plants; and 3) the explosion at the Chernobykijes have contributed to contamination of the
nuclear power plant. Arctic seas (see table 2-5) and, in addition to the
The atmospheric testing of nuclear weapongatyral radiation sources discussed in chapter 3,
by the Soviet Union, the United States, and otheprovide a context in which further contamination
nations has been the single largest source @ potential releases can be considered.
man-made radionuclides released into the global
environment. Millions of curies of radionuclides [1 Komsomolets

were releasedhigh into the atmosphere and

widely dispersed over thglobe. As described in Another cause .for concern with “?gar.d t0 possi-
ble future Arctic nuclear contamination is the

box .2'1’ all of the Iarggst atmospherlc exqus Soviet nuclear-powered submarik@msomolets
carried out by the Soviet Union took place in thewhich sank on April 7, 1989, in the Norwegian
Arctic, on the archipelago of Novaya Zemlya. g4 approximately 48’0 Kkm ,off the Norwegian
Underground and underwater tests took plac@qast Thekomsomoletdies on the ocean floor
there as well. Radionuclides from global falloutj, international waters at a depth of about 5,000
constitute a significant proportion of the radioac-feet. According to Nikolai A. Nosov from the
tivity currently measurable in the Arctic Seas.  Rubin design bureau and the deputy chief
European reprocessing plants have also beatesigner of th&omsomoletsthe submarine was
an important source of radionuclides globallypowered by aingle nuclear reactor of the PWR

and in the Arctic. Box 2-2 summarizes the (pressurized water reactor) type and was carrying
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BOX 2-1: Nuclear Testing

The first and largest source of radioactive contamination that has been measured throughout the Arc-
tic, and throughout the Northern Hemisphere, was atmospheric testing and use of nuclear weapons.
Beginning in the 1940s by the United States and the Soviet Union, and joined in the 1950s and 1960s by
Britain, France, and China, more than 2,030 nuclear tests have been carried out worldwide, 511 of them
in the oceans or atmosphere (47). In addition, the United States exploded two nuclear bombs over Japan
during wartime in August 1945. The total yield of all of these explosions is estimated at 438 megatons,
roughly equivalent to 30,000 Hiroshima-sized bombs (48).2

The contribution of atmospheric testing to global radioactive contamination has been substantial. It is
estimated that 25 million curies of cesium-137 (Cs-137), 16 million curies of strontium-90 (Sr-90), and 6.5
billion curies of tritium (H-3) were released to the atmosphere from these tests (80). Most of the fallout
occurred between 1955 and 1966, but the annual amount of fallout from the tests has decreased steadily
since the partial test ban treaty in 1963. Atmospheric nuclear explosions have not taken place since a
Chinese test at Lop Nor in October 1980 (48).

Many of the tests carried out by the Soviet Union took place at Novaya Zemlya (adjacent to the Arctic
Ocean), including all of the very large explosions. At Novaya Zemlya, 132 tests were carried out between
September 1955 and October 1990: 87 in the atmosphere, 3 underwater, and 42 underground (71).
Despite the fact that about 94 percent of the total yield of all Soviet nuclear tests has been released at
Novaya Zemlya (3), there does not appear to have been proportionately greater atmospheric fallout in
that region. Available data suggest that the larger explosions took place at more than 1 km in height, so
that almost all of the fallout was distributed globally, rather than locally. Indeed, based on data from 1964
to 1969, the Cs-137 accumulation was lower on Novaya Zemlya than in Sweden or Finland (48). In gen-
eral, nuclear fallout at the two poles is less than at lower latitudes (80), and measurements suggest that
fallout near Novaya Zemlya was similar to that in other Arctic areas (see figure 2-1). Similarly, low fallout
deposition would be expected throughout the Barents and Kara Seas. However, atmospheric transport
was generally toward the east, so it is reasonable that some close-in fallout may have been deposited
over the Kara Sea at this time (33).

Carried out in adherence to safety requirements, underground nuclear tests should not lead to the
release of radioactive fission products into the atmosphere. However, Russian scientists reviewing the
test site at Novaya Zemlya have reported that 25 of the 42 underground tests there released radioactive
inert gases and two “were accompanied with dynamic venting to the atmosphere of gaseous and evapo-
rated products (venting of radioactivity)” (71). There have been no investigations about the ultimate fate
of these releases in the local or regional environment, but they could contribute to the general problem.

The three underwater nuclear tests conducted at the edge of the Barents Sea on the south side of
Novaya Zemlya contributed to contamination of the sediments in this area. Estimates of the inventory
expected now in Barents Sea water and sediments from this source, after radioactive decay, are very
low. Some recent measurements of sediments in the vicinity of the tests reported higher concentrations
over a limited area, thought to stem from the underwater tests (68).

Global fallout on land in the watershed of the Arctic seas constitutes another contribution to the con-
tamination of the Arctic as rivers wash the fallout into the ocean. Rough estimates of the radionuclide con-
tribution to the Arctic from land runoff of global fallout and other sources are shown in table 2-5.

(continued)
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BOX 2-1: Nuclear Testing (Cont'd.)

In addition to nuclear tests for weapon development, the former Soviet Union also used nuclear
devices for other purposes. The Soviet Peaceful Nuclear Explosion program was active from January
1965 to September 1988, carrying out 116 nuclear explosions. The explosions were used primarily in
support of the oil, gas, and mineral industries; to explore geological features at great depths; to create
underground storage cavities; and to help extract gas and oil or extinguish burning wells. Eighty-one of
the explosions were carried out in Russia (47). It is not known whether or how much these explosions may
contribute to nuclear contamination in the Arctic, although they have certainly caused significant contam-
ination of local areas.

a0ne megaton (Mt) is equivalent to the power of 1 million tons of TNT.

SOURCE: Office of Technology Assessment, 1995.

two torpedoes with nuclear warheads as well as Russian officials have reported that the reactor
conventional torpedoes (18). Much internationalwas successfully switched to stable cool-down
attention has been drawn to tkemsomolet®s  mode before the submarine was abandoned, the
a potential source of long-term radioactive consyryctural integrity of the reactor compartment
tamination, especially to the extensive f'She”eSappears adequate, and water exchange in the
resources known to exist in th_|s region Of.theregion of the reactor compartment is very limited
Norwegian and adjacent seas within the Arctic. (25). These are all factors that would limit the

As of August 1994, Soviet and Russian ) L i ) .
authorities had sponsored a total of five eXpedi_potentlal migration of radioactive materials to

tions to thekomsomoletswith another expedi- N outside environment. .
tion planned for the summer of 1995, The WO nuclear-tipped torpedoes located in the
expeditions served to investigate the extent of th80Se section of thkomsomoletpresent another
damage to the submarine, study tpleysical POssible conern. Both the Yablokov commis-
oceanographic characteristics of the area, takgion and researchers from the Kurchatovitinst
samples for measuring the level of contaminagstimate glutonium (Pu) activity of about 430
tion, seal holes in the torpedo sections, and deter-
mine the future course of action. TABLE 2-5: Estimated 1993 Inventory of
Russian authorities have released little infor Uncontained Radionuclides in the Arctic

mation concerning the design and construction o Seas

the nuclear reactor aboard tH€msomolets Sr-90 Cs-137
However, they have revealed that the reactor haghyrce (kCi) (kCi)
a capacity of approximately 190 meg#®®  Falout from 70 111

(MW) and have provided an estimate of theatmospheric

radioactive inventory of the reactor core. Accord-testing of nuclear

ing to the Yablokov report, the reactor core con€"°®®

tained approximately 42 kilocuries (kCi) of S;‘T;:dfrom fallout 41 14
strontium-90 (Sr-90) and 55 kCi of Cs-137 (25). ¢ cieiq 27 54 970405

More recently, Russian experts from the Kur-geprocessing

chatov Institute have revised the estimated Plant

inventory of radionuclides in the reactor of theChermobyl 27-135
Komsomolet$o 76 kCI of Sr-90 and 84 kCI of SOURCE: A. Aarkrog, “Radioactivity in the Polar Regions—Main
Cs-137 (48) Sources,” J. Environ. Radioactivity 25 (1994).
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FIGURE 2-1: Latitudinal Distribution of Strontium-90 Deposition from Atmospheric

Nuclear Testing
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SOURCE: United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), “Sources and Effects of lonizing
Radiation,” UNSCEAR 1993 Report (New York: 1993).

BOX 2-2: European Reprocessing Facility Discharges

A significant source of contamination that has been documented to have migrated into many areas of
the Arctic Ocean is nuclear waste discharged from reprocessing facilities in Europe. Civilian plants at
Sellafield and Dounreay in Great Britain, and Cap de la Hague in France, reprocess spent fuel from
nuclear reactors, Sellafield began discharging wastes from reprocessing operations into the Irish Sea in
1952, and Dounreay in 1958; Cap de la Hague began discharging into the English Channel in 1966.
Between their start-up dates and 1986, when a comprehensive report on radionuclide discharges was
released, the three plants discharged a total of 5.2 million curies of radioactivity. The largest contribution
by far was from the Sellafield plant (4.3 million curies), followed by the plants at Cap de la Hague (0.6 mil-
lion curies) and Dounreay (0,3 million curies). The discharges include at least 38 different radionuclides,
but the elements of most concern for potential health effects are the beta-emitters cesium-137 (Cs-137),
strontium-90 (Sr-90), and plutonium-241 (Pu-241), and the alpha emitters Pu-239 and americium-241
(Am-241) (48), Sellafield, in particular, has bean responsible for "a substantial increase in the inventories
of a number of radionuclides (e.g., Sr-90, technetium-99 (Tc-99), Cs-137, Pu-239 and 240) in the North
Atlantic as a whole and, in particular, the latitude band into which the discharges were initially dispersed
(50-66° N)” (33). Recently the new Thermal Oxide Reprocessing Plant (THORP) at Sellafield began repro-
cessing spent fuel, so that increases in some radionuclides and decreases in others are projected. The
Dounreay facility may increase its output of radionuclides from present levels as it processes fuel from the
Prototype Fast Reactor shut down in 1994. Discharges from La Hague continue but have been substan-
tially reduced in recent years (48).

(continued)
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BOX 2-2: European Reprocessing Facility Discharges (Cont'd.)

Contributions to contamination in the Arctic from European reprocessing centers have been estimated
based on the movement of traceable radionuclides out of the Irish Sea and around the coast of Scotland
into the North Sea. From there, the contaminants are carried north through the Norwegian Sea by the Nor-
wegian Coastal Current. The current splits, part traveling east into the Barents Sea, while the remainder
travels with the West Spitsbergen Current up through the Fram Strait into the Nansen Basin.

Based on a variety of assumptions (see below), an estimate has been made that about 22 percent of
the Cs-137 discharged by Sellafield enters the Barents Sea, en route to the Arctic Basin. At this time, it
appears that Atlantic waters entering and mixing with Arctic waters are diluting the Cs-137. Since dis-
charges have been reduced from Sellafield, the Atlantic waters have lower contamination, and older dis-
charges from Sellafield are now flowing out from the Arctic through the Fram Strait (33). Transit time for
the movement of Cs-137 from Sellafield appears to be 5 to 6 years to the Barents Sea (33); movement to
the Kara Sea takes somewhat longer. Transit time from the plant at Cap La Hague is thought take about
two years less.

There are many uncertainties inherent in estimating reprocessing waste contributions to Arctic con-
tamination and the transit times of radioactive contaminants. The inflow into the Barents Sea is subject to
strong influences from wind and is therefore highly variable, making estimates of radionuclide transport
there difficult. Uncertainty in the contribution from reprocessing also stems from uncertainty in the “back-
ground” contribution from global fallout. As pointed out by Kershaw, water masses originating from differ-
ent latitudes or water depths may have differing amounts of contamination from bomb test fallout. Values
of 8-16 x 10-11Ci/m3 of Cs-137 have been reported for waters of the Arctic region. Higher levels may
reflect the movement of waters from the Atlantic, at latitudes where higher levels of fallout occurred.
Further uncertainty stems from the sampling itself, which can cover only a limited portion of such a
huge volume (33).

In addition to contributions from reprocessing plants of radionuclides such as cesium and strontium,
which move with the water, the behavior of particle-reactive compounds such as plutonium could also be
of concern. Most of the plutonium released by Sellafield remains bound in the sediments of the eastern
Irish Sea (33). However, some fraction of the plutonium, mostly in the higher oxidation state, stays in solu-
tion and can be readily detected in the North Sea. Whether it has been transported as far as the Arctic
Basin is less clear. Analyses of plutonium isotopes suggest that indeed plutonium from Sellafield has
been transported as far as the Barents and Greenland Seas. To date, it has not been possible to quantify
the magnitude of this contribution (33,48).

SOURCE: Office of Technology Assessment, 1995.

BOX 2-3: The 1986 Chernobyl Accident

The reactor accident at Chernobyl, Ukraine, in 1986 was another significant contributor to global
nuclear contamination, but its specific impact on the Arctic is difficult to estimate. About 2.7 million curies
of cesium-137 (Cs-137) were released to the atmosphere and deposited in the northern hemisphere, par-
ticularly in Ukraine, Belarus, western Russia, and elsewhere in Europe (2). Based on the deposition of Cs-
137 recorded at different sites in Greenland, a total deposition in the Arctic of 27,000 curies of Cs-137
has been estimated by one researcher, with perhaps a total of 135,000 curies including additional con-
tamination transported northward by the West Norwegian Current (2). Others have estimated that Cherno-
byl contributed 1-2 percent of the 1991 total Cs-137 concentration in the Arctic basin (33).

SOURCE: Office of Technology Assessment, 1995.
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curies (approximately 94 percent from Pu-23%ions about the reactor construction and
and 6 percent from Pu-240) in the two warheadsorrosion rates both for the reactor compartment
of the Komsomolet46-10 kg of Pu) (48). Rus- and for spent fuel, arrived at an upper-bound
sian authorities note that the outer shells of theelease rate of Cs-137 of about 13.5 curies per
two nuclear warheads were damaged during thgear. Release rates of other radionuclides are
sinking of the Komsomoletsand because the likely to be at least an order of magnitude lower
hatches of the torpedo tubes are open, nucle#48). As described further in chapter 3, informa-
materials in the warheads are now in direct contion about the amount of curies released does not
tact with seawater. It is impossible to predict theby itself provide enough information to indicate
precise rate of corrosion of the warheads and theshat the health and environmental impacts will
rate of release of nuclear materials without spebe, but 13.5 curies per year represents a small
cific knowledge of the materials used for the pro-source term. Understanding of the movement of
tective coating of the warheads and the titaniunthe radionuclides and how they could come in
hull of the submarine. This information has notcontact with humans is required.
yet been made available by Russian authorities. Given the estimate of the release rate of fis-
However, according to researchers from thesion products such as Cs-137 and Sr-90 from the
Khlopin Radium Institute irst. Petersburg, anal- submarine, the next question is where and how
yses of water samples, bottom sediments, surfaaguickly they might be transported through the
sediments, and biota taken from 19911@094 marine environment. In gera, little is known
indicate that releases of Pu-239 from the nucleasibout the ocean currents at various depths. The
warheads into the environment have thus falablokov report states that the hydrology of the
been insignificant (37). area in which the submarine sits is extremely
Efforts have been made by the Russians teomplex, and the speed and direction of the cur-
seal the holes in the torpedo section of th@ents can change significantly in a short period of
Komsomoletsn order to slow the rate of corro- time. Bottom currents in this area have been
sion of the sections of the warheads that contaimeasured at up to 1.5 m/s by Russian scientists
nuclear materials. During the expedition to the(25). Measurements taken by the Norwegian
Komsomoletsin August 1994 by the Russian Institute of Marine Rsearch at various depths
research vessel theAcademician Mstislav near theKomsomoletsite also indiate a strong
Keldysh nine holes, including two in the torpedo and variable current, with very limited exchange
sections containing the nuclear warheads, werbetween the deeper water layers (below 1,000 m)
sealed with plugs made of rubber and titanium agnd the surface (5,48).
a means to prevent seawater from contacting the Norwegian modeling studies suggest move-
missiles (7,69). Most Norwegian and Russianment of the water-soluble fission products up
experts agree that this process should minimizénto the Arctic Ocean. Estimates of the potential
the likelihood of immediate corrosion of the war- doses to humans through the food chain from this
heads. However, since this type of operation isnovement suggest negligible contributions to
unprecedented, it is not possible to predict it3ypical doses. Fishing does not occur at the great
long-term effectiveness. depths where the submarine is located, and the
Considerations of the potential hazard fromradionuclides are diluted tremendously when
the sunken submarine have focused on the eveihey reach surface waters.
tual release of éision products such as cesium The model used does not describe the move-
and strontium from the reactor, antutonium  ment of radionuclides such as plutonium, which
from the nuclear warheads. It is impossible toare not very soluble in water. It is expected that
estimate precisely the fission product releasenost of the plutonium will adhere to sediment
rates without more specific information regard-particles in the ocean bottom, as has been
ing the reactor, but a recent effoiting assump- observed near the Sellafield reprocessing plant.
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Over the last 30 yes, discharges into the Irish [ Russia’s Nuclear Production Complexes

Sfealfrtom_ this Ellgntthave m::lu;j(taﬁ 20? :O 400 kq_ike the United States, the Russian Federation
e e i 8 an exense lgacy f enuonmena con
. . e Ymination at its major weapons production sites.
point (18). It is expected similarly that almost all The sites with the largest radioactive releases in
of the 6 to 10 kg of plutonium from th€omso- . .
moletswill also remain localized in the nearby Rgssm are located alo.ng rivers that., thousands of
miles downstream, ultimately feed into the Kara

sediments. N
Given the present rate of releases and what |§ea. The heavy contamination at and around

known about the condition of théomsomolets SOme of these sites could contribute to Arctic
and the physical characteristics of the regionf:ontami_nation if radionuclides are transported by
most experts agree that t@msomoletsdoes hese rivers to the northern seas. Boxes 2-4
not pose an immediate or long-term threathrough 2-6, covering the weapons production
(15,22,48). In addition, the Russians have takefites of Chelyabinsk, Tomsk, and Krasnoyarsk,
steps to delay the rate of release of contaminanfiescribe some of the large releases of radionu-
by sealing up holes near the nuclear warhead§lides into the environment that may contribute
Future expeditions are planned to conduct furtheio contamination of the Arctic as they are washed
research anghossibly to seal up more holes, ordownstream. They also describe the nuclear
build a containment shield around tkemsomo- wastes still stored or being produced at these
lets and to continue radiological monitoring to sites, which have the potential for release and

estimate future rates of radioactive releases.  eventual Arctic impact.

BOX 2-4: Environmental Contamination from Mayak Production Association

near Chelyabinsk

The Chelyabinsk region in the southern Urals of Russia is a severely contaminated area, considered to
be one of the places most polluted by nuclear waste in the world. Tremendous amounts of radioactive
contamination are present at the site from the Mayak production complex, and the cleanup problems
posed at the site will be a challenge for many decades to come. Human impacts among the workers and
the regional population have been large and efforts are still underway to understand their extent.

The Mayak production association complex, situated about 70 km north of the city of Chelyabinsk in
the southern Urals and built in 1948, was the Soviet Union’s first plutonium production plant. The last of
the five uranium-graphite reactors that produced weapons-grade plutonium was shut down in 1990. The
complex now consists of two nuclear reactors including one to produce plutonium-238, a plant for repro-
cessing nuclear fuel called RT-1, a complex for vitrification of liquid high level wastes and storage of the
resulting containers of waste glass, storage facilities for spent nuclear fuel and recycled plutonium and
uranium, and several other facilities engaged in defense nuclear activities (52). The Mayak complex is
located on mostly flat terrain amidst lakes, marshes, and the floodplains of several rivers, with groundwa-
ter in the area at depths from 0.9 to 4.0 m from the surface (74). The complex is located along the Techa
River, a tributary of the Ob River system that flows northward into the Kara Sea.

(continued)
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BOX 2-4: Environmental Contamination from Mayak Production Association

near Chelyabinsk (Cont'd.)

According to Russian sources, approximately 1 billion curies of radioactive wastes has been gener-
ated at Mayak over the period of its operation (52). The bulk of this inventory is in the form of high-level
liquid radioactive waste and is stored in about 60 special stainless steel tanks reinforced with concrete
“shells” (60). In addition, Mayak’s solid radioactive waste burial grounds contain 500,000 tons of contam-
inated materials, with an estimated activity of 12 million curies (50). Moreover, Russian sources acknowl-
edge that at least 130 million curies of radioactivity has been released directly into the environment from
Mayak, a sum that is about 2.6 times greater than the amount of radioactivity released from the Chernobyl
accident in 1986 (75).

Today, 120 million curies remains in Lake Karachai (50) and continuing release of radioactive prod-
ucts into the lake is a major concern. Though most of the cesium in the waste is apparently bound to the
clays at the lake’s bottom, the strontium-90 and some nitrates appear to be migrating in a ground water
plume which has spread at a rate of up to 80 meters per year and has reached the nearby Mishelyak
River (44). Some Russian specialists are concerned that the contaminated water will break into the open
hydrologic systems, contaminating the Ob River basin and ultimately flowing out to the Arctic Ocean (75).

In addition to intentional discharges and releases of radioactive wastes and materials, a severe con-
tamination event occurred at Mayak in 1957 when a high level waste storage tank exploded, releasing 20
million curies of radioactivity. Most of the radioactive wastes fell near the tank, but 10 percent of the radio-
activity was ejected into the atmosphere and carried great distances eastward. The contaminated area
extended northeast from the Mayak complex, covering about 23,000 km2 (74). Though 10,700 people
were ultimately evacuated, more then half of them were not moved for eight months, and the people
of the entire region consumed contaminated food from the 1957 harvest (12). The present activity of
the radioactive materials released to the environment is now estimated at about 44,000 curies, of
which strontium-90 is the primary contaminant (50).

Another contamination event occurred at Mayak in 1967 when a severe drought exposed a dry shore-
line on Lake Karachai that had been used since 1951 for storage of radioactive waste. Winds carried
about 600 curies over a 2,700 km2 area up to 75 km from the site (50).

Some steps have been taken or planned to try to minimize further spread of contaminants into the sur-
rounding atmosphere or groundwater. Since 1967 the Russians have been filling in Lake Karachai to limit
further air release of radionuclides (50). A plan for removing the contents of the lake for reprocessing and
disposal of high-level wastes was ruled out for financial reasons. Instead, large concrete blocks designed
to trap sediments inside them as the lake is filled are being put into the lake. Once the blocks are placed
and covered with rock and soil, the Russians may pump contaminated water from nearby wells and treat
it to remove radionuclides and try to minimize their migration (50). In the meantime, however, liquid low-
level wastes are still being discharged into Lake Karachai (24,58).

(continued)
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BOX 2-4: Environmental Contamination from Mayak Production Association

near Chelyabinsk (Cont'd.)

In addition to Lake Karachai, there are 7 other contaminated reservoirs present at the Mayak site
which are a concern from a contaminant transport perspective. Inventories of reservoir volumes and con-
taminants were presented at a workshop on the environment in October 1992 (75). Russian experts
include among the problems needing immediate attention the water regulation of these reservoirs, includ-
ing both seepage out of the most downstream reservoir and overflow into the Techa River. For example,
the water level in one of the Techa River reservoirs has been rising steadily, necessitating raising the
height of the dam as a short term solution. With an increase in dam height, seepage of contaminated
water out of the dam increases, releasing more radioactive contamination into the Techa River system
(75). The migration of contaminated groundwater mentioned above is another serious issue, raising con-
cerns that it will contaminate the Ob basin which leads to the Arctic Ocean (75). The Asanov Swamps, an
area of 30 km2 in the upper reaches of the Techa, are estimated to contain 6,000 curies of strontium-
90 and cesium-137 and pose a contamination source to the river system (12,70). Furthermore, flood-
ing that occurred this past spring substantially widened the area of contamination (58).

The extensive contamination that has occurred at and around the Mayak complex has taken a human
health toll. As a result of the handling of weapon materials at Mayak, the large releases into the Techa
River system, the 1957 high-level nuclear waste tank explosion, and the resuspension of contaminated
wastes in 1967, radiation exposures of workers at the plants and some of the general population around
the plant exceed the average doses experienced by atomic bomb survivors. According to a 1991 internal
Soviet government report, more than 124,000 people were exposed to elevated levels of radiation from
living along the river, and more than 28,000 to doses that “may have caused significant health effects”
(52). Several thousand plant workers were also exposed. Studies in these populations have indicated
increased rates of chronic radiation sickness, as well as increases in leukemia and other cancers
(26,35,36). More studies are planned to better characterize the relationship between long-term, low-level
exposure to radiation and disease development in these populations. Meanwhile villagers who have only
recently learned of their many years of radiation exposure are under tremendous psychological stress as
they struggle to understand how it might have affected them. Many are convinced that they have gotten
sick or will get sick as a result of the radioactive contamination (21).

SOURCE: Office of Technology Assessment, 1995.

BOX 2-5: Environmental Contamination from Tomsk-7

The Siberian Chemical Combine (SCC), also known as Tomsk-7 or Seversk, is located near the Tom
River approximately 16 km from the city of Tomsk in western Siberia. One of the largest weapons produc-
tion facilities in the world, the site contains five graphite-uranium plutonium production reactors, a ura-
nium enrichment plant, a reprocessing plant, and other plants engaged in the military nuclear fuel cycle
(65). Three of the plutonium-producing reactors have been shut down, and the remaining two are dual-
purpose reactors that provide heat and electricity for Tomsk and Seversk, as well as weapons-grade plu-
tonium. Tomsk-7 remains an extremely sensitive military installation and is “surrounded by double, elec-
tric security fences, guard towers, and patrolled by armed guards between the fences” (73).

(continued)
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BOX 2-5: Environmental Contamination from Tomsk-7 (Cont'd.)

Tomsk-7 came to international attention in April 1993, when a chemical reaction caused an explosion
in a tank containing uranium nitrate solution during reprocessing of irradiated fuel. The explosion blew a
hole in the roof of the building and sent a shock wave which passed down a 100 m gallery and knocked
out a brick wall at the end (23). About 40 curies of radioactivity was released through a 150 m stack con-
taminating an area of more than 40 km2 to the northeast of the site (24,76). Localized release in the
plant was reported to be 4 curies of beta and gamma emitters (23). According to an international
team visiting the site soon after the incident, some decontamination had already been carried out,
and it appeared that no further offsite decontamination would be necessary (23).

A recent report from the Russian Federation Security Council presents some information on the con-
tamination situation at Tomsk-7 resulting from the production and reprocessing activities of the last 40
years. The report estimates a total inventory of radioactive wastes stored within the industrial zone of the
site at 1.2 billion curies at the time of burial (65). The majority of this inventory is in the form of liquid radio-
active waste, part of which was discharged into several reservoirs. From the mid-1960s to 1982, an esti-
mated 127 million curies of long-lived radionuclides was released into these reservoirs (48). Efforts are
under way to fill in one of these reservoirs with soil (65). According to reports from workers of Tomsk-7, up
to 850 kg of plutonium may have been discharged into reservoirs, and 1.5 to 3 kg per month was dis-
charged into a “special sewer” from metallurgical and machining operations (59). Cooling water from the
production reactors (low-level waste) was discharged to the Tom River in amounts up to 42,000 cubic
meters per day (11). Discharges of cooling waters continue from the dual use reactors. The Tom River
feeds into the Ob, which flows northward to the Kara Sea.

In addition to surface discharges, Tomsk-7 is one of three sites in Russia where underground injection
has been used as a means of disposal for large volumes of waste. Information from the Tomsk Oil and
Gas Geology Association in 1991 indicates that radioactive waste has been pumped into sandy layers
220-360 m deep, 10 to 13 km from the Tom River (50). Russian specialists estimate that 38 million cubic
meters of liquid radioactive waste with an activity of 500 million curies has been injected underground
(65). A more recent estimate suggests that the current activity of injected wastes at Tomsk-7 is as high as
1 billion curies (50).

Over the last few years, the Russian Ministry of Atomic Energy and the U.S. Department of Energy
have had talks about the injection of the radioactive wastes, and Pacific Northwest Laboratory (PNL)
began a study of the hydrology of the West Siberian Basin (which encompasses Chelyabinsk, Tomsk,
and Krasnoyarsk). A study circulated in April 1994 acknowledges “massive contamination” as a result of
nuclear fuel cycle activities there. It observes that though the basin is geologically stable, it is very wet
(8). PNL is continuing its study and modeling efforts to better understand how the contaminants injected
underground might be expected to move (77,78). Extensive studies have also been carried out by Rus-
sian scientists (62).

At a meeting in May 1994 in which Russian scientists discussed waste injection with U.S. scientists,
several papers were presented that provided more details on the practice. In most cases, shallow geo-
logical layers were used for low-level wastes, and higher-level wastes were injected more deeply. In
some instances, water is pumped out to create low-pressure areas that draw the wastes in desired direc-
tions (8).

(continued)
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BOX 2-5: Environmental Contamination from Tomsk-7 (Cont'd.)

Although “accepted rules of nuclear waste disposal” require it to be isolated in impermeable contain-
ers for thousands of years, Russian scientists say the practice of underground injection is safe because
of the impermeability of the shale and clay separating them from the earth’s surface (50). It is not clear if
or when the injected wastes could make their way into contact with human beings. Ideally, migration will
be slow enough to isolate the wastes for thousands of years, allowing many of the radioactive elements to
decay to less dangerous elements. However, further study of the hydrology of the region is necessary
before conclusions can be made.

SOURCE: Office of Technology Assessment, 1995.

BOX 2-6: Environmental Contamination from Krasnoyarsk-26

The Krasnoyarsk Mining and Chemical Combine (MCC), also formerly known as Krasnoyarsk-26,
Devyatka, Atomgrad, and now renamed as Zheleznogorsk, is situated approximately 60 km from the city
of Krasnoyarsk, along the bank of the large Yenisey River, which flows north into the Kara Sea. Con-
structed in the 1950s, most of the facility is located 250 m to 300 m underground (48). The combine con-
sists of three RBMK-type graphite-moderated, water-cooled reactors for the production of weapons-
grade plutonium; a reprocessing plant to separate plutonium, uranium, and other fission products; and
storage facilities for radioactive wastes. Two of the three production reactors at the combine have been
shut down since 1992, but the third reactor is a dual-use reactor and continues to operate, supplying heat
and electricity to the region. The two shut-down reactors had an open primary circuit that used water from
the Yenisey River to cool the reactor core and released the water directly into the river after use. The cur-
rent operating reactor has a closed primary circuit and uses water from the Yenisey River in its secondary
cooling circuit (48).

Construction of a new aboveground reprocessing plant (RT-2) began in 1983 but was suspended in
1989 as a result of public opposition and economic problems (39). However, the Russian President has
recently issued a decree calling for the continuation of construction of RT-2, which when completed
would reprocess both domestic and foreign spent nuclear fuel.2 Most of the liquid radioactive waste at
the site is from reprocessing activities; the completion and operation of RT-2 would greatly increase the
amount of radioactive wastes generated there.

Similar to the Mayak and Tomsk-7 nuclear complexes but to a lesser extent, local reservoirs and
ponds are used as receptacles for the discharge of liquid radioactive wastes at Krasnoyarsk-26. Four
reservoirs there reportedly hold up to 50,000 of curies (50). Efforts are reportedly under way to fill in one
of these reservoirs with soil and sorbents for cesium (50).

Liquid radioactive waste generated by the Krasnoyarsk Mining and Chemical Combine has primarily
been disposed via underground injection at the Severny site located within the sanitary protection zone of
the combine for the past 25 years. Severny is located on a terrace, 100 m above and 750 m from the east
bank of the Yenisey River, approximately 20 km north of Krasnoyarsk-26. A large part of the injected
waste is transported to Severny through a reportedly leaky pipeline, which has spilled an unknown
amount of liquid radioactive waste of all levels along its path to the injection site (10,48). Overall, Russian
specialists estimate that more than 4.5 million cubic meters of liquid radioactive waste with more than
0.7-1 billion curies of activity at time of disposal has been injected at Severny at three different levels
(84). The current activity of this injected waste is estimated by Russian experts at 450 million curies (17).

(continued)
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a mandatory study by ecological experts.
SOURCE: Office of Technology Assessment, 1995.

BOX 2-6: Environmental Contamination from Krasnoyarsk-26 (Cont'd.)

Studies carried out by Russian institutes have determined that the injection site is satisfactory and has
not negatively affected the surrounding environment (10), However, local Russian specialists have
revealed a number of potentially serious concerns associated with the use of Severny as an injection site,
including insufficient understanding of the geology and hydrology of the region. Specialized geomorpho-
logical, hydrogeological, and engineering studies have not been conducted there in the past 30 years. It
has yet to be determined conclusively that the clay boundaries of the injection strata are continuous and
thus able to prevent seepage of the liquid radioactive waste. Furthermore, the injection site is located in &
zone of possible seismic activity. Potential earthquakes at the injection site may lead to the migration or
discharge of injected radioactive waste into the basin of the Greater Tel and Yenisey Rivers (1 O).

On January 25, 1995, President Yeltsin signed the Edict on Structural Reorganization and Conversion of the Nuclear
Industry in the City of Zheleznogorsk in Krasnoyarsk Kray. This document orders continuation of construction of RT-2 after

Almost nothing was known about Chelyabinsk,
Tomsk, and Krasnoyarsk before the increased
openness of the Soviet Union in the late 1980s.
These sites were among the secret cities estab-
lished by Josef Stalin to work on military
projects. They were not listed on maps, and few
Soviet citizens even knew of their existence.
Information about the status of radioactive
sources and releases from these sites continues to
be, for the most part, very limited. The most
information has been forthcoming about the
Mayak production facility near the city of
Chelyabinsk. The Russians have openly dis-
cussed the challenges posed by this site, and
these are now being studied jointly by the U.S.
Department of Energy and Russia’s Ministry of
Atomic Energy.

Despite still somewhat limited information on
the sites, it is clear that significant contamination
of water bodies and soils has taken place at the
three nuclear production complexes. A large pro-
portion of the releases has been in the form of
underground injection, but the human and envi-
ronmental effects caused by these disposal prac-
tices-how, where, and when the radioactive
materials may resurface or make their way into
drinking water or the rivers-are still unknown.
The three nuclear production sites are located on
rivers that ultimately feed into the Kara Sea in
the Arctic (see figure 2-2). Because of the great

FIGURE 2-2: The Ob and Yenisey Rivers
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distances between these three sites and the ArRADIOACTIVE CONTAMINATION FROM
tic, no large quantities of radionuclides appear t&SQVIET NUCLEAR WASTE DUMPING

have reached the mouths of the rivers at this timg .\ elations in recent years have brought to light
(41,83). Over the long term, however, the potenyy, sources of nuclear waste contamination from
tial contribution of these sites requires furthero tormer Soviet Union that have the potential
study because several possible scenarios @ contribute to contamination in the Arctic and
floods or dam failures could trigger more exten-yorth pacific. The extensive radioactive contam-
sive releases downriver into the Arctic seas. BOxnation at the inland nuclear production facilities
2-7 describes the current findings from samplinggcated along rivers that empty into the Arctic is

in the Ob and Yenisey rivers and the modelingyiscussed above and in boxes 2-4 to 2-7. The
being carried out to better understand future riskSyamainder of the chapter focuses upon the

dumped liquid and solid wastes described in the
1993 Yablokov report and what has been learned
about contamination they have contributed to the
Arctic environment.

BOX 2-7: Siberian Rivers as a Source of Nuclear Contamination of the Arctic

The Ob and Yenisey Rivers are large north-flowing Siberian rivers which empty into the Kara Sea. The
Ob is about 3,700 km long, with a catchment area of almost 3 million km2 and an average flow of almost
400 km3 per year (81). The Yenisey River has an even larger average annual flow of 630 km3 (34).
The location of both rivers is illustrated in figure 2-2. Because of the extreme temperatures in the Arc-
tic, the rivers and their estuaries are frozen about 10 months of the year, severely reducing water
flow. When the snow in the southern parts of the catchment areas melts, tremendous volumes of
water rush downstream carrying with them sediment and ice. The ice itself also often contains sedi-
ments and particles (57). These rivers are of concern as a source of radioactive and other pollutants
to the Arctic Seas.

Potential radionuclide contributions to the Arctic Seas from these rivers come from two sources: global
nuclear fallout from atmospheric testing, and releases into the environment at the nuclear production
sites. It appears that global fallout onto land from nuclear weapons testing is by far the predominant con-
tributor to radionuclide flow in the Ob and Yenisey rivers to date.

Starting in 1961, measurements of strontium-90 (Sr-90) in the Ob and Yenisey waters as they entered
the Kara Sea were taken by the USSR Hydrometeorological Service. These measurements permit the
estimate of the contribution of Sr-90 for the years 1961-1989 as totaling about 30,000 curies from the Ob
and Yenisey rivers together (66,82). Based on an observed ratio of Cs-137/Sr-90 of 0.1 in the river waters,
the output of cesium-137 (Cs-137) into the Kara Sea is estimated at 3,000 curies.

These estimates are consistent with nuclear fallout as the predominant source. Though most are
retained in the soil, a certain proportion of radionuclides deposited on land as fallout is ultimately washed
into these rivers. Aarkrog has estimated that the runoff of Sr-90 in an area is 10 percent of the deposition
inventory, while the runoff of Cs-137 is 2 percent (1). The catchment area of the Ob is roughly 3 million
km2, the largest among all of the rivers feeding into the Arctic. Based upon estimates of fallout depo-
sition at different latitudes in the Northern Hemisphere (80), it is possible to estimate a contribution to
the Kara of 13,500 curies of Sr-90 and 4,590 curies of Cs-137 from the Ob River from global fallout
(uncorrected for decay). The contribution from the Yenisey River's smaller catchment area would be
lower.

(continued)
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BOX 2-7: Siberian Rivers as a Source of Nuclear Contamination of the Arctic (Cont'd.)

Discharges and accidents at the nuclear production complexes provide another large potential
source of radioactive contaminants to the rivers and ultimately the Arctic. As described in boxes 2-4, 2-5,
and 2-6, tremendous inventories of radioactive materials are known to contaminate the areas surrounding
three of Russia’s largest nuclear production complexes that are located near rivers that ultimately feed
into the Ob and Yenisey rivers. The Mayak Production Facility near Chelyabinsk is at the Techa River
which ultimately feeds the Ob River via the Iset, Tobol and Irtysh rivers; Tomsk-7 is on the Tom River
which also empties into the Ob River; and Krasnoyarsk-26 is situated close to the Yenisey River.

Despite the large releases at the Mayak Production Association and clear evidence of contamination
in the Techa and lIset rivers, it does not appear that measurable levels of radionuclides from Mayak or
from Tomsk have made their way down the entire length of the Ob River from the weapons complexes to
the Arctic. Cesium measurements made in sediment samples from the Ob Estuary in 1993 indicated low
levels consistent with fallout as a source (9). These samples were taken in areas where rapid flow regu-
larly disturbs and mixes the sediments. Sediment cores collected further upstream in more sheltered
pools and channels of the Ob River were also collected in 1994 (41). Since these cores are from sites
where water flow is not as turbulent, they can provide some information about the timing as well as the
presence of radionuclides. Analysis of these samples to date suggests no measurable contribution at
these sites from the production facilities at Mayak or Tomsk. Instead, the data are consistent with a major
signal contributed by nuclear testing fallout, and an additional signal perhaps contributed by venting from
underground tests carried out in Novaya Zemlya (41,42).

An additional source of information about the possible nuclear contamination contributions to the Arc-
tic from the Ob River comes from measurements of the radionuclide iodine-129 (I-129). From a limited
sample set, 1-129 measurements in the Kara Sea and the Ob River suggest that the Ob may contribute
slightly to the 1-129 inventory in the Kara Sea, though the larger source of 1-129 there appears to be from
the Sellafield Reprocessing Facility (61). More information is needed to reconcile this information with the
lack of reprocessing signals observed to date in the lower Ob sediments.

Measurements of radionuclides in the waters and sediments of the Yenisey Estuary and River have
also been taken. Levels of Cs-137 in the Yenisey Estuary area were higher than those seen in the Kara
Sea or the Ob Estuary (9). Plutonium concentrations were higher than those observed in the Ob Estuary,
but not higher than at some sites in the Kara Sea (9). The higher concentrations may come from more
concentrated weapons testing fallout. However, there is also evidence that radionuclides from the direct
flow reactors at Krasnoyarsk have migrated down the Yenisey. Short-lived radionuclides characteristic of
those created in reactor cooling waters were measured in samples collected as far as 890 km from the
discharge point (83). Another Russian investigator also reports measurement of long-lived isotopes in the
river water, sediments, and biota that are thought to be from cooling waters of the reactors at Krasno-
yarsk-26 (38).

(continued)
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BOX 2-7: Siberian Rivers as a Source of Nuclear Contamination of the Arctic (Cont'd.)

All told, however, from data analyzed to date it does not appear that the majority of radionuclides
released to the environment through discharges and accidents at the nuclear production sites have
made their way down the rivers to the Kara Sea as yet. At Mayak, many of the radionuclides are thought
to remain in the Asanov Marshes, while large amounts are also held in reservoirs of the Techa River.
Since the inventories are extensive, efforts are being made under the auspices of the Department of
Defense’s Arctic Nuclear Waste Assessment Program to model the migration of radionuclides down the
rivers either in a steady release, or in a sudden pulse that might result from a reservoir dam breaking or a
large flood. Using existing data and data currently being gathered and analyzed on the characteristics of
the radioactive sources and the rivers and estuaries, the modelers will try to estimate river contributions of
Sr-90, Cs-137, and Pu-239 to the Kara Sea. The models will address two different scenarios, a steady
continuous release of contaminants and a sudden large release of radionuclides as from dam breakage
or a flood.

Sources of radioactivity to be entered into the steady stream model are discharges from reactor cool-
ing, from reprocessing facilities, and effects of nuclear testing at Semipalatinsk. U.S. experts have esti-
mated the radionuclides released to lakes and rivers from operation of the Russian plutionium reactors
(50). Sources for modeling a pulse-like release of contaminants include reprocessing plant wastes now in
ponds and reservoirs, wastes injected into deep wells, and some other smaller potential sources. The lat-
ter sources require additional modeling to estimate movement of contaminants through groundwater to
reach the river. The movement of some of these sources is fairly well understood, such as the contami-
nated groundwater plume under Lake Karachai at Mayak, while movement of other contaminants, such
as from the large injection wells at Tomsk and Krasnoyarsk, are more difficult to predict. Efforts to carry
out this source modeling involve several different Russian and U.S. organizations, and will probably take
several more years to complete (54).

In the meantime, for purposes of understanding potential shorter-term transnational contamination,
modelers are focusing on the most reasonably likely and significant sources of radioactive contamination
into the river which could lead to a radiation dose many kilometers away in the Kara Sea. These are
migration of radioactive contamination from the Asanov Marshes, seepage of radioactive contaminants
under the dams holding back radioactive reservoirs, and the possibility of reservoir dams giving way.
Emphasis has been heavier on modeling the Ob River, because potential sources are more readily avail-
able to the river and represent a more probable risk of catastrophic release (53,55).

Additional models are being used to consider the river transport of the contaminants. Hydrography
and radionuclide concentration data collected at various points along the Ob and Yenisey will be used to
calibrate and validate the models. The estuaries at the mouths of the Ob and Yenisey are also complex
systems which are challenging to model. Information to be incorporated includes behavior of the salt
wedge, mixing, tidal versus river flow, and the behavior of the ice in the estuary.

A large amount of data has been collected to incorporate in this series of models, and work is ongoing
to refine the models. The data demands of the modeling have lead to the accumulation of a tremendous
amount of data, which should be helpful both for addressing the basic science questions and for answer-
ing the more immediate question of potential risks from the rivers to the Arctic seas.

SOURCE: Office of Technology Assessment, 1995.

O Disclosures About the Dumping at Sea the Soviet Navy and Murmansk Shipping Com-

The Yablokov report on radioactive wastes dispany at several different areas in the Barents and
posed at sea described the dumping of liquid anfara Seas and in the Pacific Ocean (east coast of
solid wastes into the rtic and North Pacific by Kamchatka) and Sea of Japan. It also detailed
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FIGURE 2-3: Locations of Nuclear Waste

Dumping in the Russian Northern Seas

Kara Sea

B Solid nuclear waste
8 Liquid nuclear waste

SOURCE: Office of Technology Assessment, 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 Adjacent to
the Territory of the Russian Federation (Moscow, Russia: 1993),

releases from leaks and accidents. Figures 2-3
and 2-4 show the locations of the solid and liquid
waste dumping in the Russian North and Far
East, respectively.

Liquid wastes were reported dumped at five
different areas in the Barents Sea (along with six
other accidental releases in bays and elsewhere)
and nine areas in the Pacific Ocean (east coast of
Kamchatka) and the Sea of Japan (table 2-3). In
the Russian North, this dumping yielded over
189,634 m’of waste with more than 20,653
curies of radioactivity. The report also notes
leaks from storage and an accident aboard a
nuclear submarine that contributed further con-
tamination. In the Russian Far Eastern seas, the

FIGURE 2-4: Locations of Nuclear Waste
Dumping in Russian Far Eastern Seas

Bering Sea

Sea of Okhotsk

Japan

SOURCE: Office of Technology Assessment, 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 Adjacent to
the Territory of the Russian Federation (Moscow, Russia: 1993).

volume of dumped liquid waste reported was
more than 123,497 m’, with 12,337 curies of
radioactivity. Little information about the origin
and radionuclide composition of this liquid waste
isavailable, but it islikely to have originated
from cleaning operations at shipyards and from
reactor cooling systems (48).

Solid wastes were in a multitude of forms,
including containers, barges, ships, and subma-
rines containing nuclear reactors both with and
without spent reactor fuel. According to the
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Yablokov report, most of the volume dumped“biologically hazardous radionuclides seawa-
was low- and intermediate-level waste produceder, bottom sediments, and commecial and
during the operation of nuclear submarines, surmarker species of water life in radioactive waste
face vessels, and icebreakers (table 2-2). Thdisposal areas” (25). In additionone extensive
report also described dumping of high-levelradiological studies were carried out at different
radioactive wastes in the form of spent fuel andimes between 1960 and 1990 by various
reactors from nuclear submarines and an iceresearch facilities to determingptimal condi-
breaker (table 2-1). A total of 16 reactorstions for radioactive waste discharge by the Navy
dumped at five different locations in the Kara(25). After 1983, rgsonsibility for monitoring
Sea are listed; spent nuclear fuel remains in siradiation conditions in radioactive aste dis-

of the reactors and an additional container frontharge and dumping areas was given to
the icebreakerlenin Attempts were made to Goskomgidromet, the State Committee for
contain the fuel. For example, the damaged fueHydrometeorology. The Yablokov report lists
assemblies from theenin were reported to be expeditions carried out in 1975 in the Sea of
encased in a concrete and metal container, storddpan, in1982 in the Kara Sea, and the Joint
on land for a period, and then dumped with theRussian—Norwegian expedition in 1992 in the
Lenin reactor section. Nonetheless, the reactorBarents and Kara Seas.

with spent nuclear fuel constitute the greatest Despite these expeditions, hever, the report
amount of radioactivity and thus the potential forstresses that none of the surveys carried out after
the most serious future releases. Theldlaty 1967 came closer than 50-100 km to solid radio-
report included an estimate that at the time ofctive waste disposal sites (25). This is repeated
disposal, the upper limit on the activity of all of in a recent report by Gosatomnadzor, the Russian
this spent nuclear fuel was 2.3 million curies.nuclear regulatory agency, “For 25 years no sur-
The two largest dump sites are Abrosimov Fjordveillance has been conducted at the solid waste
where 1.2 million curies was deposited, and thelump sites which results in that it is practically
East Novaya Zemlya Trough, into which 799,200impossible to define the condition of solid waste
curies was dumped. protection barriers, the speed and scale of radio-

Since the time of the dumping, natural radio-nuclide release” (24). This remained the case
active decay has reduced the inventory of radiountil joint Russian—Norwegian expeditions vis-
activity. Radioactive decay calculations performedted some of the dump sites in 1993 and 1994.
at the Lawrence Livermore National Laboratory, Furthermore, even though monitoring data were
along with revised estimates of the nuclear reaceollected by the Northern fleet and many related
tor working histories developed through theresearchristitutes, these collections did not con-
work of the IAEA, suggest that less than 130,00Gstitute a coordinated system of monitoring the
curies of radioactivity remains in the reactors andadioactive objects dumped at sea, according to
spent fuel (43,46). the Yablokov report (25).

The Yablokov report states that until 1983, Much of the remainder of this chapter reports
monitoring of the waste disposal areas was caresearch done and questions remaining about
ried out by the Northern and Pacific fleets of thethese dump sites and the nature of their contribu-
Soviet Navy, with surveys to measure levels oftion to Arctic and North Pacific contamination.
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TABLE 2-6: Conferences and Congressional Hearings on Arctic and North Pacific Contamination

from Dumped Nuclear Waste

Location Dates Topic

Washington, DC Aug. 15, 1992 Hearing: Radioactive and Other Environmental
Threats to the United States and the Arctic
Resulting from Past Soviet Activities

Arkhangelsk, Russia Oct. 14-18, 1992 Ecological Problems in the Arctic

Oslo, Norway Feb. 1-5, 1993 Consequences of Dumping of Radioactive Waste
in Arctic Seas

Anchorage, AK May 2-7, 1993 Arctic Contamination

Woods Hole, MA June 7-9, 1993 Radioactivity and Environmental Security in the
Oceans

Kirkenes, Norway Aug. 23-27, 1993 Environmental Radioactivity in the Arctic and
Antarctic

Washington, DC Sept. 30, 1993 Hearing: Nuclear Contamination in the Arctic
Ocean

Biloxi, MS Jan. 12-13, 1995 Japan-Russia-United States Study Group on
Dumped Nuclear Waste

Woods Hole, MA May 1-4, 1995 Arctic Nuclear Waste Assessment Program
Workshop

Oslo, Norway Aug. 21-25, 1995 International Conference on Environmental

Radioactivity in the Arctic

SOURCE: Office of Technology Assessment, 1995.

RESEARCH AND MONITORING OF In the United States, Department of Defense
RADIOACTIVE CONTAMINATION IN THE (DOD) funds were used to launch the Arctic
ARCTIC. THE NORTH PACIEIC. AND Nuclear Waste Assessment Program (ANWAP),
ALASKAl ’ administeed  through the Office of Naval

Research (ONRJ. Internationally, the IAEA
The response to the information provided in thepegan the International Arctic Seas Assessment
Yablokov report was international consternationproject (IASAP) (described in chapter 5). The
and the birth or adaptation of a host of projectfNorwegians, whose large fishing industry is
and programs to characterize the situation. The@otentially threatened by concerns over radioac-
issue is,does the amount and disposition of thistivity in the Arctic seas, were also active in
waste pose any large short- or long-term risk toaddressing the problem through a joint Russian—
public health or the environmenBecause so Norwegian expert group formed in 1992 for this
few data were available to the international comPUurpose.
munity at the time, major efforts were made to
gather more. Interest in and research activity odd Findings from the Joint Russian-
the topic are reflected in the number of work-Norwegian Expert Group
shops, international conferences, and congregxpeditions arried out by the Joint Russian—
sional hearings held over the past few yearfNorwegian Expert Group in the summers of
(table 2-6). 1992, 1993, and 1994 have made important con-

1 Much of the information presented ihis section waxcerped from a paper preparéat OTA by Drs. BurtorHurdle and David
Nagel of the Naval Research Laboratory. Additional information was drawn fpapea preparefbr OTA by Dr. Lee Coper of Oak Ridge
National Laboratory.

2 ANWAP has beeffunded through DOD at $10 million per year for FY 1993, 1994, and 1995.
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tributions to the state of knowledge of the con-ments, but components of thesnin were not
tamination levels in the Kara Sea and some of thiocated. The expdtibn located one of the sub-
dump sites along Novaya Zemlya. Although themarines dumped with nuclear fuel in the outer
research ship/ictor Buinitskiydid not visit the part of the Stepovogo Bay, and analysis of sedi-
specific sites of the dumped nuclear wastes iment samples from near its hull may suggest
1992, researchers took water and sediment sarseme leakage of fission products from the sub-
ples at 13 stations, two in the Barents Sea and thearine reactors. In the inner portion of Stepo-
remainder in the Kara Sea. The radiation meavogo Bay where the bottomaters are isolated
surements from these samples, analyzed in fivby a “sill,” elevated Cs-137 values were found.
countries, were presented at a meeting irfCobalt-60 was also present in these samples,
Kirkenes, Norway. which may be a sign of possible leakage from the
The final report of the 1992 cruise states: ~ dumped waste. Only a detailed study of Stepo-
“At present time, the level of contamination \{ogo Bay will ansyver this questiqn. Concentra-
of radionuclides in the southern Barents Sea and tions of Cs-137 in surface sedlm.ents c_)f the
the Kara Sea can be attributed to global fallout, Novaya Zemlya Trough, .also mentioned in the
releases from [the] Sellafield [U.K.] reprocess- ~ Yablokov report as a site for nuclear waste
ing plant, contribution from the rivers Ob and  dumping, were similar to those in the open Kara
Yenisey, and contribution from the Chernobyl ~ Sea in 1992.
fallout... The possible radiological impact on The 1994 Norwegian-Russian cruise visited
man and the environment as a result of the the Abrosimov Bay and returned to the Stepo-
observed levels of contamination is extremely vogo Bay. The expeditions located three of the
low...at present, the influence of the dumped fqyr npyclear submarine reactor compartments
radlloactlve Wgsteg on the general Ievgl pf rad!o- reportedly dumped in the Abrosimov Bay (32).
active contamination in the Ka.ra Sea 'S _|n_5|gn|f- Preliminary data gathered on the cruise indicated
icant. However, local effects in the vicinity of
the dumping sites cannot be excluded, as these elevated Cs-137 ggmma-ray levels nga.r two of
areas were not adequately investigafed.” these reactors, whllt_e only C_0-60 radiation was
_ _ _ observed near the third. Sediment and water con-
The 1993 Norwegian—-Russian cruise was able; mination levels were low overall, comparable

to investigate some of the dump sites. Y&tor {5 the open Kara Sea, except for elevated Cs-137
Buinitskiyvisited dumpsite areas irsivolky and  j; sediment near the dumped objects.

Stepovogo Bays in Novaya Zemlya and the o0 the imited information available, it

Novaya Zemlya Trough in the Kara Sea t0 pronhears that any leakage that may have taken

vide a general .ass_ess;nent of potedn_tlal radioagsiace so far from dumped wastes has at most led
tive contamination in the water, sediments, and,” Jer local contamination. More extensive

biota (31). Analyses of the Cs-137, Sr-90, anq,qpaction of the dumped objects (in particular,

Fr’]u-ZC:)]Q Iandl 2?0 ('jn collected samples 'n,d'c‘:]‘t%ll of the reactors with spent fuel) and sampling
that the level of radioactive contamination in theot ye environment nearby are necessary.

investigated areas is low, comparable to that
observed in 1992 in the open Kara Sea. In th .

Tsivolky Bay, where theLenin reactors were PD U.S. Arctic Nuclear Waste Assessment
reported to be dumped, Cobalt-60 (Co-60),Pr09ram (ANWAP)

which may have originated from the dumpedThe research program undertaken by DOD’s
nuclear waste, was measured in the upper seddffice of Naval Research to address the concerns

3 Joint Russian—Norwegian Eeqt Group for Inestigation of Radioactive Contamination in the Northern Seas, “A Survey of Artificial
Radionuclides in the Kara Sea. Results from the RusBiarwegian 1992 Exgulition to the Barents and Kara Seas” (Osteras, Norway: Nor-
wegian Radiation Protection Authority, 1993).
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posed by nuclear materials dumped in Arctic Over the past few years, water, sediment, and
seas has been a large and broad research effdrtological samples were collected by fivieiss
Administered through the ONR, the program hasn the eastern Arctic near the dump sites and
focused on five topics: 1) the environmentmajor river estuaries, and five ships collected
through which dumped nuclear materials mightsamples in the western Arctic near Alaska. In
move; 2) the character and containment of thd993 and 1994, research cruises to investigate
materials themselves; 3) their potential motionradioactive contamination in the Arctic were
and disposition as determined by physical, chemeonducted by U.S., Canadian, and German ice-
ical, andbiological factors; 4) possible risks to breakers, the University of Alaska Research ves-
people and nature; and 5) future monitoring ofsel Alpha Helix a U.S. submarine, and five
the materials. The Office of Naval ResearchRussian vessels. A summary of the ships, cruise
organized its program around these topics whileegions, stations, and samples obtained in the
utilizing existing academic, industrial, and gov- Arctic and nearby seas in the summer of 1993 is
ernment capabilities. The primary objective ofgiven in table 2-7. The locations sampled from
the program is to determine whether or not thehese ships in 1993 and 1994 are illustrated in
radioactivity dumped in the Arctic Seas by thefigure 2-5. More than 11,000 samples were
former Soviet Union (fSU) presents a threat toobtained from 600 ocean stations in order to
the economy or to the health of U.S. citizensassess background radiation from fallout and
Box 2-8 discusses these five topics, the researabther sources, and to search for elevated radia-
guestions they engender, and the current knowkon levels associated with Soviet and Russian
edge base. nuclear waste.

BOX 2-8: Key Research Topics and Knowledge Base of the Arctic Nuclear Waste Assessment

Program (ANWAP)

Topic

1. The environment through which the
dumped radioactive materials might move:
What is the background radioactivity already
in the environment due to naturally occurring
radioisotopes and the effects of testing and
discharge from nuclear reprocessing plants?
Further, what are the physical, chemical, and
biological environmental factors that will
determine the transport and disposition of
unconfined radionuclides in the environment?

Knowledge Base

A great deal was known and has been
learned in the first two years of ANWAP
regarding radioactivity in the Arctic. The infor-
mation is either already in the geographic
information system database set up for this
program or will be incorporated as soon as it
is made available. There remain, however,
significant gaps in knowledge of the spatial
and temporal distributions of radioactive
materials in the Arctic.

(continued)
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BOX 2-8: Key Research Topics and Knowledge Base of the Arctic Nuclear Waste Assessment

Program (ANWAP) (Cont'd.)

2. The dumped materials themselves (the
so-called source terms): What radionuclides
have been dumped, and in what quantities,
chemical states, and containers? When, if at
all, will these materials be released, and at
what rates?

3. The movement and disposition of
dumped materials: How will the nuclear mate-
rials move under the influence of physical,
chemical, and biological factors? When and
where will they finally come to rest (e.g., sorp-
tion onto particles, precipitation on the sea-
floor, burial by sediments)?

4. The risks to and impact on people and
nature due to the movement and disposition
of the dumped materials: What portion of the
ecosystem, if any, will be affected by the
radioactive materials carried in the water col-
umn, deposited in sediments, and incorpo-
rated in living creatures? Will concentrations
of radionuclides in the food chain, or any other
process, threaten human health or econom-
ics?

Three reactor compartments dumped with
their nuclear fuel have been located during
the past two summers by joint Norwegian-
Russian expeditions. However, a reactor with
fuel, a container carrying spent fuel from the
icebreaker Lenin, nine of the ten reactors
dumped without their fuel, and virtually all of
the thousands of containers dumped with low
levels of radioactivity have not been found.
Location of all the reactors, assessment of
their material condition by optical examination
at least, and sampling of reactor materials and
the surrounding seafloor remain major unsat-
isfied program requirements. This is particu-
larly evident for the fueled reactor dumped in
the East Novaya Zemlya Trough.

Major progress has been made in calculat-
ing the physical circulation of the radioactive
materials, by assuming that they are free and
mobile in the environment, with attention to riv-
erine inputs as well. However, benchmarking
the ability of the models to predict deep as
well as surface circulation, and the inclusion
of chemical processes such as particle bind-
ing of radionuclides and biological processes
such as bioturbation, remain for the future.
Further, the potential role of ice in influencing
or determining the motion and fate of radioac-
tive materials in the Arctic seas is not known in
even the broadest outlines.

To date, several calculations have been
made by different organizations to estimate
risks to humans from the dumped nuclear
materials. Although complete in the sense that
they yield a numerical prediction of human
risk, these calculations are quite superficial.
Elaboration of the models used and acquisi-
tion of the many major parameters required as
input need to be carried out.

(continued)
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BOX 2-8: Key Research Topics and Knowledge Base of the Arctic Nuclear Waste Assessment

Program (ANWAP) (Cont'd.)

5. Potential monitoring of regions of
interest near the sources, along transport
paths, or at locations where people or the
environment may be at risk: What instrumenta-
tion should be in place at which locations?
What samples should be taken and mea-
sured, and over what time scales, to ensure
that transported radionuclide materials do not
exceed concentrations of concern from any

viewpoint?

DC, April 1995.

SOURCE: B.G. Hurdle and D.J. Nagel, “Nuclear Contamination of the Arctic Seas and Estuaries; Current Status of Research and
Future Requirements,” paper prepared for the Office of Technology Assessment by the Naval Research Laboratory, Washington,

Monitoring by sampling when possible,
with associated laboratory measurements, is a
well-developed practice that has been
employed in the first two years of the program.
However, open-sea monitoring of radioactivity
on demand is in a rudimentary stage in terms
of available technologies and strategies. The
relative efficacy and costs of monitoring near
the source regions, which may or may not be
susceptible to potential remediation of any
kind, or near a region of interest such as Alas-
kan fishing grounds, requires study.

Measurements on samples from these Arctid¢] Radioactivity in Water,
surveys have just begun. Previously availabléSediment, and Biota
information, and the limited data obtained so farp major thrust of the Department of Defense
from materials collected through this program,program, the Norwegian-Russian collaboration,

have not indicated migration of radionuclidesand other international efforts has been to char-
from Russian sites to the wider regional environ-acterize the present level of radioactivity in the
ment. Data from localized regions in the KaraArctic seas, the Sea of Japan, the Ob and Yenisey

Sea do show radionuclide concentrations thalf%iver estuaries, and other regions of interest. The

suggest an influence @fputs fom local nuclear results from the DOD Arctic Nuclear Waste
bomb tests, dumping, or discharge from the Ob

A

and Yenisey Rivers. However, limited measure-

ssessment Program for FY 1993-94 are given
in the annual report ONR 322-95-5 (51). Some of

) the major findings are as follows:
ments to date in the Kara Sea show generally Rradionuclide

concentrations in Alaskan

from Chernobyl and in the Irish Sea where radio-
activity has been discharged from the Sellafield
reprocessing facility in the United Kingdom.

This research is continuing during 1995, and2-

studies should provide further useful data.
Emphasis in FY 1995 is on carrying out a risk
assessment, examining strategies for monitor-
ing, communication of results to concerned
stakeholdersgonsideration of all sources of Arc-
tic contamination, increased Russian participa-
tion, and increased participation in national and
international forums to prevent duplication (16).

by fallout from atmospheric testing of nuclear
weapons. There may also be a weak signal
from the 1957 accident at Chelyabinsk-65.
Investigations by the United States and by col-
laborating programs from Norway, the fSU,
Korea, and Japan suggest that levels of radio-
nuclide activity in the Arctic and Pacific
regions are low.

3. To date, measurements and analyses of radio-

nuclide contamination in the Arctic marine
environment indiate that they come mainly
from:

a. atmospheric testing of nuclear weapons,
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TABLE 2-7: Arctic Research Cruises Sponsored by the Office of Naval Research to Investigate

Radioactive Contamination, 1993

Cruise Location Stations Sediment Water Biota

Alpha Helixa Bering and Chukchi 196 500 4,700 250
Seas

G. Fersman Kara Sea (dump 66 1,000 50
site)

MendeleevP Kara Sea and Ob 30 300 300 100
River

Okean Bering and Chukchi 64 1,000 300 500
Seas

E. Ovsyn Ob and Yenisey 77 450 400 500
Rivers, Kara
Sea

Polar Star North American 62 200 200 12 trawls
Arctic

Polarstern Laptev Sea 22 24

USS Pargo Arctic Ocean 15 150

D. Zelensky Barents and Kara 7 100
Seas

H. Larsen Chukchi Sea 66 100

Various® Laptev, East 400

Siberian, Chukchi,
Beaufont, and
Bering Seas

asome samples collected from the Alpha Helix in the Chukchi Sea during 1992 will also be analyzed by this program.
bMany samples obtained by the Shirshov Institute of Oceanography from the Mendeleev will be measured.
¢Sediment samples collected with U.S. Navy sponsorship in the 1960s and 1970s.

SOURCE: B.G. Hurdle and D.J. Nagel, “Nuclear Contamination of the Arctic Seas and Estuaries; Current Status of Research and Future Require-
ments,” paper prepared for the Office of Technology Assessment by the Naval Research Laboratory, Washington, DC, April 1995.

b. nuclear fuel reprocessing wastes carried over large areas, and there is a zone of
into the Arctic from reprocessing facilities enhanced Cs-137 concentration near the
in Western Europe, mouth of the Yenisey River.

c. accidents such as Chernobyl and the 1953. Calculations based on Russian data of initial
explosion at Chelyabinsk-65, and inventories suggest that the total activity of
d. Chernaya Bay weapons tests in southwest- the radioactive waste dumped in the Kara Sea

ern Novaya Zemlya. region by the fSU over the last 40 years has

Because the signals from sources a and b have decayed to a level of approximately 0.13 mil-

decreased with time, region-wide concentra- lion curies today (43). Most of this radioactiv-

tions of radionuclides in the water column and ity is from the nuclear reactors that still
in surface sediments appear also to have contain fuel, and most of this radioactivity still
decreased from their peak levels. appears to be contained.

4. Based on preliminary data analyses, the Yeni6é. Local sites of elevated radionuclide concentra-
sey and Ob Rivers appear to have had only a tion arising from Soviet dumping and weap-
modest impact on radionuclide levels in the ons testing have been identified in the Kara
Kara Sea and the Arctic Ocean region in gen- Sea region. Studies in Chernaya Bay in south-
eral. Small but detectable signals from nuclear western Novaya Zemlya where nuclear weap-
facilities on these rivers have been measured ons were tested are similar to those at
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FIGURE 2-5: Areas Sampled During ONR-Sponsored Expeditions in 1993 and 1994
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Eniwetok Atoll, a U.S. tessite. Joint studies There are significant issian data sources, but

by Norway, the fSU, and the IAEA have these still need to be collected, compiled, and
found elevated concentrations in highly local-integratedinto western databases to facilitate

ized regions in Novaya Zemlya bays whereassessing the concentrations of radionuclides in
the Soviet Union dumped waste containershe water (marine, lakes, and rivers), sediment,
and nuclear reactor compartments, some stilice, flora, and fauna and determining how these
containing fuel. The preliminary results of this concentrations have varied over space and time.
trilateral program suggest little leakage from¢ js also important to gather data collected in the

the reactor compartments containing fuel-neighhoring seas to determine the degree of radi-
Zones with elevated concentrations of Cs-137

- e onuclide pollution in the Ktic relative to the
have been identified in the Novaya Zemlya ot of the world
Trench. '

i . As part of the Arctic Nuclear Waste Assess-
7. Very preliminary large-scale numerical mod-
) . .~ ment Program, the Naval Research Laboratory
eling studies of water transport, run for a sim-

ulated period of 10 years, suggetiat (NRL) is currently sdaing up a geographical

radionuclides released to the Kara Sea regioHncorrnatlon system (GIS) to computerize, among

would have their concentrations substantiallyOther items, the extensive body of information

reduced by the time they reached Alaskancollected from the various scientific expéaiits

coastal waters. More work is needed to subSPOnsored by ANWAP since 1993. Completion

stantiate and enhance this model, howeve®' e GIS would enable: 1) creation of a data-
including incorporation of the role of sedi- base of eisting radionuclidedata on the water,

ments in sequestering radionuclides. sediment, ice, and biota; 2) development of data-

Recently, Cs-137 activity has been reporteobf"‘ses of bathymetry, _rivers, sedime.ntation, and
for sediment trapped in the sea ice in the centrdliota, as well as physical and chemical oceano-
Arctic. This has heightened concern over thedraphic, riverine, and estuarine processes; and 3)
potential for the long-range ice transport of radi-compilation of the information needed to predict
onuclide-bearing sediments. The activity in onethe degree of risk posed by these radionuclides to
sample taken north of the Chukchi Sea waghe Arctic environment and its inhabitants and
reported comparable to the elevated |e\/e|§thers who utilize Arctic marine resources.
present in the Yenisey River estuary. However, Efforts by NRL to set up its Arctic database
other sources are possible, and the origin of thibave included coniling preexisting radionu-
sea ice contamination has not yet been deteclide data, developing connections with Russian
mined. Another report of interest was the identi-colleagues, and developing collection efforts for
fication of a characteristic ratio of radionuclidesnew data. In addition, some efforts are directed
in the central Arctic that would most likely come toward developing a system that would enable

from Sellafield. individuals to query databases to gather statisti-
cal information. Attempts have been made to
[ Database Development develop a more inexpensive and user-friendly

Adequate data sets for thustribution of man- GIS operating system so that individuals can per-
made radionuclides in the Arctic Ocean and it§orm their own analyses.

surroundings do not exist because of the lack of As of December 1994, databases were con-
data, particularly in the western Arctic Oceanstructed at the Naval Research Laboratory for: 1)
near North America, in the central Arctic Ocean,the location of stations and ship tracks; 2) the
and north of Siberia. Recent work related to thelistribution and concentration of radionuclides in

current programs has made improvements in theediments and the water column; 3) the distribu-
guantity and quality of these data but much mordion of nuclear tests, accidents, etc.; 4) the loca-
needs to be done. tion of dump sites; 5) the distribution of various
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nuclear facilities and sites of interest; and 6) dig-dated numerical models can provide information
itized bathymetry, rivers, and marine resources. that will both compliment and enhance the exist-
The NRL work has been extended by cooperaing database. Numerical models can help explain
tion with international programs. By 1996-97, the dynamic transport pathways for the contami-
NRL plans to have a comprehensive radionuclidéants once they enter the ice or ocegstem. In
GIS that should serve as an international plataddition, numerical models can “forecast” the
form from which information can be extracted todispersion of radioactive materials with either
carry out a risk assessment program. One poséffIOWI’] or estimated sources. Numerical models
ble destination of this GIS could be the databasganillustrate processes that are determined to be
of the Arctic Monitoring and Assessment Pro-the most important for the transport of radioac-
gram (AMAPY in Arendal, Norway. Other major tive materials. Several numerical models are
exchanges of data could be carried out with th@resently being tested by the ANWAP commu-
IAEA as well as with major national and interna-Nity and the European scientific community. A
tional contributors to the GIS. NRL will also majority of these models are regional, focusing
investigate, together with the Norwegian RadiaOn one particular oceanographic basin such as
tion Protection Agency, the efficacy iwfstalling the Kara or the Chukchi Sea. In addition, numer-
its data in the United Nations Environmentalical models of the river systems that may serve as

Program’s environmental GIS facility in Aren- Major present and future sources of radioactive
dal, Norway. contamination are also being modeled in

The GIS system being developed at NRL had\NWAP. .
already proved useful in disseminating archived " 1993, the NRL developed a numerical
information to investigators from many countriesmodel to include a radioactive tracer component.
and agencies and in sharing da@ata exchange The model was then tested using sources defined
efforts have led to further cooperative projects,t_’y t_he Yqblokgv report; both low-level solid and
such as the collaboration between the Navaiduid radioactive waste were used, as well as the
Research Laboratory and the OkeangeologiQ_igh'|eVe| solid waste located along the gastern
Russian Scientific Research Institute on theSide of Novaya Zemlya. In all cases it was
research vessérofessor Logachein a trip to assumed that each source was leaking at a con-
the Svayataya Anna Trough and other areas iHnuous rate based on the total amount of radioac-

the Kara and Barents Sea region during the sunflvé material dumped at that site and the period
mer of 1994. of time over which it was dumped. A major con-

clusion of those studies was that at the end of a
. simulated 10-year release, the levels of radioac-
[ Status of Modeling tivity in the waters along the north Alaskan coast
Although observations such as those compiled invere approximately five orders of magnitude
the Naval Research Laboratory’s GIS databas@wer than those found in the Kara Sea. These
can provide useful pictures of past and presentiesults were described in tiEOD Preliminary
levels of radioactivity at certain locations within Report to Congress entitled “Nuclear Pollution in
the Arctic seas, it would be difficult to monitor Arctic Seas” (72). However, research on the cir-
all or even several regions of the Arctic fong  culation of Arctic waters using tracers present in
periods of time. For this purpose, tested and valithese waters suggests that the model might over-

4 AMAP is a program carried out by tlegght Arctic countries to monitor, assess, and report on the environmental health of ihetArct
is described more fully in chapter 5.

5 Data have been elangedwith the Norwegian Radiation Protection Agency; Tokai University in Japan; University of Edinburgh;
Norsk Polar Institute; the Netherlands; the IAEA in Vienna; the IAEA Marine EmviemtalLab in Monaco; KORDI, the Republic of
Korea Institute oDceanography; the German Hydrographic Sentfee VNIl Okeangeologia in SPetersburg; and the Shirshov Institute of
Oceanology in Moscow.
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estimate the diition. These studies suggest thatunderstanding of transport processes during the
the surface waters that flow across the pole anite-covered times of the year, as well as annual
through Fram Strait are diluted by about a factocyclical events such as the spring thaw. This
of 10 (4,63,64). Such findingHustrate the need monitoring capaitity is not presently available.
to use experimental data to calibrate models usetihe difficulty and expense of collecting data on
to predict or estimate the movement of pollut-radioactivity using traditional oceanographic
ants. Once the models of the movements of wataruises limit spatial and temporal coverage. In
have been validated with experimental data, th&itu monitoring could improve this situation if
modeling can be further developed by accountthe monitoring device could be deployed by air
ing for the important roles of chemistry and sedi-or a convenient ship and were of low enough cost
ments, which should be important influences into be considered expendable.
the movement or sequestration of radionuclides. Other types and scales obnitoring arealso
With FY 1994 funding, NRL continued the under discussion for other purposes. One Russian
FY 1993 studies by adapting the model to accepifficial, who participated in the Woods Hole,
river outflow and using data from the Yablokov Massachusetts, conference on Radie#gtiand
report to simulate rivers as a source of contamiEnvironmental Security in the Oceans: New
nant releaséto the Arctic. Levels of radioactiv- Research and Policy Priorities in the Arctic and
ity resultingfrom these simulations shogood North Atlantic, suggested that a global marine
agreement with observations from the Kara Sed’_adiation monitoring organization be established
Other modeling efforts are currently underway(49). The organization’s mission, as proposed,
within both ANWAP and IASAP, which will add would be to forecast radiation impacts and to
to current knowledge of the ultimate fate andsupport decisionmaking on actions to be taken

effects of this radioactive contamination. regarding radioactive marine objects. The func-
tions of this proposed organization could be con-

S ducted in the Russian Arctic, as a case study, to
U Monitoring determine how effectively the organization

Long-term monitoring of the environment and might operate. Nosov (49) recommends that the
related indicators to help provide early wags  organization:

of potential health or ecological risks from
dumped radionuclides has not yet been under-
taken. Monitoring can serve a variety of pur-
poses, and the type of monitoring to be carried
out, if any, must be discussed in conjunction with
the goals to be achieved. For example, monitor- ) )
ing can help to fill critical data gaps about radio-* d€velop an environmental database of this
nuclide transport. The sudden release of Information;and

radioactive waste from reservoirs, storpgads, * Provide information to support decisionmak-
underground storage, or marine dump sites into iNg On protection and associated mitigation
the Arctic environment poses a potentially sig- ©OPUONS.

nificant long-term environmental problem. Since As part of any monitoring strategy, scientists
measurements of the radioactivity in the Karaneed to know what instrumentation to place at
Sea and the Ob and Yenisey Rivers are typicallwhich locations, what samples to take and mea-
conducted during the two- to three-month ice-sure, and over what time scales. NRL is investi-
free summer, the transport and fate of radionugating various semiconductor and scintillator
clides during the rest of the year is poorly characedetectors in sturdy, waterproof housings. It is
terized. Many researchers believe that also developing new gamma-ray detectors (27).
monitoring system is needed to provide a bette€Communication channels will have to be estab-

conduct ongoing radiation monitoring of iden-
tified objects to predict their structural integ-
rity;

assess the accuracy of prediction models and
update these models accordingly;
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lished for these continuous, remote, bottom-staextended to four of the areas in which reactors

tioned devices to transmit their finding to with spent fuel were reportedly dumped, but only

scientists for analysis. three out of five of the reactor compartments or
However, as in Nosov’s proposal, monitoring containers with spent fuel have been located thus

does not stand on its own but fits within a struc+gy.

tured plan of response to a particular need. Since | astigations at these sites should include:

the needs have not yet been fully characterized, )

there is little agreement among scientists on thé & comprehensive survey and assessment of

proper strategies to use in monitoring these conditions around the dumped objects—espe-

regions or even the neaity of monitoring. No cially at those sites that have not been visited

determination has been made as to the level of for long periods (decades);

radioactivity that needs to be monitored. Should location of each of the reactors and assessment

the existing level of contamination be monitored, of their condition through photographs, video,

or is it sufficient for a monitoring capability to in situ gamma-ray measurements, and system-

detect only radioactivity at a level resulting in a  4tic water and sediment sampling for radionu-
biologically significant dose? Many other ques- iqes: and

tions also have to be addressed more fully, such _. . .
Y = similar assessment of containers and other

as the capabilities of in situ measurement tech- . .
. . . objects located during the search for the reac-
nologies, suitable sensors, and testing of proto- . i o
tors. Russian Navy and Russian scientific and

type systems. Most important, the purpose and i A
goals of monitoring require clear definition. technical participation is needed.

For a better understanding of the potential
RESEARCH AND MONITORING: DATA impacts of nuclear wastes washed into the Arctic
GAPS AND FUTURE NEEDS from the large, north-flowing Siberian rivers, the

The conclusions from research to date must bEXtent and condition of riverine contamination

considered as preliminary because of the gaps ifiom land-based sources, including groundwater
data and analysis that remain. This section identydrology, must be more fully assessed to deter-
fies somesignificant gaps in knowledge that mine how much and how far contamination has

must be addressed to fully understand the potertraveled downstream, and what the effects of
tial impacts of nuclear waste dumping. such contaminants might be to the Arctic.

[0 Source Terms [J Container Materials

Much remains unknown about the source termJo understand the potential for future releases,
for the major nuclear waste dump sites in theuyrther study of the dumped containers is neces-
Kara Sea. Important work is being carried out Ofsary. The lifespan and integrity of container
land by the IAEA International Arctic Seas materials has had only brief consideration

Assessment  Project Source Term WorklnQNhether they are submarines, reactors, or other

Group to learn more about the design of the reac- . .
Wwaste material containers. For example, some of

. . . ._the reactors and containers have been enclosed in
ment. The information should be available in

early 1996 and will be critical for understanding lUrfural. & esinous material designed to prevent
the risks posed. Nonetheless, there remains contact of the reactors with seawater for several
need for more information to be gathered at thdundred years. However, data to support this
sites themselves, such as that collected in thestimate are not available. Similar uncertainty
1993 and 1994 expeditions of the Joint Russianexists about the lifespan of other container mate-
Norwegian Expert Group. Their exploi@is rials in seawater.

tors, their working histories, and their contain-
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O Environmental Factors and develop biological concentration factors for
General Sampling these animals.

A great deal still needs to be learned about th .

physical oceanography and geophysics that cor@ Marine Geology

trol transport mechanisms within the Kara Sealhe marine geology database should be devel-

and northward into the Arctic basin. Surface andped to identify the pathways for transport of

bottom circulation in the Kara Sea needs to bavater, particles, and sediment-borne radionu-

comprehensively examined, and the question oflides brought about by variations in seafloor

ice transport should be investigated. morphology and sediment type, as well as the
One need is to develop an understanding oflegree of redistribution of sediment-bound radi-

the dynamics of circulation characteristics,onUC”deS caused by local instabilities of the sea-

including advection, mixing, and dispersion, of€d- Detailed information is required on

Kara Sea waters and their interaction with adjaS€diment properties, bathymetry, acoustics, and

cent seas. Knowledge of the relationships amonf°ttom dynamics, among other factors.

currents, wind forcing, tidal forcing, density _

structure, and sediment resuspension is requirdd Physical Oceanography

for this understanding. Other issues to be investiThe transport and disposition of radionuclides

gated are the ice motion in the Kara Sea, thelso depend on the physical characteristics of the

impact of the Siberian Coastal Current on the icepcean. Relevant data include compilations of

and possible sediment transport via sea ice inttemperature, sality, density, and oxygen con-

the Arctic basin. tent; seasonal oceanographic and riverine infor-
Finally, it is important that field operations mation; and compilations of ice movement and

collect a complete set of water column and seditransport.

ment measurements of radionuclide levels in the

Kara Sea. [J Pathway Analysis and
Modeling Research
[J Benthic Biota There is a lack of information on radionuclide

It is important to improve the database on potconcentration factors fdsiota, as well as distri-
tom-dwelling organisms to identify and quantify bution factors between sediment and water, in
benthic biological pathways and radionuclideth® Russian Arctic region (28).Ithough current
transport relevant to the radiation exposure of‘NWAP models can predict surface circulation,
man as well as marine organisms. To this end, ff€€ iS @ need to benchmark the ability of the
is necessary to investigate benthic food webs t§10dels against experimental data; to develop and
help identify potential exposure pathways, to€Valuate models that predict deep circulation pat-

examine the sedimentation rates of particles thd€™MS: and to include chemical processes such as

scavenge radionuclides from the water columnfadionuclide binding and biological processes

and to make an assessment of the radionuclid®ch as bioturbation in these models (27).
exposure of key bottom-dwelling organisms. Substantial gaps exist in our understanding of
the potential role of ice in influencing or deter-

. mining the motion and fate of radioactive materi-
0 Marine Mammals als in the Arctic seas (27). Specifically, data are
Our knowledge of the density of marine mam-needed on the transport process during the ice-
mals such as bears, whales, and seals, of thaipbvered times of the year, as well as during
food chains, and of their use and consumption bynnual cyclical events such as spring thaw. Data
indigenous peoples is limited. Available data onon ice gouging are also eged to understand its
stable element concentrations should be used fmotential as a means for damaging containers and
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releasing radionuclides. Data are lacking withnications, risk assessment, ocean systems,
which to assess the relative contribution of theseceanography, and marine geology to begin to
ice mechanisms to the redistribution of contami-address some of the important issues related to
nants in the Arctic region (56,57). monitoring.

To understand the transport and fate of radio-
nuclides in Russian rivers and in Arctic and[] Data Availability

Pacific segs, Itis necessgry to use a c_ombmaﬂo;h understanding of the effects and potential
of numerical models, field observations, and.

. ; - “implications of radioactive waste dumping in the
remotely sensed data. This requires building inte P ping

. . rctic depends entirely on the availability of reli-
grated numerical models composed of dlfferenfb‘ pends e y v
able data indicating the extent of current contam-

modules such as ice; physical OceanOgraphlc|hation and the likely future disposition of the

biological and chemical processes; and riverine o . . :
9 . Pr T tontaminating radionuclides. A variety of factors
sources. A numerical ateling system is neces-

, . ombined to make such data fairly scarce, how-
sary that can be made available to all mteresteé

. . . . ver, at least as the problem first attracted atten-
parties for studying this and other possible futur(?ion and concern (1991-93). First, the Arctic by

wastg dlumplng problems in the Arctic and I'[Sits nature is an area in which research that might
marginai seas. be considered routine in other parts of the world
is extremely difficult. Ice, extreme cold, and

[J Monitoring Requirements rough seas limit the times of year that research

Ultimately, monitoring requirements will depend Vessels can safely or productively go out. Rela-
on the needs identified in other phases ofively few investigators specialize in the distinc-
research, particularly through a systematic riskive systems of this part of the earth, and the
assessment. The monitoring required to addregdfficulty means that the research is more expen-
some specific data gaps has been describegive.
Measurements of the radioactivity in the Kara Second, the areas that are the immediate focus
Sea, and in the Ob and Yenisey Rivers are typiof concern (at least in the Russian North) are
cally conducted in the two to three ice-free sumwithin the territorial waters of Russia, formerly
mer months. The transport and fate ofthe Soviet Union, which for more than 40 years
radionuclides during the rest of the year is poorlyduring the Cold War did not welcome interna-
characterized, due mainly to regional inaccessitional investigators into itseas. Indeed, because
bility. Continuous, remote monitoring of radio- the dumping was carried out by the military, it
nuclide concentrations and other environmentaivas secret even within the U.S.S.R. until declas-
data at dump sites or in rivers is necessary teified by the Yablokov commission in 1992,
complete the research on radionuclide transpottiowever, efforts are continuing toake infor-
in or to the Arctic seas and as an early warningnation more available and to improve access.
for any episodic change. A monitoring system Since the break-up of the Soviet Union and
could provide a better understanding of transporpublication of the Yablokov report, however,
processes during the ice-covered times of thinformation from the Russians about the environ-
year, as well as during annual events such as thmental status of the Arctic and North Pacific
spring thaw. This monitoring capability is pres- Seas has been increasingly available. Russian
ently not available for the Arctic environment.  scientists and technical experts have been active
Monitoring systems do not exist that could beparticipants in conferences to facilitate data
deployed for a long duration in the Arctic. More exchange, presenting relevant information to the
efforts are needed to organize and bring togethdnternational commnity.
groups of experts in the fields of marine radio- A tremendous amount of information has been
chemistry, radiation sensor technology, commueollected from research under the auspices of
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ANWAP, but it has not become rapidly avail- it will be impossible to judgalata quality. All
able. Analyses are time-consuming, and manynformation collected in the future should be sub-
data will first appear through publication in the jected to quality assurance standards.

scientific literature, which is a slow process. Oth-

erwise, abstracts are available from preseriat REMEDIATION OPTIONS

at workshops and meetings, and project descrip-

tions along with a general summary of fimgs U Background

are provided in the FY 1993-94 report of theTo reduce or eliminate the risk posed by radioac-

program (51). tive material dumped in the Arctic region, deci-
sionmakers must consider what type of
0 Reliability/Comparability remediation, if any, should be adopted to protect

public health and safety and the environment. No

Since a mulplicity of institutions representing ; S )
. : " - ttempt is made in this section to recommend an
several different nationalities have participate . -~ .
option for remediating the dump sites. Instead,

in data coIIectlon-to Cof‘”'b“‘e to gnd(_arsta}ndmgthe following material describes the information
the extent of radionuclide contamination in the hich decisionmakers will need and outlines a

_Barents and Kara.Seas, questions of comparab ramework which could be used in the remedia-
ity of data collection methods and analysis ar

Sion decision process. Information from the two

natural. ) o ) major efforts currently underway (i.e., IASAP

In the analysis for th@992 joint Russian— 54 ANWAP) to gather information about trans-
Norwegian cruise, thessue ofdata comparabil- port models, pathway analyses, and possible
ity was addressed scientifically through inter-gyn0sures and doses that could be received from
comparison and intercalibration exercises carrieghese dumped materials will be needed to reach
out with the help of the IAEA laboratory in {hege decisions. This analysis also draws on the
Monaco. These showed theadytical results of \york by the Group of Experts on the Scientific
the two countries to be in reasonable agreemenkgpects of Marine Paltion (GESAMP).
with measurements of radionuclides in sediments 1,0 only official forum in which remediation
in better agreement than those in water (31)gniions are being considered is through the
Similar comparisons were carried out for thejaAEa's International Arctic Seas Assessment
1993 cruise, and again fairly good agreemenpygject, This group of experts is asked to make
was found for measurement of Sr-90 and Cs-13%ecommendations regarding what respésisef

Data collected through the Arctic Nuclear any, should be taken to the nuclear wastes
Waste Assessment Program is consolidated argimped in the Arctic (67). The scope of their
provided to Congress through annual reportgffort does not include consideration of the
without peer review. Ultimately many of the wastes dumped in the Russian Far East.
findings will be reported in the scientific litera-  |n terms of remediation options, IASAP’s
ture after having been subjected to peer review. Remedial Measures Working Group is the most

The comparaibity of data may be of most relevant. The first meeting of experts participat-
concern forhistoricaldata. For example, as dataing in this group was held in Vienna on January
from the past are combined in a GIS database, ®3-27, 1995. Although the group has not yet
there any means of ascertaining the hmds issued a report from itqitial meeting, back-
used for analysis or otherwise gauging their religround materials in support of the meeting
ability? In some cases the data wpuoblished in  (referred to as “Report of Wking Party 3”)
the form of contour lines, ithout the raw num- were drawn on to develop the decisionmaking
bers to indicate whether they represent the aveframework presented here (29). The Remedial
age of manyndividual samples or simple single Measures Working Group plans to wait for the
data points connected together. In such instancessults of IASAP’s Source Term and Modeling
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Working Group before making any recommen-may also be important—the tides in the Novaya
dations on specific remedial actions thabgld Zemlya fjords reach 180 cm (6).
be taken (50). IASAP expects to complete its Chemical caditions to be measured include
work in 1996 (40). distribution coefficientsK,) which describe the
In the United States, the Office of Naval degree to which radionuclides will be retained or
Research is also involved via ANWAP, in bound by sediment particles. Biological factors
assessing the risk posed by the radioactivitynclude determining whether the site serves as an
dumped in the Arctic region. ONR’s goal is to artificial habitat and spawning location for
“determine with high confidence whether theorganisms, identifying benthic organisms that are
dumped and discharged radioactive material prelikely to be exposed to radionuclides, and mea-
sents a threat to the Alaskan economy or thsuring sedimentation rates of biogenic particles
health of U.S. citizens” (72). ONR’s research andhat scavenge radionuclides from the water col-
monitoring in this region are intended to supportumn.
the risk assessment and the decisionmaking pro-
cess to determine what remediation measures, §tatus of Dumped Material

any, should be employed. The burial status of the dumped material is

important in assessing possible remediation
1 Information Needed to Assess actions. Is the material uncovered, partially cov-
Mitigation Options ered, or totally buried? A good understanding of

the structural integrity of the objects containing

The specific information required to begin to . .
e - . the material (e.g., drums, boxssbmarine hulls)
assess mitigation or remediation options can be

divided into two principal areas: IS cri_tical. .
. . . . Itis generally believed that the sunken barrels
1. the condition of dump sites (physical, chemi-

. or containers dumped in the Arctic seas are prob-
cal, and mlogical factors), and P P

2 th f g q ol (burial ably made of mild steel. Knowing the cosron
- the status. of dumpe mat_erla (buria StatuSates and identifying any breach points in these
structural integrity of contaims, waste form,

k i i barrels or containers are critical in estimating
and concentration of radionuclidesc.). release rates of radionuclides. In addition, it is
important to be aware of the structural integrity
Condition of Dump Sites of submarine hulls (particularly the pressure ves-
Prior to selecting a particular remedigption,  sels of fueled submarines). There is some indica-
experts must obtain adequate information on théion, for example, that small aunts of
physical and chemical characteristics of the enviradioactivity may be leaking from the NS 601
ronment surrounding the dump site. Importantsubmarine sunk in the Stepovogo Bay of Novaya
physical conditions are the depth of the site; thezemlya (32). There is also concern about the
bathymetry of the surrounding areas to identifyspent fuel from the damageanin reactor; this
prominent seafloor features; and the physical stavas placed in a concrete-steel box, on top of a
bility of the site. For example, researchers wantlarger box containing threeeninreactor compo-
to know whether there are strong turbidity cur-nents without fuel. Both boxes were placed
rents in the region that could destabilize the seanside another box which was sunk in the Tsiv-
bed sediment. Ocean currents around the sunkeyka Fjord. The box containing the spent fuel
Komsomoletsubmarine, for example, have beenmight not have been welded to the box on which
measured up to 1.5 m/s (25). Knowledge of sediit was placed and could have shifted in the pro-
mentation rates in the region is also important. cess of being sunk. This box containing spent

The weather is a crucial factor. There andy  fuel corstitutes the largest single radioactive
two months of reasonably good working condi-source, by a factor of three, that has b&emk in
tions in the Kara Sea (August—September). Tidethe Kara Sea (6).
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Other important factors include knowing the written in response to questions posed by the
waste form of the dumped material and deterinter-Governmental Panel of Experts on Radio-
mining its integrity and estimated time of failure. active Waste Disposal at Sea (IGPRAD). In its
Furfural is a compound that was used by theeport, GESAMP finds that “a frequent problem
Soviets to enclose reactors and containers, and as environmental monitoring and with assess-
previously mentioned, its effective lifetime is not ments of the quality of the environment is that
known with confidence. It is important to esti- the information gathered is hard to interpret in a
mate the lifetime of particular radioactive wastesmanagement (i.e., nonscientific) context. Thus, it
or materials more accurately in order to estimatés difficult to decide whether a particular set of
the release rates of encapsulated materials and émvironmental conditions is acceptable unless
identify possible remediation needs and options.the aspirations of society are explicitly defined”

Researchers also need to know the types df80). GERMP reconmends that goals be estab-
radionuclides contained in the dump sites andished for protecting the environment and that
their concentrationin the environment. This tolerances or regulatory standards be established
information is collected on expeditions such ago support these goals. With tHismework in
those undertaken by the Joint Russian—-Norwehand, environmental impact assessments can be
gian Expert Group in 1993 and 1994. Samples ofised to provide a basis for designing measures to
sediment, water, and biota were collected andeduce or prevent damage. The framework can
analyzed for radionuclides such as Cs-137, Puhen help to identify where intervention might be
239 and 240, Co-60, and europium-152 and 154sed to mitigate adverse effects. The regulatory
(Eu-152, 154) for indications of whether andprocess, in turn, can be designed by using control
what amounts of radionuclides have beenmeasures and performance monitoring to iden-
released from reactors or containers. In 1993tfy the need for any revision of decisions made
samples taken close to the hull of a dumped sukearlier in the framework (30).
marine indicated higher concentrations of Cs- Figure 2-6 depicts the overarching manage-
137 than in the surrounding area, and the elememtent framework developed by GESAMP for
europium was identified. These results suggesteprotecting the environment. The framework con-
that radioactivity was leaking from the subma-tains a hierarchical sequence of planning, assess-
rine reactor (32). Preliminary results from thement, and regulatory activities that are critical for
1994 cruise to two bays in which nuclear wastegnvironmental protection. Although the frame-
were dumped suggested some local Cs-137 ariork was designed as a general tfml use in
Co-60 contamination from dumped containers ofhe marine environment, in its modified form it is
nuclear waste, with less contamination currenth2 relevant tool for decisionmaking concerning
present near dumped reactors containing Spelt-ne management of radioactive material dumped
nuclear fuel. Elevated levels observed1i@93 In the Russian Arctic. Decisionmakers may wish
near the submarine reactor with spent fuel in Stel© WOrK their way through the various steps in

povogo Bay were not supported bgpeated figure 2-6 to help them decide what remedial

onsite measurements during this expedition (19)gct|on(s), i any, are necessary. S'geps_ 1 through 5
are the basis for making the decision in step 6.

One issue that adds to the difficulty of select-
LJAn In_tegrat_e_d F(amewo_rk for ing an appropriate mitigation option is tlaek of
Evaluating Mitigation Options any internationally agreed-upon mechanisms or
The Group of Experts on the Scientific Aspectsvalues for determining when it is necessary to
of Marine Pollution issued a report on the possiintervene and remediate a site (29). In other
bility of a common frameworkfor managing words, steps 2 and 3 of figure 2-6 have not been
radioactive and non-radioactive substances toompleted. Nonetheless, one objective of the
protect the marine environment. This report wasASAP project as defined in the Report of Work-
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Management planning

Environmental impact

resources

assessment process

Regulatory process

FIGURE 2-6: Management Framework for Protecting Marine and Other Environments

Actions

@

Adopt overall goal

@)
ldentify specific values and F
resources, assign priorities

3)
Note environmental characteristics
required and tolerances of values/
resources to be protected

O]

Describe existing environment:
physical, biological, social, economic,
and other characteristics
———— —

(5)
Describe and quantify existing
threats, risks, and impacts

(6)
Identify and assess alternative

options for control of threats,
risks, and impacts |

™ ,

Implement most effective control

(8)
Monitor to assess
performance of controls

9)
Review controls in the light of
performance and observed trends

Considerations/
factors

Principles
Social needs
Human rights

National priorities
Regional goals
Policies

Economic constraints
Cultural mores

Coastal models
Exposures
Seasonality
Various life stages

Broad survey
Use patterns
Natural phenomina
Seasonal variation

Discharges
Harvesting
Developments
Natural resources

Economics
Efficiency
Complications
Expertise

Legal
Administrative
Technical, social

Regular sampling
Indicators
Social survey

Improvements
Increased efficiency
New knowledge

SOURCE: Office of Technology Assessment, adapted from Joint Group of Experts on the Scientific Aspects of Marine Pollution (GESAMP), Can
There Be a Common Framework for Managing Radioactive and Nonradioactive Substances 10 Protect the Marine Environment? GESAMP Reports
and Studies No. 45, Addendum 1 (London, England: 1992).
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FIGURE 2-7: Framework for Evaluating Mitigation Options to Remediate

Radioactive Dump Sites at Sea

Decision to
intervene

\4
No intervention Passive approach__
"base case” >l control along exposure pathway
r | |
| |
Impact by natural Active
No changes of and anthropogenic approach—
conditions at sea events (exceptional remediation
accidents) options
v v
-
ln;tftigat:g:;u:al Retrieval, transportation
maodifical 8- Relocation at sea to land for treatment
encapsulation, capping, andlor disposal
excavation with buria!
Exceptional Exceptional Exceptional
Expected accidents Expected accidents Expected accidents

SOURCE: Office of Technology Assessment, adapted from International Atomic Energy Agency (IAEA), “Report of Working Party 3,” materials
given to members of the International Arctic Seas Assessment Project's Working Group on Remediation Measures in preparation for the initial

meeting, Vienna, Austria, January 23-27, 1995

ing Party 3 is to examine possible remedial
actions related “to the dumped wastes and to
advise on whether they are necessary and justi-
fied” (29).

Steps 4 and 5 are accomplished by collecting
necessary information on the condition of the
dump sites and status of the dumped material.
Thisinformation is used in step 6 as decision-
makers select an appropriate mitigation option.
Figure 2-7, which is adapted from afigure devel-
oped by the IAEA (29) for its Remedial Mea-
sures Working Group, illustrates a framework for
evauating options that would likely be available
to decisionmakers.

Mitigation Options

It is very possible that decisionmakers would
choose different options, depending on the con-
ditions present at a particular dump site. For
example, one may choose an option (e.g., ho
intervention) for sites containing low levels of
contamination and another option (e. g., atechni-
ca measure to contain waste in situ) for those
containing higher-activity waste in structuraly
unsound containers. No attempt is made here to
identify or recommend the most appropriate
option for particular conditions at a dump site.
Instead, this section describes both the series of
steps or framework that a decisionmaker would
use in selecting mitigation options and the fac-
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tors that must be considered in assessing eachtrieval of the material and its transportation to
option. land for storage, treatmermtnd/or disposal.

The first choice that a decisionmaker must It should be noted that any of these options
face is whether or not to intervene. In makingwould require very specialized equipment to
this initial decision, it is critical to understand the maneuver or deploy heavy loads and otherwise
consequences of taking no action—leaving thenanipulate materials underwater in potentially
dumped material on the sbattom. IAEArefers  rough weather. Such equipment exists or could

to this as the “base case” against which intervenbe developed by modifying existing vessels (20),
tion measures can be judged, and efforts to conput the procedures would be costly.

plete this assessment are being actively pursued

by the other IASAP working groups (29). EVen q sjy technical modification of the material
the no-action option has two possible out-; gncapsulate the materiaDumped radioac-

comes—an expected situation, in which fore-

casted consequences occur and no accidental

situations arise, and exceptional situations in
which a low-probability event occurs. Such low-
probability events can be accidents (e.g., ice-
bergs colliding with dumped material orHiag
vessels inadvertently dropping objects on con-
tainers and rupturing them) or non-accidental
rare events (e.g., peoptieliberately disturbing
dumped material or seismic events rupturing
containers). Calculating this base case is a criti-
cal first step in defining outcomes against which
all other options can be compared.

In analyzing intervention options, there are

two broad choices—a passive approach and an

active approach. Under the passive approach,
options are available that do not cure the root

tive material can be encapsulated by several
methods. It is possible to coat the material or
cover it with some type of cement. Various
kinds of cement are available. Cement den-
sity, setting time, and strength can be altered
by adjusting its composition. The dumped
material can also be surrounded by a structure
of steel that can be filled with cement or some
other material. The Kurchatov Institute has
studied the durability of another encapsulation
material, furfural, in seawater. Furfural is a
compound derived from oats that polymerizes
to form a solid. It was used by Russians to fill
some of their sunken reactor compartments
and act as a barrier to radionuclide release.
Some Russians have attributed a 500-year
lifetime to furfural (25), but this requires con-

cause (i.e., take some action at the dump site) but firmation (46)

that address some exposure pathway emanating

from the root cause. Examples of suchicatdt
include restricting the local populatiofrom
using or consuming resources from the region in
which the material was dumped. Another action
may involve relocating the local population away
from a region of radiological concern.

Under the active approach, several remedia-
tion options are available, all of which deal with
managing the dumped material in some way.
These can bdivided intothree generioptions:

1) in situ technical modification of the material
(e.g., encapsulating the material, capping over
the material, excavating underneath the material
and burying it); 2) relocation of the material from
all sea sites to a common location; and 3)

In the case obuilding a structure around
the dumped material (which could include a
submarine) prior to encapsulating it, a coffer-
dam could be built, constructed of blocks
bolted or welded together above the center
well. These blocks may be made from prefab-
ricated pieces of steel to ease storage and han-
dling issues aboard the workship. The internal
volume of the blocks could be either open to
the sea or filled with heavy drilling mud if
greater weight were required. Once the coffer-
dam is in place, the seawater from within
could be displaced by mud or cement pumped
from the drill string. Cement may be prefera-
ble because it muld set in place and beore
permanent than mud (20).
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2. Cap the material:The dumped material can flow. The same calculation of risks and costs ver-
be covered with sedimentary material orsus benefits would have to be conducted.
capped. This is a common practice used in
managing contaminated areas of dumpegetrieval of the material and transportation to
dredge spdé. It is important to monitor and |and for storage, treatment, and/or disposal
maintain the integrity of the cap. The material could be recovered and transported

3. Excavate underneath the material and bury it:to a shore-based facility for storage, treatment,
The seabed underneath the dumped materiahnd temporary or ultimate disposal. The first step
can be excavated, allowing the material to fallin treatment could include sorting the material to
into the depression created. The material cagegregate it into different categories or sizes
then be covered with sediment, leaving noappropriate for containment or disposal.
hummocky features on the seabed. This is an The |AEA Remedial Measures Working
option under consideration by the Sanctuarysroup meeting in late January 1995 reviewed
Manager of the Gulf of the Farallons off the seyeral underwater retrieval technologies,
California coast for remediating radioactive jncjuding videos of actual operations in retriev-
waste barrels dumped to depths of 1,000 fathing hazardous materials. Several types of plat-
oms (79). This option is of particular interestforms are being used to service or retrieve
to the Farallon Islands because of the gregfinderwater objects. Of particular concern to
depths of the dump site; the barrels’ lack ofmost experts is anticipating how these technolo-
structural integrity, which makes recovery dif- gies may perform or operate under sea ice condi-
ficult; and the artificial reef that the barrels tions (6). Wntil the actual conditions of the
have produced, which attracts fish and othegymped wastes and their environments are better

organisms to the site as a habitat. If the mategnderstood, however, the specific retrieval
rial is buried underneath the seabiis latter  needs—if any—will not be clear.

problem is addressed.

_ _ , Factors to Consider in Choosing the Most
Relocation of the material from all sea sites Appropriate Mitigation Option

to a common location . . . L.
. : . . Before any intervention measureingtiated, it is
Two types of sites are being considered in the o
. . . . important to know whether the measure is justi-
relocation option (46). First, the material could,. . .
fied (i.e., will do more good than harm) and

be moved inside a small fjord that has a shallow I
hether the approach selected maximizes protec-

mIe'F to the open sea. The inlet could be damme({ivon of human health and the environment. Sev-
cutting off circulation to the open sea. As with

X = ] eral factors need to be considered at each
any of the options, there are significant risks an‘i’uncture of the decision framework (figure 2-7)

costs associated with this option that would havg, evaluating mitigation ajons. Figure 2-8 lists

to be weighed against possible benefits. Riskss,ctors recommended by the IAEA for consider-
not only to human health but also to the environyiion and to the right of each factor, the various
ment, are associated with cutting off a waterg|ements associated with it. More detailed expla-
body from adjacent open waters. The factors ofations of these elements can be found in table 2-
greatest relevance that must be considered agwhich describes the specifics that must be con-
listed in figure 2-8 and table 2-8. sidered and why they are important.

A second possible location may be the region All of the elements and their associated com-
of underwater caves along the Novaya Zemlyanents must be considered and calculated to
coast. The material from all isting dump sites determine the impact that a particular factor can
could be collected and placed in the caves. Thhaave in influencing the choice among all applica-
caves could be sealed off to prevent any wateble mitigation options. Once these factors have
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FIGURE 2-8: Factors to Consider in Selecting an Appropriate Mitigation Option

Factors Elements
- Herditary (human)——'
. Children
| Deterministic Public’
effects Adults
| - -~ © Wworkers’
— Fatal cancer I
— Biota’
Children
— Public?
— Adults
‘— Workers?* Children
— Public ———{
— Reassurance4 ————— Adults
— Workers
Children
Public
— Anxiety 5 —————‘{: -~ 7 C Adults
Workers

— Economic losses
Fisheries (loss of profession)’

Indigenous cultures ’
(change of living habits)

International conventions

National laws

Normal
Feasibility —————[

Accidental

Normal
Monetary cost ° ———[

Accidental

NOTE: Superscript numbers correspond to the elements listed in Table 2-6.

SOURCE: Office of Technology Assessment, adapted from International Atomic Energy Agency (IAEA), “Report of Working Party 3, materials
given to members of the International Arctic Seas Assessment Project’s Working Group on Remediation Measures in preparation for the initial
meeting, Vienna, Austria, January 23-27, 1995
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TABLE 2-8: Elements to Consider in Assessing Intervention Measures

Element

Comment

1. The avoidable individual and collective doses from
exposure to radiation and risks of potential exposure
situations for members of the public

2. Individual and collective physical (non-radiological)
risks to the public caused by the intervention measure

3. Individual and collective risks to workers in carrying
out the intervention measure

4. Reassurance of the public and the workers provided
by implementation of the intervention measutre

5. Anxiety caused by implementation of the intervention

Dose reductions and risk reductions from potential doses
that would be achieved through intervention are estimated
here. The assessments must consider critical group doses
and population doses.

These risks can be both radiological and nonradiological,
and can involve both normal risks and those due to
accidents.

Removal of stress caused by situations of real or perceived
hazard.

Note that the intervention measure may transfer anxiety

measure from one population group to another (e.g., if the waste is

moved from the sea to land).

6. Impact of intervention measures on the environment,
live, and other natural resources

7. Individual and social disruption caused by
implementation of the intervention measure

Note that individual and social disruption may also occur if
no intervention takes place. This could happen if living
habits of the population are changed or fishing grounds
must be moved.

8. Monetary cost of the intervention measure

SOURCE: Office of Technology Assessment, adapted from International Atomic Energy Agency, “Report of Working Party 3,” materials given to
members of the International Arctic Seas Assessment Project’'s Working Group on Remediation Measures in preparation for its initial meeting,
Vienna, Austria, January 23-27, 1995.

been calculated or assessed, decisionmakers ckm is the primary driver for devising and main-
work their way through the decision frameworktaining an accurate system tanitor the dump
described in figure 2-7 to decide which option orsites.

set of options is appropriafer addressing the

contamination at a particular dump site. Deci- CONCLUSIONS

sions on these sites not only must be considered
in terms of the costs and benefits of dlfferemProgress has been made in assessing the extent of

interventions at a particular site, but must be inteSUrreént contamination in the Arctic and North
grated into a larger plan for the prevention orPacific, and available informatiosuggests that
mitigation of nuclear waste problems in thethe anthropogenic radionuclide contamination
wider region. In other words, prevention of measurable in the Arctic comes primarily from
future dumping or of releases of nuclear wasteg§uclear weapons testing, from European nuclear

must also be considered an option competingvaste reprocessing discharges, and from the
with remediation for limited resources. Chernobyl accident. Nuclear wastes dumped by

As mentioned, there are areas in which datdhe former Soviet Unionjsted in the Yablokov
are either lacking or uncertain. Consequently, iteport, seem to have led to only very local con-
is difficult to calculate factors and their elementstamination near the dump sites so far, but a thor-
precisely, a difficulty that affects risk assessmenbugh inspection has not yet been done at each
and inhibits accurate decisionmaking. This probsite.
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Questions about potential future contamina-
tion remain, and further information is required
to address them. Data about source terms, con-
tainment, and transport factors are needed for
ongoing modeling efforts and for a thorough risk
assessment. Inspections of the dump sites are
necessary complements to expert assessments of
the size of the source terms. A system @inim 4.
toring can provide some of the needed informa-
tion as well as early warning of releases.

Decisions about remediation will require con-
sideration of many different factors indition to
the potential impacts from the dumped wastes if
no remediation action is taken (ongoing risks,
assessment efforts through ONR and IASAP).
Note that there are currently no internationally
agreed upon values for what canges too
much radiation at an ocean dump site. Informa-
tion about the conditions around the sites and the
current dispasion of the wastes will be critical g
in considering the feasibility and cost of remedi-
ation or mitigation options. The management
framework developed by the IAEA (figure 2-7)
can be used to organize these and other factors
(social, political) that must be weighed in deci-
sionmaking. Such factors must ultimately
include other potential sources of nuclear wast
contamination of the environment, such as land-
based sources of high-level wastes awaiting dis-
posal or dispositioelsewhere (see chapter 4). 3
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t the heart of the tremendous interest inoccurred. Even though curremisks do not
the nuclear waste dumping that was car-appear to have increased as a result of the dump-
ried out by the former Soviet Union in ing, release rates and pathways to people remain
the Arctic and North Pacific are con- to be evaluated to understand the magnitude of
cerns over the potential human health effects ofuture risks.
ecological impacts. People have wondered how podels used to approximate the behavior of
seriously the dumped wastes might contaminatggents in the environment require a tremendous
the environment, and whether they pose curreniqnt of site-specific information. Much of the
or future hazards to human health or ecosystemg.peciﬁC information required is not yet known

Understanding bOt_h cur_rent and_ future risks Yor the Arctic environment or for particular dump
human health requires information about the

" q ¢ of radi i | qi tsites, although it is being gathered. Several dif-
nature and amount of radionuclides released INtpy .oyt offorts are underway to model the environ-
the environment, and information about their

. mental transport of radionuclides dumped in the
transport through the environment and through P P

. . c10\rctic as well as those released at sites in Russia
food chains to reach human beings. Understand- . o .
along rivers that drain into the Arctic.

ing risks to ecosystems requires additional infor- .
The most likely route of human exposure to

mation about the effects of radiation on the ) ) k
variety of different organisms that make up the@dionuclides in the seas is through the food

ecosystems. chain. Thus, in addition to information about

Important questions remain at each stegadionuclide movement through the physical
described above. Since the release of th&nvironment, data specific to the Arctic iegs
Yablokov report describing dumping in the Arc- must be compiled about biological pathways to
tic, more has been learned about some of thBuman beings. The marine food web is complex,
wastes, but their condition and likely radionu-and most available data were collected in tem-
clide release rates remain largely unknown. Agerate, rather than Arctic, settings. Therefore,
described in chapter 2, current levels of radionuinformation is required about the way in which
clides in the seawater and sediment in Arctic seasdionuclides are transferred—and sometimes
do not suggest that significameleases have concentrated—through the food chain under the

| 79
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special local and regional conditions existing Several rough approximations of risk from the
there. dumped radioactive wastes have been made;
People of the world are not equally at riskthese suggest that even worst-case scenarios for
from radionuclides dumped in Arctic seas or insudden release of the wastes do not pose a severe
the Russian Far East. Current and future investglobal hazard. However, they are made in the
gations have to focus on gathering relevant inforabsence of specific information that could eluci-
mation about the dietary habits and otherdate which populations are most at risk and what
characteristics of thpopulations who are most the risks might be. A more thorough assessment
likely to be exposed, such as Native northerris required to answer these questions.
populations and others who rely on Arctic As more information is gathered and the risk
marine resources. This information will be criti- assessment is carried out, it is critical that the
cal for a thorough risk assessment to estimate theublic be involved in the process. Genuine
most likely effects on human health. efforts must be made to ensure that the poten-
If the released radionuclides come in contactially affected communities participate in deci-
with people in amounts sufficient to cause healtlsion making, provide input, and have access to
effects, these effects are most likely to be canthe information collected.
cers. Radiation is a known cause of cancer and After a brief review of the health effects of
other health effects at high doses, but at the lowadiation, this chapter examines current under-
doses that might occur from environmental constanding of the health and ecological effects of
tamination, the effects are difficult to study andthe radioactive contamination that has occurred
therefore less certain. For the protectiopuaiblic  from the dumping of nuclear waste in the Arctic
health, international experts have developed recand North Pacific (or that might result from
ommended dose limits for the general publicfuture contamination events). Some of the major
from human practices. These can be used to cogaps in information and understanding are also
sider potential radiation exposures and thddentified.
degree of hazard theyight pose.
Radiation effects on Arctic ecosystems areqyMAN HEALTH EFEFECTS FROM
still not well known. Sensitivity to radiation var- RADIATION
ies among species, but in general, plant and ani-
mal populations do not appear to be more . . ..
sensitive than humans to the effects of radionu-D Radiation and Radioactivity
clides in the environment (26,28). Relevant datdRadiation is the transport of energy through
from Arctic environments are extremely limited. space. The energy can be in the form of particles
No comprehensive risk assessment of theér electromagnetic waves. When radiation trans-
impacts likely from the radioactive waste dump-fers enough energy to displace electrons from
ing has yet taken place. Ideally, the process oftoms and break the bonds that hold molecules
carrying out a thorough risk assessment wouldogether, it is called ionizing radiation. lonizing
entail evaluating the available information toradiation may be released when unstable atoms
address a specific question about risk. What isalled radionuclides decay to more stable forms
the likelihood of a certain specifipopulation or may be produced in man-made devices such
experiencing a health effect such as cancer? As x-ray tubes. Because biological systems are
systematic attempt to address such qoest highly structured and specific at the molecular
would help make clear the data gaps that remairdevel, the changes caused imnizing radiation
Until such a careful analysis is carried out, it will are usually damaging to the function of the cell,
remain difficult to integrate the increagly tissue, or organ involved.
available information to arrive at a clear answer lonizing radiation is frequently categorized
about future risks. into particles and electromagnetic waves. Partic-
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ulate radiation includes alpha particles, beta partors such as age). Most credible scenarios for
ticles, neutrons, and protons and ionizes mattenradiation doses to people from environmental
by direct atomic collisions. Both alpha and betacontamination are based on internal exposure
particles have mass and can travel only short digather than external—that is, radionuclides that
tances in air or human tissue because they ragse inhaled or ingested rather than those that are
idly transfer their energy through ionizing outside a person. Radionuclides in the body are
collisions. Both x-rays and gamma rays are elecreferred to as internal emitters, because they con-
tromagnetic waves or photons; they are referretinue to impart energy to the surrounding tissue
to as penetrating radiation because they travdtom within and, thus, can continue to harm or
long distances and can penetrate dense materialter cells for extended periods.

Penetrating radiation ionizes matter as it passes

through tissue and interacts with atoms, impart{] Mechanism of Action

Ing engrgy.. o ) The hazards posed by radiation depend on its
Radioactivity is the property of certain unsta-jnteraction with living tissue. At the molecular

ble atoms (radionuclides) to disigratesponta- |oye| the electrons set in motion by ionizing
neously, releasing radiation and forming aagiation can directly impact cellular macromol-
different “daughter” nuclide. Radionuclides gcyles such as DNA (deoxyribonucleic acid).
share the chemical characteristics of their stabl@adiation can also act indirectly by ionizing
forms in the periodic table, except that they giveyater molecules to create reactive molecules
off energy (radiation) as they decay to more Statfree radicals) that can in turn attaBWNA or
ble states. For example, carbon-14 is an atomiher cellular components as oxidizing agents.
that is produced both in the atmosphere by thggih direct and indirect mechanisms cause dam-
interaction of cosmic rays with matter and ingge to the cell, particularly as a result of damage
nuclear reactors. It behaves like carbon-12 ing pNA.
almost every way except that itiastable. When The mechanism of damage to DNA and other
it decays, it emits ionizing radiation, resulting in important cellular macromolecules is not unique
stable nitrogen-14. Daughter nuclides can also bg, radiation. Normal cellular processes, as well
unstable, proceeding to undergo radioactiveys many other agents, cause similar oxidative
decay themselves. Strontium-90, a man-madgamage. As a result, natural processes exist that
radionuclide, decays to yttrium-90 with the emis-can rapidly repair DNA damage. Serious effects
sion of radiation. Yttrium-90 in turn decays to qgn result, however, when the damage is too
zirconium-90 as more radiation is released (6). great for such repair processes or when a lesion
is not repaired.
(] Radiation Health Effects When ionizing radiation passes through an

The release of radioactive contamination into th@r9anism, several different results gussible. |f

environment is of concern because of the potersh@nges or damages wrought by the ionization

tial harm to people and ecosystems from radio2'® not fully repaired, the cell can be killed or

nuclides. Radionuclides are carcinogens and, d'évented from reproducing. Alternatively, the

high doses, can also cause rapid sickness ar‘l:(‘j’” can be mod|f|§d Wh'le still t?e'”g able to

death. reproduce. These situations describe two catego-
The health effects of exposure to radiation’ ©> “Of effect§ rrom radiation—“determistic

depend on many factors, including the type o nd "stochastic.

radiation, the amount of energy it delivers, the o

length of time over which exposure occurs, the- Deterministic Effects

organs or tissues the radiation interacts with, an®eterministic endpoints are almost all due to

characteristics of the exposed person (host fadiigh doses that overwhelm cellular repair
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processes and cause cell death. Damage that kiliscussion of units used to describe radioactivity
one or a few cells may not even beticeable, and radiation dose in box 3-1) to the whole body,
but beyond a certain threshold, the loss of cellsleterministic efécts of radiation will occur
will be reflected in loss dfissue function, possi- within hours, days, or weeks. These effects are
ble organ impairment, and death. Below thecalled acute radiation syndrome and include nau-
threshold the probability of such harm is zero,sea, vomiting, fatigue, and a lowered whikedul
but above some dose level at which tissue funceell count. The symptoms and their severity
tion is lost, the severity of the harm will increasedepend on the dose of radiation received. Death
with dose (28). Thus, at high doses of radiationcan result from infection, dehydration, or low
the threshold for damage in sevetmsues is white blood cell count, and is increasingly likely
exceeded, and severeolumgical effects are pre- at doses greater than 100 rads. An estimate of
dictably observed. 300 rads has been made for the median lethal
When humans are exposed to relatively higldose to humans within 60 days (35).
doses of radiation (greater than 50 fadee the

BOX 3-1: Units Used to Describe Radioactivity and Radiation Doses

An array of different terms and units are used to convey radiation levels and the doses of radiation to
which people are exposed. In 1980 the International Commission on Radiation Units and Measurements
adopted the International System of Units (known as Sl units) for radiation quantities and units to be used
internationally (69). Adoption of the SI nomenclature in the radiation field in the United States has been
slow, with the result that both the previous conventional system and the S| system are currently in use.
Conventional units are used throughout this report, with the Sl conversion factors provided in this box and
equivalencies provided as necessary.

Radioactivity is the phenomenon of radioactive disintegration in which a nuclide is transformed into a
different nuclide by absorbing or emitting a particle. The activity of a radioactive material is the number of
nuclear disintegrations per unit time. The conventional unit used to express activity is the curie (Ci), which
is 3.7 x 1010 nuclear transformations per second and approximates the activity of 1 gram of radium-
226. The Sl unit for activity is the becquerel (Bq), where each becquerel is one nuclear transforma-
tion per second (thus, 1 curie = 3.7 x 1010 Bq).

The half-life of a radioactive substance is the time required for it to lose 50 percent of its activity by
decay. Each radionuclide has a unique half-life. Activity and half-life are related, so that radionuclides
with higher specific activity (activity per gram) have shorter half-lives, and vice versa.

Levels of contamination are frequently reported in terms of activity (curies or becquerels) per unit vol-
ume or area. For example, measurements of the activity in the Kara Sea by the Joint Russian-Norwegian
Commission in 1992 found levels of cesium-137 at 3-20 Bg/m3 in sea water (8 x 10-11 5.4 x 10-10 Ci/m3)
(30). Such measurements convey the amount of a radioactive substance present in a certain medium.
Alone, however, they provide no information about risks to human health. To understand possible risks to
health requires a host of additional information that can be used to calculate and interpret a radiation
dose.

(continued)

11 rad = 0.01 joule/kg = 0.01 gray.
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BOX 3-1: Units Used to Describe Radioactivity and Radiation Doses (Cont'd.)

For any potential harm from radioactivity, radiation must interact with the cells and tissues of the
human body and deliver a dose. Several different units are used to describe radiation dose. Absorbed
dose is the energy absorbed per unit mass, given in units called rad. Sl units for absorbed dose are gray
(Gy), and 1 Gy is equivalent to 100 rads.2 The biological effect of radiation is related to the absorbed
dose, but it also depends upon several other factors, such as the type and energy of the radiation
causing the dose. A “radiation weighting factor” is applied to the absorbed dose to account for dif-
ferences in the relative biological effectiveness observed experimentally, for example, between low-
energy x-rays and alpha particles, which deposit much greater amounts of energy over the distance
they travel. Adjusted with the weighting factor, the measurement of dose is called the equivalent
dose, and is measured in units called rem. The Sl unit for equivalent dose is the sievert (Sv); 1 Sv =
100 rem. Since the probability of stochastic effects also depends upon the organ or tissue irradiated,
still other weighting factors are used to account for differences in the effect of radiation on different
tissues in the body. This dose, now weighted to account both for tissue differences and differences
in the energy and type of radiation, is called the effective dose (formerly effective dose equivalent)
(28).

Some additional dosimetric terms are also used in this report. The committed effective dose takes into
account the continued doses to the body when radionuclides are taken into the body and become inter-
nal emitters. The collective effective dose relates to groups of people, rather than individuals, taking
account of the number of people exposed by multiplying the average dose to the exposed group by the
number of people in the group. The unit of this quantity is the person-rem, which is an effort to represent
the total consequences of the exposure to a population. Sometimes the collective effective dose is accu-
mulated over a long time, spanning successive generations, depending upon the quantity and half-life of
the radionuclides (28).

a0ne rad = 0.01 joule/kg = 0.01 Gy.
SOURCE: Office of Technology Assessment, 1995.

[] Stochastic Effects have taken place at the molecular level, cancer
At doses lower than those that produce acutgeve.IOpS; cancer from low or mod(_arate doses is
symptoms, the effects of radiation on human™© different from one induced by high doses. In
health re, | redictable. If a dam d DNA?ther words, the likelihood, but not the severity,
ealth are less predictable. 1 age of a cancer is roughly proportional to dose and
site is misrepaired or not repaired, and the mOd'brobany has no threshold (28). This type of
fied cell is still able to reproduce, its propagation '

_ _ effect is called stochastic, meaning “of a random
may ultimately result irtancer. Development of

) - or statistical nature.”
a cancer is understood to be a tistdp process

in which modificati ‘ " _ 0 Numerous studies in humans and animals
in which modification of a cell's DNA is a Criti- a6 established that radiation can cause cancer

cal step that must be followed by other steps tQnq that the incidence of cancer increases with
eventually lead to uncontrolled growth. Thus, notincreasing radiation dose. What is less certain is
every cell with damaged DNA will go on to the relationship between the size of the dose and
become cancerous. However, the more cells thafe |ikelihood of developing cancer. At low dose
contain damaged DNA, or the more damage siteevels such as might be encountered from con-
that occur in the DNA of a single cell, the moretamination in the environment, it is almost
likely it is that one of them will ultimately impossible to collect quantitativdata on human
develop into a cancer. Once sufficient changesisk. Therefore, it has been necessary to extrapo-



84 | Nuclear Wastes in the Arctic

late from data collected on humans exposed tever, a variety of factors makes it extremely dif-
much higher doses and dose rates, such as atonficult to observe such effects in epidetaigical
bomb survivors or medically irradiated people.studies.
The need to estimate effects based on data from Genetic effects as well as cancer fatlo the
very different conditions necessarily leads tocategory of stochastic effects of radiation. Radia-
uncertainties in describing risks. tion damages the genetic material in reproductive
Other factors add to the difficulty of estimat- cells, leading to mutations that can be passed to
ing the risks of low-level radiation. The long successive generations. Like the cancer effects of
period (called a latency period) between a maidow-dose radiation, the genetic effects of radia-
exposure and the appearance of a tumor makei®n are difficult to study. Because the effects are
studies to understand the relationship betweemanifest in the offspring rather than the person
dose and cancer likelihood challenging. Furtherexposed to radiation, there can be a long delay in
more, since cancer causes nearly 20 percent of abserving them. Massive epidemiological studies
deaths in the United States, and cancers resultingith long-term follow-up would be required to
from radiation do not have features that distin-gather enough data for statistical analysis. Fur-
guish them from those due to other causes, thinermore, the same mutations that radiation
subtle increases in cancer rates thaghhbe causes can occur spontaneously; therefore, esti-
attributable to various environmental causes arenating the contribution from radiation is very
difficult to detect (45). difficult (45). Studies on the children of atomic
Despite these challenges, efforts have beehomb survivors failed to detect elevations in
made to estimate the cancer impacts from lowates for genetic abnormalities, but because of
levels of radiation. These estimates have beethe size of the study population, such effects are
adjusted repeatedly over the years, particularly agot ruled out. It is also possible that such effects
more information has been gleaned from studiesould manifest themselves in future generations
of the atomic bomb survivors as they age and@s recessive mutations whigre hidden until
experience their greatest risks from cancer. Thearried by both parents (8). Based on studies in
estimates differ for different cancer sites and folaboratory animals and studies of the offspring of
different ages at time of exposure, but overallatomic bomb survivors, the percentage of genetic
the National Research Council’'s Committee ordiseases attributable to natural background radia-
the Biological Effects of lonizing Radiahs tion is currently estimated to be low; however,
(BEIR) most recently estimated that a singlethese estimates are based on many unoédai
equivalent dose of 10 rem (see box 3-1) to th€67).
whole body carries a lifetime excess risk of death The embryo is highly sensitive to radiation.
from cancer of 0.8 percent, or 8 out of 1,000. IfVarious malformations and developmental dis-
the same dose is accumulated over weeks durbances result from irradiation of the embryo at
months rather than all at once, the risk is estieritical stages in the development of each organ.
mated to be reduced by as much as a factor dflost notable in studies of atomic bomb survi-
two or moré (45). It is important to reiterate that vors has been a dose-dependent increase in intel-
these estimates are based on studies of effectslafence impairment and mental retardation in
relatively high doses and high dose rates; “studpeople irradiated by fairly high doses between
ies of groups chronically exposed to low-levelthe eighth and 15th weeks after conception. To a
radiation . . . have not shown consistent or conlesser extent, mental retardation is also seen in
clusive evidence of an associated increase in thbhose exposed between the 16th and 25th weeks
risk of cancer” (45). As mentioned above, how-(68). Several epidemiogical studies also sug-

2Both of these findings are made with respect to low linearggrtransfer radiation, such as x-rays and gamma rays.
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gest an increased risk for leukemia from irradia-
tion of the fetus in the first trimester of

pregnancy (45).

SOURCES OF IONIZING RADIATION

lonizing radiation is a natural part of our envi-
ronment, but humans have developed additional
sources of potential radiation exposure through
the use of nuclear medicine, weapons, and
power. In the United States, natural sources of
radiation provide most of the average annual
effective dose to the population, which is esti-
mated at approximately 360 mrem each year (3.6
millisieverts (mSv); see figure 3-1) (44). These
natural sources include radioactive elements
present in the earth, cosmic rays given off by the
sun and other celestial bodies, and naturally
occurring radionuclides in the human body. To
some degree, exposure to these natural sourcesis
inevitable, although exposure to some can vary
depending on location and other factors. For
example, exposure to natural radioactive ele-
ments such as the potassium-40 in our bodies
from air, food, and water is inevitable (54). On
the other hand, people living at higher elevations
have greater exposure to cosmic radiation than
those living closer to sea level. People receive
enhanced radiation exposure during air travel at a

rate of about 0.5 rem per hour (44). More back-
ground radiation is also found in areas with
higher levels of radium, uranium, and potassium
in the earth’s crust. Location, housing materials,
and housing ventilation can influence the expo-
sure to radon and its decay products, which on
average make up the largest contribution to aver-
age annual effective dose.

Man-made sources constitute the remaining
18 percent of the average effective dose to the
U.S. population. Use of x-rays for diagnosis and
nuclear medicine such as radiotherapy for cancer
are estimated to contribute most to exposures of
this type. Occupationa exposures, fallout from
nuclear testing, and exposures from the nuclear
fuel cycle contribute small fractions to the aver-
age.

The pie chart of figure 3-1 illustrates the sub-
stantial contribution of background radiation to a
typical person’stotal exposure to radiation in the
United States (300 mrem or about 82 percent).
However, our concern in this study is not with
doses averaged over entire populations, but with
Situations in which subpopulations or individu-
as, in the United States or elsewhere, might
experience increased exposures because of man-
made radioactivity released into the environ-
ment.

» FIGURE 3-1: Contributions of Various Radiation Sources to the Total Average

Effective Dose in the U.S. Population
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SOURCE: Used with permission from the National Council on Radiation Protection and Measurements, lonizing
Radiation Exposure of the Population of the United States, NCRP Report No. 93 (Bethesda, MD: 1987).
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[J Radiation Protection Standards TABLE 3-1: ICRP Recommended
and Guidelines Dose Limits

Over the yearsguidelinesfor the protection of Dose limit (rem)

populations from the health effects of radiation , = ) .
. Classification Occupational Public

have been developed and revised as understangd

ing of these effects has evolved. The current rec'éffecnve dose ivif;yj:;r(sa)veraged ?iﬁi;ﬁar
ommended dose limits of the International over any
Commission on Radiological Protection (ICRP) consecutive
are presented in table 3-1. Standards adopted by 5 years)
the U.S. Nuclear Regulatory CommissitiRC)

in 1991 and effective in 1994 for limits on radia- 5 (in any one year)

tion exposures from facilities licensed by the,,.,al equivalent

NRC are nearly identical (51). The ICRP dosedose in:

limits are intended as a guide in considering .,s of the eye 15 15
human practices that are carried out as a mattgy;, 50

of choice and are not intended to apply to doses, i< and feet 50

that might occur from exposure to natural or arti
ficial radiation a|ready in the environment (28). SOURCE: International Commission on Radiological Protection, 1990
Nonetheless, the recommended annual dose Ilnfzgf;’:'n”;i"gzts"s’”ig‘gl;he ICRP, ICRP Publication 60 (New York, NY:

its of 2 rem for workers and 0.1 rem (100 mrem)

for the generalpublic provide some refence clear that the dumped radioactive wastes are
point for considering the scale of other radiationpotentially hazardous to biological systems, pos-
exposues. They are based on an estimate of thing, as described above, risks of cancer and
probability of fatal cancer after low-dose, low- genetic and teratogenic (causing malforiorag
dose-rate, low linear energy transfer (LET) radia-or developmental disturbances of the fetus)
tion to the total population of 5 x ¥(er rem effects, as well as more acute immediate illness
(28). The annual dose limit for thmublic of 0.1 at high doses. Many unknowns exist, however,
rem results in a risk of cancer mortality of aboutboth in the potential contact of these wastes with

105 (1 in 10,000) per year (9). people and in the exposure concentrations and

times that can be anticipated. The following sec-
POTENTIAL HEALTH EFFECTS FROM tions examine what has been learned and what
NUCLEAR CONTAMINATION IN THE remains to be understood about the dumped
ARCTIC AND NORTH PACIEIC wastes, the possible pathways of human expo-

sure, and the populations that may be exposed.
Efforts that have been carried out to estimate

human health effgcts, several_cond|t|on§ must bﬁuman health risks despite the large data gaps are
met. The contaminants or their metabolites muslleviewed along with information on pmile

be hazardous to biologicaystgms. Th(_are must ecological effects.
be contact of these contaminants with people.
Last, exposure to the contaminants must occur at )
concentrations and for periods of time sufficient—] ASSessing Human Exposure
to produce biological eficts. Understating the  Several means are used to measure or estimate
potential hazard therefore requires understandinguman exposure to hazardous agents. Biological
the agent, the exposure, and the subject (32). markers can be used in sonmstances to mea-

In trying to understand the potential healthsure agents in the biological fluids or tissues of
impacts of radioactive contamination from exposed individuals. This approach provides the
nuclear waste dumped in rivers and oceans, it ibest measure of an individual's actual exposure,

For contamination in the environment to result in
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but suffers the drawback that some exposure tdumped wastes. It is not clear, however, that the
the substance or agent has already occurreglaters in question have yet been sampled suffi-
(whole body counts, counts in teeth). A frequentiently and adequately to provide complete con-
approach to estimating human exposure is envifidence in these re#ts. Once altlata gathered to
ronmental monitoring, the practice of measuringdate are compiled and comparedgslitould be
levels of an agent in the air, water, and food tcclear where extensive sampling has occurred and
which people are exposed. That information isvhere more information from adinal sam-
then used to estimate how much of the agentling is needed.
might find its way to or into people based on esti- According to the sampling that has taken
mates of breathing rates, skin areas, or water arglace and been reportéldusfar, particularly in
food ingestion rates. In the absence of, or as the course of three expeditions by the Joint Rus-
supplement to, information from biological sian-Norwegian Expert Group for Investigation
markers or environmental monitoring, knowl- of Radioactive Contamination in the Northern
edge of the source term is also important. Théreas, the level of cesium-137 (Cs-137) mea-
source term refers to the quantities and types &fured in the Kara Sea is between 3 and 20
released radionuclides and thgihysical and bequerels per cubic meter (Bq) (8 x11856.4 X
chemical conditions (64). This information can1020curies/n$), compatible with levels seen over
provide an upper bound on the amount of thehe years from nuclear test fallout and European
agent released into the environment and perhapsprocessing (30). To consider these values in
the rate of its release. Estimates can then be magerspective, intervention levels derived by the
about how the agent might move through thdnternational Atomic Energy Agency (IAEA) to
environment and potentially lead to human expo<ontrol doses to the public in the event of a radio-
sure. logical emergency are 700,000 B@&/(2 x 105

The further a measurement is taken from theuries/n¥) of Cs-137 indrinking water thou-
potential human target, the more estimates angands of times higher than the levels measured in
assumptions are required to anticipate how mucfeawater (60). Many samples from cruises car-
human exposure might actually occur. In considtied out over the summer of 1994 are still being
ering the health and environmental impacts ofihalyzed and should be helpful in covering the
radioactive waste dumped in the Arctic, twoseas of interest more thoroughly.
guestions must be addressed. Are any significant
impacts currently taking place or imminent, andRussian Far East
are any serious future impacts likely? Informa-Expeditions in 1993 to sample the waters and
tion about current levels of radioactive contami-sediments of the Far Eastern seas found Cs-137
nation in the environment can be used tdevels in the surface waters of about 3 By(Bix
consider questions of current human exposureoii curies/m§) and lower levels in the deeper
and effects, and information about the sourcévaters (22). These measurements are consistent
term can be applied toward considering potentialvith expected atmospheric input from fallout and

future effects. do not suggest Russian waste dumping as a sig-
nificant source of contamination in the region at
O Current Levels of Radioactive this time. Data from a joint expedition of Russia,
Contamination in the Environment Korea, the IAEA, and Japan in 1994 are not yet
As di . a%vailable.
s discussed in chapter 2, measurements o

radioactivity in seawater and sediments in the

Arctic and Russian Far East that have been coi-] Source Term

lected and analyzed to date do not suggest elédthough measurement of current levels of
vated levels indicative of large releases from theadioactivity in the environment is critical for
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assessing current risks to human health and theinforced container. The Yablokov report esti-
environment, an important step in trying to con-mates a total radioactivity of 2,300 kCi (kilocu-
sider future risks posed by dumped wastes is taes) of fission products in the spent nuclear fuel
know what wastes were dumped, how muchand 100 kCi of Co-60 in the reactor components.
where, and how rapidly they may release radioAlmost no other radionuclides were identified,
nuclides into the environment. In radiological nor was an estimate provided of current levels of
assessments this information is called theadioactivity (13).

“source term,” referring to the quantity and types Since the release of the Yablokov report in the
of released radionuclides and thphysical and spring of 1993, great efforts have been made by
chemical conttions (64). the international community to better understand

As described elsewhere, the Yablokov reporthe magnitude of the risks that the dumped
gives information about both liquid and solid wastes might pose. The Source Term Working
wastes dumped in the Barents and Kara Seas ®Broup of the International Arctic Seas Assess-
the Russian North, and the Sea of Japan, Sea nfent Project (IASAP, described in chapter 5) has
Okhotsk, and off the Kamchatka®insula in the made substantial progress in gathering informa-
Russian Far East (13). Aside from providing thetion relevant to the amount and containment of
total activity at the time of dumping, the reportthe dumped radionuclides. In January 1994, the
gives little information about the liquid wastes Kurchatov Institute in Russia issued a report to
dumped betweed960 and 1991 in the Barents IASAP containing a detailed inventory of radio-
and Kara Seas or those dumped in the Russiatuclides and information on the structure of the
Far East since 1966. Because the radionuclideenins dumped reactor section. Then July
composition is unknowngurrent contamination 1994, essential details of the structure, opera-
levels cannot be estimated. Based on the smatbnal history, and characteristics of the dumped
volumes and irregular timing of dumping, how- spent submarine fuel were declassified by Rus-
ever, it is unlikely that the dumped liquid wastessian authorities. Thereafter, radionuclide inven-
were from spent nuclear fuel reprocessingtories of the water-cooled submarine reactors and
Rather, it is believed that these were wastes frortead-bismuth cooled reactors were also made
reactor cooling systems and ship cleaning operaavailable to IASAP (24). Further information on
tions (49). In this caseadioactive contamination the Leninreactor and the submarine reactors was
is most likely to originate from tritium (hydro- presented at a November 1994 meeting of the
gen-3; H-3), with pasible additional contamina- Source Term Working Group by researchers at
tion by activation products such as cobalt-60the Kurchatov Institute and the Institute of Phys-
(Co-60), nickel-63 (Ni-63), and iron-55 (Fe-55). ics and Power Engineering (40).

The low level and rapid dilution of liquid  Experts participating in the Source Term
wastes suggests that they have contributed onlWorking Group of IASAP have combined this
minutely to the radiation present in these watergarly information with that provided by the
both from man-made sources such as fallout angtablokov report, and made an array of calcula-
reprocessing and from the natural radiationions and conservative assumptions based on the
expected in seawater. submarines’ fuel and working histories to reach a

The solid wastes pose a considerably greateefined estimate of the total activity at the time of
hazard. They included 16 naval reactors fromdumping of about 991 kCi (40). When decay is
former Soviet Union submarines and the ice-considered, the activity estimated to remain in
breakerLenin, which were dumped in the Kara the icebreakerLenin reactor compartment in
Sea and shallow fjords of Novaya Zemlya. Six 0f1994 was about 59 kCi (41,61). The estimate of
the reactors still contained their spent fuel, andhe activity remaining in the submarine reactors
about 60 percent of the spent nuclear fuel fromand spent fuel in 1994 was about 68 kCi (36),
one of theLenin reactors was disposed of in a giving a total of 127 kCi for the estimated current
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activity of the high-level wastes described in theto help gather and analyze additional informa-
Yablokov report. This revised figure can providetion. Some officials in the Russian Navy seem to
a useful basis for estimating releases of thesteel that the Yablokov report revealed too much
radionuclides into the environment and, potensensitive information, and thegre reluctant to
tially, into the food chain and ultimately their declassify additional information requested by
contact with humans. Several vital quess IASAP. Nonetheless, the group anticipates con-
about the quantity and condition of the dumpecdtluding its work on the submarines and reactors
wastes remain outstanding, however. in late 1995 and then shifting its focus to other
Some of these questions concern a substanseastes described in the Yablokov report (those
called furfural, a compound prepared from cereatlescribed only in terms of “Sr-90 [Strontium-90]
straws and brans. A resin based on furfural wagquivalents”). A final report is expected in early
used in the preparation and sealing of some of996 (42).
the dumped reactors, including the spent fuel Although a considerable array of unknowns
from theLenin reactor. Estimatequoted in the about the condition of the dumped wastes
Yablokov report were that the furfural-basedremain, there is no evidence to indicate that large
mixture would prevent seawater contact with thereleases of radionuclides have occurred. As
spent fuel for up to 500 years (13), but otherdescribed in chapter 2, levels of radionuclides
experts have questioned thiaim and few hard measured in the open Barents and Kara Seas do
data exist to confirm it. Apparently three differ- not indicate sources beyond the contributions
ent organizations within the Russian Federatioriue to fallout from atmospheric testing and dis-
produce furfural, but their production rhetls charges from European reprocessing plants.
are not necessarily uniform (38). Thus, the preExpeditions carried out by the Joint Russian-
cise composition and characteristics of the furNorwegian Expert Group have thfsr vsited
fural sealed in various reactors are not knownand sampled near several sites where nuclear
This information is of great interest because ofyaste dumping was described in the ol
the role the sealant may play in delaying releaseeport. In TsivolkaBay, where thé.eninreactors
of the radionuclides and remains among the critiwere reported to be dumped, Co-60—which may
cal unanswered questions about the source terriave originated from the dumped nuclear
For the purpose of modeling the release of thuaste—was measured in the upper sediments,
contaminants over time, both furfural and theput components of theenin were not located
concrete are being assumed to last for 100 yeayg1). Analysis of sediment samples from near the
(39). hull of a submarine containing two reactors with
Several other importantissues remain spent fuel in Stepovogo Bay suggests some leak-
unknown, such as the condition of the reactorage of fission products from the submarine reac-
containing spent fuel, the corrosion rate of thetors. Increased concentrations of Cs-137 (about
fuel in Arctic seawater, and the thickness of thel0 times the amounts measured in the open Kara
reactor compartment walls (38). All of these fac-Sea in 1992) and the presence of Co-60 in the
tors are important in estimating how rapidly orbay also suggestaching from dumped solid
slowly radionuclides may be released into theradioactive wastes other than the reactors with
environment and how much of their radioactivity spent fuel (31). Concentrations of Cs-137 in sur-
will remain as that occurs. The nature and thdace sediments of the Novaya Zemlya Trough,
condition of other dumped solid wastes arealso mentioned in the Yablokov report as a site
unknown. for nuclear waste dumping, were similarthose
The Source Term Working Group is attempt-in the open Kara Sea in 1992. In the Abrosimov
ing to address these issues, via contracts witRjord, three of four reported submarine reactor
experts at the Kurchatov Institute in Moscow andcompartments and three of four dumped barges
the State Scientific Center of Russia in @isk  were located, and there are elevated levels of
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radionuclides in the sediments near these objectsnknowns remain in this area, the development
(10). and particularly the validation of models of envi-
From the limited information available, any ronmental transportare limited by these
leakage that may have occurred so far fronunknowns and associated uncertainties. For
dumped wastes appears, at most, to have led tsxample, an estimate of the dose to humans
only very local contamination. More extensive through a cow’s grazing in a field contaminated
inspection of the dumped objects (particularly,by rainfall through a radioactive cloud requires a
all of the reactors with spent fuel) and samplinggood estimate of at least 14 different parameters,
of the environment nearby are necessary. from the rate of rainfall to soil-to-plant uptake
via root absorption to the quantity of meat and
O Potential Pathways of Human Exposure ~ milk consumed by humans (8,9). Each of these
Since effects from radiation can come about onlyParameters must be entered into the model, but
if radioactive contamination comes in contactSOMe are not known to within an order of magni-
with humans, understanding health risks totude. Since many such parameters must be com-
humans from existing or potential sources ofbined in the models, the uncertainties surcbog
radioactive contamination in the environmentthem can span orders of magnitude. Frequently,
requires an understanding of the varied pathway&e models are used for situations in which vali-
through which radionuclides can eventuallydation prior to decisionmaking is impossible
result in direct external radiation exposure or carfpotential accidents, etc.).
be ingested or inhaled. This is a considerable Improvements have come about as experience
challenge. Given the complexities of humanwith models has increased. Most progress has
activities and diets, myriad different pathways tobeen made in atmospheric environmental model-
humans are conceivable through inhalationing, such that concentrations downwind from a
ingestion, direct contact, or proximity. continuous point source emission can now be
The challenge is not new, however. Pathwaysstimated reliably(8). Much more progress is
to human exposure from radionuclide contamineeded to refine and develop models for aquatic
nation in the environment have been studiedyng terrestrial systems, however. “Atmospheric
since the 1960s when concerns were raised aboyfysjon, while so complex that it is not yet fully
widespread environmental contamination fromunderstood, is a relatively predictable process

fallout dug to nuclear weapons testing. Diagram%ompared to transport through geologic media,
such as figure 3-2 were developed to help under:

tand the fat dt t of radi Iid gr convection, diffusion, and sorption processes
stand the tate and transport of radionuclides ang, ., \ntered in the aquatic environmehSuch
possible routes through the environment to

statements are made with respect to the modeling
humans. Such conceptual models can serve a

the framework for computational models thatO? processes in temperate zones. However, such

. . . processes are even less understood in Arctic con-

approximate the transport of radionuclides from',.
their source to humans. Increasingly, complefi't'ons' _ _
dose reconstruction models have been developed “APOve all, it needs to be recognized that the
and used to try to calculate doses to humans frofifCtic is a very different environment than most
a variety of sources; such models have becomBeople are familiar with. Residence times of
important for nuclear facilities and their regula- materials, in marine and terrestrial ecosystems
tors. and in the atmosphere, are generally much longer

The most sophisticated computer model isdue to the lack of moisture passing through the
only as good as thdata used to construct and system. Paradigms borrowed from experiences
test it, however. Since a tremendous number off radioactive waste treatment at miditiade

3 M. Eisenbud, Environment&adioactivity, 3rd ed., (Orlando, FL: Academic Press, 1987)
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sites are inappropriate for the Arctic condi-
tions."*

Given the nuclear waste dumping that has
taken place so far in the oceans and at sites along
rivers feeding the oceans, the marine and aguatic
environments are those of greatest current inter-
est in trying to understand potential hazards to
humans and the environment. In particular,
researchers are interested in several potential
pathways in sea water or ice through which
radionuclides might move, illustrated in figure 3-
3. The likelihood of these pathways cart be exam-
ined through data collection and modeling. Gen-
eral models alone are unlikely to provide easy
answers to questions of the effects that dumping
islikely to have. A tremendous amount of detail
about a body of water is necessary to begin to
describe the mixing that takes place in it. Site
specific information is necessary about water
depth, bottom shoreline configuration, tidal fac-
tors, wind, temperature, and the depth at which
the pollutant is introduced, among others. “Each
stream, river, bay, lake, sea, and ocean has its
own mixing characteristics that vary from place
to place and from time to time.”*

Attempting to understand and predict the dis-
persion of a radionuclide in a water body is fur-
ther complicated by other chemical, physical,
and biological processes. Do its chemical charac-
teristics make it more likely to be found in solu-
tion or in the soils and sediments? The behavior
and distribution of radionuclides in water envi-
ronments depend a great deal on how likely they
are to become associated with particles. Contam-
inants in solution cart be assimilated by plants
and animals or can fix themselves to suspended
solids, which then become part of the substrate
that supports bottom-dwelling communities.
Contaminants that adhere to sediments can
remain there indefinitely or be a source of con-
tamination later if the sediments are disrupted

FIGURE 3-3: Possible Pathways of Radio-

nuclide Transport Via Sea Water or ice

2

Legend: View of Arctic Region. Gray arrows indicate predominant
sea and ice currents. Dashed black arrow. illustrate hypothetical sea
water or ice transport pathways of contaminants which are currently
under study.

SOURCE: Office of Technology Assessment, 1995.

through turbulence or changing chemical condi-
tions (8). Prediction of the dispersion of pollutant
species that favor the particulate phase is more
difficult than for those that remain in solution. In
general, radionuclides of strontium, technetium,
antimony, cesium, uranium, and H-3 arerela-
tively soluble and less likely to associate with
particles than the radionuclides of lead, thorium,
neptunium, plutonium, americium, and curium
(54). Beyond generalities, however, radionu-
clide-specific, site-specific information is neces-
sary to begin to anticipate the behavior of such
contaminants.

4 Glenn E. Shaw, professor of Physics, Geophysical Institute, University of Alaska, Fairbanks, Alaska, “ Transport of Radioactive Mate-

rial to Alaska,” Radioactive and Other Environmental Threats to the United States and the Arctic Resulting from Past Soviet Activities, hear-
ing before the Select Committee on Intelligence, United States Senate, Aug. 15, 1992, S. Hrg. 102-1095 (Washington, D.C.: U.S.

Government Printing office, 1992).

5 M. Eisenbud, Environmental Radioactivity, 3rd ed., (Orlando, FL: Academic Press, 1987)
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Modeling Environmental Transport involved in efforts using seven different models,
In the face of these challenges, some efforts ar@nd researchers are currently carrying out bench-
being made to use environmental transport modmarking studies to see how the various models
els to better understand the potential outcomegompare in cases dhstantaneous redse and
from the dumping of nuclear wastes in the Karaconstant release.

Sea, as well as in major rivers emptyintp the As all of these models are developed, it is crit-
Arctic Ocean. ical that, where possible, results be compared
A large-scale modeling effort is in progress atwith empirical data or with alternative models to

the U.S. Naval Research Laboratories funded b@scertain the value of these results. Sty
the Arctic Nuclear Waste Assessment Progran@nalysis—an effort to assess whiatputs or
(ANWAP). The model covers the area from thecomponents of a model have the most impact on
North Pole south to about 30° N latitude, includ-the results—can shed light both on how the
ing the Far Eastern seas and the Labrador Sea.model works and, to the extent that it success-
incorporates ocean currents, wind, and ice with &ully represents the real system, on what environ-
resolution of 1/4°. The model has now been usethental factors can benefit most from further
to simulate inputs from the Ob and Yenisey Riv-Study (49). Some uncertainty in the models is
ers, from solid and liquid dump sites in the Karainevitable, and should be described and quanti-
Sea and the Russian Far East, and from théed. Uncertainty stemming from natural vari-
Sellafield reprocessing plant on the Irish Seaability cannot be reduced, but uncertainty arising
The simulations suggest movement of the radiofrom gaps in knowledgshould be used to direct
nuclides out of the Kara Sea along three pathtesearch toward filling those gaps. Proprietary
ways, and indicate that after 10 years of constarihodels are problematic because models benefit
release from dump sites in the Kara Sea, conce@reatly from testing, peer review, and open scru-
trations of radioactivity in seawater near thetiny of their features.
Alaskan coast would be about 100,000-fold
lower than those in the Kara Sea (58). The modelransport Through the Food Chain
continues to be refined and requires additionaln addition to trying to understand how radionu-
data from measurements in the oceans to be valtlide contaminants in the rivers and oceans will
dated. disperse over time through physical mixing and
Another group funded through ANWAP has dilution, it is important to consider other factors
focused on modeling radionuclide contaminatiornthat will play a role in human exposure to con-
of the Kara Sea from the Ob and Yenisey Rivetaminants. Since the radionuclides have been
systems. Using existing data, as well as data cudumped into water environments, exposure
rently being gathered and analyzed on the chathrough inhalation is an unlikely or fairly remote
acteristics of the radioactive sources and of th@ossibility;exchange of radionuclidésto the air
rivers and estuaries, the modelers will try to esti€can occur to some extent bshiould contribute
mate river contributions of r90, Cs-137, and very little to human exposure. Exposure through
plutonium-239 (Pu-239) to the Kara Sea. Thedirect contact with radionuclides in the water is
models will address two different scenarios—apossible but, particularly in the icy Arctic waters
steady continuous release of contaminants andtaat are the focus of this study, not likely to be
sudden large release of radionuclides as fromvidespread or frequent. Radionuclides may be
dam breakage or a flood (see box 2-2 in chaptedeposited on beaches by the waters hivap
2). them, however, or through transport by wind-
Modeling efforts are also under way under theborne spray, as observed near the Sellafield plant
auspices of the Transfer Mechanism and Model# England (56).
Working Group of the IAEA’s Arctic Seas  The pathway most likely to lead to human
Assessment Program. Seven laboratories areontact with radioactive contaminants dumped in
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the oceans, however, is ingestion. Consumptiofhese factors tend to vary widely, partly because
of marine food that has become contaminatethe uptake of radionuclides by organisms in
with radionuclides is logically the most probablewater can be strongly influenced by the presence
path of human exposure, but is difficult to assessof chemical analogs in the water. For example,
Particularly in water environments, understand+the high concentration of potassium (K) in sea-
ing the complex interrelationships within food \yater means that the uptake of Cs-137 in marine
webs and the predator-prey hierarchy leading t@nyironments is lower than that observed in
humgns is dauntilng (figgre 3-4). Whereas the telfashwater or estuarine (brackish) settif@%
restrial food chain leading to humans generallyg;yon the variability in CFs observed in different

consists of two or three separate steps that can lgﬁ.ldies some site-specific information  is
controlled or modified as in farming, the marine ! .
required to select an appropriate value.

or aquatic environment is less defined or regular | vzing th trati f radi
(9). The same predator may eat several different n analyzing the concentrations ot radionu-
types of prey from different “trophic levels,” or clides that may accumulate in an organism and

steps in the food chain. Furthermore, there arf€nce into a pathway for human consumption, it
species in the aquatic environment that can movi® important to consider where the radionuclides
considerable distances during their lives. Thicollect in the animal and whether this is relevant
added complexity leads to use of the term “food© the human diet. For example, clams, oysters,
web” to describe the complex consumption rela@nd scallops concentrate Sr-90, but the concen-
tionships in aquatic, marine, and estuarine setration occurs in their shells, which are ordinarily
tings (55). not consumed (8). In general, muscle tissue tends
Another factor that makes estimating radionu-to have the lowest concentration of radionu-
clide contamination from the food chain difficult clides, whereas liver, kidney, and other organs
is the phenomenon of bioaccumulation. Someénvolved in storage or excretion have the highest
environmental transport processes can lead tooncentrations (54). Thus, a CF for the specific
physical, chemical, obiological concentration tissues consumed by humansfas more useful

of radionuclides to levels that are considerablythan one derived for the entire organism.

higher than its initial concentration in air or  Generalizations about concentration factors

water at the point of release (55). For exampleacross organism types must also be avoided, and
concentration can occur as a result of purelyysis myst be gathered that is specific to the diet
physical processes, such as adsorption of radigy {he people in question. Several types of sea-
nuclides onto silt or suspended solids which ther\}veed growing in waters near the nuclear waste

acc_umulgte on the ocean roor. (8). Indgmbn, discharges of Sellafield were observed to con-

radionuclides can concentrate in organisms thaéentrate radionuclides. However, different spe-

consume other radionuclide-containing organ-_, ¢ d trated  diff ¢
isms, leading to “biomagnification.” cies of seawee concentrate ifferen

. . . . . radioactive elements to varying degrees so it was
Concentration in biological organisms haSim ortant to know which type people actually ate
been an important focus of study for understand- P ype peop y

ing environmental transport. Concentration fac-(7)' It is critical to gather both site-specific and

tors (CF) are ratios of the concentration of thespeues-specmc information, coupled wgbod

radionuclide in the organism to its concentrationnformation about the diet of critical populations.
in the ambient medium. They have been mea- Without site-specific information about the
sured in a variety of different species and setfood web and the diets of critical populations,
tings, both through laboratory research and iPnly a few generalizations are possible about the
natural systems, and should be measured undetdionuclides that might be of most concern for
conditions in which the organism has reachediuman exposure through aquatic and marine
equilibrium with the environment (see table 3-2).food webs (see box 3-2). In any one generation,
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FIGURE 3-4: Arctic Marine Ecosystem Food Web
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NOTE: Numbers in parentheses indicate trophic level in ascending order. Examples of each major category of biota are also listed

SOURCE: adapted from Becker, P., “Characterization of the Arctic Environment,” Proceedings of Workshop on Arctic Contamination, Arctic

Research of the United States, 8: 66-76, 1993.
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TABLE 3-2: Concentration Factors in information must be site specific to be of most
Marine Organisms use in modeling or otherwise anticipating likely
pathways for radionuclides. Information about

Element Fish Crustaceans  Mollusks local physical and chemical characteristics of the
H-3 1 1 1 water body, resideriiota and their concentra-
Cs 100 30 30 tion factors, and the behavior of the specific radi-
Sr 5 2 1 onuclides in the specific environment is needed.
Co 50 5,000 5,000 Data needs must be considered in the context of
Fe 3,000 5,000 30,000 the routes of exposure most likely to lead to
Mn 400 500 5,000 human beings, by taking into account the diets
Mo 40 100 100 and habits of people and exploring the most
Ni 670 1,000 2,000 appropriate transport pathways.

Zn 5,000 50,000 30,000
[ 10 10 10 . s .
Am - 500 20,000 [J Possible Critical Populations
25b Estimates or analyses of risk from environmental
5¢ contaminants usually focus on “critical popula-
cm 258a 500 30,000 tions,” groups who are most likely to be exposed
gi’ (or to have the highest exposures) to the agent of
Np - 100 400 interest. Who are thpopulations with greatest
25b likelihood of exposure to radionuclides dumped
5¢ in the Arctic and North Pacific Oceans? Wdut
Pu 2502 300 3,000 an exhaustive understanding of the life-style,
25b habits, and diet of everyone,mmonsense sug-
5¢ gests that those with the largest proportion of
a Bottom-feeding fish. seafood, shellfish, and marine mammals in their
P Planktivorous fish. diets might have the greatest potential exposure

¢ Piscivorous fish. to radionuclides released in the ocean. Similarly,
SOURCES: T. Poston and D. Klopfer, “Concentration Factors Used in

the Assessment of Radiation Dose to Consumers of Fish: A Review of those_relymg most heaVIIy on fish and _aquatlc
27 Radionuclides,” Health Physics 55:751-766, 1988. Ministry of Agri- ~ Ofganisms from freshwater sources might be
culture, Fisheries, and Food, Radioactivity in North European Waters: most exposed to radionuclides releas#d riv-
Report of Working Group 2 of CEC Project MARINA. (Lowestoft, UK: ers. This describes, in particular, Native northern
19%9) peoples all over the Arctic, including those in
the largest contributions to committed ddses Russia, Canada, Greenland, and the United
from dietary contamination are most likely to States (Alaska). In keeping with the scope of this
come from radionuclides of only moderately report, the focus here is on possible critical popu-
long half-lives (tens of days to tens of years),ations in Alaska.
such as cesium, ruthenium, strontium, and zirco- In Alaska, many of the Native people continue
nium; also from H-3, and in certain circum- traditional life-styles that involve a significant
stances, from iodine-131 and actinides (56). dietary component from fishing and marine
In summary,considerable information crucial mammals’ A study of the diet of Alaskan Native
to understanding the transport and fate of radioadults in the late 1980s indied a high con-
active contaminants is lacking. Much of thissumption of fish—a mean daily intake more than

6 Committed doses take into account doses received over time from internal emitters (see box 3-1).
7Game meats such as caribou also constitute an important part of the diet, particularly in the winter months. Caribou meat in the Arctic
frequently contains appreciable levels of radionuclides because of the caribou’s consumption of lichens (see later text).
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BOX 3-2: Radionuclides of Potential Biological Impact in Dumped Nuclear Waste

No comprehensive listing of the various radioactive elements present in nuclear wastes dumped in the
Arctic and North Pacific Oceans exists. However, it is possible to surmise some of the constituents,
based on what is known about the nature of the waste types discarded there. The wastes dumped by the
Russian Navy were primarily wastes generated in the use of nuclear reactors to power submarines. Other
wastes that may contribute to contamination in the oceans are from the reprocessing of spent nuclear fuel
to recover plutonium for use in weapons production. The following table notes those radionuclides that
might be of most concern from a human health and ecological perspective, because of physical and

chemical characteristics of the elements.

Radionuclide

Half-Life

Fission products2

Activation products

Actinides

Ruthenium-103
Ruthenium-106
Cerium-144
Zirconium-95
Strontium-90P
Yttrium-90
Cesium-1370
lodine-129

Technetium-99

Zinc-65
Iron-55
Iron-59
Cobalt-57
Cobalt-58
Cobalt-60
Nickel-59
Nickel-63
Manganese-54
Chromium-51
Carbon-14

Plutonium-239
Neptunium-239
Americium-241
Americium-243
Curium-242

40 days

373 days

284 days

64 days

29 years

64 hours

30 years
16,000,000 years
213,000 years

244 days
2.7 years
45 days
271 days
71 days

5.3 years
76,000 years
100 years
312 days
28 days
5,730 years

24,411 years
2.3 days
432 years
7,370 years
163 days

(continued)
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BOX 3-2: Radionuclides of Potential Biological Impact in Dumped Nuclear Waste (Cont'd.)

NOTES: a) Fission products are radioactive fragments produced when a nucleus is split. Activation products are produced when
neutrons released during fission react with elements nearby. These elements can be located in the shielding and containment,
fuel cladding, and reactor structural materials. Actinides are elements numbered 89 and above on the periodic table and include
the transuranium elements produced by neutron bombardment of uranium. They tend to have longer half-lives and therefore will
be contributing radioactivity for longer periods of time.

b) Cesium-137 and strontium-90 deserve special mention because they make up a significant amount of fission products and
because of their potential to deliver internal doses over a long time. With half-lives of about 30 years each, either can be taken up
in the body and do harm to body tissues for extended periods before being cleared by tissues or decaying. Strontium behaves
like calcium in the body, eventually being deposited in the bone where it can provide a source of radiation for years. Cesium
behaves like an analog of potassium in the body; it is rapidly absorbed into the bloodstream and distributed to active tissues
where it and its decay product barium-137 emit beta and gamma irradiation. In adult body organs, the effective half-life of stron-
tium-90 is 18 years (bone), and the effective half-life of cesium-137 is 70 days (whole body) (68). The effective half-life takes into
account both the physical half-life of the radionuclide and the time required for metabolic processes to eliminate the material, so
that it reflects the actual time that the radioactive substance is in contact with the body. In general, cesium-137 and strontium-90
are of less concern for accumulating in marine biota than in freshwater because in seawater they are much more diluted by potas-
sium and calcium ions, their chemical analogs. Conversely, radionuclides of elements that are biologically essential but in scarce
supply in a given environment will accumulate significantly in organisms (72).

SOURCES: M. Benedict, T. Pigford, and H. Levi, Nuclear Chemical Engineering, 2nd ed. (New York: McGraw-Hill, 1981); Interna-
tional Atomic Energy Agency, Assessing the Impact of Deep Sea Disposal of Low Level Radioactive Waste on Living Marine
Resources, Technical Reports Series No. 288 (Vienna: 1988); Robert C. Weast, (ed.), CRC Handbook of Chemistry and Physics,
69th ed. (Boca Raton, FL: CRC Press, 1989); F.W. Whicker and V. Shultz, Radioecology: Nuclear Energy and the Environment,
Volume I. (Boca Raton, FL: CRC Press, 1982).

six times the U.S. national average intake &6).ing animals from the same area fdutpnium
Ongoing studies also indite that sea mammal isotopes and Cs-137 showed levels that were
consumption continues to be a very significantalmost all non-detectable by high resolution
part of the diet in some commities(47). gamma spectroscopy. Chemical separation tech-
Some sampling and studies have been carriesiques resulted in Cs-137 activities ranging from
out to determine the levels of radionuclidesp.3 to 1.1 Bg/kg (8.1 x 18-2.9 x 16 Ci/kg).
present in the Alaskan marine environment angn comparison, Cs-137 activities in mussels and
food chain. Funded primarily by the Office of gysters collected in 1990 in coastal areas of the
Naval Research’s ANWAP, the National Oce-cqntiguous United States had an average value of

anic and Atmospheric Administration (NOAA) 5 Bq/kg, with a range of 0.02 to 0.4 Bg/kg (70).
has overseen the analysis of five relevant sample In 1994, samples were collected from larger

sets to date (16,18). Analysis of sediment S&M: nimals that serve asubsistence food sources
ples from the Beaufort Sea in 1988licated a '

range of Cs-137 from nondetectable up to 12 Bq'_ cIudmg bqwhead whale (blubber, lung, and
kg dry weight (3.2 x 10 curies/kg), lower than iver), king eider (bone and muscle), and bearded

or comparable to measurements in sedimeri€@ (blubber and kidney) (16). Very low levels
samples collected in the Kara Sea in 19920f both anthropogenic and naturally-occurring

t|V|ty was attributable to the day of natura”y surement in bowhead whale liver Samples of 0.44

occurring K-40 than to Cs-137. Ratios of pluto-Ba/kg of Cs-137 activity (screening valuem

nium isotopes measured in the samples indicateéte Food and Drug Administration, U.S. Depart-
global fallout as the principal and perhaps solement of Agriculture Chernobyl task force are 370
source of plutonium. Analysis of bottom-dwell- Bg/kg of Cs-137 in food) (60). A limited number

8This study did not include commtieis from the North Slope, Interior Alaska, or the Aleutian Chain, however, where diets may differ
somewhat.



Chapter 3  Environmental and Health Effects of Nuclear Waste Dumping in the Arctic | 99

of samples from anadromduand marine fish A cooperative effort between NOAA and the
gathered across the Arctic had Cs-137 levels dforth Slope Borough of Alaska is under way in
generally less than 1 Bg/kg dry weight. Excep-which tissue samplesdm animals harvested for
tions were Arctic cod (2.6 Bg/kg), Arctic char food will be analyzed and information about the
(4.2 Bg/kg) from a Siberian river, and Arctic findings disseminated to local residgenContin-
cisco from Prudhoe Bay (2.9 Bg/kg). Arctic 9enton FY 95 funding from ANWAP, the effort
cisco and Arctic char are importastibsistence May include workshops that can provide a forum
species in both Alaska and Russia, and Arctid® hear the concerns of the commities and dis-
cod is ecologically important throughout the CUSS the interpretations of collected data (16,52).
Arctic seas. Adity levels of plutonium isotopes ~ Clearly, a variety of other Arctipopulations

and americium-241 were below the detectionMight also face potential exposures as radionu-
limits of the analysis. clides from dumped wastes are transported

Fish and bottom-dwelling animals from the through the environment. In particular, Native

southeastern Bering Sea and Norton Sound i eople throughout the Arctic continue traditional

1994 showed nondetectable levels of Cs-137—'fe'Styles that might make exposure from the
r}rparine food web more likely. More than 28 dif-
. erent groups of Native peoples live in the Euro-
erally less than 1 Balkg. Additional samples,pean and Siberian North and the Russian Far

ECIUdmﬁ ioghe?g Whgle, cadrlbou, annd%%OIarEast. Since the 1920s and 1930s these groups
ear collected In the spring and summe have been treated asstinct, with special ordi-

bydthe I\!orth Sllopg BféouAngt'quLiSk?’da.‘re Si'”nances applied to them. Two of the groups, the
undergoing analysis (16). 0ld, the IdingS 104, i and the Yakuts, are larger (populations of

datesuggest very low levels of contaminants in344’500 and 382,000, respectively, according to
these foods, with global fallout rather than otherthe 1989 census) andeve given their own

nuclear events (Chernobyl, waste dumping ot ;;snomous republics within the USSR. More
discharges, etc.) as apparent sources (15). than 26 smaller groups subsist as htstérap-
Apart from the sporadic sampling done pers and reindeer herders, although the tundra,
recently as a result of increasing concerns aboyhjga, and forest regions of their homelands are
contaminants in the food chain in Alaska, no rouincreasingly damaged by industrial development,
tine monitoring of the marine environment is car-particularly oil and gas. Populations of the
ried out, nor is there amitoring of the food groups in 1989 ranged from 190 to 34,665 (29).
chain, including subsistence food resources. Reqn Russia’s Siberian Arctic, for example, a
ommendations for such monitoring are includedhomadic Nenets tribe of at least 5,000 reindeer
in a recent report by the Alaska State Emergenciierders still live on the Yamal Peninsula as they
Response Commission considering radiologicatiid in the fifth century, eating fish, reindeer, and
threats to Alaska (2) and have been proposed tother food foraged from the land and rivers.
ANWAP (14). While sampling carried otitus  Other Nenets have settled to live as fishermen
far has been adequate to describe the backgrourié2). In the summer months, nomadic reindeer
levels of radionuclides in the Bering Sea, includ-herders as well as settled community dwellers
ing Bristol Bay and the Norton Sound, samplingare large consumers of fish.
in the Beaufort and Chukchi seas has been much Indeed, all along the Arctic coast of Russia,
less comprehensive, and as a result the data baseth Native people and “newcomers” depend
is not yet adequate to describe background levelseavily upon fishing for their foogupplies. This
of radionuclides (17). dependence has increased in recent years. The

9 Anadromous fish (e.g. salmon) are born in fresh water, live as adshd iwater, and return to fresh water torogjuce.
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demise of the Soviet Union has lead to decreaseshows typical concentrations of naturally occur-
in incoming food supplies from other regions.ring radionuclides in seawater.
The converse is that fish caught commercially The study drew attention to “significagaps
are sold locally even more than in the pastin the radiological monitoring database, inconsis-
because shipping and transportation haveencies in the information of dietary quantities
become more difficulf. Thus, although people and components of native diets, particularly for
living traditional subsistence life-styles could bechildren, angossible reservations regarding the
expected to have the highest exposures to compplicability of the dose conversion factors to the
taminants in fish, even those in cities along theArctic circumstances” (20). These concerns and
coasts have significant dietary input from fish.data gaps appear to be equally relevant, if not
Consumption of sea mammals is limited prima-more so, to information about exposures else-
rily to the Chukchi people in the far northeastwhere in the Arctic—for example, in Alaska.
(34,53). Concern about dietary radionuclide exposures
In Canada, concerns about radionuclide expoef people with traditional or subsistence life-
sures of the population through the diet havestyles exists in the context of a well-known pre-
focused primarily on the terrestrial route, but ancedent: the concentration of Cs-137 from fallout
effort to examine the variety of sources of radio-in the lichen-reindeer-human food chain. In the
activity in the Canadian Arctic has taken place1960s researchers discovered that reindeer herd-
through the Canadian Department of Nationakrs in several northern countries had elevated
Health and Welfare. The total population of thelevels of Cs-137 in their bodies (1). Subsequent
Canadian Arctic region is about 85,000ugbly  studies revealed that lichens have considerable
half of whom are Native peoples, many continu-ability to absorb and retain atmospheric particu-
ing traditional food-gathering activities (66). The lates. They have a large surface area alwhg
recently completed study examined the availabléifespan, with no deciduous portions through
data on environmental radioactivity and arrivedwhich to shed radionuclides annually. Lichens
at estimates of radiation doses to groups in siare the primary food source for reindeer and cari-
different communities, five of them Native (or bou during the winter months. About a quarter of
First Nation) communities, with one non-Native the cesium eaten by caribou is absorbed in the
community as a reference point (20). Estimategastrointestinal tract and concentrates mostly in
of doses were made for each community for anuscle tissue (63). Reindeer and caribou con-
typical adult (eating a mixed diet of subsigte, sumers ingest the meat and, thus, take the cesium
or “country” foods, and non-country foods), a 1-into their bodies, where it is distributed to the tis-
year-old child, and an adult whose diet consistsues and remains in the body delivering a radia-
almost entirely of country foods. Estimated dosegion dose for some time. Several studies have
from all sources ranged fromigttly more than monitored Cs-137 levels in the bodies of reindeer
200 to 1,400 mrem a year. The average estimatdterders over time, observing fluctuations corre-
dose to the hypothetical child was about 45 perlating with the atmospheric testing of nuclear
cent higher than to the adult with a mixed diet,devices and variations in diet (19,66). In northern
while estimated doses to the adult eating onhAlaskan Eskimos, estimated annual doses from
country foods were 75 percent higher thhaose Cs-137 in fallout reached 140 mradlif64 and
to the adult eating the mixed diet. The ingestionl966; by 1979 this annual dose hdatreased to
of polonium-210 through the food chain was the8 mrad because of changes in diet and slow
most important contributor to dose, as has beedecreases in the amount of Cs-137 present in
found in other studiegsee box 3-3). Table 3-3 lichen (19). The lichen-reindeer-human saga has

10There is an important commercial fishery in Ob Bay; fishing is done through the ice in the wintenspsrtranechasisms have bro-
ken down, some people are flying in and buying fish privately and then reselling these fish elsewhere, although this is illegal (53).
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BOX 3-3: Naturally Occuring Radiation in Seafood Diets

When considering contributions to human exposure from man-made radionuclides in the aquatic or
marine food chain, it is important to note that people whose consumption of seafood is high can receive a
significant portion of natural radiation from this source. Ocean waters and sediments contain naturally
occurring radionuclides that can be concentrated through the food web just as anthropogenic radionu-
clides are. A rough estimate of annual dose to a person eating a daily diet of 600 grams of fish, 100
grams each of crustaceans, mollusks, and seaweed; 3 grams of plankton; and 60 grams of deep-sea fish
is an annual dose of about 200 mrem per year from naturally occurring radionuclides (54). Most of the
contribution is from Polonium-21 O, particularly from mollusks (see figure). For comparison, doses of this
size are about twice the International Commission on Radiological Protection recommended limit of effec-
tive dose to members of the public from human practices (28).

SOURCE: Office of Technology Assessment, 1995.
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Estimated relative contributions of (a) naturally occurring radionuclides and (b) dietary items to the annual dose rate to critical
groups consuming 800 grams of fish and 100 grams of crustaceans, mollusks, and algae per day.

Source: Pentreath, R. J., “Radionuclides in the Aquatic Environment, ” Radionuclides in the Rood Chain, M.W. Carter (cd.) (New
York: Springer-Verlag, 1988).
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TABLE 3-3: Naturally Occuring normal and natural, and part of a healthy life-
Radionuclides in Seawater— style. Events centered around gathering or shar-

Typical Concentrations ing foods (e.g., whale festivals) are important
community events. To suggest that eating the

Raz_cj::d'de Concenzzt(;on (ploocuries? per liter) foods could be harmful or should be avoided for
i3 0.6-3.0 some reason could cause tremendous disruption
Rb-87 29 of life-style and contribute to disintegration of
U-234 13 the culture (23,48).

U-238 1.2 A third important impact, related to the sec-
C-14 0.2 ond, is the great psychological stress that can
Ra-228 (0.1-10) x 102 result from fear of contaminants in food and the
Pb-210 (1.0-6.8) x 102 surrounding environment. Many people in the
U-235 5x102 Chernobyl and Chelyabinsk (see box 2-4 in
Ra-226 (4.0-4.5) x 102 chapter 2) populations have health problems they
Po-210 (06-4.2) x 102 believe are caused by exposure to nuclear con-
Rn-222 2x102 o :

Th.228 (0.2-3.1) X 103 tamination. They suffephysmally and have a
Th-230 (0.6-14) x 104 chgnged outlook on life (11,12). Whether.or npt
Th-232 (0.1-7.8) x 10-4 their health problems are caused by radioactive

contamination, the people of the region observe a
a1 pi je=1x1012 ies = 0.037 b | I i
pieoeurie = 2 x 1o cures ecquere’s heavy toll of physical effects, which also leads to
SOURCE: adapted from R.B. Clark, Marine Pollution, 2nd ed. (Oxford: hol ical Simil . .
Clarendon Press, 1989). psychological stress. Similar impacts @@ssi-

. . _ ble in other areas, such as Alaska, where people
been instructive as an example of increasegear they are experiencing health effects from
exposure resultingom special dietary situ@ns 5 4iation exposure. Many Alaska Natives have
and suggests the need fagilance in examiing  ¢,ncems about previous exposures to radiation
potential pathways for increased exposures. such as thosrom nuclear weapons testing fall-

In considering risks from environmental CON- ot in the 1950s and 1960s (21). They are very

taminants in the food chain, three Important.ncerned that these exposures have had a health

harmful effects must be considered that do noﬁnpact on their communities. The potential for

result directly from exposure .to radlatllon. Oqe IS, 4ditional exposures can only add to those con-
the fact that when a certain food is av0|dedCerns and the stress experienced.

because of concerns that it may be contaminated,
In summary, a tremendous number of

other foods must be substituted. If these are Ieﬁfnknowns remain in considering the populations

nutriious, are mo.re expenswe, or ha.lve. mor(%hatmight be most at risk of exposure to radionu-
hazardous conta_mln_ants in them, slmsbstltutmﬂ clides dumped into the Arctic and North Pacific
has had a negative impact that must be weighegceans. Detailed studies of the dietary habits of
against the possible negative effects of eating thﬁwany coastal peoples are almost nonexistent, as
first foodstuff. is any monitoring of the locally harvested foods

A second important result of concerns overand good information about the size of the har-
contamination in food is one that may have parvests. Without such information, it is difficult to
ticular impact on Native people living subsis- estimate what exposures are currently taking
tence life-styles. Traditional foods and theirplace from background and fallout radiation, and
hunting are a critical component of Native cul-what concerns might be appropriate regarding
ture. Consuming subsistence foods is of courstuture dissemination of the dumped wastes.
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O Risk Assessments Completed or in a certain period of time. Collective doses are
Progress most frequently used for the purpose of compar-

A thorough assessment of the risks posed b{n9 estimates of total cancer impacts of one
nuclear waste dumping in the Arctic and Northradlologlcal source with another, using units of
Pacific would incorporate understanding of theP€S0n-rem.—

source term, detailed information on the path- WO such estimates were presented at a con-
ways through which human exposure mightference addressing the issue of radioactive
occur, and knowledge of the critical popidat dumping in the Arctic in_June 1993. A_crude est.i-
to arrive at an estimate of the likely risk. Suchmate of global cancer risks from Arctic contami-
assessments have been carried out in the past faRtion was carried out based on a worst-case
other sources. as described in box 3-4. Howevepcenario of instant release of the calculdt@83

the preceding sections describe the fact that vitd"'ventory of radionuclides in the dumped reac-
information, particularly about Arctic pathways [0S (43). The analysis rtiiplied World Health
and peoples, is sorely lacking. In its absence@rganlzatlon dose conversion factors (DCFs) for
several efforts have nonetheless been made tﬁPCh radionuclide by the estimated radionuclide
various investigators to estimate the risks in afventory to arrive at collective dose commit-

effort to get a rough sense of the appropriate levents. The collective dose commitments were
els of concern. summed and multiplied by a cancer risk factor

Several of these estimates ugepulation for ionizing radiation of 0.05 fatal cancer per 100

doses such as the collective effective dose t6M (28) to arrive at an estimate of 0.6 fatal can-
consider the potential total cancer impacts orf€r from exposure to the radionuclide inventory
populations rather than the risks to particulad’®m the nuclear wastes dumped in the Arctic.
individuals. As described in box 3-1, the collec-The authors compared this to an estimate of
tive effective dose is calculated by riplying 17,000 fatal radiation-induced cancers that could
the average dose to the exposed group by tHFCUr asa result of the Chernobyl accident (43).
number of people in the group. It could therefore Another estimate of risks was based on the
be the same for a very low dose to a large popisame radionuclide activity inventory. Baxter et
lation or a higher dose to a smaller populational. used the inputs of Mount et al. (43), with a 16-
Use of the worccommitmentakes into account box model called ARCTIC2, which incorporates
the fact that when radioactive material enters th@ceanographic and hydrographic information
body, the material gives a dose to the person faabout the relevant seas (3). The model output

BOX 3-4: Dose Assessment from Anthropogenic Radionuclides

in the Ocean: Precedents

Despite the many challenges associated with trying to assess the potential radiation doses from
ocean discharges or dumping of radionuclides, two notable precedents exist. One such assessment was
carried out on the Northeast Atlantic Dump Site, by the Nuclear Energy Agency (NEA) of the Organization
for Economic Cooperation and Development (OECD). The other was the result of Project MARINA, an
effort to assess the impact of several sources of radioactivity in marine waters on European Community
populations.

The Northeast Atlantic dump sites are deep sea sites used by eight European countries to dump low-
level nuclear wastes between 1949 and 1982. The NEA is requested to review the suitability of the dump
sites in use every five years, considering the likely radiological impact of dumping operations on both
humans and the environment. Such an assessment was carried out for NEA by the multinational Coordi-
nated Research and Surveillance Program (CRESP) in 1985 (50).

(continued)
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BOX 3-4: Dose Assessment from Anthropogenic Radionuclides

in the Ocean: Precedents (Cont'd.)

Because surveillance data indicated no significant radionuclide concentrations in water, sediment, or
biota, a source term model was developed to estimate a release rate from the dumped objects. An
oceanographic model then was used to predict radionuclide concentrations in water and sediment as a
function of time, and the data generated were used to estimate doses to critical groups. Calculations
were carried out for three scenarios including the past dumping, the past dumping plus five additional
years at the rates typical of past dumping, and past dumping plus five years at rates 10 times those typi-
cal of the past. The following table shows the estimated peak annual doses to individuals in potentially
exposed groups as they were calculated in the assessment. The peak doses calculated were to those
eating mollusks in the Antarctic and fell orders of magnitude below the 100 mrem (0.1 rem) dose limit of
the International Commission on Radiological Protection for members of the public.

Estimated source Estimated peak
term at release  annual doses? to indi-
Source (curies) viduals (mrem) Pathway, location
Northeast Atlantic 1.1 million 0.002 Consumption of mollusks
dump site Antarctica
Sellafield >5.2 million 30-350b Fish and shellfish, Irish Sea
Fallout from weapons 55 million 0.1-1.0 Fish, north European
testing waters
Naturally occurring 200 Mollusks, crustaceans

radiation

aCommitted effective dose arising from intakes of radionuclides in the same year.
bDoses from Sellafield were calculated to have peaked in the early 1980s and to be well below 100 mrem by
1986.

SOURCES: Ministry of Agriculture, Fisheries, and Food, Radioactivity in North European Waters: Report of Work-
ing Group 2 of CEC Project MARINA, Fisheries Research Data Report No. 20, (Lowestoft, U.K., 1989); Nuclear
Energy Agency, Review of the Continued Suitability of the Dumping Site for Radioactive Waste in the North-£ast
Atlantic (Organization for Economic Cooperation and Development, 1985).

Both monitoring data and simple models were used to assess the likely doses to critical groups from
marine pathways in the European Community in Project MARINA (37). The assessment considered radio-
activity from several different sources, including liquid wastes from nuclear fuel reprocessing plants, lig-
uid wastes from nuclear powerplants and other nuclear industry sites, wastes from solid waste disposal in
the northeast Atlantic (referred to above), fallout from Chernobyl, and naturally occurring radionuclides.
The table shows the estimated doses calculated in this effort due to discharges from the nuclear fuel
reprocessing plant at Sellafield and from weapons testing fallout and naturally occurring radiation.

provides radionuclide concentration data, whichtransfer factors and DCFs from the International
are used with IAEA-recommended concentrationCommission on Radiological Protection.

factors to estimate corresponding concentrations The results from this modeling and risk esti-
in fish. Radionuclide intake in humans is thenmate found a range of collective dose commit-
estimated based on fisheries data, with assumpaent from a maximum of 15,000 person-rem (for
tions made about typical fish consumption.instantaneous release of all dumped activity
Finally, conversions to dose were made with guficcording to the Yablokov report) from Cs-137
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down to much lower values with more rigit  consumption of these species by humans. The
assumptions. Individual doses for fish eatergnodel is being developed by Riso National Lab-
ranged from about 6 mrem per year to 0.1 mren®ratory, Denmark, ircollaboration with the Nor-
per year. As discussed in box 3i8dividuals wegian Radiation Protection Authority and the
who consume large amounts of seafoods calstitute of Maine Research in Norway. The
receive about 200 mrem a year from naturallynodel is based on two different regional box
occurring radionuclides. Similar estimates wereModels covering European coastal waters, the
made for the other radionuclides in the dumpedrctic Ocean, and the North Atlantic, withput
wastes, with the conclusion that Co-60 and CSQf experimental data from the Barents Sea. Dif-

137 would dominate the contribution to total ferential equations describe the transfer of radio-

. . nuclides between regions in the mode.
dose commitment from an instantaneous releas?%adioactive decay, transfer to and from sedi

whereas C-14 would create most of the dose

ments, and burial by additional sedimentation are

commitment after a slower release (500 years)taken into account. Because data on the source

The authors concluded that the amount of radlot-erm remain limited, the current model assumes

activity due to wastes disposed in the Arctic seag, o presence of only four radionuclides (Cs-137,
will be low—either comparable to or less thanCo-GO, Sr-90, and H-3) in equal amounts of
those from natural or other man-made sources (3bctivity at the time of discharge. Parts of the
Two other dose assessments are presented iodel have been tested for reliability with mea-
the Joint Russian-Norwegian Expert Groupsured observations, but thias not yet been done
report from the 1993 expedition to the Kara Seafor the Kara Sea with site-specific information.
In one assessment, doses to critical groups are Two different release scenarios have been
calculated based on current levels of radioaCtiV%onsidered withthis nodel. One assumes instant
contamination in the Barents and Kara Seas. Thgslease of all the radionuclides at the time of
estimates rely on dynamic models of radionu-dqumping. The second assumes release over a
clide migration and accumulation throughiig  period of 100 years. According to preliminary
organisms (31). The models take into accoungstimates from this model, “the collective dose
temperature, stable chemical analogs, and conwill be small for both scenarios.” However,
centration factors. Average and maximum coninvestigators acknowledge that incomplete infor-
centrations of Cs-137 and Sr-90 in the Barentsnation still severely limits the ability to estimate
and Kara Seas from 1961 to 1990 were used witthe potential total dose (31).
experimental and calculated concentration fac- |n g pilot study by the North Atlantic Treaty
tors and assumptions about fish consumption t@yrganization (NATO) Committee on the Chal-
arrive at estimates of dose. Based on measurgénges of Modern Society, another estimate of
seawater adionuclide concentrations during the potential cancer mortality from dumped spent
these years, dose maxima were observed th@iclear fuel is presented (49). Because many
resulted from the heaviest fallout of weaponscharacteristics of the spent fuel and its contain-
testing in the early 1960s and from a peak inment are still unknown, the estite necessarily
nuclear waste disposal at Sellafield in the earlyncorporates several assumptions about release
1980s. Results are presented in terms of annughtes and exposure routes. If no fission products
risk of fatal cancer and do not exceed 8 X([@1).  are released for years, the estimated total collec-
A second estimate of potential doses by theive dose commitment from Cs-137 and Sr-90
Joint Russian-Norwegian Expert Group is based¢ombined is 300 person-rem through the food
on consideration of release of the dumpecthain. The contribution of Pu-239 to collective
wastes; it represents ongoing work to model dif-effective dose is estimated to be about 170 per-
ferent release scenarios, transport processes, sen-rem, and the contribution of Am-241 esti-
imentation, uptake in various marine species, anthated to be about the same. The total collective
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effective dose commitment from the dumpedstyles rely heavily on the local ecosystems for
spent nuclear fuel is summarized as less thafbod and other aspects of survival, it is artificial
1,000 person-rem to the world population, and ig evaluate the risks to human health independent
is noted that this is equiya_lent to a few seconds qgf¢ the impacts on the surrounding ecology. In
natural backgrqund radiation. i these settings, humans and other populations (sea
The term “”.Sk asses.sment” Is used ratr?e'inammals, caribou, fish, etc.) are interconnected,
loosely to describe a variety of analyses angiNGith humans dependent on the other populations

from back-of-the-envelope calculations to . . .
. . . e that make up their environment. For this reason,
exhaustive consideration of all possibilities to, i .
t is of particular interest to understand what

arrive at an estimate of the probability of an! ] ) )
event and associated uncertainties. Back-of-thdMPacts from environmental radioactive contam-

envelope estimates provide some useful informalhation may result to other populations in the
tion but clearly have considerable weaknesses. IRCOSystem.
estimating the total cancer mortality or collective Earlier sectionsindicated that radionuclides
dose, they assume distribution of the radiatiorcan be transported and even concentrated
dose over the global population. This permits ahrough the food chain to lead to human expo-
form of comparison with other sources of envi-sure. Beyond this, however, how are gupula-
ronmental radiation, such as fallout from weap-jons that make up the food chain and ecosystem
ons testing or natural radiation. It does notyffected by radiation exposure? As with the
convey, however, the range of doses that individgy 4y of radioactivity’s effects on humans, the
uals may experience and the potential localy,qy of radioactive impacts on plants and ani-
:nmgpi(\:/t:rotzsmn?yr;%m:glct:eerféiﬁ:isec; gﬁ;r?nofg:::a_mals began to be of concern after the first nuclear
detonations occurred in the 1940s. After many

tion gaps using rough guesses, these estimates

. . . .(f<arly studies focusing only on acute effects,
suggest an ease and confidence in assessing risks

that are misleading. empha.sis had shifted by the late 1950s to more
Nonetheless, in the absence of more thorougﬁcomg'c""”y rglevant research—longer-term
and detailed risk assessments, the rough esffXPeriments with much lower dose rates and
mates carried out thus far do provide valuablénore attention to responses other than mortality
information in considering the potential scale of(26). Considerable activity continued in this field
the radiological impact. They suggest that then the United States until the 1970s when many
global effects of the dumping that has takersuch programs were scaled back.
place to date aranlikely to be catastrophic, on  Repeatedly, as standards were developed to
the scale of a Chernobyl, and may not be detecprotect human beings from the hazardous effects
able against the effects from other radiation, botlyt exposure to radiation, it was assumed that
natural and man-made. It is clear, however, thafese safety levels would also prove protective to
more information is necessary to better underyinar species, if not individual memberstiofse
stand the ran_g_e of risks to individuals and tospecies (27). The most recent ICRP statement on
local communities. the subject follows:

ECOLOG'CAL EFFECTS OF RAD'AT'ON |N The Commission believes that the standard

of environmental control needed to protect man
'|F;|'E|(E;|:?)FIQ\ICST|C AND NORTH PACIFIC to the degree currently thought desirable will

ensure that other species are not put at risk.
Particularly in an environment such as the Arctic, Occasionally, individual members ofion-

where Native people continuing traditional life-  human species might be harmed, but not to the
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extent of endangering whole species or creating active fallout deposited on land is cleansed much
imbalance between speci€s. more slowly in Arctic than in more temperate
A recent IAEA publication examined this regions. The reason for this difference lies in the

assumption, reviewing the relevant literature forr€latively ineffective natural dsipative pro-
aquatic and terrestrial biota (26). Several effect§eSses in the Arctic compared with other regions.
of radiation on plants and animals were evidenShort growing seasons and limited supplies of
from the literature. For example, reproductionheat’ nutrients, and moisture lead to slower bio-
(including the processes from gametogenesi@gical turnover rates that aid in the dispersal of
through embryonic development) is likely to be radiqnuclideg (63). .Similarly_, conce_ntration fac-
the most limiting end point in terms of popula- tor; in organisms _rmght _be different in food webs
tion maintenance for both terrestrial and aquatid/nique to the Arctic environment.

organisms. Also the total accumulated dose at Some studies have examined the effects of
which a given response was observed increasd@W temperature and salinity on radiation
as the dose rate declined. Furthermore, sensitif€sponses in several aguatic animals. Changes in
ity to the effects of radiation varies among spesalinity tend to increase metabolic demands and
cies. In the case of aquatic organismsthus make the animals more sensitive to radia-
radiosensitivity inceases with increasing com- tion. Salinity itself, however, can be protective
plexity. The publication concluded: since nonradioactive chemical analogs of radio-
nuclides that might otherwise be taken up and
stored in tissues can dilute the radionuclide con-
rates below 1 mGy [milligray] per day [0.1 rad/ centrat_ion (65). Low temperatures lengthen cell
day] will harm animal or plapopulations. It is cycle times and slow the development of lethal
highly probable that limitation of the exposure ~ biochemical lesions, but they may also slow

of the most exposed humans (the critical human repair processes (25). Whether these factors
group), living on and receiving full sustenance combine to make Arctic fauna more or less sensi-

from the local area, to 1 millisievert per year tive to radiation effects is not clear. In particular,
[100 mrem/year] will lead to dose rates to plants improved information about the doses to
and animals in the same area of less than 1 reproductive tissues in critical species is needed,

mGy/d[ay]. Therefore, specific radiatiopro- along with an understanding of the distribution
tection standards for non-human biota are not ¢ radionuclides in these tissues (25).

needed:? Effects on fertility in aquatic organisms are

The document concludes, therefore, that planfirst observed in sensitive organisms at dose rates
and animal populations appear to be no mor@etween 0.2 and 5 milligrays (mGy) per hour
sensitive than humans to the effects of radiatiori0.2 and 0.5 rad per hour), comparable to the
in the environment. The literature from which range observed in some mammals and indicating
this is drawn, however, is severely lacking inthat aquatic organisms are not necessarily more
studies carried out in the extreme environment ofadiation resistant than mammals (25). Data still
the Arctic. more useful for assessing the impacts of radia-

Because of the special conditions in the Arction on populations would be studies on the
tic, relationships or radionuclide behavior basedintrinsic rate of natural increase,” @t which
on observations in nonpolar regions cannot nectakes into account both the death and the birth
essarily be expected to hold. For example, radiorates. Such data are almost nonexistent. In the

There is no convincing evidence from the
scientific literature that chronic radiation dose

11|nternational Commission on Radiological Protection (ICRBR0 Recommendations of the International Commission on Radiologi-
cal Protection ICRP Publication No. 60 (New York, NY: Pergamon Press, 1991).

12|nternational Atomic Energy Agency (IA%, Effects of lonizing Radiation on Plants and Animals at Levels Implied by Current Radi-
ation Protection Standardd echnical Reports Series No. 332 (Vienna: IAEA, 1992).



108 | Nuclear Wastes in the Arctic

freshwater crustaceddaphnia pulexhowevery CONCLUSIONS

was reduced to zero at about 70 rad per hour. The nuclear wastes dumped in the Arctic and Far

The Arctic and sub-Arctic ecosystems aregqt raise questions about impacts on human

inherently more dynamic and unstable than morgqth and the environment, both currently and in
temperate regions. Interdependent populations Qf,a future. Current risks appear to be very low

many anl_mals fluctugte with different p(_ar|0d|C|- since there is no indication of significant leakage
ties, leading to intermittent peaks and crises (33)Or migration of radionuclides from the dump

tS_lnce maTy ulnknO\t/)vInst retr;alnf?bc:ut trnptélat sites. More thorough investigation of the sites is
ions most vulnerable to the effects of radia 'Onnecessary to confirm this.

in the Arctic environment, it is not evident how ; .
) . There is not yet a clear answer to questions of
the effects of environmental radiation would : )
hat the future health and ecological impacts of

manifest themselves against this background. AY | tes d din the Arct 4 North
this point, no “sentinel organisms” have been Hc'€ar wastes dumped in the Arctic and Nor

identified that can serve as early warnings oiPaC'f'C.W'“ be. Estimates and approxations of .
radiation threats to the Arctic ecology. future impacts based on the information avail-
. . . able do not suggest a noticeable effect on human
The only published information on actual . ;
health or on plant and animal populations. How-

evaluations of the effects of nuclear waste dis- )
ever, many unknowns remain, from the status of

posal in the deep sea on marine organisms h ]
been reports on the Northeast Atlantic dump sitzﬁe dumped wastes, o the likely movement of

used by the Nuclear Energy Agency of the Orgazh_e radio.nuclides through the envirqnment, to the
nization for Economic Cooperation and Devel-d'e'[ary intakes of those most likely to be
opment (OECD). For more than 40 years, Iow-eXpOS?d_' _

level radioactive waste from nuclear powerplant D€Cisions about public health must often be
operations, fuel fabrication and reprocessingMade in the absence of complete information,
industrial and medical use, and dismantling andiowever. In this case, concerns fablic health
decontamination of nuclear plant equipmentSudgest several important needs. One is the need
have been dumped at deep-sea sites in the Nortif Prevent further such releases of nuclear wastes
east Atlantic. Periodically, the Nuclear Energyinto the environment, in accord with thendon
Agency reviews the continued suitability of the Convention. Despite the uncertainties in and con-
site, assessing the likely radiological impact oftroversy about the effects of low-dose exposure
the dumping on both humans and the environto radiation, there is general agreement among
ment (50). Modeling is used to estimate the disrelevant international commissions and national
persion of radionuclides and the dose rates téegulatory bodies that radiation exposures should
organisms from past dumping practices as welbe “as low as reasonably achievable (ALARA),
as from potential future dumping at the site.economic and social factors being taken into
According to the modeling, which is carried outaccount.®3 This concept of ALARA stems from
with conservative assumptions, the dose ratescientific consensus that it is unlikely that the
received by fish, mollusks, and crustaceans fronpresence or absence of a true threshold for cancer
both past and projected dumping would notin human populations from radiation exposure
result in discernible environmental damage. Peakan be proved. In the absence of a threshold the
doses from the dumping of low-level waste,principles of prevention dictate minimizing
except for benthic nllusks at the site, were exposure to the extent possible by weighing the
within the range of doses received through natuether factors involved. As discussed in chapter 2,
ral background radiation in the deep sea (25). once radionuclides have been released into the

13International Commission on Radiological Protection (ICRBB0 Recommendations of the International Commission on Radiologi-
cal Protection ICRP Publication No. 60 (New York, NY: Pergamon Press, 1991).
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environment it is very difficult to completely  nity, and is access to the collected information
anticipate or characterize their movement provided?

through environmental pathways and eventuali, Using public input to design a warning sys-
human exposure to them. Preventing their release tem What is the best way to advise people of
to the extent possible is an obvious way of mini- information from the monitoringystem? At
mizing human exposure and, thus, human health what point and in what manner should people
risk. be cautioned about potential exposures?

The second need is to fill some remag As research and efforts to assess risk continue,
information gaps to determine whether the estithey must be carried out with complete openness
mates of negligible effect are well grounded.about both current knowledge and knowledge
These include inspecting each of the dumpegaps, and with sincere efforts to involve the pub-

nuclear reactors containing spent fuel to asceflic in future decisionmaking.

tain its condition, any local contamination that

may have occurred, and the anticipated releaSﬁEFERENCES
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ost research and data -collectionthese areas for focus and analysighis study
efforts to date have focused on pastbecause they appear to be the most significant at
radioactive  contamination  and this time. These are: 1) the Russian Northern and
releases. Beyond the contaminationPacific Fleets and theuulnerabilities during the
that already exists, however, lies the further riskdownsizing and dismantlement now under way;
that future releases, dymimg, or accidents could 2) the management of spent nuclear fuel and
significantly add to this problem. While past waste from these fleets and concerns about effec-
dumping and releases have received recent attetive containment safety, security, or future
tion from scientists and governments, the risk ofeleases; and 3) concerns abpassible future
future releases has not been subject to the samaecidents or releases from Russian civilian
scrutiny or study. nuclear power plants, particularly those located
The following discussion is a review of the in the Arctic.
nature and general magnitude of this future risk Based on the limited data currently available,
and of what we know or don't know about it appears important to evaluate appropriate mea-
actions that have been, could be, or should bsures for the prevention of future releases, dump-
taken. The discussion is not quantitative becausg, or accidents like those that have occurred in
the data that have been collected so far are linthe past. For example, the situation with regard
ited. It is, howeverillustrative of seeral areas of to the management of spent fuel and other radio-
potential future contamination. Even though theactive waste from the Russian nuclear fleet pre-
potential for significant contamination may besents a special conte There are serious
problematic, the risks are real, and in manyproblems in Russia related to: submarine dis-
cases, the proverbial ounce of prevention coulenantlement and the removal of spent fuel from
well be worthpounds of cure. submarine reactors; the storage of spent fuel
According to information currently available, aboard service ships that are used in the subma-
certain areas are at risk of future contaminatiomine defueling process; spent fuel handling and
from Russian nuclear activities in the Arctic andstorage at naval bases in the north and FarlEast;
North Pacific regions. OTA has selected three othe lack of capacity at land-based storage facili-

1The northern naval bases are mainly on the Kola Peninsula, near the Norwegian border and adjacent to the Barents Sea; the Far Eastern
bases are mainly near Vladivostok on the Sea of Japan and Kamchatka.
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ties; the question of what to do with damagedn the Navy and at the Murmansk Shipping Com-
fuel and nonstandard fuel for which no repro-pany (MSC) and could affect ship operations in
cessing system exists; the transport of spent fuefhe future. For example, there are indications that
and the system to transfer spent fuel to, ancOSATOMNADZOR (GAN), the Russian
reprocess it at Mayak in the Uralduntains. nuclear regulatory agency, plans to demand sub-
Within the Russian Navy, older nuclear sub-marine defueling as a first step in decommission-

over the past several years at an increasing ratgecommissioning submarines.
Over 120 submarines have been taken out of ser-
vice, and about 100 nuclear submarines are i
various stages of decommissioning. Only abou ong-term, in-core fuel storage aboard retired
40 of these have haq their spent fuel_remove ubmarinés. In some cases, reactor cores and
and some decqmm|§S|oned submarines havf)"ther reactor components of retired submarines
been out of service with nuc_lear fuel aboard_ forare close to or beyond their useful lifetimes.
over 15 years. The most serious factor contrlbutGAN characterizes the technical condition of
ing to this condition is that almost all spent fuel

these systems as “intolerable.” Under such cir-
storage facilities at the nuclear fleet bases are Y

full, and there are difficulties in transporting fuel cumstanC(_as, extended n-core storagespnéqt
. . fuel may increase the incidence of fuel failure
to reprocessing sites.

The Office of Technology Assessment (OTA) d_ue to radiation or_thermal d‘?‘mage 0 th_e clad-
has begun to identify some high-priority prob_dlng and to cladding corrosion. According to
lems associated with the management of spen AN, these problems often cannot be obs_erved
fuel from the Russian nuclear fleet through dis>" f:ontrolle_d because of the lack of re"f‘c.““’”"“
cussions with Russian officials and experts.tonng_ equipment. However, the Ministry of
These problems were reviewed at a special OTA'OMIC Energy (MINATOM) and the Navy
workshop on this subject in Washingt D.C., in claim that fuel _that r_\as nqt been da_mage_d dgrmg
January 1995, where Russian officials presenteffactor operations is unlikely to fail during in-
their analysis of the problem and discussed®'® storagé.They a_Iso claim that there is even
approaches to solutions with technical counterSOmMe advantage of in-core storage: after three to
parts from the United Stat8sSome key prob- flve years of storage, fuel can be placed dlreptly
lems with refueling and storage relate to thdn dry storage or sent to Mayak for reprocessing.
current backlog of spent fuel and decommisHowever, some fuel is already damaged, and no
sioned submarines awaiting defueling. There is &0Mplete analysis of this overall problem is
lack of fuel reloading and storage equipmengvailable.

(including service ships, transfer bases, and land- Another key problem is with transportation of
based storage), and what does exist is poorlgpent fuel because of a shortage of railcars for
maintained. upgraded transportation casksfacilities for

In recent years, the Russians have not bee@ading and transporting the casks, organiza-
able to transport spent fuel to the normal reprotional problems at fuel transfer bases, and lack of
cessing plant at Mayak, and spent fuel storagepgrades in the transportation infrastructure.
facilities arenear capacity. This has become aThis problem has recently received attention at
serious problem for fuel management operationghe Northern Icebreaker Fleet base at Murmansk,

In addition, the Russianare experiencing
roblems with the current situation that result in

2 See “Summary of Workshop on Russian Naval Spent Nuclear Fuel and Wastgeleang” U.S. Congres§ffice of Tecmology
Assessment, Envirmnent Prgram (April 1995).

3This view is supported by experiments: éxample, sent fuel hadeen kept withoutleterioration in-core on the icebreaker Sibir’ for
three years (53).

4The Russians have recently introduced a redesigned transportetioto eneet international safety standards.
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and several spent fuel shipments have occurred Other sources of radioactivity that have
in 1995. The situation in the Far East, howevercaused concern because they may add to future
remains serious, and no shipments appear posseleases include a large number of so-called
ble in the short term. peaceful nuclear explosions in Russia that were
Nonstandard or damaged fuel rods from subused for various purposes such as excavation and
marine and icebreaker reactors present anothe€pnstruction over a period of a several decades.
set of problems. Such fuel includes zirconium-Whether radionuclide residuals from these
uranium alloy fuel, fuel fromiquid metal reac- migrate beyond local sites is problematic, and no
tors, damaged and failed fuel assemblies, andareful investigations have been made. Another
fuel in damaged reactor coreRussia does not concern is the extensive use of radioisotope-
have current technology to reprocess or dispospowered generators by the Russians in a large
of nonstandard or daaged fuel. Also, removing number of lighthouses in the Arctic. Poor opera-
damaged fuel from reactors for temporary stortional, safety, and waste disposal practices could
age, and selecting or developing appropriatéead to releases from these devises, but no signif-
future treatment or storage technologies, are botizant threats have so far been identified (49).
challenging and costly. This process is proceed- The following sections, therefore, present cur-
ing at a very slow rate because of a lack ofently available information and analyses of the

resources. Additional evaluation of sffee situ-  areas on which OTA has focused its evaluation.
ations and some focused research or develop-

ment are probably needc_ad to ensure f.uture satFHE RUSSIAN NUCLEAR FLEET

management. The question of future risks from _

operations to dismantle nuclear submarines an§ihe Russian fleet of nuclear-powered subma-
manage spent fuel has recently been addressed'ifes and surface ships (including icebreakers) is
a North Atlantic Treaty Organization (NATO) the largestin the world, with a total of 140 active

Study (49) Box 4-1 presents analyses of thé/essels at the end of 1994. DUring the 1970s and
hypothetical accidents used in this study. 1980s, the size of the Russian nuclear fleet was

Institutional issues arexacerbating difficul- substantially larger than that of the United States.

ties in the spent fuel management system, as fgowever, today, the U.S. nuclear fleet—with
the problem of identifying the necessaryabOUt117 vessel_s—ls only slightly smaller. Only
resources to apply to solutions. However, othefl"é€ other nations have nuclear fleets—the
areas may also pose future risks, but they havenited Kingdom with 16 submarines, France
not been as well documented or evaluated. Fopith 11, and China with one (36). Both the
example, the major Russian nuclear test site 44nited States and the former Soviet Union began
Novaya Zemlya containsignificant residuals of building nuclea-powered submarines in the
past weapons testing. During 1955 through 19901950s and had roughly the same number by the
the former Soviet bion (fSU) conducted at least 1970s. In the 1970s and 1980s the Soviet nuclear
90 atmospheric tests there (including the largestleet grew faster and larger than that of the
yield explosion ever); 42 underground testsUnited States. Soviet nuclear fleet strength
(most of which were in tunnels into mountains),Peaked in 1989, just before the dissolution of the
and three underwater tests (62). Although there i¥-S.S.R.

clear evidence of radiation fallout from atmo- Today's Russian nuclear fleet csts of
spheric tests spread over major portions of th@bout 128 active nuclear-powered submarines,
globe, the migration of radionuclides from five icebreakers, and six other surface ships. An
underground tests has not been documenteequal or larger number of nuclear-powerbaips
Some researchers, however, recommend that sumake up the inactive fleet and are in various
veys or monitoring at the test sites may be warstages of lay-up or decommissioning. Much of
ranted. the inactive fleet consists of subrimes awaiting
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BOX 4-1: Case Study: Risk Assessment of Moored Submarines

A recent study by the North Atlantic Treaty Organization (NATO) includes two risk assessments that
evaluate the impact of hypothetical accidents related to decommissioned Russian nuclear submarines
moored in the vicinity of the Kola Peninsula. The first assessment used probabilistic methods to evaluate
the risk and long-term impact of radionuclide leakage from 60 nuclear submarines that would have been
laid up at Northern Fleet bases located on the Kola Fjord. The model included various exposure path-
ways such as inhalation, external radiation, and food consumption. Due to the lack of operational data
from the Russian Navy, a somewhat arbitrary accident probability of .001 per year per ship was assumed.
This probability is equal to the accident probability of the least safe land-based commercial European
nuclear power reactors. This hypothetical accident would be initiated by large-scale atmospheric emis-
sions caused by cooling system failure followed by overheating of the core, or perhaps by criticality
occurring during defueling of the reactor. The study concluded that in northeastern Scandinavia, the risk
of additional fatalities from nuclear reactor accidents in moored nuclear submarines is comparable to
those due to the operation of land-based commercial nuclear reactors used for electrical production. In
southern Scandinavia, the risk of cancer-related casualties would be 100 times lower from submarine-
based accidents than the risk due to nuclear reactors used for electrical production. However, the Rus-
sian population exposure in Murmansk and elsewhere on the Kola Peninsula would be higher due to sub-
marine-related accidents.

The second study consisted of a simulation of a real accident at an exact location near the city of Mur-
mansk on the Kola Peninsula. The probabilistic model described above provides useful irformation
regarding mortality risks; however, the risk of injury from a real accident would be significantly higher.
This study used historical weather data to predict air mass dispersion patterns. The scenario used in the
simulation considered the consequences of an accidental release of radionuclides into the atmosphere
from a nuclear submarine being serviced at docks just outside Murmansk. The release was arbitrarily
chosen to occur on July 15, 1994. The resulting air dispersion model predicted the formation of a radia-
tion cloud and deposition matrix that would cause both external and inhaled radionuclide exposure. Dur-
ing the first 48 hours, only individuals in the immediate Murmansk area would be exposed to effective
radiation doses at milliSievert levels. After that, the radiation cloud would drift north into the Barents Sea.
However, two days later the weather patterns might shift, and contaminated air masses would be trans-
ported south again across major parts of Finland and northwestern Russia. The authors of the study were
careful to note that uncertainties in real-time modeling would lead to a factor of uncertainty of five to 10
times the reported values.

The study concludes that risks associated with the operation of nuclear vessels in Russia’s Northern
Fleet and icebreakers are difficult to estimate. Accidents that lead to large releases of radioactivity would
clearly have significant local consequences, but their cross-border, international impacts would be mod-
est. However, NATO'’s analysis of the present rate of submarine decommissioning and of the Northern
Fleet's capacity for defueling, storing, and transporting nuclear waste indicates that a problem of “consid-
erable magnitude” exists locally in northwest Russia.

SOURCE: North Atlantic Treaty Organization, Committee on the Challenges of Modern Society, Cross-Border Environmental Prob-
lems Emanating from Defense-Related Installations and Activities, Final Report, Volume I: Radioactive Contamination, Phase I:
1993-1995, (Kjeller, Norway: NATO, 1995).

dismantlement and disposal of their nuclear fuelNorth Pacific environment if accidents or

reactor compartments, and nuclear waste. Theeleases of radioactivity occurred.

nuclear fuel or waste from poorly managed, laid- The total number of nuclear submarines taken
up ships could pose a threat to the Arctic omout of service is similarly being driven by the
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Russian government’s policies aimed at reducingher subdivided into strategic and nonstrategic
the size of the Russian Navy. The actual pace aflements. The ballistic missile submarine force
nuclear submarine decomssioning is, how- (SSBNSs) represents the strategic fleet elements.
ever, subject to speculation and the anticipatedhere are no nuclear-powered submarines in ser-
impact of the (yet to-be-ratified) START (Strate- yjce in the Baltic or Black Sea Fleet. Thus, with
gic Arms Reduction Treaty) Il. Bottlenecks in the preakup of the former Soviet Union, all

Epent Ifuel c‘;‘gd ra?rl]oactlve V}/as:_e mantagemerﬁuclear-powered submarines and ships remain
ave slowed down the pace of retirement. under Russian Navy command.

. . The nuclear-powered ships ardivided
DLocatlc.m and Condition of between the Northern Fleet headquartered in
the Russian Nuclear Fleet Severomorsk on the Kola Peninsula in north-
Although some naval units of the fSU have comeyestern Russia near the Norwegian border and
under the control of former Soviet Republicsthe pacific Fleet headquartered in Viamtitok.
other than Russia, the two major fleets and theagitionally, submarine forces have been allo-

entire nuclear Navy (in the north on the Kola ateq two-thirds to the Northern Fleet and one-
Peninsula and on the Pacific Coast) are Who”¥hird to the Pacific Fleet (36)

Russian. In addition, Russia operates the world’s Table 4-1 summarizes the types and fleet

largest fleet of aiilian nuclear-poweed ice- . .
breakers. These ships are operated by the mufommand of active Russian nuclear vessels as of

mansk Shipping Company and based at itganuary 1995. OTA estimates that as of e_arly
Atomflot facility on the Kola Peninsula. These 1995, a total of 128 nuclear-powered submarines
icebreakers have always been an important conyvere in active service, 88 in the Northern Fleet

ponent of the Soviet fleet because of the need t8nd 40 in the Pacific Fleet. In dtidn, a total of
operate during winter months. 121 submarines from the Northern (70) and

The Russian Navy is organized into fourPacific (51) Fleets have been decommissioned,
fleets: the Northen, Pacific, Baltic, and Black laid up, or sunk (see table 4-5). A few of these
Sea Fleets. Like the U.S. Navy, each fleet is furdecommissioned submarines are in shipyards for

TABLE 4-1: Russian Nuclear Fleet as of January 1995

Nuclear ships Northern Fleet/MSC Pacific Fleet
Ship class and type Total Active Active
SSBN Ballistic missile submarines 48 32 16
SSGN Guided missile submarines 22 14 8
SSN/ Torpedo attack submarines 58 42 16
SSAN
CGN Nuclear cruisers 3 2 1
AGBN Nuclear icebreakers 7 7 0
AGN Auxiliary transport 1 1 0
AGBM Auxiliary missile range 1 0 1
Total 140 98 42

KEY: MSC = Murmansk Shipping Company

SOURCES: Jane’s Fighting Ships, 1994-95, Captain Richard Sharpe (ed.), 97th edition (Surrey, U.K.: Jane’s Information Group, 1994) ; J. Han-
dler, “Working Paper on: The Future of the Russian Nuclear-Powered Submarine Force,” (Draft), Greenpeace Disarmament Campaign, May 15,
1995; T. Nilsen and N. Bghmer, “Sources to Radioactive Contamination in Murmansk and Archangelsk Counties,” Report Vol. 1 (Oslo, Norway:
Bellona Foundation, 1994); V.A. Danilian, Russian Federation Pacific Fleet, Information presented at the Office of Technology AssessmentWork-
shop on Spent Nuclear Fuel and Waste Management, Washington, DC, Jan. 17-18, 1995.
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overhaul and upgrade, but the vast majority ar@ver, specify a limit only on the number of
tied up at dockside waiting for defueling and dis-deployable nuclear weapons—thus, they would
mantlement. require the destruction of launch tubes, but not
Both the United States and Russia are curthe dismantlement of submarines or any other
rently engaged in major efforts to reduce theiractions on nuclear-powered vessels. Some ana-
nuclear arsenals and the size of their militaryysts, however, have projected probableicact
forces. These efforts are driven by agreements ¢y the Russian Navy to comply with START |
treaties, budget constraintshsolesence, and (and START Il when it is ratified), as well as
general reduction of Cold War justifications for actions that will result from general demilitariza-

military forces. Many naval nuclear ships of bothy;,, 4nd budget reductions in Russia in the
countries have been retired or inactivated on Ature

regular basis for more than a decade, and this
activity will probably continue for more than a
decade in the future. Ships are inactivated whe

Table 4-2 contains a simplified forecast of the
Russian nuclear fleet from 1994 to 2003. The

they reach the end of their useful lifetime, whent2t& Presented in this table are based on various
policies are implemented to reduce forces, Ois.our.c'es (2’12’29_'36{48)' The datalicate thfit
when such reduction is necessary to comply Witﬁzlgnlflcant deactivation of nuclear submarines
treaty requirements that limit bisfic missile (Which has been under way since 1991) will con-
capacity. START | and Il have provisions calling tinue in the near future and that another 70 to 80
for reduction in nuclear warhead launchers ove@dditional ships or submarines will be added to
specific time periods. START | came into force the current retired fleet (to be dismantled) over
in Decembe 994; START I, which was signed the next decade.

in January 1993, has yet to be ratified by either The relatively rapid decommissioning of
the United States or Russia. These treaties, howwclear submarines in the recent past has placed

TABLE 4-2: Projections of Russian Nuclear Fleet Composition and Numbers of Vessels, 1994 through 2003

(Based on an Interpretation of Actions Following Treaty Agreements)

Ballistic Attack/ Total

missile Cruise missile auxiliary nuclear Cumulative
Year submarines submarines submarines Cruisers Icebreakers Other fleet retirements
1990 61 46 74 3 7 2 1932 39
1994 48 22 58 3 7 2 140b 102¢
2000 21 14 45 3 8 1 92d 157e
2003 18 13 26 3 8 1 69f 1809

a See G. Baham, “Nuclear Fleet of the fSU: A Preliminary Analysis of Dismantlement Activities,” Staff Paper prepared for OTA, February 1995.

b Submarine numbers were obtained from J. Handler, “Working Paper on: The Future of the Russian Nuclear-Powered Submarine Force,”
(Draft), Greenpeace Disarmament Campaign, May 15, 1995. Remaining data were obtained from Jane’s Fighting Ships, 1994-95, Captain Rich-
ard Sharpe (ed.), 97th edition (Surrey, U.K.: Jane’s Information Group, 1994).

¢ This figure includes 101 nuclear submarines and one icebreaker; it does not include 20 nuclear submarines that are in “active service” but laid
up and planned for decommissioning.

d This figure includes 26 Victor lll-class SSNs and 14 Oscar-class SSGNs in the total, some of which may be retired by this date. In addition,
three SSN class nuclear-powered submarines which are under construction are included in this total. For more information, see J. Handler,
“Working Paper on: The Future of the Russian Nuclear-Powered Submarine Force” (Draft), Greenpeace Disarmament Campaign, May 15, 1995.
€ This figure includes 154 nuclear submarines, one icebreaker, one cruiser, and one auxiliary.

f This projected total assumes a 20-year service life and includes 5 Typhoon and 13 Delta class SSBNs. Also 8 Victor Il class SSNs and 13
Oscar class SSGNs were included in the total count, some of which may be retired by this date. In addition, new construction of five SSN class
nuclear-powered submarines is included.

9 This figure includes 177 nuclear submarines, one cruiser, one auxiliary, and one nuclear icebreaker.

SOURCE: Office of Technology Assessment, 1995.



Chapter 4  Sources and Risks of Potential Future Contamination | 121

considerable demands on the logistical infrawere sunk. The locations of major Northern Fleet
structure of the Russian Navy. Two factors comsubmarine bases are described in box 4-2.
plicating decommissioning are the simultaneoudNuclear-powered submarines and surfakps
retirement of a large number of older, first- andare stationed at nine major bases located from the
second-generation, general-purpose, nucleaiNorwegian border on the Barents Sea to
powered submarines. The normal lifetime ofGremikha on the east end of the Kola Peninsula
these submarines is 20 years according to a Ru#t the vicinity of Murmansk (48). Three bases—
sian Navy source (11). The second factor is that Zapadnaya Litsa, Sevmorput, and shgyard
deterioration of economic conditions since theat Severodvinsk—are connected by rail. All oth-
breakup of the Soviet Union. The severelyers, except Gremikha, have road connections.
restricted budgets of the past several years havehe maps in figure 4-1 illustrate the general loca-
taken a toll on the logistical infrastructure of thetion of Russian nuclear facilities in the regions of
Navy. Murmansk and Arkhangel’sk.

The Russian Navy operates ten nuclear sub- Nuclear submarine repair and waste storage
marine bases on the Kola Peninsula and five ofacilities are located in the same region. The
the Pacific Coast, which provide home ports forNorthern Fleet is served by thehipyards at
its fleet. The maintenance support for these base®everodvinsk, as well as a number of dedicated
is provided by an network of shipyards andnaval facilities. Radioactive waste is stored at six
repair facilities. The bases provide routine provi-Northern Fleet locations on the Kola Peninsula
sioning of consumable items and minor repaif48). The base at Zapadnaya Litsa generates
services while the submarine is between at-semore waste than all the other bases on the Kola
deployments. In addition, the critical role of Peninsula. These shipyards and other Northern
repair facilities and submarine tenders is to keeleet faclities are discussed in box 4-3.
the nuclear reactor fully serviced, as well as per- Two shipyards in the north are engaged in
forming repairs on defective systems. Thesejecommissioning Russian nuclear submarines—
tasks include removal of irradiated liquid andNerpg along the Kola Fjord leading to Mur-

solid waste, as well as replacement of spengansk: andZvezdochka at Severodvinsk in
nuclear fuel with fresh fuel. Fuel removal is the Arkhangel’sk Oblast.

riskiest part of nuclear submarine maintenance.
Spent nuclear fuel represents the majority Ohussia’s Pacific Fleet

radioactivity in the reactor core. In the U'S'There were 16 SSBNs and 24 SSGN/SSN gen-

Navy, removal of fuel is normally performed in a eral-purpose nuclear submarines assigned to the
naval shipyard during dry-docking. The Russian_ <"
val shipy uring dry ng usst Pacific Fleet at the end of 1994. A total of 51

Navy, however, refuels submarines while afloat . .
uclear submarines have been retired. Some of

using service ships equipped for specializec?he “active” assignments are not fully opera
maintenance procedures. 9 y op

tional, but they have not been officially decom-
. missioned either (29). Traditionally, the Soviet
U Russia’s Northern Fleet Navy kept about one-third of its nuclear-powered
At the end of 1994, the Northern Fleet had 8Hleet in the Far East. The headquarters of the
nuclear submarines csisting of 32 SSBNs, and Pacific Fleet is located in Vladivostok on the Sea
56 SSGN/SSRgeneral-purpose vessels assigneaf Japan. Figure 4-2, a map of the Russian
to the Northern Fleet. A total of 70 nuclearb- Pacific Coast, illustrates the location of major
marines have been retired, including three thamaval facilities.

5 SSBN (Nuclear Ballistic Missile Submarine); SS@\clear GuidedMissile Suomarine); and SSN (Nuclear Attack Submarine). See
table 4-1 for additional definitions for nuclear-powered ships and submarines.
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BOX 4-2: Bases Serving the Northern Fleet of the Russian Navy

Zapadnaya Litsa: This fjord contains the oldest submarine operating facility in the former Soviet
Union, also called Murmansk-150, probably commissioned in 1958. Four additional facilities are located
along this 16-km-long and 1- to 2-km-wide body of water, including those at Nerpichya Bay, Bolshaya
Lopatka Bay, Malaya Lopatka Bay (repair facility), and Andreeva Bay (waste storage). The Russian
Navy’s six Typhoon SSBNs are based at Nerpichya Bay. Bolshaya Lopatka services general-purpose,
guided missile and attack nuclear submarines. Malaya Lopatka is a repair facility, and the Andreeva Bay
Base stores nuclear waste materials.

Ara Bay: This is a 10-km fjord about 48 km north-northwest of Murmansk and 16 km east of Zapad-
naya Litsa on the Barents Sea coast. The bay contains a small general-purpose nuclear submarine base.

Ura Bay: Ura Bay contains a complex of three facilities for servicing nuclear submarines. Ura Bay is
the largest, with two smaller facilities at Chan Ruchey and Vidyaevo.

Sayda Bay: The naval base at Gadzievo is located on the eastern side of Sayda Bay facing the town.
Strategic missile submarines are stationed at this facility. Laid-up nuclear submarines are kept at three
piers south of the town on the opposite side of the bay.

Olenya Bay: The naval base at Olenya Bay (Murmansk-60) is a small fjord, 6-km-long, located 3 to 4
km south of Sayda Bay and ending at Kut Bay.

Pala Bay: Pala Bay is a small, 4-km-long fjord that juts to the southwest at the entrance to Olenya Bay.
The town of Polyarny is located to the east, on the Murmansk Fjord. Delta and Yankee class submarines
have been stationed here in the past. Several decommissioned submarines are stored here.

Severomorsk: Severomorsk is the headquarters of the Russian Northern Fleet. It is located on the
eastern side of Kola Fjord, 25 km north of the City of Murmansk. Severomorsk is a city of 70,000 in the
greater metropolitan area of Murmansk, which has 600,000 inhabitants. The base is also one of the major
storage facilities for armaments for the Northern Fleet.

Gremikha: Gremikha, also known as “Yokanga base,” is located at the eastern end of the Kola Penin-
sula on the Barents Sea, 300 km east of the mouth of Kola Fjord. This base has no road or rail access and
must be reached by sea. The Alfa class SSNs were based here, before they were laid up, the Oscar class
has also been based here.

SOURCE: T. Nilsen and N. Bghmer, “Sources to Radioactive Contamination in Murmansk and Archangelsk Counties,” Report Vol.
1 (Oslo, Norway: Bellona Foundation, 1994); J. Handler, “The Northern Fleet's Nuclear Submarine Bases,” Jane'’s Intelligence
Review-Europe, Dec. 1993.

The location of major bases for submarinethe Russian nuclear-powered icebreaker fleet, are
operations in the Pacific Fleet is described in boxonducted out of the Atomflot facility, which is
4-4. Nuclear-powered submarines and surfacgcated north of the city of Murmansk. The base

ships have been stationed at four major baseg sjtyated on the Murmansk Fjord, which has
(Rybachiy, Viadimir Bay, Zavety llyicha, and . iarporme access to the Barents Sea via the

Paviovsk), and several minor bases from th%(ola Fjord. Atomflot is a self-contained facility

Kamchatka Peninsula to Vladivostok on the Sea% . . .
of Japan, near the Chinese border (Pcific or supporting the operations of the icebreaker
fleet. It contains workshopdiquid and solid

fleet shipyards and other facilities are shown i

box 4-5. waste processingystans, and warehouses for
resupply of the ships. Major machinery and hull
Murmansk Shipping Company Facilities repairs are performed at dry docks in the City of

The operations of the Murmansk Shipping Com-Murmansk. Zvezdochka shipyard at Severod-
pany (MSC), a private company and operator of/insk makes major repairs to icebreaker reactors.
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BOX 4-3: Northern Fleet Shipyards, Repair, Refueling, and Nuclear Waste Storage Facilities

Zapadnaya Litsa & Radioactive waste is stored here in containers placed in a concrete bunker.
Reported past practices were to cover bunker sections in concrete and seal them as they were filled up.

Olenya Bay: The Nerpa,ab refit yard is located in the town of Olenya Bay. This base has been
designated for dismantlement under START I. A small nuclear waste storage facility is located on the
southern end of Kut Bay on the beach of the yard.

Pala Bay: Shkval Repair Yard?2 is connected to the Polyarny base at Pala Bay. It is a large repair
and refit facility located at the end of the bay for SSN attack class submarines. A naval waste storage
site is located on the east side of the bay. Two waste transport ships are used for storage and move-
ment of nuclear-contaminated materials from the refit facility.

Sevmorput: The naval shipyard at Sevmorput2 is located at Rosta on the Kola Fjord, southwest of
the Severomorsk headquarters and just north of the City of Murmansk. New and spent fuel assem-
blies are stored at the shipyard for refueling operations. Spent fuel has been shipped directly from
here to Mayak for reprocessing in the past. New fuel assemblies for the entire Northern Fleet are usu-
ally stored here until they are picked up by service ships.

Gremikha: Gremikha? lies in ice-free waters but has no significant rail or road access. Cutbacks
in the Navy’s budget have affected the local inhabitants, and many have left the area. Between 17
and 19 decommissioned nuclear submarines are stored here, as well as several officially operational
ships waiting for decommissioning. Nuclear waste from refueling operations is also stored on the base.

Severodvinsk: The town of Severodvinsk had 170,000 inhabitants at the end of 1993. There are
two major shipyards in Severodvinsk: Sevmash2 and Zvezdochkab. They are located at the north end
of the town. The Akula class SSN are constructed at the Sevmash yard. The Yagry Island docks in
the Zvezdochka yard are also designated for the dismantlement of SSBNs under START |. Approxi-
mately one ship is now being processed at this site per year.

2These are also refueling facilities.
b Submarine dismantled yards.

SOURCE: T. Nilsen and N. Bghmer, “Sources to Radioactive Contamination in Murmansk and Archangelsk Counties,” Report Vol.
1 (Oslo, Norway: Bellona Foundation, 1994).

Nuclear waste storage and handling is persix nuclear submarines per year will probably be
formed with the assistance of the five supportaken out of service by the Russian Navy during
service shipé$isted in box4-6. In addition, MSC the next decade.
has storage facilities for low- and medium-level  Normal operation of the current Russian fleets
waste. Table 4-3 describes the current status Qfould require the replacement of about 20 reac-
its five support service ships. tor cores per year, 10 for each fleet (49). How-

ever, storage facilities currently have room for
[J Decommissioning of Nuclear only several additional reactor cores. The policy
Submarines of the Russian Navy has been to reserve even this
The Russian Navy laid up and began to decomlimited core storage space on serviteps and
mission 15 to 25 nuclear submarines per yea$h0re facilities to refuabperationalSubmarines
from 1990 to 1994. Many of these ships hadonly. Therefore, no spent fuel storage is available
reached the end of their useful life and had outfor decommissioned submarine reactors. It is
dated weapons systems and power plant techndikely that spent fuel on decommissioned subma-
ogy. If current plans are followed, an average ofines will not be removed for at least three to five
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FIGURE 4-2: Pacific Fleet Nuclear Submarine B:
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BOX 4-4: Nuclear Submarine Bases of the Russian Pacific Fleet

Krasheninnikova Bay (near Petropavlovsk): Rybachiy is a major nuclear submarine base on the
Kamchatka Peninsula. The base is located 15 km southwest of the City of Petropavlovsk across Avachin-
skaya Bay.

Postovaya Bay (near Sovetskaya Gavan): Further south of the Kamchatka Peninsula in the Kha-
barovsk Kray is a small town called Zavety llyicha. The town is located on Postovaya Bay between the
seaport of Vanino and Sovetskaya Gavan. Zavety llyicha was a small submarine base during the 1980s.
The four submarines operating out of the base were retired in 1990. Their fuel has not yet been offloaded.
The Pacific Fleet has committed to removing the submarines. The first was removed in October 1993.

Vladimir Bay (near Olga): This small submarine base is located 300 km northeast of Vladivostok, just
south of Olga on the Japan Sea coast. Vladimir Bay is relatively isolated with poor road and rail access.
The deep natural harbor is ice free during the winter months. The nuclear submarine facility is located on
the north end of the bay. A few submarines still operated from here as of late 1993. Plans to offload fuel
from decommissioned submarines were abandoned by the Navy due to protests from local residents.

Strelok Bay (Pavlovsk): A major submarine base is located 65 km southeast of Vladivostok at Pav-
lovsk. It housed nine SSBNs as of 1990 as well as additional general-purpose nuclear submarines.
According to Pacific Fleet press officer Captain First Rank V. Ryzhkov, as of autumn 1992 these older
nuclear-powered submarines were awaiting retirement. A report from the Pacific Fleet press office indi-
cates that all of the Yankee and Delta class SSBNs stationed here will be retired. In addition, three sub-
marines damaged in nuclear accidents are stored here. Additional sealed reactor compartments from
dismantled submarines are stored at Razbojnik.

Vladivostok: Pacific Fleet headquarters and operations center.
SOURCE: J. Handler, “Trip Report: Greenpeace Visit to Moscow and Russian Far East, July-November 1992: Russian Navy

Nuclear Submarine Safety, Construction, Defense Conversion, Decommissioning, and Nuclear Waste Disposal Problems” (Wash-
ington, D.C.: Greenpeace, Feb. 15, 1993).

BOX 4-5: Pacific Fleet Shipyards, Repair, Refueling,

and Nuclear Waste Storage Facilities

Nuclear submarine facilities are listed from the Kamchatka Peninsula in the North to Vladivostok in the
South along the Pacific Coast.

Krasheninnikova Bay (near Rybachiy): A major radioactive waste site for the Pacific Fleet. Is located
at the southern end of Krasheninnikova Bay, across from the naval base at Rybachiy. The unit contains
three burial trenches for solid radioactive waste, fresh fuel storage, and piers for operating its three refu-
eling support ships and two liquid waste tankers. Shipyard 30 at Gornyak is a nuclear submarine ship-
yard located in the southwestern corner of the bay.

Shkotovo-22 (Military Unit 40752): On the Shkotovo Peninsula near Dunay is a large waste disposal
site. Spent nuclear submarine fuel is usually kept here prior to shipment for reprocessing at Chelyabinsk
by rail. This facility has several support ships attached to it.

(continued)
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BOX 4-5: Pacific Fleet Shipyards, Repair, Refueling,

and Nuclear Waste Storage Facilities (Cont'd.)

Chazhma Ship Repair Facility: @ Chazhma Bay is a small refit and refueling facility also located
near the settlements of Dunay and Temp on the east end of the Shkotovo Peninsula facing Strelok
Bay. A serious nuclear incident occurred here on August 10, 1985, during the refueling of an Echo Il
submarine reactor. While removing the reactor lid, control rods were partially withdrawn accidentally;
the reactor overheated and caused an explosion that killed 10 men and contaminated the surround-
ing environment over an area up to 5 to 30 km from the site.

Zvezda or Bolshoi Kamen: a This is a major nuclear submarine overhaul and refueling shipyard.
Bolshoi Kamen is a designated submarine dismantlement facility under START I.

aRefueling facility.

SOURCE: J. Handler, “Radioactive Waste Situation in the Russian Pacific Fleet,” Greenpeace trip report, Nuclear Free Seas Cam-
paign (Washington, D.C.: Greenpeace, Oct. 27, 1994).

BOX 4-6: Service Ships of the Nuclear Icebreaker Fleet

Imandra is a 130-m-long service ship used for storing fresh and spent fuel assemblies. The ship was
built by the Admiralty shipyard in St. Petersburg and put into service in 1981. The total capacity of 1,500
assemblies allows the ship to store fuel from up to six icebreaker reactors. The ship uses a dry storage
system with waterproof receptacles each holding five fuel assemblies floating in a pool of water.

Lotta is a service ship 122 m long built in 1961. The ship was upgraded in 1993 to handle the transfer
of fuel assemblies into the newest railway shipping containers (TUK-18) for spent fuel shipment to Mayak.
The ship has 16 sections with 68 containers in each. Used fuel assemblies are stored aboard the Lotta for
a minimum of three years. The ship has 65 damaged fuel assemblies stored on-board, which cannot be
processed by the Mayak facility. These were transferred from the Imandra in 1985.

Serebryanka is a 102-m-long tanker used for offloading liquid radioactive waste directly from nuclear-
powered icebreakers or the service ship Imandra. The ship has eight tanks, each with a capacity of 851
m3, and was used for discharging liquid waste directly into the Barents Sea until 1986.

The Volodarsky is the oldest ship in the Murmansk Shipping Company fleet. The 96-m ship was con-
structed in 1929 and is of riveted steel plate construction. Until 1986 the ship was used to transport solid
radioactive waste from Atomflot to the west side of Novaya Zemlya for dumping into the Barents Sea. The
ship has 14.5 metric tons of low- and medium-level waste stored aboard.

The Lepse is a spent fuel service ship of 87-m length built in 1934 and converted in 1962. The Lepse
is a special case: between 319 and 321 damaged fuel assemblies were stored on the Lepse. These fuel
assemblies expanded due to lack of proper cooling before they were put in built-in storage locations. The
result was that the damaged assemblies could not be removed. They remain aboard the Lepse, enclosed
within a concrete cover to reduce radiation emissions.

SOURCE: T. Nilsen and N. Bghmer, “Sources to Radioactive Contamination in Murmansk and Archangelsk Counties,” Report Vol.
1 (Oslo, Norway: Bellona Foundation, 1994).
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TABLE 4-3: Spent Fuel, Liquid, and Solid Radioactive Waste Storage at Atomflot

Displacement Liquid waste Solid waste
Ship (metric tons) Fuel assemblies (cubic meters) (metric tons)
Imandra 9,500 1,500 545 0
Lotta N/A 4,0802 0 0
Serebryanka 4,000 0 851 0
Volodarskij 5,500 0 0 145
Lepse 5,000 642b 46 ? (36 containers)
Ship storage 6,222 1,442 14.5

(+ 36 containers)

Land storage 0 357 <1 (incinerated)

2 The capacity is 5,440, or 75% filled with undamaged fuel, of which 840 assemblies are naval fuel.
b Of which 50% are not extractable.
KEY: N/A = Not available.

SOURCES: T. Nilsen and N. Bghmer, “Sources to Radioactive Contamination in Murmansk and Archangelsk Counties,” Report Vol. 1 (Oslo, Nor-
way: Bellona Foundation, 1994); O. Bukharin, “Nuclear Fuel Management in the Russian Naw,” staff paper prepared for OTA, November 1994.

years after the reactor $hut down, and no addi-  In the Navy, the submarine service ships used
tional shipboard or land-based storage will befor defueling are also known as “floating techni-
provided for spent fuel (42). cal bases” or workshops (see box 4-7). These ser-

vice ships are known in the WestRigl-124and
Malina class submarine support ships. The PM-

Refueling Practices : : 4 Einnish-buil
Submarines are refueled according to the sche .24 class s a converted Finnish-built cargo

. . . barge. In its two steel aft compartments, shi
ules authorized by each fleet's commander-in- .
can carry fuel from approximately two reactor

Ehlef' U;\del.r past I’OU'[II’(Ije Fsuc?smn naval Oeerf'ores (560 fuel assemblies). The PM-12dps
'ons, retueling was cohducled every Seven 10 Lyre now about 30 years old and are considered

years and coincided with submarine refit andbeyond their useful lifetimes.

overhaul® Starting in the 1980s, the Navy also Three Malina class ships—PM-63 and PM-12
began defueli_ng many retirgd submarines. In t_h?n the north and PM-74 in the Pacific—are rela-
past, submarines undergoing overhaul at shipgyey modern and can serve nuclear vessels of
yards were refueled in dry docks. However, MOreyny type. Malina class ships are the Navy’s pre-
recently, the standard approach has been to refuglred ships for use in current fuel management
while floating. Fuel is now changed not at Ship'operationsﬁ (There are, however, problems with
yards but with Navy floating refueling facilities the condition of these ships asi) Malina class
(every three to five years) (see table 4-4). Iceships are equipped with two 15-metric ton cranes
breakers are usually refueled every three to fouto handle reactor cores and equipment; each can
years at the MSC’s Atomflot base by using sercarry fuel from approximately six reactor cores
vice ships to tnsfer and store fuel awaiting (1,400 fuel assemblies).

shipment for reprocessing. Table 4-4 presents a In a typical refueling operation, the submarine
list of 10 refueling facilities operated by the Rus-is docked between the submarine sendbip
sian Navy and MSC. and the pier of the refueling facility. (The facility

6Refueling of submarines occurs frequently, every two and a half to five years. In case of a reactor accident, fuel management strategy is
decided by an exgt council.

7The PM-48, PM-124 (both based in Kamchatka), and PM-80 (based in Primorye) are out of seatiise bof aidents and worn-out
conditions. Only the PM-125 and PM-133 are used for fuel neanagt oprations in the Pacific (27).

8The years of pduction of the PM ships are 1984 (PM-63), 1986 (PM-74), and 1991 (PNI352).
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TABLE 4-4: Refueling Facilities

Northern Fleet Pacific Fleet Murmansk Shipping Company

Zapadnaya Litsa Zvezda repair yard (Shkotovo-17 near Atomflot base
Bolshoi Kamen)

Nerpa shipyard Chazhma Bay repair facility (Shkotovo-22,

(Olenya Bay) Chazhma Bay)

Shipyard No. 10 Shkval Shipyard No. 30 at the Gornyak complex

(Polyarny, Pala Bay) (Krasheninnikova Bay)

Sevmash shipyard (Severodvinsk)

Gremikha

Shipyard No. 35 at Sevmorput

(Murmansk)&

a2 Because the plant is located near residential areas. refueling activities at Sevmorput were terminated by the Murmansk authorities in 1991. The
last refueling took place on December 31, 1991.

SOURCES: T. Nilsen and N. Bghmer, “Sources to Radioactive Contamination in Murmansk and Archangelsk Counties,” Report Vol. 1 (Oslo, Nor-
way: Bellona Foundation, 1994); J. Handler, “The Northern Fleet—Nuclear Submarine Bases,” Jane’s Intelligence Review-Europe, Dec. 1993.

BOX 4-7: Service Ships of the Russian Nuclear Navy

Malina class nuclear submarine support ships are 137-m (450-feet) long, with 10,500-ton displace-
ment. Each ship has a storage capacity of 1,400 fuel assemblies. The ships were constructed by the
Nikolayev Shipyard in the Ukraine. Each carries two 15-ton cranes for removal and replacement of fuel

assemblies.

PM-63 Northern Fleet Severodvinsk (1984)

PM-74 Pacific Fleet Krasheninnikova Bay, Kamchatka (1986)
PM-12 Northern Fleet Olenya Bay, Zapadnaya Litsa (1991)

PM-124 class (Project 326) lighters are nuclear-submarine support barges with a capacity of 560 fuel
assembles each. These units can also store up to 200 m3 of liquid radioactive waste.

PM-124 Northern Fleet Zvezdochka shipyard, Severodvinsk
PM-78 Northern Fleet Zvezdochka shipyard, Severodvinsk
PMa Northern Fleet Zvezdochka shipyard, Severodvinsk
PM-80 Pacific Fleet Shkotovo waste site

PM-125 Pacific Fleet Shkotovo waste site

PM-133 Pacific Fleet Shkotovo waste site

PM-48 Pacific Fleet Krasheninnikova Bay, Kamchatka

(continued)
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BOX 4-7: Service Ships of the Russian Nuclear Navy (Cont'd.)

Pinega class nuclear-submarine support ships are 122-m (400-feet) long with 5,500-ton displace-
ment. Each is used for transporting liquid radioactive waste. The ships were constructed at Szczecin,

Poland.
Amur Northern Fleet Pala Guba, Kola Fjord (1986)
Pinega Pacific Fleet Bolshoi Kamen, Vladivostok (1987)

Vala class special tankers are 73-m (240 feet) long with a displacement of 2,030 tons. The ships were
constructed between 1964 and 1971 for the purpose of transportation and disposal of liquid radioactive

waste.

TNT-5 Pacific Fleet Bolshoi Kamen, Vladivostok
NT-27 Pacific Fleet Bolshoi Kamen, Vladivostok
TNT-11 Pacific Fleet Krasheninnikova Bay, Kamchatka
TNT-23 Pacific Fleet Krasheninnikova Bay, Kamchatka
TNT-12 Northern Fleet Pala Guba, Kola Fjord

TNT-19 Northern Fleet Unknown

TNT-29 Northern Fleet Unknown

a Designation unknown.

SOURCES: J. Handler, “Russia’s Pacific Fleet—Problems with Nuclear Waste,” Jane’s Intelligence Review, Mar. 1995; J. Handler,
“Russia’s Pacific Fleet—Submarine Bases and Facilities,” Jane’s Intelligence Review-Europe, Apr. 1994; Jane’s Fighting Ships,
1994-95, Captain Richard Sharpe (ed.), 97th edition (Surrey, U.K.: Jane’s Information Group, 1994); T. Nilsen and N. Bghmer,
“Sources to Radioactive Contamination in Murmansk and Archangelsk Counties,” Report Vol. 1 (Oslo, Norway: Bellona Founda-
tion, 1994).

provides electric power, fresh water, and othesel is cleaned out and the reactor section is over-
support services.) Refueling begins with thehauled. Reactor waste is loaded on the service
removal of a portion of the submarihell and  ship10 Finally (with an operational ship), fresh
lifting of the reactor lid® Measures are taken to fuel is inserted into the reactor vessel, the pri-
prevent release of radioactive aerosols to thenary cooling circuit is filled with new coolant,
environment (26). In the next step, the primarythe reactor lid is installed to seal the reactor, and
cooling circuit is disconnected and spent fuel ighe portion of the hull is welded in place.

removed from the reactor vessel. Fuel is removed Typically, it takes approximately one month
assembly by assembly using the cranes of tht defuel, and two to three months téued, one
service ship with the help of special metalsubmarine (27). (Refueling of an icebreaker is
sleeves to shield spent fuel. Spent fuel assemeported to take approximately 45 days. Five to
blies are accommodated inside cylindrical caseseven days are needed to remove spent fuel, and
which are placed in the storage compartments dfvo to three days to insert fresh fuel; the remain-
the service ship. After defueling, the reactor vesder is required for auxiliary operations (53).

9 Immediately after reactor stdown and prior to refueling, fuel is kept in a reactor core to allow for decay of short-lived fission prod-
ucts. During this initial period cooling of the fuel is piged by reactor pumps.

10 jquid waste—50-80 metric tons of washing water, etc., from a twin-repatpulsionunit—is filtered and discharged into the sea.
Solid waste (155-200 cubic meters) and spent fuel (2—3 cubic meters) are stored aboard the service ship.
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Refueling Problems Experts believe that major portions of these
The rate of refueling operations has declined fol- submarines will have to be treated as waste
lowing reductions in operational schedules for and buried. The work requires significant

the Russian nuclear B¢ For example, with a  R&D and has not been started.

refueling capacity of four to five submarines per

year, the Pacific Fleet in the past refueled three tR;dioactive Waste Disposal

four submarines per year. In 1994 and earl
1995, spent fuel was removed from only on
decommissioned submarine (£1)The Navy is

XReactor compartments that have been prepared

Sor flotation are currently stored near naval bases

facing significant delays in defuelingfueling or beached in several |0ca.t.IOI’IS on the Kola Pgn-
insula and along the Pacific Coast from Vladi-

submarines due to the following problems: ok h 1o the K hatka Peninsula. |
1. Lack of fuel transfer and storage equipment:VOSO north to the ramchatka Feninsuia. In

In the past, many pieces of refueling and SIOenrtecent years, once the .reactor compartment has
fuel storage equipment were producadside been sealed,.the. Russian Navy has storgd the
Russia. The breakup of the Sovietibh and reactors floating in open bays or along rivers
dissolution of the Wimaw Pact have inter- near naval bases. To provide greater flotation,
rupted the equipment supplfor example, ©one additional sealed compartment @tte end
Malina class submarine servicships were Of the reactor compartment remains attached to
produced at the Nikolayev shipyard inthe package. The advantages of this method are
Ukraine. A new Malina class ship for the that the sealed package is less likely to sink than
Pacific Fleet had been ordered fromthe entire submarine, and it is easier to handle
Nikolayev. Because of the breakup of theand transport by water. Disadvantages include
Soviet Union, construction was never com-the possibility that over periods afecades to
pleted. hundreds of years, seawaterrosion will pene-

2. Saturation of the spent fuel storage capacityirate the sealed reactor compartment and allow
Because the central storage facilities and somghe exchange of water with the environment. In
submarine support ships are full (see below)ihe United States, dismantled submarine reactor
they cannot take any newly removed spentompartments are sealed and shipped to a dry,
fuel. After submarine reactors are shut downgpaiow, land burial site in Hanford, Wrsgton.
it is necessary to keep auxiliary cooling sys- Several Russian studies have proposed various

tems running to remove heat generated within L
o methods for estdishing reactor compartment
the reactor core. To accomplighis heat

removal, it is likely that circulation within dlsposatl facTtle_s. fiese n:clﬁjldedplflanghreactor.
both of the reactor coolant loops must petompartments in concrete-lined trenches -or in

maintained at a reduced level. Many Russiar‘lmderground storage (42). Qne plan is to put
submarines thus will have such continuegSOMe reactor compartments in tunnels near sub-
standby operations in place for many years.marine bases in the north and Far East. However,

This creates further risks of accidents or uninth€ prospects for implementation of this program
tentional releases of radionuclides in therémain uncertain. The Russian regions of Mur-
future. mansk and Arkhangel’'sk have reportedly agreed

3. Difficulties of removing fuel from submarinesto the siting of permanent storage facilities for
with damaged reactor coreThere are three radioactive waste on the southwestern tip of the
submarines in the Pacific that cannot be defuisland of Novaya Zemlya at the Bashmachnaya
eled because of damaged reactor coredBay (48).

111t has been reported that only one defueling/refueling operation was conducted in 1993 in the Pacificrffiaetddo five refuelings
and three defuelings in 1990 (27).
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In a recent meeting of regional authoritids, The remainder of the U.S. submarine hulls and
Russian officials decided to pursue studiessquipment will be disassembled, cut into pieces,
related to the development ofl@ng-term solid and either recycled, scrapped, or treated as haz-
waste storage facility on Novaya Zemlya. Theardous waste. Spent fuel removed from disman-
facility would consist ofdeep burial trenches tled U.S. nuclear submarines is currently being
covered with gravel. The proposed site is locatedtored at the dismantlement shipyard on Puget
on Bashmachnaya Bay, on the southwestern pagound, Washington, awaiting the results of an

of Yuzhny Island. _ ~ Environmental Impact Statement to determine
Evaluations were previously conducted of five\yhere long-term storage facilities will be

potential sites on the Kola Peninsula. A site ajgcated.
Guba Ivanovskaya near Gremikha was chosen

and subsequently rejected by GAN. Severodvinsk and the Nerpa repair yard on Ole-

¢ S;)_me Ruisgn gteolog|sts E’f“evf thr?t E?rmelhya Bay are the primary facilities for dismantle-
rosti1s a suftable storagé medium 1or Nign-level,, .+ ¢ Ryssian Northern Fleet nuclear

solid wasFe. Novaya Zemlya permarost 'S 200submarines. The Russian Pacific Fleet has also
meters thick, stable over the long term, with n

o) . ) . :
. . ... _begun dismantling submarines at the Bolshoi
water migration. However, Western opinion is

more skeptical. The Bellona Foundation note§<amen shipyard near V.Iadivostok. '_A‘S of January
that the facility will have to be far more complex 1995, only 15 of the retired submarines had been

than a simple “hole in the ground.” Qismaptled completely. A .total Qf 101 subma-
rines in both fleets are in various stages of
0] Dismantlement of Submarine Hulls decommissioning (see table 4-2). Seventy of
_ these decommissioned submarines hatlhad
In recent years the Russian Navy has been digpent fuel removed from their reactors. Although
mantling decommissioned nuclear submarines af large number of submarines have been decom-
several sites. Dismantlement takes place iR,issioned, the defueling and dismantling process
Northern Fleet facilities on the Kola Penlnsulahas been slow. Some of the decommissioned
and Arkhan_gel sk (Nerpg_ gnd_ZvezdochKa yarOIS)submarines have been out of service with spent
and in Pacific Fleet facilities in the Vladistwk nuclear fuel 8l on-board for nore than 15 years
3237(1?71?'555?;'“rlfamreonce%aurgg ﬁs(rafng W tr?é thj S(_30). By the end of 1994 there were 20 additional
gp y submarines classified by Western sources as in

sians, as well as the status of the activities, is pre-" . hich tuallv laid table 4-5
sented below. service which were actually laid up (see table 4-5).

The U.S. Navy is also conducting a major Be€tween 1995 and 2003, this backlog is

nuclear submarine dismantiement program. Th&XPected to continue to grol#.An additional 70
current program began in 1992 and calls for thd® 80 submarines will probably be decommis-
United States to dismantle completely 100Sioned due to both age andneolidation of the
nuclear submarines at a total cost of approxi.ﬂeet. The total number of decommissioned sub-

mately $2.7 billion (30). The U.S. program, marines could increase to around 180. At the cur-
unlike the current Russian activity, will result in rent rate of dismantlement—about five per

burying sealed reactor compartments in aryear—it will take one to two decades to complete
underground site at the Hanford, Washingtondismantlement of all of the nuclear submarines
nuclear facility run by the Department of Energy.that will be decommissioned by the year 2003.

The Zvezdochka shipyard at Yagry Island in

12 A meeting of the interagency Contieie for Ecology of Murmansk was held at the Murma@iti Hall on June 21, 1995. Th®m-
mittee was briefed by MSC, the Kola Nuclear Power Plant, the Russian Navy, @amdrgentofficials from the region.

13The decommissioning rateill be slower than in the past several years. Refer to table 4-2 for a more detailed explanation of the pro-
jected ompostion of the Russian nuclear fleet.
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TABLE 4-5: Russian Nuclear Submarines Decommisioned as of January 1995

Northern and Pacific Fleets

Status of decommissioned nuclear submarines Total Northern Fleet Pacific Fleet
Dismantled and defueled 15 6 9
Defueled (waiting for dismantlement) or sunk 36 20 16
Decommissioned or laid-up (with fuel on board) 70 44 26
Total submarines out of service 121a 70 51

a Table 4-2 which is based on Western sources of information, indicates that 101 nuclear submarines were retired from service as of January 1,
1995. The additional 20 nuclear subs should be classified as “in-service, inactive” according to the Russian sources cited above. These vessels
are currently laid-up and planned for decommissioning.

SOURCES: V. Litovkin, “93 Nuclear Submarines,” /zvestia, July 9, 1993:6; V. Danilian and V.L. Viysotsky, “Problems of Spent Nuclear Fuel Man-
agement in the Pacific Fleet of the Russian Navy,” paper presented at the OTA Workshop on Spent Nuclear Fuel and Waste Management, Jan.
17-18, 1995, Washington, D.C.; G. Baham, “Nuclear Fleet of the fSU: A Preliminary Analysis of Dismantlement Activities,” Staff Paper prepared
for OTA, February 1995; Gosatomnadzor, “Report on Activity of Russia’'s Federal Inspectorate for Nuclear and Radiation Safety in 1993,”
approved by Order of the Russian Federal Nuclear Inspectorate [Gosatomnadzor] No. 61 from May 13, 1994, translated by Greenpeace Interna-
tional; North Atlantic Treaty Organization, Committee on the Challenges of Modern Society, Cross-Border Environmental Problems Emanating
from Defense-Related Installations and Activities, Final Report, Volume I: Radioactive Contamination, Phase I: 1993-1995 (Kjeller, Norway:
NATO, 1995).

The Nerpashipyad, located in Olenya Bay, is releases of radioactivity are possible during the
planning to expand its submarine dismantlingmultiple steps required unless all parts of the sys-
facilities to accommodate new equipment protem are technologically sound and operated
vided by the United States, using Nunn-Lugamnder high standards of safety and protection.
funds. The goal is to expand processing at NerpRussian naval reactors and fuels represent a vari-
to dismantle up to five submarines per year. Thety of designs and manufactures and therefore
first submarine dismantled by Nerpa in earlypresent unique handling, storage, and disposal
1995 took five months for the reactor compart-problems. Box 4-8 describes the reactor and fuel
ment to be cut out of the hull and prepared foidesigns (see table®), and box 4-9 discusses the

flotation. integration of naval fuel into the Russian national
nuclear fuel cycle. Figure 4-3 ments a sche-

MANAGING SPENT FUEL FROM THE matic diagram of the Russian naval nuclear fuel

RUSSIAN FLEET: ISSUES AND management process.

OPPORTUNITIES FOR COOPERATION Other problems are evident with serviteps

A key activity associated with the Russianand land-based facilities that were designed for

nuclear fleet of submarines and icebreakers ifterim storage and are now used for long-term
management of the nuclear fuel. During normaptorage. Also, submarines that were to be defu-
operations of the fleet, each reactor must be refieled immediately after being taken out of service
eled periodically. And when submarines andhave become long-term spent fuel storage facili-
other ships are being dismantled—as they arties themselves. An approach that would include
now—the spent fuel must be removed and storedafety and operational analyses reflecting
or processed in some way. This spent nucleathanges in facility missions has not been devel-
fuel is highly radioactive, and accidents oroped.
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BOX 4-8: Naval Reactor and Fuel Designs

Soviet/Russian submarines have been equipped with reactors of several designs. Several submarines
of the November and Alfa classes were powered with lead-bismuth-cooled reactors (liquid metal reac-
tors, LMRs). High power density in an LMR and its compact design allowed reduction in submarine size
while retaining the power of the naval propulsion unit. As a result, Alfa class ships were very fast. How-
ever, maintenance problems associated with neutron activation in bismuth and reactor accidents have
led to early retirement of the LMR-powered submarines.2

At present, probably all nuclear-powered vessels in Russia use one or two pressurized water reactors
(PWRs). There are three generations of naval PWRs. Reactors of the first generation were deployed
between 1957 and 1968, and all have been decommissioned. Reactors of the second generation were
deployed between 1968 and 1987 with many still in service; third-generation reactors have been installed
on submarines since 1987. The best described is a 135-MW KLT-40 reactor, which has been installed on
icebreakers since 1970. This is a pressurized water reactor with the following principal components: a
pressure vessel, a reactor lid that carries five reactivity control assemblies and four actuators for an emer-
gency core cooling system, and a fuel core. Steam for the propulsion unit is produced in four vertical
steam generators. It is thought that submarine reactors have designs similar to that of KLT-40 but are
smaller in size.

It is believed that a reactor core consists of 180 to 270 fuel assemblies, containing several fuel rods
each. In older designs, fuel rods were round. Newer reactor core designs utilize fuel rods of cross, plate,
or cane shapes.P The level of enrichment of uranium fuel varies significantly depending on reactor core
design. (Apparently, a reactor system of a specific design may use reactor cores of different types.)
Reactors of the first and second generations were fueled with 21 percent uranium-235 (U-235). Reactors
of the third generation have cores consisting of two to three enrichment zones, with enrichment levels
varying between 21 and 45 percent U-235. Standard naval reactor fuel in Russia is stainless steel- or zir-
conium-clad Cermet material (dispersed fuel), in which uranium dioxide particles are embedded in a non-
fissile aluminum matrix.¢

Some reactors are fueled with weapons-grade (more than 90 percent U-235) or near-weapons-grade
(70 to 80 percent U-235) uranium. For example, liquid metal reactors were almost certainly fueled with
weapons-grade uranium. Also, some icebreaker fuels are zirconium-clad, uranium-zirconium metallic
alloys with uranium enriched to 90 percent U-235.9 (Also, at times, reactors might have been fueled with
experimental fuels whose enrichment could differ significantly from that of regular fuel for this type of
reactor core.)

Some reactors, however, are fueled with relatively low enriched uranium: for example, in the proposed
design of a floating desalination facility, two KLT-40 reactors of the facility’'s power unit are designed to be
fueled with 1.8 metric tons of uranium dioxide enriched to 8.5 to 10 percent U-235.

a2 One common failure mode involved localized overcooling and solidification of the coolant.

b Such shapes increase the surface of fuel rods and, in this way, improve the core’s heat transfer characteristics.

¢ Typically, Cermet fuels offer better mechanical integrity, swelling resistance, and containment of fission products than ura-
nium alloys. They also have superior heat conductivity when compared with uranium ceramics.

d For example, HEU-fueled icebreakers have cores containing 151 kg of 90 percent enriched uranium. According to reactor
designers, the reactor of the nuclear-powered ship Sevmorput is fueled with 200 kg of 90 percent enriched uranium.

SOURCES: V. Kovalenko, “Braving the Chill of the Market,” Nuclear Engineering International, Jan. 1993; J. Handler, Greenpeace,
personal communication, October 1994; U.S. Department of Energy, Office of Foreign Intelligence, Radioactive Waste Manage-
ment in the Former USSR: Volume llI, prepared by D.J. Bradley, PNL-8074 (Richland, WA: Pacific Northwest Laboratory, 1992); O.
Bukharin, “Nuclear Fuel Management in the Russian Navy,” Staff Paper prepared for OTA, November 1994.
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TABLE 4-6: Russian Nuclear Naval Propulsion Reactor Design

Fuel enrichment,

Type of vessel Number / type reactors Power per reactor, MW, percentage Uranium-235

Submarines, first generation (1 958 to 1968)

Hotel, Echo, November 2 PWR /VM-A 70 MWt 20

Submarines, second generation (1968 to present)

Charlie 1 PWR /VM-4 70 to 90 20

Victor, Delta, Yankee 2 PWR / mod VM-4

Submarines, third generation (1987 to present)

Typhoon, Oscar 2 PWR / OK-650 190 20 to 45

Akula, Sierra, Mike 1 PWR / OK-650

Other submarines

Papa (1969 to late 1980s) 2 PWR / unknown 177 unknown

November-645 (1963 to 2LMR/VT-1 73 weapon-grade

1968)

Alfa (1969 to present) 2 LMR / OK-550 or BM-40A 155 weapon-grade

X-Ray, Uniform, AC-12 (1982 1 PWR / unknown 10 (X-Ray) unknown

to present)

Cruisers (1980 to present)

Kirov 2 PWR / KN-3 300 unknown

Auxiliary ships (1 988 to present)

Kapusta 2 PWR / unknown 171 unknown

Sevmorput 1 PWR /KLT-40 135 up to 90

Icebreakers

Lenin (1959 to 65) 2-3 PWR / OK-150 and OK- 90 5
900

Arctica (1975 to present) 2 PWR / KLT-40 135 up to 90

Taymyr (1989 to present) 1 PWR/KLT-40 135 up to 90

KEY: PWR=pressurized water reactor; LMR-liquid metal reactor

SOURCE: O. Bukharin, “Nuclear Fuel Management in the Russian Navy,” staff paper prepared for OTA, November 1994.
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BOX 4-9: Naval Fuel: Integration into the National Nuclear Fuel Cycle

The naval fuel cycle is closely integrated with the nuclear fuel cycles of military material production
reactors and commercial nuclear power reactors. For a significant fraction of naval reactor fuel, the
design of the fuel cycle was as follows:

Uranium feed for naval fuel was produced by recovering uranium from irradiated Highly Enriched
Uranium (HEU) fuel from two tritium production reactors at Mayak (Chelyabinsk-65) and HEU spike
rods from plutonium production reactors in Krasnoyarsk-26 and Tomsk-7.

Irradiated HEU fuel was reprocessed at the RT-1 plant at Chelyabinsk-65.

Recovered uranium (approximately 50 percent enriched) was sent to the Machine-Building Plant at
Electrostal near Moscow for fabrication into fuel rods and assemblies.

After irradiation in a reactor and a few years of temporary storage, fuel was sent to Mayak for repro-
cessing.

Naval reactor fuel was reprocessed together with spent fuel from research, BN-350/600, and VVER-
440 reactors.

Separated plutonium was placed in storage at the Mayak site.

Recovered uranium was sent to the Ust'-Kamenogorsk plant for fabrication into fuel pellets of RBMK
reactors.

The fuel cycle design was different for weapons-grade uranium fuel. HEU feed was derived from the
national stocks. Approximately 1.5 metric tons of HEU were used for fabrication of naval and research
reactor fuel annually. Some of this fuel was reprocessed after irradiation.

This nuclear fuel cycle scheme worked reliably until the early 1990s, when the disintegration of the
Soviet Union and reductions in military requirements resulted in remarkable changes. Naval fuel require-
ments have dropped to a few reactor cores per year. (Reportedly, in 1994, the Murmansk Shipping Com-
pany, which procures approximately two reactor cores of fresh fuel per year, became the principal
customer at the Electrostal naval fuel production line.) Also, in 1992, the Ust'-Kamenogorsk fuel fabrica-
tion plant terminated fabrication of reactor fuel using reprocessed uranium.

SOURCES: E. Mikerin, Information provided at Workshop in Rome, June 1992; E. Mikerin, MINATOM, personal communication,
May 1992.




Chapter 4 Sources and Risks of Potential Future Contamination 137

FIGURE 4-3: Russian Naval Reactor Fuel Cycle - Key Steps
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[0 Management of Spent Fuel GOSCOMOBORONPROM shipyard in the
Institutional Arrangements presence of Navy representatives. After that,
Naval fuel management in Russia involves the;esssz(?:esébltl:;y,[:;r I::;iysu(?;ngtr:z ?ggeglﬁelsNavy
work of several executive agencies and is regu- . ) " .
lated by GOSATOMNADZOR, the national is responsible for fuel from the moment it arrives
nuclear regulatory agency (see box 4-10). Th&t thg central storage facility to the mom_e_n.t spent
lines of responsibilities fofuel management fuel is retur_ned-to Mayak.) The responsibility for
operations are not always obvious. MINATOM ransportation is shared by the Navy, MINA-
is responsibldor fresh fuel until it is delivered to  TOM, and the Ministry of Railways. After the
the Navy, GOSCOMOBORONPROM, or the spent fuel has arrived at Mayak, MINATOM is
MSC. (Reportedly, in the case of a new submasolely responsible forsubsequent operations
rine, fresh fuel is controlled by GOSCOMOBO- (reprocessing, etc.). Similar arrangements exist
RONPROM until it is loaded into the reactor at abetween MINATOM and MSC.

BOX 4-10: Russian Entities with Responsibility for Navy Nuclear Reactors and Fuel

1. Ministry of Atomic Energy (MINATOM). MINATOM’s Main Directorates of Nuclear Reactors, Fuel
Production, and Isotope Production, and others are involved in virtually all stages of the naval fuel cycle.
Specifically, MINATOM'’s responsibilities include the following:

= R&D of reactors and fuels;

= development of an infrastructure to support reactor and fuel operations;

= production of naval fuel,

= production and use of spent fuel shipping casks;

s reprocessing of spent fuel; and

= development of a regulatory framework for fuel management and coordination of regulatory activi-

ties with Gosatomnadzor.

2. The Navy (Ministry of Defense): The Navy assumes responsibility for fuel from the moment it arrives
at a central storage facility until it is shipped to Mayak for reprocessing. Specifically, the Navy is responsi-
ble for the safety, security, and quality of the following operations:

= storage of fresh fuel;

» refueling and defueling;

= reactor use of fuel;

= interim storage of spent fuel; and

» loading of fuel into shipping casks and shipping fuel to Mayak.2

3. Murmansk Shipping Company (Ministry of Transportation): The company is a private enterprise.
However, its nuclear icebreaker fleet remains federal property. Its fuel management responsibilities are
similar to those of the Navy.

4. State Committee for Defense Industries (Goscomoboronprom). The Committee’s Department of
Shipbuilding operates all major shipyards and is responsible for loading fresh fuel into newly built subma-
rines and submarines undergoing major overhaul. The committee’'s research institutes and design
bureaus (e.g., Krylov's Institute of Shipbuilding) are responsible for the integration of reactor systems and
fuel management with the technologies and operations of naval vessels.

5. Ministry of Railways: The Ministry’s Department of Special Cargo shares responsibility for transpor-
tation of fresh and spent fuel.

(continued)
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BOX 4-10: Russian Entities with Responsibility for Navy Nuclear Reactors and Fuel (Cont'd.)

6. State Committee for the Supervision of Radiation and Nuclear Safety (Gosatomnadzor). The Com-
mittee is charged with developing nuclear and radiation safety rules and standards, supervising nuclear
safeguards, licensing and inspecting nuclear installations, and coordinating and supporting safety-
related research. Gosatomnadzor reports directly to the President. The principal divisions of Gosatom-
nadzor, involved in the supervision of naval fuel management, include the headquarters’ departments of
transport reactors, fuel cycle facilities, radiation safety, and material control and accounting, as well as
the regional offices of the North-West, Ural, and Central districts. Gosatomnadzor monitors fabrication of
naval fuel, refueling, spent fuel storage, shipment, and reprocessing. Gosatomnadzor coordinates these
activities, with the Ministry of Environment, Ministry of Health, Committee for Epidemiological Protection,
MINATOM, and the Ministry of Defense. As of 1994, Gosatomnadzor was complaining about the lack of
cooperation from the Navy.P However, the strength of the Committee is increasing as testified by its role in
addressing the issues of naval fuel shipments and storage.

a Reportedly, the Navy provides the guard force to escort spent fuel shipments. MINATOM (Mayak) owns the shipping casks.
b As of May 1994, the Ministry of Defense denied Gosatomnadzor access to its naval vessels.

SOURCES: O. Bukharin, “Nuclear Fuel Management in the Russian Navy,” Staff Paper prepared for OTA, November 1994; J. Han-
dler, “Radioactive Waste Situation in the Russian Pacific Fleet,” Greenpeace trip report, Nuclear Free Seas Campaign (Washing-
ton, D.C.: Greenpeace, Oct. 27, 1994); Gosatomnadzor, “Report on Activity of Russia’s Federal Inspectorate for Nuclear and
Radiation Safety in 1993,” approved by Order of the Russian Federal Nuclear Inspectorate [Gosatomnadzor] No. 61 from May 13,
1994, translated by Greenpeace International.

There is another mechanism for organizing theships are the same ones used for at-sea defueling/
interagency work. The Russian government’srefueling. In early 1993, it was reported that
decree on the national program of radioactiveabout 30,000 spent fuel elements, equal to 140
waste management (No. 824, 14 August 1993)eactor cores, were in storage in the various facil-
designated MINATOM as a principal state cus-ities of the Russian Northern and Pacific Fleets.
tomer for the program. In this capacity, MINA- Table 4-7 summarizes the spent fuel status in
TOM has contracted with the Ministry of both fleets.

Defense, Ministry of Environmental Protection, Immediately after its removal from submarine
GOSCOMOBORONPROM, GOSATOMNAD- reactors, spent fuel is put in containers—steel
ZOR, and other agencies to carry out projectgylinders with lead tops. Containers are used
related to spent fuel management. The Ministryboth for interim storage of fuel and as part of the
of Finance was to provide MINATOM with the spent fuel shipping casks. On service ships, fuel
required funding. The mechanism, however,s usually stored in dry, water-cooled compart-
does not work very well. For example, becausenents in which watertight containers with fuel
of the lack of funding, MINATOM has not been are suspended from the loeg in tanks filled
able to pay contractors for the work they havewith cooling water.

done. After a service ship is filled to capacity, fuel is
transferred to the land-based central sites at the
Storage of Spent Fuel in the Navy Zapadnaya Litsa and Gremikha bases in the

The Russian Navy is expected to have a backloforth and the Shkotovo waste site in the Pacific.
of 300 to 350 cores of spent fuel by the yeadn the past, most fuel assemblies were directly
2000. Both land-based facilities and service shipgxposed to cooling water (and, later, encased fuel
or barges are used for temporary spent fuel stoassemblies). Safe handling of the fuel in tempo-
age for the Russian nuclear fleet. The serviceary storage requires complex monitoring and
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TABLE 4-7: Spent Fuel Storage Facilities

Site Storage facility Storage fuel assemblies®

Northern Fleet:

Zapadnaya Litsa, Two land-based concrete tanks 20,489
Kola Peninsula (another tank is not operational)
PM-124 class service :shipb 560
Malina class PM-12 1,400
Gremikha,” N/A N/A
Kola Peninsula
Zvezdochka, Severodvinsk Three PM-124 class service ships 1,680
Malina class PM-63 1,400
Atomflot, Murmansk Lotta service ship 476

(submarine fuel)

Murmansk Shipping Company (MSC):

Atomflot base, Murmansk Imandra service ship 1,500
Lotta service ship 5,440
Lepse service ship 621
Pacific Fleet:
Shkotovo waste site (military unit Land-based storage 8,400
40752), Primorye . .o d
Three PM-124 class service ships 1,680
Kamchatka waste site (military unit One PM-124 service ship 560
95051), Kamchatka .
Malina class PM-174 1,400

2 The numbers for the Northern Fleet and MSC are from the Bellona report (pp. 45-47). The Yablokov report estimates 21,000 fuel assemblies
stored in the Northern Fleet (3,000 containers with seven fuel assemblies each) and 8,400 fuel assemblies (1,200 containers) in the Pacific Fleet.
According to the report, the stores are overloaded.

b PM class ships are designed for short-term storage of spent fuel. In some cases, fuel has been on these ships for long periods of time.

¢ LMR fuel is believed to be stored at Gremikha.

d The PM-80 (Shkotovo) and PM-32 (Kamchatka) hold 118 and 32 damaged fuel assemblies, respectively, that are difficult to remove (Gosatom-
nadzor, "Report on Activity of Russia's Federal Inspectorate for Nuclear and Radiation Safety in 1993," approved by Order of the Russian Federal
Nuclear Inspectorate [Gosatomnadzor] No. 61 from May 13, 1994, translated by Greenpeace International).

KEY: N/A = Not available.

SOURCES: T. Nilsen and N. Bghmer, "Sources to Radioactive Contamination in Murmansk and Archangelsk Counties," Report
Vol. 1 (Oslo, Norway: Bellona Foundation, 1994); 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), translated by Paul Gallager and Elena Bloomstein (Albuquerque, NM: Small World Publishers, Inc.).

auxiliary systems. The water pool must be pro+tadiation to detect leaks. Leaking fuel requires
vided with a supply of cold water or an internalspecial handling. This process also produces a
cooling system. A system is needed to removeignificant amount of radioactive waste. Finally,
contaminants that would acced¢e corrosion of any leaks from the pool to the environment must
the spent fuel. The system must be monitored fobe prevented (49). Storage accidents due to ther-
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mal stresses in fuel and corrosion of storagenately six months of storage on thmandrg
equipment have led the Navy to move most fuefuel is transferred to the service shimtta
into dry storagé? (The Northern Fleet retains (capacity 5,440 fuel assembliés).Lotta, like
some land-based wet storage capacity.) Imandra is an ice-class vessdlotta has been
At the Shkotovo wste site in the Pacific, equipped to handle the new TUK-18 fuel casks.
spent fuel is stored in a horizontal array of cylin-Spent fuel is stored aboakatta for two to three
drical cells in a concrete floor of the storageyears. OrbothImandraandLotta, fuel is stored
building. Each cell accommodates a containein dry, water-cooled storage (as described
with seven fuel assemblies. Presently, 1,075 owubove)l8 The ships are relatively modern and in
of 1,200 cells are loaded with spent fuel. Atgood condition.
Zapadnaya Litsa, fuel has been moved into stor- The service shijhepse however, is older and
age facilities designed to hold liquid radioactivenot as well maintained. It also contains a large
waste. (The bildings have neer been used for amount of highly contaminated damaged fuel.
waste storage because liquid waste was previFhe Lepsehas 643 fuel assemblies aboard. No
ously discharged into the sea.) additional spent fuel has been loaded on the
As of the end of 1993, spent fuel had beerLepsesince 1982. One of the tweepsestorage
removed from 36 out of 103 decommissionedcompartments contains spent fuel from the dam-
submarined? The high rates of submarine deac-aged core of the icebreakeeninl® To control
tivation and low defueling capacity of the Navy radiation releases from damaged fuel assemblies,
mean that many tens of reactor cores of sperthe entire storage section, which contains 317
fuel will remain inside shutdown reactors of fuel assemblies, was encased in concrete. The

floating submarines for a long time. other compartment also contains a large amount
of damaged fuel, about 30 percent of the 643 fuel

Spent Fuel Storage at the assemblies. Thus, between 80 to 90 percent of

Murmansk Shipping Company the spent fuel aboard thepseis either damaged

The Murmansk Shipping Company (MSC) is aOr nonextractable because it has been encased in
private Russian enterprise engaged in the opergoncrete. To develop a remediation plan for it,
tion of nuclear-powered icebreakers and otheMSC must inventory the remaining accessible
commercial ships. MSC currently performs all spent fuel to determine which fuel assemblies, if
spent fuel management related to its icebreaker@ny, are removable using eting equipment.
Discharged icebreaker fueliistially stored on- MSC was also constructing a land-based stor-
board the service shilmandra (capacity 1,500 age facility for interim (20 to 25 years) storage of
fuel assemblies), which is designed to refuel icespent fuel. The building was 90 percent complete
breakers at the Atomflot bas® After approxi- when the Russian nuclear regulatory agency,

141n 1986, corrosion of fuel handling and storage equipment led to a serious accident at the storage Zagkignatya ltsa (built in
the early 1970s). Because of corrosion, several containers with spent fuel fell to the bottom of theastoeagbsome of them broke. The
accident resulted in a severe contaminationlprokand had the potéal for anuclearcriticality event. (Exprts of the Physics and Power
Institute in Olminsk have evaluated the probability of a criticality event for such an accident and found it to be small.)

15 According to Captaiv.A.Danilian, the Pacific Fleet hagdommissioned 51 submarines (including three with damaged reactor cores)
and has defueled 22 submarines [OTAksbop Jan 17-19, WashingtbnC.].

16|mandra’sstorage capacity consists of six stemhpartmats, each holding 50 containers for 250 fuel assemblies.

17 The Lotta has 16 storage compartms each compartment has 68 containers containing fiveaiggmblies. Since the mid-1980s,
168 ofLotta’s containers (840 fuel assemblies) have been used to store submarine fuel.

18Thirteen containers (65 fuel assemblies) are not cooled (48).

19Reportelly, 319 to 321 fuel assemblies from thebieakerLenin are stored on thieepse of these, 10 to 20 fuel assemblies are esti-
mated to be seriously damaged.
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GOSATOMNADZOR, indiated that it will not [] Shipment and Disposition of Spent Fuel
authorize its operation unless the facility isfrom the Russian Nuclear Fleet

rebuilt to meet modern safety requiremeifts.
MSC is now reconstituting its planfor an
interim spent fuel storage facility to serve both

Spent Fuel Shipment
Spent fuel from the Russian nuclear fleet has reg-
ularly been shipped to reprocessing facilities.

the |cebr§akers and the Northern Naval FI_eEtAfter one to three years of storage, the standard
Two key issues that must be addressed with Braciice is to ship naval spent fuel to the RT-1

new storage facility are th#isposition ofzirco-  plant at Mayak for reprocessing. In the past,
nium-uranium (Zr-U) fuel and damaged fuel nowspent fuel wasshipped from the facilities at
stored aboard service ships. Neither type of fueZapadnaya Litsa, Sevmorput', and Sevenusk/

can be reprocessed currently at Mayak, and nth the North. In the Pacific Fleet, fuel was
long-term storage is available. shipped from an installation, a short distance
MSC projects that there will be 13 cores of zr-away from the Sh_k_OtOVO Wa§te site _(27)'

At storage facilities, containers with spent fuel

U fuel aboard its service ships within three to . .
. : . were loaded by cranes into shipping casks and
five years. Therefore, unless this fuel is moved to, . g i .
. . delivered to rail terminals for loading on spe-
a land-based storage site at Atomflot, it prevents. .
Cially designed flatbed cars. The cars were

MSC from ‘?O”duc“”g normal refueling operg- formed in a special train and sent on a several-
tions for its icebreakers. One plan under Cons'ddayjourney to Mayak.

eration is to use theotta to transfer the Zr-U In the past, the principal types of shipping
fuel to newly acquired dry storage casks (poSSizasks in use were TUK-11 and TUK-12 (see
bly of Western design), which could then betaple 4-8). One train with TUK-11/12 casks
stored safely at Atomflot. could carry approximately 500 fuel assemblies.

A new MSC storage facility could also be The TUK-11 and TUK-12 casks were manufac-
used to store any damaged fuel removed from theured between 1967 and 1985. GOSATOMNAD-
Lepse In June 1995, MSC tendered an engineerZOR banned their use in October 1993 because
ing study of optiondor cleaning up théepse ©f the following safety concerns: 1) vulnerability
The European Union (EU) has provided©f the casks to low temperature (below -5°C); 2)
$320,000 for engineering work support of this potential for cask .rgpture in an acgident i.nvoIv-
effort. The goal of the effort is to inventory com- "9 @ head-on collision or car toppling; 3) inade-
pletely the spent fuel, perform a risk assessmeng,uate quality o_f_productlon of the C.aSkS; and 4)
and suggest optionfor a course of action. Wgrn-out cgndltlons of theasks, railcars, and
Although Western contractors will be involved railway equipment (22).

. . Recently, the obsolete TUK-11 and TUK-12
in the effort, MSC ham5|ste(.zl.that gnyesearch casks have been replaced by new casks of the
and engineering work specifically include Rus-

) _ ) TUK-18 type. One train of TUK-18 casks carries
sian subcontractors: OKBM (fuel design), Kur- 55 oximately 600 fuel assemblies, an equivalent
chatov Institute (science dowr), and VNIt of 1 5.2 reactor cores of spent fuel. TUK-18

Promtechnologia (waste disposal). The U.Scasks also meet international standards and can
Environmental Protection Agency (EPA) is con-withstand serious rail accidents. The Northern

sidering supporting the risk assessment phase ahd Pacific Fleets have received 18 and 32 new
the project. casks, respectively. The number of casks is suffi-

20 According to ®SATOMNADZOR, the facility would not survive an airplane crash or other similar disaster (53).
21 All Russian Scientific Research Institute.
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TABLE 4-8: Spent Fuel Shipping Casks

TUK-11 TUK-12 TUK-18
Designation of fuel 22 or 22M/one container 24 or 24M/one container ChT-4/ seven containers
containers/number of
containers per shipping
cask
Number of fuel assemblies  7/7 717 7149
per container/number of
containers per shipping
cask
Shipping cask weight 8.9 8.9 40
(metric tons)
Designation of railcars/ TK-4 or TK-7/4 casks per TK-4 or TK-7/4 casks per TK-VG-18/3 casks per car
number of shipping casks car car
per one car
Number of casks per train/ 18 cars/504 fuel 18 cars/504 fuel 4-8 cars/588 to 1,176 fuel
number of fuel assemblies assemblies assemblies assemblies

per shipment

SOURCE: O. Bukharin, “Nuclear Fuel Management in the Russian Navy,” unpublished contractor paper prepared for Office of Technology
Assessment, U.S. Congress, Washington, DC, November 1994.

cient to make two trains. However, the numbemuclear substitute casks aboard the M&@p
of corresponding railcars is sufficient fonly  Lotta The first train with spent fuel (which also
one train. carried some spent fuel from the Navy) departed

The Military Industrial Commission, the from Atomflot for Mayak in March 1995. A total
defense planning arm of the Soviet governmen®f five shipments are planned from Murmansk
had directed the Navy to start using new casks iy MSC in 1995.
1983. The Navy, however, did not assign these MSC’s management has proposed that the
plans high priority. Subsequently, the start-upcompany could become a central fuel transfer
was rescheduled and failed in 1985, 1988, angoint in the North, which would serve both the
1990. The principal technical problems of transi-nuclear icebreakers and the Northern Naval
tion relate to the need for 1) new spent fuel andFleet. According to the proposed scheme, sub-
cask handling equipment, and 2) upgrade of thenarine fuel wvould be tansferred from the
local road and railway networks (because TUK-Navy’s service ships to theotta prior to reload-
18 casks are significantly larger and heavier thaing in TUK-18 shipping casks. Because MSC
TUK-11 and TUK-12 casks). believes that its company has a well developed

These problems were overcome at the Northtechnological and transportation infrastructure,
ern Fleet shipyard, Severodvinsk: the first concompetent personnel, and a valid operating
signment of spent fuel in TUK-18 casks was senticense, consolidation of all marine nuclear fuel
to Mayak in May 1994 by train. TUK-18 casks transfer operations would help to avoid duplica-
were also used in the fall of 1994 to ship spention of facilities, increase the rate of shipments,
fuel from ashutdown eactor of the naval train- and improve the safety of fuel reloading opera-
ing facility at Paldiski (Estonia). tions.

By the beginning of 1995, new fuel handling Implementation of this plan, however, might
equipment was installed and tested with nonbe impeded by the Zr-U fuel problem. Zr-U fuel
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cannot be reprocessed using existing facilitiesmplementation of this pla#3 If, however, the
and practices in Russia. Currently, the spent fueNavy cannot resolve the problem of shipments, a
has to be stored aboard the service ship#ta new interim storage facility wouldhave to be
andimandra The fuel (13 cores total) would fill pyilt.24

most of the storage capacity of the two ships and pe problem of shipments is compounded by

limit MSC's ability to serve as a spent fuel trans-y,q increasing costs of reprocessing spent fuel. In

fer point. (The ships have a combined storage1994’ Mayak increased the costs of repreices
capacity of 20 reactor cores of spent fuel. Of

from $500,000 to $1.5 million (1.5illlon to 7
these, a space for three cores must be reserv%I lion rubles) per shipment (1.5 to 2 reactor
for freshly discharged fui¢ MSC’s management P b '

. ) cores or a few hundred kilograms of heavy met-
proposes to resolve this problem by moving Zr-U ) i )
fuel to new land-based storage fiigis. The fuel als). The increase was caused by financial prob-

would be placed in dry storage in muItipIe-pur-IemS in the nuclear industry, increases in federal

pose casks that would be installed at the Atomt@x€s, and inflation.

flot base. The casks could also accommodate

damaged fuel from théepse MSC, however, Disposition of Spent Fuel

needs outside funding and/or equipment tdn Russia, naval spent fuel is normally repro-

implement this plan. cessed at the RT-1 chemical separation plant at
The situation in the Pacific is more serious.Mayak in the Urals. The Mayak complex was

The last shipment of spent fuel from the Shko-brought into operation in 1949 to produce pluto-

tovo waste site took place in 1993. As of beginnium and, later, tritum for nuclear weapons.

ning 1995, new fuel handling equipment waspuring the period 1959—-60, Mayak and the Insti-

installed at the fuel storage facility at the Shko+yte of Inorganic Materials (Moscow) began

tovo waste site, and similar work has been starteghsearch on reprocessing of irradiatedhhy

at the rail terminal. There Is, however, the needriched uranium (HEU) fuel such as that used in

to upgrade several kilometers of railway COMthe nuclear fleet. The research resulted in a tech-

necting the base to the. central railway SySten}nology to reprocess naval fuels, and a corre-
and to complete upgrading of the road between

the storage facility and the rail termirf&lThese sponding  production line was brought into

. . . . . operation in 1976. It was the first production line
seemingly simple construction projects might be

difficult to implement because of lack of fund- of the RT-1 reprocessing pla}%ﬁ. )
ing. The Navy is also considering an alternative At Present, the reprocessing complex includes

that would involve sending spent fuel by sea tghree lines for processing fuel from commercial
the shipyard Zvezda, which would serve as a raiféactors (MTM models VVER-44%; BN-350/

terminal for shipments to Mayak. The poor tech-600) and from naval, research, and HEU-fueled
nical condition of the piers at Zvezda and thereactors. In addition to the reprocessing lines, the
lack of funding in the Navy to pay the shipyard complex includes facilities for short-term storage
for fuel transfer operations may complicate theof spent fuel, waste storage and treatment facili-

22 Approximately 1.5 kilometers out of 3.5 kilometers of road have been constructed.

23The Navy already has a large debt to the Zvezda shipyard.

24The estimated time to construct a storage facility is six months.

25|n 1978, the RT-1 plant began reprocessing of spent fuel of model name VVER-440 reactors.

26 A Russian acronym: VVER=ww-vodyanoy energetielkiy reaktor (water (-moderated amtoled) powereactor). The nameplate
capacity of the MTM (MINTYAZHMASH) model VVER-440 line is 400 metric tons per year of VVER-440 fuel. The historic average
throughput is 200 metric tons per year. Recentiyydver, the plant operated at 25 to 30 petof its capacity. Reprocessing of VVER-440
fuel from Finland and Eastern Europe is the principal source of income for the Magpleg.
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ties, storage facilities for recovered plutoniumcould lead to a number of mutual benefits.
and uranium, and other support facilit@s. Addressing the many problems related to naval

The Mayak facility uses a system designed tdgeactor fuel management is of major importance
reprocess standard uranium-aluminum navafrom the viewpoint of environmental cleanup,
reactor fuels. The facility previously had theprevention of potentially serious accidents
capacity to process four to five reactor cores ofnvolving spent fuel, and progress of the subma-
spent naval fuel per year. Mayak can now pro+ine decommnssioning program. Somadtors are
cess 12 to 15 metric tons of heavy metaimportant to the United States as well as Russia,;
(MTHM) per year. This corresponds to 24 to 30however, direct technical assistance to Russia
reactor cores per year. At the current size of thdas limitations. Other countries in Europe, espe-
fleet, normal fleet operations of the Navy andcially Norway, and Japan are also interested in
MSC should not require reprocessingna than cooperative work to solve these problems. Assis-
about 10 to 20 cores per year. Thus, sufficientance programs are difficult to manage and
capacity exists for reprocessing additional fuelensure that support ends up where it is most
from decommissioned submarines as soon as thgeded. Also, certain assista efforts are com-
pace of dismantlement operations increases.  plicated by the military nature of nuclear naval

Mayak, however, cannot presently reprocessctivities.

Zr-U fuel and damaged (or failed) fuels with its  Box 4-11 describes some possible steps that
current system® One problem with Zr-U alloy could be introduced to address the above prob-
fuels is associated with the dlfflCUlty of dissolv- lems. Most of these are recognized by Russian
ing them in nitric acid. The Biitute of Inorganic  experts and others as critical and necessary. The
Materials in Moscow has been researching sevproplem with spent fuel and radioactive waste in
eral technologies to resolve this problem. A prethe Ryssian Navy is not new. (Even with tigh
ferred methodnvolving thermalireatment of the  rate of defueling/refueling in the late 1980s and
Zr-U fuel has been identified. However, MINA- the supposedly low rate of fuel shipment, it has
TOM has not been able to secure funding fokayen several years to accumulate approximately
construction of a pilot facility at the RT-1 plant 150 reactor cores currently in storage in the Navy
in Mayak. In the interim, MSC is pushing for the 5,4 \sc ) The Navy had plans to modernize its
|mp!ementzal_t|0n of a plan to move all Zr-U fuel waste and spent fuel managementlites back

off its service ships into a land-based storage, e 1980s. Later, in the early 1990s, the prob-

facility. The fuel would be housed in dry storagelem was addressed in several major reports and

casks that woulc_zl safely contain th_e fuel _fgr doz'lprograms. These documents call for development
ens of years until suitable processing facilities, o

of a general concept of spent fuel management,
long-term storage, can be arranged. . . >
construction of spent fuel handling equipment

. . . and fuel transfer bases, use of neWipping

0 Potential for U.S.-Russian Cooperation casks, development of technologies to dispose of
in Spent Fuel Management nonstandard fuels and damaged reactor cores,
OTA sponsored a workshop in January 1995vork on long-term storage of spent fuel and geo-
with Russian and U.S. expert participants to dislogic disposal of radioactive waste, and develop-
cuss problems with spent fuel management irment of a special training center (10).
both countries. One outcome was the suggestioResolutions have been passed and plans have
that cooperative projects might be useful andeen developed oboth regional and site levels

27 Mayak has a 400-metric ton wet storage facifor VVER-440 fuel; a2,000metric ton interim storage facility is about 78rpent
complete (65).
28 Reprocessing of fuel assemblies with surface contamination is prohibited to avoid contamination of the production line.
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BOX 4-11: Possible Steps for Improving Spent Fuel Management and Reducing Accident Risks

1. In the area of refueling and spent fuel storage:

» Transfer of the Lepse to a land-based facility

and facilities with damaged fuel

2. In the area of spent fuel shipments (if needed):

3. In the area of disposition of spent fuel

become critical.

= Procurement of new refueling equipment (e.g., PM-type service ships)

» Characterization of stored fuel and storage facilities (amounts, types, and condition of fuel, and sta-
tus of available storage facilities) and safety upgrades at the existing facilities

= Analysis of options for and construction of interim storage facilities (if needed)2

= Development of a regulatory framework determining safety criteria for safe storage of spent naval
fuel ( how long and under what conditions storage of spent fuel is safe)

» Defueling of deactivated submarines if fuel or submarine conditions are unsatisfactory, and devel-
opment of techniques for safe storage and monitoring of fuel when defueling can be postponed

= Development of plans to decontaminate and dispose of contaminated storage facilities, the Lepse,

These measures could be coordinated with a general concept of fuel and radioactive waste manage-
ment to include the disposition of nonstandard, damaged, and failed fuels.

= Installation of equipment to work with TUK-18 casks in the north and in the Pacific
= Upgrades of the local transportation infrastructures

4. Other necessary factors include sufficient funding, clear division of institutional responsibilities, and
improvements in personnel training and human resource management.

2 Some Russian experts are concerned that additional facilities may result in a future decontamination and decommissioning

problem. These experts believe that any available funds should be spent to carry out the standard approach (shipping spent fuel
to Mayak and reprocessing). Multipurpose spent-fuel casks may answer some of these concerns should the storage situation

SOURCE: O. Bukharin, “Nuclear Fuel Management in the Russian Navy,” Staff Paper prepared for OTA, November 1994.

as well2® MINATOM, as a lead agency, has

contracted various institutions and agencies to do

the work. However, coiruing problems with
funding have largely stalled the progress.

The OTA workshop, thus, sought to identify
areas in which cooperative work could be started
soon, would offer clear mutual benefits, and
could be supported by general agreement that its
further pursuit would be worthwhile.

1. With regard to management of damaged spent
fuel where technologies and systems are not
currently in place, it is clear that damaged fuel
is a major technological and management

issue. In this regarda vulnerability assess-
ment could be conducted to determine priori-
ties with respect to off-loading damaged fuel
from Russian submarines, surface ships, and
fuel service ships.Similar recent efforts
regarding the problem of spent fuel include
the identification of a critical situation aboard
the serviceship Lepseat Atomflot. Thisship
has damaged fuel stored that has been in place
for up to 28 years. One of its two compart-
ments, which contains seriously damaged
spent fuel, has been filled with concreteys

29 The following measures are planned at the Severodsisko improvespent fuel management operations: 1) to upgrade refueling
facilities at Semash, Sever, andaval Repir Yard 412 (193/94); 2) to develop procedures and a system of regulations for the removal of
reactor core from submarines that dezanmissioned at Severodvinsk; 3) to upgrade the transportation system at the naval base Belomor-
skaya; 4) to upgrade the railway system at the Belomorskaya naval base (48), the Sevmash site, and the d9#%IStsagorkaail link;

5) to build new storage facilities; and 6) to build new service ships (6,48).
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making the fuel assemblies very difficult to [J Management of Liquid and Solid

extract. Radioactive Waste from the Nuclear Fleet

. It may also be useful to investigatchnolo- .
. . - . In addition to spent fuel management, other
gies (some of which are available in the

United States)o assess the status of damagec{ sdlgactlye waslte rr;la n?gemen.t q pr;)t;l\emf t”zm
fuel (i.e., corrosion angbotential for critical- € Russian hucieartieet are evident. As stated in

ity). Remote sensing technologiesd., mini- the Yablokov report, past practices of the fSU’s
cameras and remote techniques) could pauclear fleet resulted in direct at-sea discharges
useful for the inspection of damaged fuel—anCf low-level liquid radioactive waste (LRW). In

approach commonly used in the United State§€ report, general areaslmfuid waste disposal
but apparently not readily available within the @re identified in the Barents Sea in the north and

Russian nuclear fleet. the Sea of Japan, the Sea of Okhotsk, and the

. It would be constructive to develap case North Pacific Ocean in the east (23).

study and risk analysis of fuel management Recent reports state that the Northern Fleet
technologies using the service ship Legse stopped discharging LRW into the Arctic seas in
service ship used for the nuclear icebreakel992 (23). In the far east, amstance of lguid
fleet that contains seriously damaged spenivaste dumping occurred in Octolded93, but no
fuel). The Lepse is a commercial, not a further discharges have been documented. In the
defense, vessel; therefore, it would be easienorth, two treatment plants for LRW were built
for an international group to work on than aat Zvezdochka (shipyard in Severodvinsk) and
Navy submarine. Sevmash (a Navy base) in the 1960s but never
. Another possibly useful collaborative projectysed and are now obsolete. At Sevmash there are
concernstechnologies that are needed 1o five floating tanks for Northern Fleet LRW, each
remove, off-load, and condition damaged fuelyith a capacity of 19 to 24n

for local storage, for transport to a central A5 in the north, at Atomflot—Murmansk
storage facility, or for transport to a site for Shipping Company’s repair, maintenance, and
reprocessingCIearIy, a de(_:isio_n will have to wastewater treatment fdity 2 km north of Mur-

be m"’?de as to Whlc.h. option Is preferred for, - hok—LRW (primarily from icebreakers) is
matching the conditioning process to thetreated to remove cesium-137 (Cs-137) and

intended fate of the spent fuel. On this subject .
the United States could offer some Sess Strontium-90 (Sr-90), so that the effluent can be

learned from its research on Three Mile Islanqd'SCh"’lr(‘:]ecj to the Murmansk Fjord. Since 1990,.a
two-stage absorption system has been used with

to provide feasible conditioning options for ‘ .
a capacity of 1 mper hour and a yearly capacity

the Russians to consider.
. Both Russia and the United States could bengf 1.200 m3 (4'_) o o

fit from an analysis of the commercial avail- Although this treatment facility is primarily
ability of dry storage and transportation for icebreaker waste, it is the only fityi avail-
technologies that could handle damaged andble to also treat LRW from naval reactors. MSC
nonstandard fuelU.S. industry has examples has treated all of its LRW but cannot handle the
of such systems and recently related applicabacklog (or the amount gersged annually) by
tions. Mutual identification and development Submarines in the Northern Fleet. Atomflot says
of these technologies would likely benefit that it has the technical infrastructure to play a
both countries. Multipurpose casks for drycritical role in managing LRW on a regional
storage and shipment developed in the Westcale. As a stopgap measure, the Northern Fleet
are of particular interest to Russia. uses two service ships to store its LRW.



148 | Nuclear Wastes in the Arctic

Planned Liquid Waste Treatment in the North to date, the United States’ and Norway’'s pro-
Plans for a new treatment facility at the Atomflotposed cooperative effort to fund the exgian
complex have been under development for théas received considerable attention over the past
past few yess. The facilitydesign currently pro- year. The Murmansk Initiative, as it is called, has
posed is based on an evaporation technologiynvolved technical exchanges, meetings, expert
developed by the Institute of Omé&al Process- site visits, and other activities in 1994 and 1995.
ing Technology in Ekaterinburg and the Kur- A facility expansion concept paper was prepared,
chatov Institute in Moscow. Theurrent proposal and an engineering design has been funded. A
would increase the capacity of LRW that coulddiscussion of the U.S.-Norwegian-Russian initia-
be handled to 5,000%per year. The new facility tive can be found in chapter 5. This effort is one
would be designed to handle three types of liquigf the first examples of international cooperative

waste: primary loop coolant from pressurizedwork directed toward the prevention of further
water reactors (PWRs), decontamination soluragioactive waste dumping in the Arctic.

tions, and salt water generated by Russian naval
reactors. The LRW treatment capacityowd -
handle both the icebreaker fleet and the NortherﬁIannecj Liquid Waste Treatment

Fleet's needs (Murmansk and Arkhangel‘skm the Far East

Oblasts). The design of this expanded facility isLiquid radioactive waste treatment and storage

now under way with assistance from both thecapabilities are also in dire need of upgrading

United States and Norway. Its construction isand improvement to service Russia’s Far Eastern
planned to begin in late 1995. nuclear fleet. In 1993, Russia and Japan began a
The Russians had planned a new facility tdPilateral cooperative project to address this need.
handle the different types of LRW from subma-They developed a design and implementation
rines and icebreakers. It appears that the curreRfan for a newiguid waste treatment facility. An
design cannot process large quantities of the sufiaternational tender was issued for the facility in
marine waste, which contains salt water. Thel994, and bids were due in |dt@95. Russia has
MSC now plans to build its new facility in two also undertaken interim measures to reduce pres-
phases. The second phase (currently furmdgg  sures on sea dumping. Thus far, the United States
by MSC) would extend the capacity from 5,000has not participated in support for this facility as
to 8,000 M a year (an adtional 3,000 m). it has for the one at Murmansk (37).
MSC plans to launch a commercial project with
IVO International of Finland. This project would ] Splid Low-Level and

involve the use of a technology developed tAntermediate-Level Radioactive Waste
remove Cs-137 from the primary loop coolant in

the naval training reactor at Paldiski, EstoniaSOlid waste is generated during the replacement
The facility would be upgrded and installed on ©f fuel assemblies on icebreaker reactors, from
the tankerSerebryankaThe capacity of the repairs in the reactor section, and in the replace-
upgraded system is estimated as 1,000 to 2,000€nt of cooling water filters, cables, and gaskets.
cubic meters per year. Project cost is estimated IS also generated from processing waste related
about $1 million. The combined output of the to the storage of fuel assemblies. Contaminated
two facilities would handle all LRW generated clothes and work equipment are also part of the
from ship operations as well as a significantwaste stream. Of the waste generated, 70 percent
amount (several thousand cubic meters annually¥ low-level, 25 percent is intermediate-level, and
generated in the submarine dismantlement prod percent is high-level radioactive waste (48).
cess. Until 1986, all low- and intermediate-level solid
Since Russia has not been able to provide thevaste from nuclear vessels was dumped into the
necessary funds for the expansion of this facilitysea. Since that timeplid waste has been stored,
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in some cases treated (e.g., incinerated), and in Russian sources have listed the following

some cases disposed. steps as necessary to manage waste generated in
For example, at some sites in the north, radiothe Murmansk and Arkhangel'sk Oblasts: (4)

active waste is currently stored in containers develop new storage facilities,

placed side-by-side in a concrete bunker. Once install preliminary radioactive waste treatment

the bunker is filled, it is sealed and covered. The €quipment at the point of waste generation,

largest storage facility for solid waste has* implement waste minimization and decontam-

reached 85 percent of its capacity. Large items ination methods,

that cannot fit easily into containers (reactor develop safe transport facilities that meet

parts, cooling pipes, control instruments, and international standards,

equipment employed in replacing used fuel* develop a complex for radioactive waste treat-

assemblies) are placed on the ground without any Ment at Atomflot,

protection or safeguards against drainage into the develop solid aste supercompaction (1,500-

sea (48). 2,000 metrif: tqns of_ force) instead of the cur-
Given the range of dstties taking place in rently used incineration of lower-pressure (100

and around the Arctic Sea and the apparent lack ©©NnS of force) compaction methods, _
of secured, mnitored storage, there appears to construct a specialized ship for transporting
be a need for a regional depot to store low- and solid radioactive waste packages to their final

intermediate-level radioactive waste. Similar repoiltorty, andd_ i ¢ it f
needs exist in the Ear East. = construct a radioactive waste repository for

- . solid wastes in permafrost in Novaya Zemlya.
A number of waste treatment facilities are in

place. There is an incinerator at Atomflot for
low- and intermediate-level waste. The wasteRUSSlAN NUCLEAR POWER PLANTS—

volume is reduced 80 percent by this incinerator‘.s"A‘FETY CONCERNS AND RISK
The waste gases are filtered, and the ashes a&?DUCTlON EFFORTS
filters are stored in containers (48). Some solid Background

radioactive waste mainly from decommissioned

. . T ?lnce the major nuclear reactor accident at Cher-
submarines is also being incinerated at a nava . .
L . nobyl, many nations have taken actions to help
facility in the north. Incinetor gases are con-

trolled and led through special filters. When thelmprov_e safety and reduce the risk of f_uture accl-
dents in all states of the former Soviet Union.

radioactivity of the gases is too high, the faCi,"_tySpecific activities in Russia, discussed in this
shuts down—a frequent occurrence. Fac'l'tysection, deserve particular attention in the con-

operation appears to be erratic; the fa‘C'I'tytext of preventing future radioactive contamina-
reportedly runs for only one month a year due Qo iy the Arctic since Chernoby! releases are

filtration system overload and system shutdown.among the most widespread contaminants mea-
There are also discharges of radioactive gasegred today throughout the general region.

inconnection with repairs at reactors and Ryssia has 29 nuclear power units at nine
replacement.of fuel assemblies. SUCh. is the cas@actor sites (See ﬁgure 4-4 for reactor loca-
at Severodvinsk where the annual discharge afons)30 In 1993, with these reactors operating at
such gases is estimated to be up to 10,080 ng5 percent capacity, they provided 12.5 percent
from the labs and from storage of used fuebf the electricity produced in the counfy.

assemblies (48). There are two main reactor types in Russia: the

30Note, however, that the map lists only 24 reactors sinaei dot show either the four reactor8#dibino or the one at Belarsk.
31|n the United States in 1993, net electricity generated from nuclear power generating units was 21.2 percent of net electricity generated
from utilities (63). For a discussion of older nuclear power plants in the United States (60).
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RBMK and the VVER32 Box 4-12 and table 4-9 Very few probabibtic risk assessments have
describe the types and locations of Russiameen done to date and made available to the West
power reactors. The Chernobyl reactor 4 thafor Russian reactors; thus, accident risk claims
exploded in April 1986 in Ukraine was an have not been established quantitatively. The
RBMK reactor, and 11 of this type are now oper-Nuclear Regulatory Commission (NRC) hopes to
ating in Russia. The RBMK is a graphite-moder-convince Russia of the need to conduct such
ated, light-water-cooled reactor. Spent fuel fromassessments. Another complicating factor in
these reactors is replaced while the reactor is iassessing the safety of Russian reactors is the
operation, unlike PWRs, which must be shutfact that after January 1, 1993, the flow of infor-
down before refueling takes place. Experts outmation on plant design and accidents at these
side Russia have criticized the RBMK design,plants effectively dried up. Although the Soviet
especially since the Chernobyl accident, andJnion did sign certain international reporting
have proposed several remedies ranging froneonventions, the nations of the former Soviet
safety improvements in existing reactors to subUnion effectively ceased making international
stitution of new reactors with diffent designs, accident reports in early 1993. When an event
to outright replacement with other fuel souré@s. occurs, such reports angsually made to the

It is difficult to draw firm conclusion@bout Organization for Economic Cooperation and
the safety levels of all Russian reactors in genDevelopment (OECD)’s Nuclear Energy Agency
eral. Some have argued that Russian reactors ag¢ to the International Atomic Energy Agency
more geared toward prevention than reaction to 4AEA), which rates and analyzes the incident
possible accidentor example, the higher water (52).
inventory in the VVER reactors, compared to Evaluations of U.S. efforts to improve the cur-
Western-design PWRs, means that the heat-unt conditions of reactor safety in Russia vary.
process following an accident in which replen-A  Gore-Chernomyrdin  Commission GCC)
ishment of makeup water is not available allowsNuclear Energy Committee report, the product of
more time for corrective measures to be takemhe December 15-16, 1994, GCC meetings, rec-
before possible damage to the fuel. Theme, ognized these efforts, outlined in a December
the need for containment and other postaccidert993 agreement, as unsuccessful. The December
mechanisms becomes somewhat compensatd®93 agreement was entitled, “On Raising Oper-
(3). However, this design advantage does not offational Safety, on Measures to Lower the Risk
set the need for improvements in Russian nucleaand on Norms of Nuclear Reactor Safety with
power plants (NPPs) suggested by many internaRespect to Civilian Nuclear Power Plants of Rus-
tional experts. These include new monitoring andia.” This agreement sought to facilitate coopera-
safety procedures that comply with internationaltion under the Lisbon Initiativé4 However, at
standards, reliable operating systems, wellthe December 1994 GCC meetings, Russia
trained operators, and sufficient funding foraccepted U.S. explanations for failure to com-
maintenance and spare parts. plete projects planned for 1994 (9,20).

32 A Russian acronym: RBMK=reaktor bol'shoy rhesrosti kipyashchiy (large-capacity Hisig (-water) reactor).

33The two main safety concerns about the RBMK are: 1) core neutronics, or nuclear reactions in the corgdaaali2} lof the pres-
sure tubes. With regard to core neutronics, the RBMK has a positive void coefficient, which means that reactions speed up when water is lost
from the core, for example, throughlcessive boiling or a loss-of-coolant aetitl This happens because water servedsorb neutrons;
therefore, when water is lost, thember of neutrons incases, thereby speeding up the chain reaction. (Neutrons promote fission by hitting
a uranium atom and causing itstalit.) At Chernobyl unit 4 in April 1986, the chain reactiowiltiplied rapidly, generating high temperatures
that caused an explosion. The second maimern, hyrauics of the pressuribes, has to do with the possibility of fuel channel rupture.
When reactivity speeds up, there is thegilility that several tubes might rupture simultaneously and pressure in the cavity below the reactor
cover might increase enoughlifp the head off,causingall thetubes to break anlifting out the control rods—acenario that occurred at
Chernobyl.

34The Lisbon Initiative refers to the current U.S. bilateral assistance program with the former Soviet Union in the area of nuclear reactor
safety, which is discussed later in this chapter.
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BOX 4-12: Nuclear Power Reactors in Russia

Currently, Russia operates 11 RBMKs! at three sites: four near St. Petersburg, four at Kursk (south of
Moscow), and three at Smolensk (southwest of Moscow). The St. Petersburg units, located in Sosnovy
Bor, St. Petersburg Oblast, are the only ones out of the 29 operating units in Russia that are run by a sep-
arate utility company, the Leningrad Nuclear Power Plant Utility. The Ministry of Atomic Energy (MINA-
TOM) operates all other power plants through an organization known as the Rosenergoatom Consortium.
Each of the 11 RBMK units has a capacity of 925 net MW, (megawatts of electricity). The frst St.
Petersburg unit came online in December 1973, and the last in February of 1981. The earliest Kursk
unit dates from December 1976, and the latest from December 1985. The Smolensk units are some-
what newer, dating from December 1982 to January 1990.

The EPG-6 is a reactor type similar to the RBMK. It too is graphite moderated and boiling water
cooled. The four existing reactors of this type are found at Bilibino on the Chukchi Peninsula in the Rus-
sian Oblast of Magadan, which is about 100 miles north of the Arctic Circle in the Russian Far East. Each
of the Bilibino units has a capacity of 11 net MW,. Unit A at Bilibino began operation in January 1974,
unit B in December 1974, Unit C in December 1975, and Unit D in December 1976.

The other main type of reactor in the former Soviet Union is the VVER,2 which is a pressurized water
reactor (PWR) design, the main reactor type in the West. It is water moderated and cooled. The old-
est version of this reactor is the VVER 440/230, followed by the 440/213, both of which produce 440
MW, of electricity. The oldest of the VVER reactors, the 440/230, like the RBMK, is considered by
many Western observers to have safety problems. It lacks an emergency core cooling system to pre-
vent the core from melting after a loss-of-coolant accident. Moreover, the reactor vessel is vulnerable
to radiation-induced embirittlement, which increases the risk of fracture in the vessel. It also lacks
containment vessels to prevent the escape of radioactive materials after severe accidents. It should
be noted, however, that the model 230 has several positive features. Since it has a large water inven-
tory and low power density, it can more easily ride out problems such as a “station blackout” when
there is a loss of the power needed to run pumps that cool the core. The model 230 also has an
“accident localization system” to condense steam and reduce the release of radiation after an inci-
dent in which most pipes in the reactor system break, thereby mitigating the danger inherent in a
design that has no containment vessel.

The VVER 440/213, a newer model, includes an emergency core cooling system, an improved reactor
vessel, and an improved accident localization system. This model, however, still lacks full containment
(except in the case of those models sent to Finland and Cuba).

The Kola NPP, with four reactors, is located in the Murmansk region above the Arctic Circle near the
northeastern border of Norway. Two of these reactors are the oldest generation units, VVER 440/230s.
They came online in June 1973 and December 1974, respectively. The other two units are VVER 440/213
units, which began operation in March 1981 and October 1984, respectively. At the end of 1994, only two
of the Kola power units were operational, and prospects are problematic for continued operation of the
remaining units because of difficulties in collecting fees owed by Murmansk Oblast industries.

The newest generation of VVER reactors in Russia is the VVER-1000, which is most like a Western
nuclear power station. It runs at 1,000 MW,, and its design includes a full containment vessel and
rapid-acting scram systems. Experts believe that this design could approximate Western safety
standards, given some modifications, such as increased fire protection and improved protection of
critical instrumentation and control circuits.

(continued)
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BOX 4-12: Nuclear Power Reactors in Russia (Cont'd.)

Novovoronezh NPP, located in southwestern Russia, has two 440/230 reactors, which began opera-
tion in December 1971 and 1972, respectively, and one VVER-1000, which began operation in May 1980.
Kalinin NPP, located northwest of Moscow, has two VVER-1000 units. Unit 1 came online in May 1984 and
unit 2 in December 1986. Balakovo NPP, which is located along the Volga River southeast of Moscow,
has four VVER-1000 units; the first began operation in December 1985, and the last, Balakovo 4, became
commercially operable in April 1993. Balakovo 4 is the newest of all Russia’s reactors and the first one
built since 1990.

Only one other type of reactor, the BN-600, a fast breeder reactor, is operating in Russia. It is known
as “Beloyarsky 3” and is located in the Ural Mountain area, about 900 miles east of Moscow. It has a
capacity of 560 net MW, and has been in operation since April 1980.

1 RBMK = Reaktor bol'shoy moshchnosti kipyashchiy (large-capacity boiling [-water] reactor).
2 VVER = Vodo-vodyanoy energeticheskiy reaktor (water [-moderated and -cooled] power reactor).

SOURCES: U.S. Department of Energy, Energy Information Administration, EIA World Nuclear Outlook, 1994, DOE/EIA-0436(94)
(Washington, DC: US Government Printing Office, December 1994); U.S. Congress, Office of Technology Assessment, Fueling
Reform: Energy Technologies for the Former East Bloc, OTA-ETI-599 (Washington, DC: U.S. Government Printing Office, July
1994); U.S. Congress, General Accounting Office, Nuclear Safety: International Assistance Efforts to Make Soviet-Designed
Reactors Safer, GAO/RCED-94-234 (Washington, DC: U.S. Government Printing Office, September 1994); “Funding Crisis Could
Cause Nuclear Station Shutdown,” Moscow Ostankino Television, First Channel Network, in FBIS Report/Central Eurasia (FBIS-
SOV-94-227) Nov. 25, 1994, p. 35.

Russian officials have stated that the Unitedduction, carries with it the implication of social
States unilaterally determines priorities, and paysinrest, given the extensive loss of jobs (staff of
too much attention to analysis and not enough t6,800) that would ensue. Also, in the former
practical solutions. As an example, they point toSoviet Union, nuclear power plants, like many
1994 when no supplies or equipment were sentyorkplaces there, are responsible for providing a
although some had been sent in 1993 (9). Howhost of social services for their efoyees. This
ever, the Chairman of GOSATOMNADZOR makes their closure a much more painful and,
told a September 1993 meeting of Group ofpotentially, morepolitically and economically
Twenty-Four (G-24) representatives that thedestabilizing measure.
bilateral assistance implemented in the regula- According to former NRC Chairman Ivan
tory field was timely and effective, compared Selin, the three most important elements for
with other Western assistee (58). One @msible  shoring up a strong safety culture are as follows:
reason that the NRC is actually ahead of schedt) technical excellence and operational safety
ule is that unlike the Department of Energyenforced by a tough, independent regulator, and
(DOE) and its contractors, NRC has not beersupported by timely plant operator wage pay-
hampered by liability problems (52). ments and payments to utilitiger electricity

One of the biggest impediments to the develproduced; 2) a sound economic climate that
opment of a safety culture in Russia lies in theallows for a sufficiently profitable nuclear pro-
human arena: the current low pay and lowgram capable of underwriting first-rate training,
morale of plant eployees work to undermine a maintenance, and equipment, and incorporates a
concern for safety. Socioeconomics is a formidanew energy pricing mechanism to encourage
ble consideration. The prospect of shutdown at &nergy conservation; and 3) solid organization
station such as Chernobyl in Ukraine, which isand management, including high-quality staff-
responsible for 7 percent of national energy proing, training, and responsible leadership. He rec-



154 | Nuclear Wastes in the Arctic

TABLE 4-9: Russian Nuclear Generating Units Operable as of December 31, 1994

Capacity Reactor
Unit name Location (net MW,) Date of operation type Reactor model
Balakovo 1 Balakovo, Saratov 950 December 1985 PWR VVER-1000
Balakovo 2 950 October 1987 PWR VVER-1000
Balakovo 3 950 December 1988 PWR VVER-1000
Balakovo 4 950 April 1993 PWR VVER-1000
Beloyarsky 3 Zarechny, Sverdlovsk 560 April 1980 FBR BN-600
Bilibino A Bilibino, Chukotka 11 January 1974 LGR EPG-6
Bilibino B 11 December 1974 LGR EPG-6
Bilibino C 11 December 1975 LGR EPG-6
Bilibino D 11 December 1976 LGR EPG-6
Kalinin 1 Udomlya, Tver 950 May 1984 PWR VVER-1000
Kalinin 2 950 December 1986 PWR VVER-1000
Kola 1 Polyarniye Zori, 411 June 1973 PWR VVER-440/230
Murmansk
Kola 2 411 December 1974 PWR VVER-440/230
Kola 3 411 March 1981 PWR VVER-440/213
Kola 4 411 October 1984 PWR VVER-440/213
Kursk 12 Kurchatov, Kursk 925 December 1976 LGR RBMK-1000
Kursk 2 925 January 1979 LGR RBMK-1000
Kursk 3 925 October 1983 LGR RBMK-1000
Kursk 4 925 December 1985 LGR RBMK-1000
Leningrad 12 Sosnovy Bor, St. 925 December 1973 LGR RBMK-1000
Petersburg
Leningrad 22 925 July 1975 LGR RBMK-1000
Leningrad 3 925 December 1979 LGR RBMK-1000
Leningrad 4 925 February 1981 LGR RBMK-1000
Novovoronezh 3 Novovoronezhsky, 385 December 1971 PWR VVER-440/230
Voronezh
Novovoronezh 4 385 December 1972 PWR VVER-440/230
Novovoronezh 5 950 May 1980 PWR VVER-1000
Smolensk 1 Desnogorsk, 925 December 1982 LGR RBMK-1000
Smolensk
Smolensk 2 925 May 1985 LGR RBMK-1000
Smolensk 3 925 January 1990 LGR RBMK-1000
Total: 29 units 19,843

a Under reconstruction.
KEY: LGR=light-water-cooled, graphite-moderated; PWR=pressurized light-water-moderated and cooled; FBR=fast breeder reactor.

SOURCES: U.S. Department of Energy, Energy Information Administration, EIA World Nuclear Outlook, 1994, DOE/EIA-0436(94) (Washington,
D.C.: U.S. Government Printing Office, December 1994); Gosatomnadzor, “Characteristics of the Status of Safety at Nuclear Power Plants in Rus-
sia (for 1994),” (Moscow, Russia: GAN, circa 1994).
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ommends that Western assistance efforts bhternational Convention on Nuclear Safety
directed toward longer-termmitiatives, such as Additional multilateral efforts include the Inter-
ensuring adequate resources and sound institirational Convention on Nuclear Safety, an agree-
tional and management arrangements, rather thanent that would urgeshutdowns at nuclear
short-term approaches, such as technical fixegower plants that do not meet certain safety stan-
operational improvements, and regulatory proceelards. These are not detailed technical standards.
dures (51,54). Other experts agree that with thénstead, the standards that the conventitpus
volatile socioeconomic situation in Russia, assistates are general safety principl@sgluding the
tance money might be wasted if it is used orestablishment of a legislative framework on
technologies that the Russians are financiallgafety and an independent regulator; procedures
incapable of maintaining or regulating properly. to ensure continuous evaluation of the technical
aspects of reactor safety (e.g., this would require
O International Programs Addressing countries to establish procedures to evaluate the
Reactor Safety effect of site selection on the environment and to
ensure protection against radiation releases); and
Group of Seven and Other Multilateral Efforts a safety managemesystem (gg., estabhing a
The Group of Seven (G-7) summit in Munich in quality assurance program, training in safety, and
July 1992 was a seminal conference in the evoluemergency preparedness plans). Work on the
tion of reactor safety. At that summit, participat-convention began in 1991 in the wake of the dis-
ing countries designed an emergency action plasolution of the Soviet Union. As of September
for the safety of Soviet-designed reactors. Opera2l, 1994, 40 nations had signed the convention
tional improvements including near-term techni-including the United States, Russia, and Ukraine.
cal assistance and trainiage part of the plan, as With its signing by 40 nations, the agreement can
are regulatory improvements. In response to sugiow go before each nation’s legislative body or
gestions made at the conference, donor countriggarliament for ratification. The agreement calls
conducted assessments on: 1) the feasibility ofn signers to submit an immediate report on all
alternative energy sources and conservationuclear power fatities and, if necessary, to exe-
practices, to allow for the replacement of the oldcute speedy improvements to upgrade the sites.
est and least safe plants; and 2) the potential forhe convention also sets up a framework for the
upgrading newer reactors to meet internationateview of a nation’s atomic sites by other
safety norms. nations, with special provisiongor such a
The World Bank, the European Bank forrequest from neighboring countries, which may
Reconstruction and Development (EBRD), andbe concerned about the health of their popula-
the International Energy Agency (IEA) have tions and crops. The convention does not provide
been conducting these studies, which were confor an international enforcement mechanism and
pleted recently. However, according to the Cenhas no penalties for noncompliance, so as not to
ter for Strategic and International Studies’infringe on national sovereignty. As drafted, the
Congressional Study Group and Task Force ofonvention designates IAEA as Secretariat to the
Nuclear Energy Safety Challenges in the Formemeetings of involved countries (1,59).
Soviet Union, the studies provide neither detailed There are several other multilateral programs
practical options on which to base U.S. policywhose goal is to promote nuclear safety within
nor convincing arguments that might persuaddhe former Soviet Union. Most are smaller and
countries in the Newly Independent States (NIS)nore specifically targeted than the above efforts.
and Eastern Europe to shut down the riskiest
reactors before their planned life spans are comFhe U.S. Nuclear Safety Assistance Program
pleted. Apparently, the G-7 and the authors offhe Joint Coordinating Committee for Civilian
the studies themselves concur in this opinion (7)Nuclear Reactor Safety (JCCCNRS) is a cooper-



156 | Nuclear Wastes in the Arctic

ative exchange program between the Unitedonference in Munich in July 1992 are the basis
States and the Soviet Union, which was initiatedor the current DOE-led program in nuclear
in 1988. It was established in accordance with safety assistance to the NIS, the Program for
Memorandum of Cooperation under the Agreedmproving the Safety of Soviet-Designed Reac-
ment between the United States and the U.S.S.Rors, under the International Nuclear Safety Pro-
on Scientific and Technical Cooperation in thegram (INSP). INSP aisities are conducted
Field of Peaceful Uses of Atomic Energy according to the guidance and policies of the
(PUAEA)—an agreement signed in 1972. NotState Department, the U.S. Agency for Interna-
until the late 1970s, however, was the nucleational Development (U.S. AID), and the Nuclear
safety issue incorporated in the Peaceful Useregulatory Commission. All four agencies work
Agreement, and even then action on cooperatiotbgether to achieve the objectives of the INSP,
in nuclear safety was delayed due to the Soviewhich are the following: 1) to strengthen opera-
invasion of Afghanistan in 1979. tions and upgrade physical conditions at plants,
After the Chernobyl accident in 1986, 2) to promote a safety culture, and 3) to facilitate
renewed zeal was focused on the issue of nucled@ie development of a safety infrastructure.
safety within the framework of the PUAEA. On  |n addition, at the Vancouver Summit in May

April 26, 1988, two years to the day afteher- 1993 the United States and Russia laid the
nobyl, the JCCCNRS was created under theyroundwork for the U.S.-Russia Commission on
Peaceful Uses Agreement. Russia and Ukraingconomic and Technological Cooperation, better
have been formal successors to the U.S.S.R. gthown as the Gore-Chernomyrdin Commission.
both the Peaceful Uses Agreement and thhe first meeting of the GCC took place in
JCCCNRS. Representatives from both  theyashington, D.C., in September 1993. At that
atomic energy and the regulatory ministries iNmeeting, Vice President Gore and Prime Minister
each country act as co-chairs of the JCCCNRSzhernomyrdin agreed on a joistudy on alter-
Similarly, DOE and NRC are the co-chairs frompate sources of energy in Russia, which is being
the United States. Although the dissolution of thexarried out by U.S. AID in close cooperation
Soviet Union in late 1991 had little impact on theyith the World Bank and other organizations.
progress of activity under the JCCCNRS Memo-p|q at that first GCC meeting, the Nuclear
randum of Cooperation, it did usher in new Opersafety Subcommittee, co-chaired by DOE and

ational and regulatory organizations in thenrc for the United States and MINATOM and
former Soviet Union and introduced economicGAN for Russia, was formed.

problems with negative consequences for nuclear
safety, including a lack of money for mainte- . .
nancg and shor?ages of spare part);. [ Activities within the
A conference in May 1992 in Lisbon, Portu- Department of Energy
gal, represented a turnimmpint in U.S. nuclear The International Nuclear Safety Program is a
safety assistance to the NIS. The U.S. prograrbepartment of Energy effort to cooperate with
changed from a program of cooperativepartners in other countries to improve nuclear
exchanges to one of specific, targeted agsista safety worldwide. Activities directed toward
Commonly called the Lisbon Initiative, the cur- raising the level of safety at Soviet-designed
rent U.S. nuclear safety sistance effort began nuclear power plants play a major role in this
as an outgrowth of JCCCNRS and has in manworldwide effort. The overall objectives of the
ways superseded JCCCNRS work. NevertheProgram for Improving the Safety of Soviet-
less, JCCCNRS still exists and retains some oDesigned Reactors include the following: 1) to
its original working groups. strengthen operation and upgrade physical condi-
The May 1992 Lisbon meeting and the corre-tions at plants, 2) to promote a safety culture, and
sponding U.S. commitments made at the G-73) to facilitate the development of a safety infra-
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structure. The thrust of the program involves3.

encouraging these countries to help themselves.

Work under the program is organized according

to the following major program elements:

1. Management and Operationktajor activities
involve development and implementation of
the following: emergency operating instruc-
tions (EOIs); practices and procedures for the
safe conduct of plant operaits; and training
programs, including those based on the use of
simulators, with training centers at the Balak-
ovo Nuclear Power Plant in Russia and the
Khmelnitsky Nuclear Power Plant in Ukraine.

The program also seeks to improve emergency.

response capabilities through integration and
through training and assistance in deficient
areas.

2. Engineering and Technolog¥he focus is on
the transfer of techniques, practices and proce-
dures, and tools and equipment to upgrade
plant safety. Training in the use of transferred
items will also be provided to help countries
help themselves in the future. Generally, when
a hardware backfit is necessary for safety
improvement, asingle plant is selectefbr a
“pilot demonstration” of the technology trans-
fer. Under certain circumstances, however,
(e.g., when insufficient economic incentives
exist for the transfer of specific technologies),

similar safety upgrade projects may be carried.

out at multiple plats. Upgrades in safety-
related systems include fire $aty, confine-
ment, reactor protection, emergency power,
and emergency feedwater systems. In pursu-
ing upgrades in the safety-related systems of
older reactors, caution is taken so as not to
encourage continued operation of these reac-
tors. The program element “engineering and
technology” also encompasses the establish-
ment of national technical standards. Exami-
nation of areas such as design control,
technical and material specifications, nuclear
equipment manufacturing, configuration man-
agement, and nondestructive testing hods
will be performed to determine where prac-
tices should be changed to ensure sufficient
levels of quality.

Plant Safety EvaluationSafety evaluation is
an area of the program receiving increasing
emphasis (19). The idea is to develop the
methodologies, techniques, and expertise nec-
essary for safety analyses to be performed
consistent with international standards. Plant-
specific analyses will likelydraw on more
general studies that have eddy been com-
pleted by the IAEA. Priority of work will be
decided with a view to furthering projects by
the EBRD. Activities will include probabilis-
tic risk assessments and assistance with the
prioritization of future plant modernizations.
Fuel Cycle SafetyThis element of the INSP
Soviet-Designed Reactor Safety Program
deals exclusively with Ukraine. The objective
of the Fuel Cycle Safety Program is to address
safety issues surrounding interim storage of
spent fuel in Ukraine. Assistance and training
to both Ukrainian power plant operators and
regulators will include efforts toward the
licensing of additional spent fuel storage
capacity, the procurement and delivery of dry
cask storage prototypes and related equipment
for use at the Zaporozhye plant, and assistance
as requested by Ukrainian regulators. Analysis
and strategic planning regarding the adequacy
and safety performance of spent fuel storage
systems are fundamental to the program.
Nuclear Safety Legislative and Regulatory
Framework: The major emphasis of this pro-
gram element is on Russia. The focus is on the
development of a legal framework that pro-
motes the following: adherence to interna-
tional nuclear safety and liability convéaris

and treaties; domestic indemnification for
nuclear safety liability (domestic indemnifica-
tion legislation would allow for broader use of
Western safety technology); and establish-
ment of strong, independent regulatory bodies.
The program will encourage the habit of
incorporating regulatory compliance at all
stages of engineering and operations. It will
also ensure that an appropriate regulatory
framework exists to support other INSP
project elements. Evaluation of the legislative
and regulatory status in the host country will
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take place in cooperation with the U.S.NRC
program. Should improvements in the regula-

the Russian nuclear power plants. A national
laboratory has agreed to provide some analyti-

cal code training.

Establishment of a Regulatory Training Pro-
gram: Assistance is provided in the establish-
ment of a regulatory training program in
Russia. Nine microcomputer systems, to be
used for computer-based training, were deliv-
ered to Moscow in July 1993 and more are
being sent. Also in July 1993, four GAN offi-
cials completed a three-week assignment at
the NRC Technical Training Center (TTC), at
which they learned about the training of NRC

tory framework of the host country be deemed
necessaryassistance will be provided to com- 5,
plement related ongoing NRC activities.

O Activities within the Nuclear

Regulatory Commission

The Nuclear Regulatory Commission programs,
begun in October 1992 under the Lisbon Initia-
tive assistance effort in Russia, include the fol-
lowing:

1. Licensing Basis and Safety Analysihis

involves training and technical assistance on
NRC practices and processes for the licensing
of nuclear power plants, research reactors, and
other facilities involved in the use of radioac-
tive materials. This program was the first-
ranked priority project requested by the Rus-
sians and has witnessed nine teams of GAN
representatives travel to the United States dur-
ing 1993-94.

. Inspection Program Activitiesthese provide
training and technical assistance on the NRG;.
inspection program. Four training team visits,
two Russian teams to the United States and
two U.S. teams to Bssia, took place during
1993-94. Also, NRC officials participated in a
joint pilot team inspection at a Russian plant.

. Creation of an Emergency Support Center:7.
Assistance is provided in establishing incident
response programs. Again, team exchanges
took place in both directions.

. Analytical Support ActivitiesThese assist in
the implementation and application of analyti-
cal methodologies to the performance of
safety analyses. NRC has solicited a contrac-
tor to provide technical support in the procure-
ment and installation of engineering work
stations. These will be useful for performing
severe accident analyses, which employ U.S.
computer codes that have been modified for

personnel. In August of that year, four more
GAN officials spent two weeks at the facility
learning about the use of training aids such as
simulators and the use of equipment for devel-
oping and presenting course materials.
Another contingent of GAN technical person-
nel visited TTC in Noveter 1993. When fur-
ther funding is available, implementation will
begin on an agreement to acquire and deliver
an analytical simulator, developed by a joint
U.S.-Russian venture.

Creation and Development of a Materials
Control and Accounting Systerilot part of
JCCCNRS, this programoffers assistance in
nuclear materials accounting and control
under the Safe and Secure Dismantlement of
Nuclear Weapons program.

Fire Protection SupportTechnical assistance
is provided in the development and review of
fire protection inspection mieddology and
implementation of this methodology at Rus-
sian reactors. NRC developed a historical fire
protection and postfire safe shutdown licens-
ing analysis document for GAN use After

the fire protection/safe shutdown licensing
document, GAN specialists visited NRC and
regional fire protection specials to learn
about regulations, licensing practices, and
inspection methodologies in this area. Further
work in this area has been requested by GAN.

351t should be nted, howeer, that MINATOM refuses to recognize the validity of GAN’s licensingpdues. Enablingnechanisms

are necessary to make licensing erdatile. Russian domestic legislation probably would be necessary in this area to resolve these differ-
ences (52).
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8. Probabilistic Risk Assessment Study for thehave been expended to assist in upgrading it.
Kalinin VVER-1000 Power Station (Beta There is the podsility, however,that emergency
Project): A risk assessment study on Kalinin response money will be directed toward this end
is to be developed. A kickoff meeting in the future (55). However, NRC and GAN are
between the primary Russian and U.S. pareooperating on safety aspects thfis facility.
ticipants was held in May 1994. The variousThey are considering improvements in commu-
phases envisioned for the project include thenication links between Bilibino and Moscow, in
following: Phase 1—Project Organization; conjunction with an emergency support center at
Phase 2—Training, Procedures GuideGAN headquarters in Moscow. Nuclear power
Development, and Data Gathering; Phaselants in the United States make routine daily
3—System Modeling and Accident Fre- status reports to NRC, and NRC is working to
guency Analysis; and Phase 4—Contain-establish a similar system in Russia, whereby the
ment Performance. Statements of work haveplants in Russia report to GAN in Moscow.
been done for the first three phases. As mentioned above, the reactor design at

9. Licensing and Inspection of aRioactive Bilibino is EPG-6, graphite moderated and boil-
Materials: Key GAN personnel are trained ing water cooled, similar to the RBMK but with
in health and safety issues relating to thenoteworthy differences. Comparisons to Cherno-
licensing and inspection program at NRC forbyl should be made cautiously. Fuel design and
nonmilitary possession, use, and disposal ofiranium enrichment differ between the two reac-
radioactive materials. This priority area tor types. These differences affdmith the risk
involves on-the-job training in nuclear mate- of an accident and its psible consequers. The
rials transport, the nuclear fuel cycle, spentpossible consequences of an accident depend on
fuel storage, nuclear waste programs, andhe total inventory of fission products in the core
radioisotope practices. at the time of an accident and the fraction and

10. Institutional StrengtheningGeneral support composition of the inventory that actually gets
is provided to GAN in the following areas: into the atmosphere. At any given time, Bilibino
document control management and com-should haveonly about 1percent of the total
puter utilization, electronic information inventory of fission products in the Chebyl
communication, safety information publica- reactor during the accident there in April 1986.
tion, and the International Council of Although little is known about the actual risk of
Nuclear Regulators (NRC agreed to investi-accident at Bilibino, possible consequences of an
gate ways to underwrite GAN participation accident, should one occur, could be estimated

in council activities). by using the knowledge available. Some
researchers have made preliminary estimates of
[0 Nuclear Power Plants in the Arctic the consequences of an accident at Bilibino that
indicate very low concentrations of radionuclides
The Bilibino Nuclear Power Plant would be carried as far as Alaska.

The two Russian nuclear power plants with All low-level waste is concentrated and stored
potentially the greatest impact on the Alaskaronsite at Bilibino. High-level waste, incling
environment are Bilibino in Chukotka Oblast in spent fuel, filters, and reactor components, is
the Russian Far East and Kola in Murmanskeld onsite in stainless steel-lined concrete tanks.
Oblast. Bilibino is about 810 miles from Nome, Fuel storage pools are closer to operating reac-
Alaska: 1,250 miles from Fairbanks; and 1,860tors than is advised in the United States.

miles from Juneau. Since Bilibino in the Russian A radiological emergency response plan exists
Far East is a small-capacity station (each of théor Bilibino. Unlike U.S. plans, this plan is based
four units has a capacity anly 11 net MW)  on actual postaccident measurements of a release
(megawatts of electricity), ndOE resources rather than on plant conditions or dose projection
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models. As a result, prerelease notification oftop exercise. In September 1994, the principal
deteriorating plant conditions, which would be investigator for the Emergency Response Collab-
included in Alert, Site Area Emergency, or Gen-oration project under ANWAP, Mead Treadwell,
eral Emergency reports in the United States, arthen Commissioner of Alaska's Department of
not possible under the Bilibino emergencyEnvironmental Conservation, met with officials
response system. The Bilibino plan’s accidenof the Finnish Centre for Radiation and Nuclear
assessment categories differ from both IAEASafety in Rovaniemi, Finland, and a conceptual
International Nuclear Event Scale categories andgreement was reached on the development of
the U.S. system of classificatidf. Therefore, further linkages in emergency response. Russian
some have recommended that U.S. officialgparticipation is responsible for about 25 percent
seeking direct communications with Bilibino of both the effort and the funds that have been
personnel and with civil defense (Emergency Sitexpended on the Emergency Response Collabo-
uations Office¥’ officials should become famil- ration with the Bilibino Region project.
iar with the plan and its accident assessment Under the current reportingystem, accidents
categories, which are based on a wartime nucleait Bilibino would be reported to Moscow, from
attack plan. Because of fundamental differencesoscow to IAEA headquarters in Vienna, from
between United States and Russian emergendyienna to Washington, D.C., and from Washing-
response philosophies, some have also reconen to Alaska. Moreover, under the Convention
mended that a “tabletop” drill be carried outon Early Notification of a Nuclear Accident,
between Alaska and Chukotka. This would allowagreed to by the United States, the U.S.S.R., and
both sides to test communication links and makether states in 1986, the criterion for notification
sure they understand each other. is “radiological safety signifiance for another

In late June 1994, a four—day Internationalstate,” as understood by the originating state.
Radiological Exercise (RADEX) was convenedRussian officials might reasonably argue that,
to test emergency response procedures. Thregiven the small size of the Bilibino plant and its
representatives from Bilibino and from the distance from the United States, even a severe
Chukotka Regional Government participated, agccident there would not constitute “radiological
did other representatives from the Arctic Envi-safety significace” for another state and, there-
ronmental Protection Strategy (AEPS) nationsfore, would go unreported. Alaska is pushing for
various Native groups, and the Internationaldirect notification from Bilibino.
Atomic Energy Agency8 Also, the Office of Improved radiation monitoring is, of course,
Naval Research (ONR) is funding Emergencyintegral to the detection and notification process.
Response Collaboration with the Bilibino RegionAlso under ANWAP, efforts are under way to
as one of the projects under its Arctic Nuclealimprove radiation monitoring. ONR support has
Waste Assessment Project (ANWAP), which ismade possible cooperation between the Univer-
funded by money from the Cooperative Threatsity of Alaska and the DOE Los Alamos National
Reduction Program. Under this program, in Jund.aboratory in the installation of two atmospheric
1994, Alaska hosted three Bilibino staff and aradiation monitors for winter capiiby testing.
member of the Bukotka regional government If these are successful, installation will be estab-
for a visit that coincided with the RADEX table- lished at Bilibino, and personnelrom the

36Bilibino does not use thAEA scale, but the Russian Federation does use it when sending information to other countries and IAEA.

37 peacetime radiological emergency response clitpebimay be shiftingaway from the Civil Defense @unmittee, since there is a
reduced emphasis on civil defense with the end of the Cold War (57).

38 AEPS was established in 1989 and consists of eight countries, including the United States,Beamaaik, Finland, Iceland, Nor-
way, Russia, and Sweden. In 1991 in Rovaniemi, Finland, these countries agreed on a strategy that includes objectives and an action plan,
calling for four implementing workingrgups, including the Emergency Prevention, Preparedness and Response Working Group, which was
involved inthe RADEX exercise.
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Department of Environmental Conservation and57,63). However, despite the proposed improve-
the University of Alaska at Fairbanks will main- ments, Magadan officials fear that the quality of
tain the equipmenri? radiation control at Bilibino may be compro-
The Russians have announced some plans toised for several reasons: 1) declining socioeco-
expand power generation capacity at Bilibino tonomic conditions have led many qualified
120 MW, by replacing the four 11-MWreac- specialists to leave Bbino; and 2) theelatively
tors with three 40-MWreactors. One plan under recent separation of Chukotka from Magadan
study by MINATOM would involve construction Oblast administration, and Chukotka authorities’
of floating nuclear power plants similar in basicrefusal to accept the services of Magadan radio-
design to those used in Russia’s nuclear-powerddgical labs, mean a reduction in access to, and
icebreakers. The floating plants would be built inregulation from, other facilities (57).
a shipyard and towed to northern Siberian loca- DOE’s program for Bilibino, under the INSP,
tions such as Bilibino. It is natlear whether or includes a project to develop a training center
when funds would be available for these projectsthere. The project, which has been proposed for
The existingreactors have a 25-year design life,FY 1995, includes assistance to determine Bilib-
and the first one is scheduled for decommissionino’s needs in terms of training and the delivery
ing in 2003. Plans for both decommissioning andf training center equipment.
expansion are due in 1998. A concern at the
present time is that Bilibino is in area ofhigh  The Kola Nuclear Power Plant

seismic activity, and the reactor lacks containrhe Kola plant is located near the northeastern
ment. In June 1992, Y.G. Vishnevskiy, Chairmany qer of Norway in Polyarnye Zori, Murmansk
of the Russian State Nuclear Inspectorate (GANHpiast. Kola has two of the oldest-generation
stated that: VVERS, the VVER 440/230, which has neither
generating units of the Bilibino NPP completely  containment nor emergency core cooling. It also
fail safety rules and standards. They have out- has two VVER 440/213s, which lack contain-
lived their original life and must be immediately  ment but do have systems for emergency core
shgt d.own, especially since they are located in a cooling. Kola is responsibifer between 60 and
seismic zoné? 70 percent of the combined production of elec-
Although the basic reactor design wouldtricity (thermal and electrical) in Murmansk
remain the same in the proposed replacemer®blast. Each reactor has one to two emergency
systems, containment for each new reactouldd  stops per year on average. In 1992, there were 39
be included in the changes. Prior to the expanreported incidents, six of which were first-level
sion, installation of automatic monitoring equip- incidents on the IAEA Event Scale and one of
ment is planned for 1996. Russian authoritiesvhich was second-level. IAEA investigated the
have also announced plans for waste managdeur Kola reactors in 1991 and determined that
ment facilities at or near the plant site, but detailthe chances of reactor meltdown at the two oldest
are not clear. Bilibino management believes itreactors, the VVER 440/230, was 25 percent
would require at least $16 million to make all theover the course of 23 years. These two reactors
modifications at the plant necessary to meet thare currently 21 and 22 years old and are planned
most recent Russian power plant standard® continue in operation until 2003 and 2004.

391n Moscow in September 1994, principal investigator Treadwell presented a papematistey for Civil Defense Affairs, Emergen-
cies and Elimination of Gsequences of NaturBlisasters (EMERCOM) meeting. Conface memérsendased the idea of a monitoring
network. Follow-up meetings with the Russian ministries of Foreign Affairs, HYDROMET, MINATExkErgency Response, and Envi-
ronment, and U.S. DOE atiite State Department took place. The result was a request for a more spewifsajpiar thenstallation of radi-
onuclide monitoring systems (15).

40Y.G. Vishrevskiy, June 1992, gted in “Fact Sheet: Bilibino Nuclear Heat and Electric Power Plant,” communication from U.S. Sen-
ator T. Stevens’ Office, June 1993.
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Poor maintenance practices, as well as technbn April 1, 1995) in outstanding claims in 1993.
cal weaknesses due to reactor design, contributaying workers’ wages and purchasing fuel
to safety hazards at Kola. A Bellona Foundatiomearly forced shutdown of the Kola plant at that
inspection on September 14, 1992, revealed largéme. A number of debtor enterprises recently got
cracks in the concrete halls of the reactor, lack ofogether and took out a credit of 30 billion rubles
proper illumination, cables and wires in disarray,(approximately $6.12 million) toepay the debt
elevated levels of radiation, and insufficient sup-in part (18,48). Three out of four Kola reactors
plies of fire exinguishing equipment. Video were shut down in September 1994, due in large
cameras monitoring reactor hall no.1 were out opart to financial concerns (39).
operation in August 1993. According to a 1992 ovever, reports on the status of safety at the
report of the Russian Ministry of Security, for- yjant vary. An IAEA commission that inspected
merly the KGB (Committee for State Security), e Kola, Balakovo, Novovoromb, and Kalinin
the operators at Kola do not recognize the impOrgiaiinns in late 1994 is said to have found that
tance of their work. The report s_,harply CritiCiZe‘jthere was no breach of internationally accepted
both MINATOM and the Russian gov_emmemoperational procedures, and it did not report seri-
for operational problems at the plant, unding ous nuclear safety problems (33).

the lack of qualified instructors to teach employ- . .
Regarding waste management, cooling water

ees safety precautions. Several operators in con- . . !
yp P is discharged into Imandra Lake via a 1-km-long

trol room no.1 had never even participated in , i X
courses on ways to handle a crisis. Also, thé:anfell’ and contamlr.mated Waf[er is stored in taqks
onsite. Low- and intermediate-level waste is
stored near the power plant, and there is a plant
for solidifying this waste befre storage. Some

According to the Norwegian government, low-level waste is burned in an incinerator. Spent

which operates a monitoring station located orfU€! assemblies are stored in wapenls beside
the border with Russia, the Kola plant nearly syf.£ach reactor. They remain there for three years
fered a meltdown in February 1993 when backuind are then sent to Mayak for reprocessing (48).

power to cooling systems failed. Norway has Kola, along Wi_th Sosnovy Bor, has been
claimed that Kola is “one of the four or five most Scheduled to receive a new generation of PWRs,

dangerous plants in the worl4?” the first of which is the VVER-640. Apparently,

In the fall of 1994, a commission of MINA- the local population on the Kola peninsula has
TOM spent a week checking the station and congdiven its approval to plans for a second plant,
cluded that Kola was not ready to operate if*ES-2, which is to be built near the first plant,
winter conditions. Equipment stocks were insuf-AES-1, on the shores of Lake Imandra. The first
ficient, and there were few funds for procuring unit of the new facility, which will include three
fuel. Only one reactor was operational (8). TheVVER-640 reactors, has been scheduled to start
plant has had considerable economic problemgp when units 1 and 2 at A1 should be
since its customers stopped paying for the elecdecommissioned. The other two units would
tricity they receive. The Petshenga nickel and theome online later. The Kola-2 project is esti-
Severo nickel smelting works were largely mated to cost $3.5 billion-$4 billion, with Ger-
responsible for the 14.5llbn rubles (approxi- many's Siemens Company helping topply
mately $2.96 million according to exchange ratesquipment2 AES-1, when all units are in opera-

report noted that reactor construction at Kola is
safety risk in itself and recommendstutting
down the reactors as soon as possible.

41“Russia’s Arctic Struggles with Nuclear gacy,” AP NewswireDec. 6, 1994,

42Siemens has entered into a joint venture with the Russian nuclear industry, forming the company Nuklearkontrol to produce automatic
systems for controlling technological processes at nucleaempplants. Servicesill include development, delivery, and maintenance of
automatic systems. Siemens also plans to produce computer software for automatic control systems.
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tion, produces 60 percent of the region’s electricand specifications are in progress. Confinement
ity (16,34,38). system upgrades have been undertaken, includ-

Other advances in plant safety are being madéng projects to provide confinement isolation
An acoustic system to register leakages in th&alves and postaccident radiation monitors, and
primary cooling circuit of the two oldest reactorsmeasures to ensure confinement leaktightness.
is being installed (48). Negotiations are underEngineered safety system upgrades at Kola
way for the G-7 to contribute funds to theinclude a project to provide a reliable DC power
Nuclear Safety Account (NSA) administel by supply for VVER 440/230 reactors 1 and 2 (66).
the EBRD for upgrades at Kola reactors 1 and 2
(VVER 440/230) (13). Norway has contributed CONCLUSIONS
$2.4 million to the NSA and has strongly empha-
sized that the Kola fality be given high priority.
Experts from EBRD, Norway, and Finland vis-
ited Kola in November 1993 to lay the ground-
work for a program there.

EBRD announced in late April 1995 that it
would give $25 million to the Kola plant for
safety improvements, including equipment for
radiation control and fire risk minimization (14).
Norway contributed $24 million in bilateral

In the main, the Russian Federation has the
responsibility of addressing the issues of preven-
tion of future accidents or nuclear waste dis-
charges associated with the nuclear fleets and
power plants in the Arctic. The Russian govern-
ment must also finance the decommissioning and
dismantlement of a few hundred nuclear-pow-
ered submarines and ships, provide reprocessing
facilities for the spent nuclear fuel from power

. X . lants and naval reactors, construct new liquid
assistance to Kola in 1993 and 1994 to |mprové§1 q

lant saf Thi helped t ¢ d nd solid waste treatment fhisés, and upgrade
plant safety. This money helped to pay for a '®the safety of shore-based nuclear plants to com-

Sﬁlc)%ir;e?;%r Irc;rir?irr?eZ%eggéfo%ﬂéir\:\grselif;\fgply with international standards. Russia has made
P ' 9 y ' fforts to address these problems and has most of

is also providing assistance in the transfer o he required expertise but lacks funding or, in

technology and expertise on conservation mea- .
9y P some cases, the safety and environmental protec-

sures and alternative sources of energy, so th%n culture to give these problems high priority.
dependence on nuclear power decreases.

The Norwegian State Inspection for Radioac- .
tive Security is seeking cooperation with RussiaD Nuclear Fleet Decommissioning
in the inspection of the Kola and Sosnovy BorThe rapid retirement and decommissioning of
power plants and has suggested investments first- and second-generation submarines of the
support of the radiation supervision bodies innuclear fleet since the breakup of the former
Murmansk and at the Sosnovy Bor plant (50).Soviet Union in 1991 has caused serious prob-
Russia, Norway, and Finland scheduled five dayfems.
of training exercises in May 1995 to coordinate In recent yearspnly a small percentage of
actions in case of an accident on the Kola Peninlaid-up nuclear submarines have been decom-
sula. Rosenergoatom and the Ministry for Emermissioned. Many of these submarines have not
gency Situations are in charge of therinag had their spent fuel removed from the reactor
exercises (56). Cooperation in the nuclear safetgore. The condition of submarine reactor vessels
arena with Finland includes an arrangement tés not well known outside Russian Navy circles.
send daily status reports from the Kola plant taNorthern Fleet submarines are docked along the
Finland (57). fiords of the Kola Peninsula, near the cities of
DOE’s projects specifically regarding the Murmansk and Severodvinsk. Pacific Fleet laid-
Kola plant include a plan to build a full-scope up submarines are concentrated on the Kam-
simulator. The scope of work for the simulatorchatka Peninsula and near the city of Vladivos-
project had been agreed upon by March 1995p0k. Russian sources estimate that at the present
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rate, it will take decades to defuel and dismantle#eprocessing facilities at Mayak in the Ural
their decommissioned nuclear ships and submaviountains; and 4) reprocessinigto fresh fuel
rines. The possihiy of serious accidents will be elements. OTA’s analysis indicates that there are
greatly increased until these laid-up submarinegnassive bottlenecks in the managmt of spent
many of which have not been defueled, are fullynuclear fuel. The major problems presently asso-

decommissioned and secured.

As of late 1994, about 121 first- and second-1.
generation nuclear submarines had been decom-

missioned; however, only about 38 of these have
had their spent fuel removed from the reactor
core. Presumably, the bulk of these submarine
reactor plants have kept their main coolkutp
systems running and continuously manned at
dockside. After shutdown of the &ar, this is
necessary to prevent helagiildup and aceler-
ated corrosion of reactor fuel elements. Prior to
defueling, each reactor must be monitored con-
tinuously to maintain proper water chemistry.

The purpose is to minimize long-terrorrcsion 2

of the fuel element containment vessel. The
greatest risk of accidental explosion aetbase

of radionuclides occurs during the defueling/
refueling process. However, indefinite fuel stor-
age in submarine reactors is risky. Besides the

possibility of corrosion-related failures and sub-3-

sequent leakage to the environment, the entire
ship’s hull must be treated as high-level nuclear
wasteuntil the spenfuel is removed. Failure to
take timely action will result in the need to pro-
vide long-term storage for dozens of reactor
compartments whose reactor cores are filled with
spent fuel.
Four of these laid-up submarines have had
serious accidents during the fuel removal pro-
cess, including an incident at Chazhma Bay in
the Far East, and will now require special han-
dling to store the reactor cores safely. Safe dis-
mantling and disposal of aetor compartments
containing damaged fuel is much more difficult
and costly than a plant with spent fuel removed.

[ Spent Fuel Management

Spent nuclear fuel management as practiced in
Russia includes at least four stages: 1) defueling
at shipyards and on service ships; 2) loading into
transportation casks; 3) shipment by rail to the

ciated with these stages are:

Defueling and StorageThe principal prob-
lems relate to the existing backlog of spent
fuel, high rates of submarine deactivation, and
lack or poor quality of fuel reloading and stor-
age equipment (including land-based stores,
service ships and refueling equipment, and
spent fuel transfer bases). The continuing
presence of spent fuel on deactivated subma-
rines and poorly maintained floating storage
facilities inceases the possibility of an acci-
dent and complicates removal of the fuel in
the future.

Spent Fuel ShipmentRemoval of spent fuel
from naval and icebreaker bases is impeded
by the difficulties of transition to new TUK-
18 shipping casks, installing new fuel transfer
equipment, and upgrading local transportation
links and other infrastructure.

Nonstandard and Damaged FueBeveral
technical issueselate to uranium-zirconium
alloy and to damaged or failed fuels. #dtugh
the volume of such nonstandard fuels is not
very large, its management and final disposi-
tion require additional research and technol-
ogy development.

4. Costs:Because of the budget deficit and eco-

nomic crisis, financing of spent fuel manage-
ment operations is difficult. There are also
institutional problems related to the guestion
of which agency (MINATOM, Ministry of
Defense, MSC, Goscomoboronprom) will pay
for various stages of fuel management opera-
tions.

5. Personnel and Social Problem3he severe

climate, the underdeveloped social and eco-
nomic infrastructure of naval facilites and
associated towns, relatively low salaries, and
the decreasing social prestige of the military
have resulted in the exodus of qualified per-
sonnel from the Navy and the shiplolirig
industry. There is also a problem of training. It



Chapter 4  Sources and Risks of Potential Future Contamination | 165

was suggested that because of insufficient995. Under the current plan, the next step is for
training the possibility of a serious accidentthe United States and Norway to each contribute
due to human error (similar to the Chazhma$750,000, a total of $1.5 million for construction.
Bay explosion}® may have increased over the This will be used to upgrade MSC'’s liquid LLW
past several years (26). processing capacity to handle thguid waste
Recently, some progress has been made hyenerated by MSC and the Northern Fleet. How-
Russia in identifying the choke points in its ever, this is only a beginning, and no comprehen-
nuclear fuel cycle and taking corrective action,sive plan for solving all of the related fuel
particularly in the Northern Fleet and at Mur- nandling and processing, transportation, or dis-
mansk Shipping Company. These efforts havgnantiement problems has been developed. The
benefited from a high level of international atten-g ssians have demonstrated that they have the

tion, assistance, and bilateral cooperative eﬁortﬁachnology to solve their own problems: what is

with Russia’s Scandinavian neigh.bors (particu'needed, however, is a framework for long-term
larly Norway), the European Union, and the

i i : lanning, commitments regarding implementa-
United States. Nurturing and expansion of thes% g 9 g Imp

. . L . . _tion of international standards, and reliable
efforts might achieve a significant reduction in . . .
risk of future accidents. Progress in fuel manageprOJeCt financing.
ment in the Pacific Fleet has been far less . .
encouraging to date. Although Japan has pIedge%iOIId Radioactive Waste

$100 million to assist in waste management, verytorage and handling of low-level solid radioac-
little has been achieved to date. tive waste (SRW) also requires attention, particu-

larly with respect to long-term management of
the problems on a regional basis. The dismantle-

Liquid Low-Level Radioactive Waste ) .

L . . ment of nuclear submarine hulls and sealing of

Liquid low-level radioactive waste (LLW) pro- .
reactor compartments for long-term storage is

cessing facilities are urgently required to relieve .
. ... _proceeding at a very slow pace. As of the end of
the overcrowded storage sites at naval facilitie .
994, only 15 decommissioned nuclear subma-

on the Kola Peninsula and in the Vladlvosmkrines had been completely dismantled. Although

area. Russian shipyards have the capacity and technol-
Until 1993, the (former) Soviet Union dumped >Ry . pactty-an
ogy required to handle this problem, dismantle-

liquid low-level waste generated from the opera- - has not been adequately funded. It is not

tion and maintenance of its naval reactors intQ:Iear how the Russian government will provide

the ocean. Although facilities had been conw,q fnds needed for safe and comprehensive dis-
structed by the Soviets for treatment of naval,sntlement in the future.

LRW, they were never put in operation. The ¢ g hmarine dismantiement continues as
dumped waste fluids included primary loop COOI'pIanned, permanent storage for low- and inter-
ant from PWR cores, as well as decontaminatiopediate-level nuclear waste, including reactor
solutions used ioleaning the primary loop. compartments, will require at least one and pos-
The Murmansk Trilateral Initiative, which sibly two regional facilities. Long-term storage
provides support to MSC to upgrade its LRWfacilities for reactor compartments, which are
processing capabilities has recenbgen initi- now stored in open water near Russian naval
ated. A design phase contract was signed in Jurfacilities, will benecessary.

430n Aug. 10, 1985, an Echo-ll SSGN reactor exploded during a refueling operation at the Chazhma Bay repair andacfitygling
The explosion resulted from inadvertent removal of control rods from the reactor core.
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O Civilian Nuclear Reactor Safety

significant international assistance has come

Russian nuclear reactor safety is a major concetji}?roUgh the European Union and the G-7. The G-

of the international community. The widespread
contamination resulting from the Chernobyl
Nuclear Power Plant accident in 1986 has precip-
itated major international interest in the safety o
nuclear reactors operating in the fSU. Much o
the international support is focused on the pre-
vention of potential accidents in the future. West-
ern experts have concluded that the Russia

7 summit conducted in Munich in 1992 produced
an emergency action plan for enhancing the
safety of Soviet reactor designs. G-7 countries
1have pledged funding totaling more than $1 bil-
fIlon
Norway and the United States are significant
bilateral contributors to programs addressing
H’;\dioactive contamination and reactor safety in

plants need modernization or replacement téhe fSU. Early in 1995, the Norwegian govern-

achieve parity with the West. However, based ol
current Russian government plans, it will be
approximately a decade before a significan
number of the oldest reactors are replaced with
upgradedunits. The rate of replacement will be
influenced heavily by the pace of recovery of t
overall Russian economy.

Reactor accidents at several nuclear power-,
plant sites would potentially be direct threats to
the Arctic environment. Two old-generation
VVER-type pressurized water
located on the Kola Peninsula in Murmansk
Oblast. The Kola plant provides two-thirds of the
electrical power to Murmansk Oblast. While
these two older plants are still operating, newer

reactors are

ent created an action plan to address the reme-
diation of dumped nuclear waste, the operational
t'safety of reactors, and the hazards of weapons-
elated advities. The United States has funded
programs administered by DOE and NRC. The
hebulk of this funding has been directed toward
implementing
improvements, and insta