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FOREWORD

The IAEA was requested by the Contracting Parties to the Convention on the Prevention
of Marine Pollution by Dumping of Wastes and Other Matter (London Convention 1972) to
develop and maintain an inventory of radioactive matenial entering the manne environment from
all sources. The rationale for having such an inventory is related to its use as an information base
with which the immpact of radionuclides from different sources entering the marine environment
can be assessed and compared.

To respond to the request of the London Convention, the IAEA has undertaken the
development of the inventory to include:

— disposal at sea of radioactive wastes, and
— accidents and losses at sea involving radioactive materials.

Thas report addresses disposal at sea of radicactive waste, a practice which continued from
1946 to 1993, It is a revision of IAEA-TECDOC-588, Inventory of Radioactive Material
Entering the Manne Environment: Sea Disposal of Radioactive Waste, published in 1991. In
addition to the data already published in JAEA-TECDOC-388, the present publication includes
detailed official information on sea disposal operations carried out by the former Soviet Union
and the Russian Federation provided in 1993 ag weill as additional information provided by
Swedcn in 1992 and the United Kingdom in 1997 and 1998,

The IAEA cfficers responsible for this report were R.C. Rastogi and K.-L. Sjoeblom of
the Division of Radiation and Waste Safety.



EDITORIAL NOTE

I preparing this publication for press, staff of the JAEA have mode up the pages from the
origingl manuscript(s). The views expressed do not necessarily reflfect those of the IAEA, the
governmenis of the nominating Member States ar the nominating organizations.

Throughout the text names of Member States ave retained as they were when the text was
complied

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the FTAFA, as to the fegal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundar ies.

The mention of names of specific companies or products (whether or nol indicated as
registered} does not imply any infention (o infringe proprietary rights, nor should it be construed as
an endorsement or recommendation on the part of the IATA.
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1. INTRODUCTION

The Report of the United Nations Conference on Human Environment held in Stockholm
in 1972 [1] defined principles for environmental protection. One of the principles specifically
addressed the protection of the marine environment by development of General Principles for
Assessment and Control of Marine Pollntion. Pursuant to Recommendation 86 of the Stockholm
Conference, these principles for Assessment and Control of Marine Pollution were forwarded to
an Inter-Governmental Conference held in London in 1972 which adopted the Convention on the
Prevention of Marine Polluticn: by Dumping’ of Wastes and Other Matter [2]. This Convention
is referred to as the London Convention 1972 but was formerly known as the London Dumping
Convention (LDC). The London Convention 1972 entered into force on 30 August 1975

The Contracting Parties to the London Convention 1972 agreed to "promote the effective
control of all sources of pollution of the marine environment, and pledged themselves especially
to take all practicable steps to prevent the pollution of the sea by the dumping of waste and other
matter that is liable to create hazards to human health, to harm living resources and manne life,
t damage amenities or to interfere with other legitimate uses of the sea” [2]. Contracting Parties
to the London Convention 1972 designated the IAEA as the competent international body in
matters related to sea disposal of radioactive waste and entrusted the IAEA with specific
responsibilities, as follows:

—  to define high {evel radjoactive wastes or other high level radioactive matter unsuitable for
dumping at sea as referred in Annex I to the Convention, and

to recornmend a basis for issuing special permits for dumping those materials not listed in
Annex | of the Convention.

The IAEA was mandated to keep the definition of high level waste and recommendations
for special permits to himit the inpact of the disposal operation under continning review, As
requested, a provisional definttion of high level waste unsuitable for disposal at sez and
recommendations were previded in 1974 [3] and successively revised in 1978 [4] and 1986 [5].
The revisions reflect the increasing knowledge of relevant oceanographic behaviour of
radienuclides and improved assessment capabilities.

The 1986 definition of high level radioactive waste or other high level radicactive matter
unsuitable for dumping at sea is as follows [5]:

{1} Irradiated reactor fuel; liquid wastes from the first solvent extraction cycle of chemical
reprocessing of imadiated reactor firel, or equivalent processes; and selidified forms of such
waste; and

(2} Any other waste or matter of activity concentration exceeding:

(a) 5% 107 TBg*/kg for alpha emitters;

b As defined by the London Convention 1972 [2], “demping "means:
{i} Any deliberate disposal at sea of wastes and other matier from vessels, aircraft, platforms or other man-

made structures at sea;
{ii} Any deliberate disposal at sea of vessels, aircraft, platforms or other man-made structures at sea.

: | TBqg=10"BEq.



{b} 2 x 107 TBqg'kg for beta/gamma emitters with haif-lives of greater than one year
{excluding tritium); and

{(¢) 3 TBg'kg for tritium and beta’gamma emitters with half-lives of one year or less.

To further discharge 1ts tespomsibilities, the TAEA, from time to time, has issued
recommendations and puidance o ensure that disposal of any radicactive waste into the sea does
not result in unacceptable hazards to man and marine organisms. Major events associated with
sea disposal of radioactive waste are presented in Table I [3-24).

In 1983, Reselution LDC.21{9) of the Contracting Parties to the London Conventon
introduced a voluntary moratorium on the disposal of low level radioactive wastes at sea [15].
After the adoption of this Resolution, the IAEA continued te support the London Convention by
providing scientific advice on issues relevant to the review of the moratorium.

In 1993, at the l6th Consultative Meeting, the Contracting Parties to the Convention
adopted a Resolution which prohibited the sea disposal of radicactive wastes and other
radipactive matter [24].

The proposal t¢ develop a global inventory of radipactive matenals entering the marine
environment from all sources was first raised at the Third Consultative Meeting of Contracting
Parties to the London Convention 1972 (1978) [25] and again in 1985 as part of the studies called
for in resolution LDXC.21(9) of the Ninth Consultative Meeting [15]. At the Eleventh Consultative
Meeting (1988) [26], Contracting Parties requested the IAEA to work actively towards this
objective.

At the Twelfth Consultative Meeting (1989} [27] of the London Convention 1972, the
Working Group on the Implications of Accidents to Nuclear-powered Vessels (in accordance with
Article V of the Convention on dumping of vessels in case of force majeure) recommended that
"Contracting Parties should be requested to provide all relgvant information to the IAEA
regarchng accidents at sea invelving releases of radioactive material”. The Chairman of the
Consultative Meeting encouraged Contracting Parties to submit information for the compilation
of the above mentioned inventory insofar as this was possible.

The inventory serves the function of providing a unique record of worldwide disposal of
radioactive materials at sea and of accidents and losses at sea involving radioactive materizals: it
is also expected to find use for assessing and comparing the radiological impact of radionuclides
from different sources entering the marine environment.

As a separate activity, the Manne Environment Laboratory (MEL)} of the IAEA is
maintaining the Global Marine Radioactivity Database (GLOMARD) which contains information
on radionuclide concentrations in sea water, sediments and biota throughout the world oceans
[28]. The objective of the GLOMARD database is to provide both bistorical and up-to-date
information on radionuclide levels in the marne environment and te investigate temporal changes
in both concentrations and isotopic ratios, as well as correlate the activity data with salinity,
temperature, bathymetry and sediment geochemistry data.



TABLE I. CHRONOLOGICAL SEQUENCE OF MAJOR EVENTS AND DOCUMENTS
PUBLISHED BY THE IAEA AND IMO IN CONNECTION WITH SEA DISPGSAL OF
RADICGACTIVE WASTES [3-24]

Year Event

1946 First dumping operations (USA)

1957  Fust IAEA Advisory Group Mesting on Radioactive Waste Disposal into the Sea
1958 First United Nations Conference on the Law of the Sea (UNCLOS [}

1961  Radipactive Waste Disposal into the Sea. IAEA Safety Series No. 5 [6]

1965 Methods of Surveying and Monitoring Marine Radioactivity. IAEA Safetv Series
No. 1 [7)

1370 Reference Methods in Marine Radioactivity Studies. TAEA Technical Reports
Series No. 18 [8]

1972 Adoption of the Convention on the Prevention of Marine Pollution by Dumping of
Wastes and Cther Matter (2]

1974  Provisional Definition of High Level Radioactive Waste Unswitable for Dumping
at Sea and Recommendations. JAEA INFCIRC/205/Add. 1 [3]

1975 Convention on the Prevention of Marine Pollution by Dumping of Wastes and
Other Matter enters into force

1978  Revised Version of the Definition and Recommendation for the Convention on the
Prevention of Manine Pollution by Dumping of Wastes and Other Matter. IJAEA
INFCIRC/205/Add. 1/Rev 1 [4]

1980  Packaging of Radioactive Wastes for Sea Disposal. IAEA-TECDOC-240 [10}

1981  Considerations Concerning "de minimis” Quantities of Radicactive Waste Suitable
for Dumping at Sea under a Suitable Permit, JAEA-TECDOC-244 [11]

1883  Control of Radioactive Waste Disposal into the Marine Environment. JAEA Safety
Series No. 61 (Revision of the JAEA Safety Senes No. 5)[12]

1983~ Decision on motatorium ont low level waste dumping [9]

1934  Environmental Assessment Methodologies for Sea Dumping of Radioactive
Wastes. JAEA Safety Series No. 65 [13]

1984  The Oceanographic and Radiclogical Basis for the Defmition of High Level Wastes
Unsuitable for Dumping at Sea. [AEA Safety Series No. 66 [14]

1985  Resolution calling for a Voluntary Meratorium on Radioactive Waste Dumping.
LDC.21(9) [15]

1985  Sediment K and Concentration Factors for Radionuclides in the Marine
Environment. IAEA Technical Reports Series No. 247 [16]

1986  An Oceanographic Model for the Dispersion of Wastes Thsposed of in the Deep
Sea. IAEA Technical Reports Senies No. 263 [1(]




Year Ewvent

1986 Drefinition and Recommendations for the Convention for the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter. JAEA Safety Series No. 78 [5]

1988  Assessing the Impact of Deep Sea Dvisposal of Low-leve]l Radioactive Waste on
Living Manne Resources. IAEA Technical Reports Series No. 288 [18]

1989  Pnnciples for the Establishment of Upper Bounds to Deses to Individuals from
(Global and Regional Sources. IAEA Safety Series No. 92 [19]

1990  Estimation of Radiation Risks at Low Dese. IAEA-TECDOC-557 [20]

1990 Low Level Radioactive Waste Disposal: An Evaluation of Reports Companny
Ocean and Land Based Disposal Options. IAEA-TECDOC-562 [21]

1991  Inventory of Radicactive Material Entering the Marine Environment: Sea Disposal
of Radioactive Waste, IAEA-TECDOC-588 [22]

1993  Risk Comparisons Relevant to Sea Disposal of Low Level Radioactive Waste.
TAEA-TECDOC-725 £23]

1993 Resolution on Disposal at Sea of Radioactive Wastes and Other Radioactive Matter
LC.51{16) [24]

20Feb. Total prohibition on radioactive waste disposal at sea came into force
1954

1. THE SOURCES OF RADIONUCLIDES IN THE MARINE ENVIRONMENT
2.1. SOURCES CONSIDERED

Five sources of anthropogenic radionuchdes that could enter in the marine environment
have been identified. These are: (i) disposal at sea of radioactive waste; (ii) accidents and losses
at sea involving radicactive materials; (iii) controlled coastal discharges of low level radioactive
liquid cffluents; (iv) fallout from atmospheric muclear weapon testing and releases from
underwater testing: and (v) accidental releases from land based nuclear installations.

For comparative purposes and te respond to the primary concemn of the London Convention
1972, the IAEA has focused on the following two sources of radicactive materials entering the
marine envirenment:

(13 Dumping at sea of radinactive waste, arising from sources such as nuclear power plans,
reprocessing plants, nuclear powered vessels, industries, hospitals, scientific research
centres and nuclear weapons facilities; and

(i)  Accidents and losses involving radioactive materials: for example the sinking of a nuclear
powered submarine, or a loss of vessel carying nuclear fuel or nuclear weapons, or the
re-entry of a satellite containing nuclear matenals, or the loss of sealed radioactive sources.



The first output of the inventory database was TAFA-TECDOC-588, Inventory of
Radivactive Material Entering the Marine Environment: Sea Disposal of Radioactive Waste,
which was published in 1991 (22]. This report is a revision of TECDOC-588. It contains, in
addition to the information already published 1n TECDOQC-388, information on the dumping
operations carried out by the former Soviet Union and the Russian Federation up to and including
1993 [22, 29--33). Additional data provided by Sweden and the United Kingdom have also been
included in this report [34, 35]. A separate report on the mventory of accidents and losses at sea
involving radioactive material is in preparation.

The third scurce, that i3, the controlled discharges of low level radioactive iiqud effluents
from civil installations, 1s documented in national and regiopal reports but in addition, the reports
of the United Nations Scientific Comumittee on the Effects of Atomic Radiation (UNSCEAR)
periedically summarize information on both airbome and liquid discharges from nuclear
installations in many countries and assessments of radiation doses to populations associated with
these practices [36, 37]. Recently, as a contribution to the Glebal Programme of Action for the
Protection of Marine Environment from Land-based Scurces under the United Nations
Environmental Programme {38], the IAEA has imtiated the development of a database on
discharges of radionuclides to the afmosphere and aquatic environment.

The fourth source of radionuclides entering the manne eavironment is fallout from nuclear
weapons testing in the atmosphere carried out mostly in the northern hemisphere between 1945
and 1980. The radicactive debns from nuclear tests, the estimated fallout and radiation exposures
of humans to fallout have been extensively reviewed by UNSCEAR {39]. Contonbution of
anthropogenic radionuclides to the world oceans due to fallout from nuclear weapons testing in
the atmosphere has been estimated to be over 10° PBg *, more than 99 per cent of it being tritium

[40].

The fifth source of radionuclides that could enter the marine environment is related to
accidental releases from land-based installations. The largest single contribution has come from
the accident at the Chemobyl nuclear power station in 1986 which released a significant quantity
{1000-2000 PBg) of mainly short lived anthropogenic radionuclides to the environment [36]. A
measurable inventory reached the marine envirenment [41]. The most radiologically significant
radionuclides in the fallout which reached the northern Buropean waters were Y'Cs and *Cs. The
amounts of these radicnuclides were estimated to be 10 PBq and 5 PBq respectively [42].

For perspective it is noted that the naturally occurring radionuclides in the ocean remam
as the most significant contributors to radiation dose to man from marine sources. The total

inventory of such naturally occurring radionuclides as “K, **Ra, *Th and ?'*Po in world cceans
has been estimated 1o exceed 10* PBq {43].

2.2. RADIOCACTIVE WASTE DISPOSAL AT SEA

2.2.1. Background

In 1946, the first sea disposal operation took place at a site 10 the Northeast Pacific Ocean,
some 80 km off the coast of California. Such operations continned until 1993 and included

*1PBq = 10" Byg.



disposal of liquid and solid wastes apd nuclear reactor vessels, with and without fuel, into the
oceans. Liquid waste was mainly disposed inte the Arctic and Pacific Oceans. Solid waste, mostly
packaged, was dumped into the Atiantic, Arctic and Pacific Oceans. Nuclear reactor vessels
without fuel were disposed into the Atlantic, Arctic and Pacific Oceans, while nuclear reactor
vessels with fuel were disposed only m the Arctic Ocean (Kara Sea). After 1946, over the next
thirty-five years, most sea disposa) operations were performed under national authority approval
and, in many cases, under an international consultative mechanism: Organisation for Economic
Co-operation and Development/Nuclear Energy Agency (OECD/NEA} Consultation Mechanism
for North East Atlantic Dump Sites,

In 1975, the Convention on the Prevention of Marine Pollution by Dumping of Wastes and
Other Matter was ratified and entered into force. The Annexes to the Convention [2} called upon
tlhe IAFA to develop a definition of igh level radioactive waste unsuitabie for disposal at sea
and Recommendations governing the disposal at sea of all other radioactive wastes. The JAEA
contribution to the regulation of and studies on the sea disposal of radicactive wastes during the
years 1961-1993 is contained in Table I

In 1977, the Council of the OECD/NEA established a Multilateral Consultation and
Surveillance Mechanism to co-ordinate the sea disposal of its Member States. In 1980, the
Council established a Coordinated Research and Environmental Surveillance Programme
{(CRESP) to keep the suitability of the dispesal site under review [44]. The OECTDYNEA has kept
records of the disposal operations of packaged low level radioactive waste carried out by its
Member States [43]. In addition, the GECD/NEA has developed specific guidelines for waste
package design [46] and site operational procedurc {47]. With respect to waste package
performance requirements, the OECD/NEA has specifically stated that ... the packages should
be designed to ensure that their content is retained within them during descent to the sea-bed. This
should normally ensure that the packages will remain intact for a period of time after they have
reached the sea bed" {46].

2.2.2, Types of waste and packaging

Three types of radioactive waste were disposed of af sea:

{1y Liquid waste;
{2) Sohd waste; and

{(3) Nuclear reactor pressure vessels, with and without fuel.
Liquid waste in two forms was disposed of at sea as follows:

{a) Unpackaged and diluted in surface waters at designated sites; and

{(b) Contained, but unsolidified on to the sea bottom at designated sites.
Solid radicactive waste of two subcategories was disposed of at sea as follows:

{a) Low level waste such as paper and textiles from decontamination processes, resins and
filters, etc., solidified with cement or bitumen and packaged in metal containers; and



(b} Unpackaged solid radicactive waste, mainly large parts of nuclear installations such as
steamn generators, main circwt pumps, hids of reactor pressure vessels, etc.

Reactor vessels were disposed of at sea as follows:
{a) Without nuclear fuel by the former Soviet Union and the USA;

(b} Containing damaged spent nuclear fuel by the former Soviet Union. These reactor pressure
vessels were usually filled with a polymer-based solidification agent {furfural} to provide
an additional protective barrier. In most cases reactor pressure vessels with damaged fuel
were further contained in a reactor compartment; and

{c) A special container with damaged spent nuclear fuel from the icebreaker Lenin by the
former Soviet Urnion.

2.2.3. Environmental impact of dumping

The Morth-Fast Atlantic dumping site, used until 1982 by the OECD/NEA Member States,
has been periodically surveyed since 1977, The finai report by CRESP was issued in 1996 [48).
The JTAEA Marine Environment lLaboratory in 1992 also participated in site specific
measurements at this site along with the Bundesforschungsanstalt fiir Fischerei (BFA), Germany,
and the Fishenes Laboratory of the Ministry of Agriculture, Fisheries and Food, United Kingdom,
by analysing samples collected above the sea-bed of the main sites for anthropegenic
radiomclides such as “C, ¥"Cs, Z*Pu, **"*"Pu and “*' Am. The analysis showed enhancements
of activities at the dumping sites suggesting measurabie leakages but negligibie radiclogical
impact [49].

Radiological surveys of the North-East Pacific and North-West Atlantic Ccean sites are
carried out from lime to time by the US Environmental Protection Agency and the 1S National
Crceanic and Atmospheric Adininistration. So far, samples of sea water, sediments and deep sea
organtsms collected near the vanous sites have not shown any excess in the level of radionuclides
above those due to nuclear weapons fatlout, except in certain instances where isotopes of cassium
and plutopium were detected at elevated levels in sediments samples taken clese to disposed
packages [50, 51].

The joint Russian-Norwegian expeditions, in 19921994, visited four principal radioactive
waste dumping sites in the Kara Sea in the Arctic. Sea water, sediment and biota samples were
collected for activity analysis. The results of these expeditions showed that the infiuence of the
dumped radicactive waste on the general levels of radioactive contamination in the Kara Sea was
insignificant [52], but, the seditnent samples taken m the immediate vicinity of waste containers
showed elevated levels of “Co, *Sr, '¥*Cs and #* %Py,

The former Soviet Union also disposed of radioactive waste in the Far Eastern Seas,
although, unlike in the Arctic, no reactors containing fuel were dumped there. The Jomt Japanese-
Korean—Russian expeditions carried out duning 1994 and 1995 took samples of sea water, sea-bed
sediments and biota from dump sites and from reference sites. The results show that the
concentrations of ®8r, 'Cs, ®*Puand ***Pu in the Far Eastern Seas were low and were

predominantly due to global fallout [49, 53, 54].



3. DATABASE ON RADIOACTIVE WASTE DISPOSAL AT SEA
3.1. THE DATABASE

The database with the acronym RAMEM (R Adioactive Material Entering the Marine
Environment) has two modules:

- a module on radicactive waste disposal at sea; and
-  amodule on accidents and losses at sea inveolving radioactive matenal.

Each of the database modules has been established separately for the storage and rapid
retrieval of specific information on each source. The module on radioactive waste disposal at sea
is the subject of this report and is described below.

3.2. THE DATABASE MODULE ON RADIOACTIVE WASTE DISPOSAL AT SEA
3.2.1. Type of information

Varicus types of data and infermation such as quantity and nuclear composition of the
waste, the methods of preparation and packaging of the waste and the characteristics of the
disposal sites are needed for assassing the environmental impact of sea disposal [13].

The data in this report is in the same format as in the previous IAEA report [22].
Information is provided on:

(1) the disposal operation: State responsible for the operation and date;

(2} the site: geographical co-erdinates (latitude and l[ongitude) and depth;

(3) the containers: number, volume and type of containers, total weight of container/package;
(4}  the matrix: type {concrete, bitumen, polymer, ete.);

{5} the type of waste: solid objects, sohdified or liquid, reactor vessels (with and without fuel};
and

(6) the radionuclides: total volumne and activity of the waste. A value for total alpha and beia-
gamma emitters and tritinm is given, where the information was available, Further, a
detailed inventory of specific radionuclides is also included where available. The activitias
are expressed in Becquerels at the date of the disposal operation. The remaining activity of
specific radionuclides at a later time is available in the database. The total activity disposed
by each country is given in both becquerels and curies.

3.2.2. Collection of information

Pursuant to resolulion LDC.28(10} of the Tenth Consultative Meeting of the London
Dumping Convention [55], a Questionnaire on Radicactive Waste was sent to the Contracting
Parties in 1986, In 1988 the Inter-Governmentzl Panel of Experts on Radioactive Waste Disposal
at Sea reported on the responses to the questicnnaire [36]. The responses are shown in Table IL



Using the information thus obtained and subsequently supplemented, the JAEA established a
provisional database on sea dumping operations. Confirmation that the data were accurate was
obtained separately from official sources in each of the countrnies responsible for the dumping.
In 1991, IAEA-TECDOC-588, Inventory of Radioactive Material Entering the Marine
Environment: Sea Disposal of Radicactive Waste [22], was pablished.

TABLE II; SUMMARY OF RESPONSES OF CONTRACTING PARTIES TO THE
LONDON DUMPING CONVENTION [56] TO A QUESTIONNAIRE ON DISPOSAL OF
RADICACTIVE WASTE (Resolution LDC.28(107) [55]. THE QUESTION NO. 11 WAS
“"HAVE YOU DUMPED? ARE YOU DUMPING OR ARE YOU FLANNING TO DUMP
RADIOACTIVE MATERIAL AT SEA?” {position in 1988}

Country Having Dumgped Planning dumping? .
Australia no ne
Belgium yes not mentiongd
Canada no no

Chile no no
China no no
Denmark no ne
Finland no no
France yes no
{Jermany yes N
Greece na no
Ireland ho ne

Italy yes ne
Japan ne no
Mexico no no
Nauru | not mentioned not mentioned
WNetherlands ves no

New Zealand yes no
Norway no no
Portugal no no
South Africa no no
Spain no no
Sweden yEs no
Swatzerland yes no
former USSR no no
United Kingdom yes not mentioned
United States of America yes no




3.2.3. New data

In May 1993, the Russian Federation provided the IAEA with the information on sea
disposal operations of the former Soviet Union and the Russian Federation [29]. The Russian
Federation published a report conceming its radioactive waste disposal practices in the manne
environment, referred to as the "White Book" [30]. The report was provided to the Secretanat of
the London Convention 1972, the International Maritime Organization {IMO) and to the IAEA.
This report contains information of the waste disposal activities carried out by the former Soviet
Unicn and the Russian Federation in seas adjacent to the territory of the Russian Federation in
Northern Scas and Far Eastern Seas. It includes disposal sites, volumes, total activities and
characteristics of liquid radioactive waste discharges and solid radioactive waste dumping. This
report also contains tables describing "Objects with and without spent nuclear fuel dumped in
Northemn Scas" (specifically the Kara Sea). These tables refer to the need for "special analyses"
to calculate the total activity in these objects.

In October 1993, the Russian Federation mformed the [AEA and IMO about a liquid waste
disposal operation which teck place at the Sea of fapan [31, 33]. Additional information on
disposal operations camried out by Sweden In the years 1959 and 1961 1o the Baltic Sea was
provided by the Swedish Radiation Protection Institute [34]. The United Kingdom provided
additional data on dumping operations carried out by them in their coastal waters from
[948-1976 based on their recent findings from the Public Records Office [35]. These events led
to the decision to update TECDOC-588. The update includes disposal cperations carried ont by
the former Soviet Union and the Russian Federation and additicnal information provided by
Sweden and the United Kingdom.

The information on sea disposal of radioactive waste as provided by the countries is
presented in the annexes of this report.

The IAEA organized in 1993-19%6 2 study project, namely the Intermational Arctic Seas
Assessment Project (JASAP), with the overall objective of evaluating the potential impact to
hurnan health and to the environment posed by the radioactive waste dumped in the Arctic Seas.
Under this project, special analyses were carried out in order to calculate the activities of the
different radionuclides and the total activity in the reactors with and without spent nuclear fuel.
The Source Term Working Group of the scientific team participating in the IASAP study analysed
all available information and provided revised estimates of the total activity in the ten reacters
without spent nuclear fuel and the 6.6 reactors® with spent nuclear fue! [57]. Surmnmary results of
these further analyses are presented in Table Il and Annexes 17-b and [8-b. It was estimated that
the total activity at the time of dumping {37 000 TBg) was approximately 2.4 times smaller than
reported in the "White Book”. In the case of the Lenin icebreaker (installation OK-150), the
estimated total activity at the time of dumping was underestimated in the White Book by almost
a factor of four, whereas, in all cases for nuclear submarines, the estimated total activity at the
time of dumping was overestimated by factors ranging between 3 and 3.

* Close to 60% of an active core of one of the Lenin icebreaker reactors was placed in a special container and was
durnped (0.6 reactor).
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TABLE IIL THE INVENTORY OF ACTIVITY /N REACTORS DUMPLED IM THE KARA SEA

Site Year of Factary Numbet of reactors Total activiry TBq (kCi)
durping number ) .. . b
Without spent Containing spent White Book [ASAP study
nuciear foel nuciear Luel .
At the time of At the time of 1993704
dumping dumping
TBg (ki) TBg  (kCi) TBg  (kCi)

Abrosimov Fiord 1965 (Ma. 285 i 1 30 000 {807y 11610 (313.8) 655 (177

{Ma. 901} - 14 R00 (400 2045 {6 727 {19.7)

(Wa. 254) 2 - 500 {14} 93 (2.5 9.5 (0.3

1968 (Mo, 260) 2 - 500 {143 44 (1.2 51 (0.1

Tsivolka Fiord 1967 {OK- 150} 3 0.6 5 500 {1500 19352 (528.4) 2200 (59.5)

MWovaya Zemlys 1972 {Ho. 4213 - 1 29 609 (B0 1048 (233} 193 (7.9}
Depression

Stepovoy Fiord 198] Mo, 601} - 2 T400 (2000 1720 {46.5) E13 {227

Techeniye Fiord 1088 (Mo, 538) 2 - 500 (14 & (02 51 {1

Total 10 G.b g8 800 {24007 374019 (locas) 47327 {12600

* The spent nuclear fuel was nat contained in the naval reactor, but in a remmforced concrete and metal container.

b Fission products as in the White Book, activation products estimated on the basis of the White Book as follows: total content of activation products io reactors without spent
nuclear fuel pot roce than 100 &Ci {3700 TBg), 50 kCi of which was in three reactors of O¥-150. Thus, the remaining seven reactors contained et more than 7 kCi cach,



3.2.4. Data quality

The mformation received by the IAEA is heterogeneous due to the different ways in which
recerds on dispesal operations have been kept in different conntries. Usually an indication of the
date of the disposal operation as well as of the location of the disposal site, in geographical co-
ordinates, is given. The type, number and weight or volume of the disposed containers is reported.
The weight or volume is representative of the disposed containers but not of the radioactive waste
iself. Total alpha and total beta-gamma activities of disposed wastes are reported. In addition,
some countries have provided more detalled information on radionuclide composition of the
wastes. Some of the data from a few other countries are more extensive in terms of radionuclide
compositon. Thus mformation is contained in the database, although not fully presented in this

repoit.

With respect to the information on the Arctic Seas dumping provided by the Russian
Federation, the total activity of solid low leve! wastes is given in "curies of *"Sr equivalents",
These values are reported to have been obtamed as follows: the gamma radiation dose rate of each
waste package was converted to **Sr equivalents using an empirical relationship which is based
on the radionuclide content of a standard package and the ratios of the maximum permissible
concentration of different racdionuclides in drinking water to the maximumn permmssible
concentration of *Sr.

4. SUMMARY OF SEA DISPOSAL OPERATIONS OF RADIOACTIVE WASTE

This section summarizes the country specific data presented in the annexes. Data contained
in the annexes include all data presented in the earlier publication, IAEA-TECDOC-588 [22] and,
in addition, data on dumping operations carried out by the former Soviet Union and the Russian
Federation provided in 1993 and some supplementary data provided by Sweden in 1992 and the
United Kingdom in 1997 and 1998,

4.1. DISTRIBUTION OF DISPOSAL OPERATIONS — GEOGRAPHICAL AND
TEMPORAL

The first reported sea disposal operation of radioactive waste took place in 1946 and the
latest in 1993, During the 48 vear history of sea disposal, 14 countries bave used more than 80
sites to dispose of approximately 85 PBq (2.3 MC1’) of radioactive waste (Fig. 1, Table IV). An
examination of the quantities of waste disposed of by each country involved (annexes and Table
IV} shows that some countries used this waste Tnanagement option only for small quantities of
waste. Two countries conducted only one disposal operation each and one country conducted only
two disposal operations. On the other hand, five countries used the sea disposal option regularly
for the disposal of large quantities of waste. Figure 2 summarizes, as a pgreentage, the total
activity of radioactive waste disposed of by countries in the Atlantic, Pacific and Arctic Oceans.

The past dumping operations of radioactive waste can be summanzed broadly as follows
{Table V): close to 53.4% of the activity in the disposed radioactive waste is associated with the
disposal of low level packaged solid waste, of which some 93.5% was disposed of at the North-
East Atlantic dumping sites by eight countries, mainly the UK. Some 43.3% of the activity in the
disposed radioactive waste is associated with the durnping of reactors with spent nuclear fuel by
the former Soviet Union in the Kara Sea. The dumping of low level liquid and solid waste in the
Arctic Ocean makes up less than 1.6% of the total activity dumped. The mventory of waste
dumped into the Pacific Ocean amounts to close to 1.7% of the total activity dumped.

1 mCi=10°Ci.
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TABLE IV, ACTIVITIES OF ALPHA AND BETA-GAMMA EMITTERS AND TRITIUM DISPOSED
OF I\ THE ATLANTIC, PACIFIC AND ARCTIC OCEANS BETWEEN 1346 AND 1993

Alpha Beta-gamnga’ Tritium Tatals Per cent of
lotal actvity

TBqg THq TBqg TBq
Atlantc sites
Belginm 29 2091 787 2120 249
France 85 3435 3335 {42
Germany .02 018 0.z -
[taly .07 11 0.2 -
Metherlands 1.1 335 G0 3361 0.4
Sweden 0.9 2.3 32 -
Switzerland 4.3 4415 3a02 44193 519
UK 631.2 34 4562 16781 350875 41.24
USA 2943 2942 344G
Subtotals 575.13 44 586,50 15562 43 262.05 5320
Arctic sites
Former Soviet 38 369.1 38 2369.1° 4310
Union
Russian 0.7 0.7
Tederation
Subtotals 38 369.8 3B 369.8 45,10
Pacific sites
Japan 0.0 1507 15.08 0.02
Korea, Rep. of NI*
Iwew Zealand 0.01 1.03 1.04 -
Russian 205 2.05 -
Federation
Former Soviet 873.6 873.6 1.0
Union
USA 55425 554.25 0.66
Subtotals &4.02 1446.00 1446.02 1.70
Totals (All B5 077.87 10000
Sites)

~ 85078

* Trdum actvities are included in the beta-gamma values.

" For solid packaged low level waste, activity is expressed as **Sr equivalents.

* No information available in tertns of activity disposed of by the Republic of Korea,
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TABLE V. DISTRIBUTION OF ACTIVITY (TBq) FOR DIFFERENT TYPES OF WASTE
DUMPED IN THE WORLD'S5 OCEANS

|[ Per cent

Waste rype Atlantic Pacific Arctic Totals of total
activity

Reactors with Nil 36 876 16 876 4334
spent nuciear .
Fiel Nil

'
Eeactors 1221 166 143 1530 1.80
without spent
nuctear fuel
Low level sohd 44 042.5 3209 5854 45 448 8 5342
waste

| Low level hquid <1001 4585 7647 12232 1.44

‘ waste
Total 45 283.5 14454 3% 3691 B3 078.0
Per cent of total 53.20 1.70 45.10 10600
actevity

14
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The temporat distribution of the dumping operations is shown in Figs 3-5. The dumping at
the Worth-East Atlantic site (Fig. 3) started at a very low level 10 1954 {0.02 PBg), increased
gradualiy and was at its highest level of almost 7 PBq in 1980, shortly before the moratorium on
low level radicactive waste disposal was introduced.

The temporal distribution of disposal of solid packaged and unpackaged low and intermediate
level waste (without nuclear reactors and without spent fuel) into the Arctic Seas is presented in
Fig. 4. The disposal started in 1964 and the annual actvities remained less than 40 TBg until
1982 when a peak of more than 75 TBq was reached. The last high peak of near 70 TBqg occurred
in 1988, The temporal disinbution of disposal of liquid low level waste into the Arctic Ocean is
presented wn Fig. 3. It started 1 1959 and continued unhl 1992, Two preminent peaks, 350 TBg
in 1976 and 195 TBq1n 1988, dommate the picture. The [ast case of disposal 1n the Arctic Ocean
occurred in 1992 when low level hqind radioactive waste was released by the Russian Federation
inter the Barents Sea [30]. The last case of sea disposal occurred in 1993 when the Russian
Federation released low level liquid radioactive waste into the Sea of Japan [3t]. Solid
radioactive wastes were dumped in the Russian Far-Eastern Seas during 1959-199]. Twao
subimarine nuclear reactors without spent fuel were dumped in area no. 6 (Fig. A.20) in 1971
Two other submarine reactors without spent fuel were dumped 1nt area no. 10 (Fig. A.20) in 1979
[32] The activity 1 the dumped reactors was mainly due to the activation products and according
to the latest studies was close to 78.7 TBq at the time of dumping [30].

42,  RADIONUCLIDE COMPOSITION OF WASTES

in the North Atlantic dumping sites, trithum alone represents one third of the total
activities {see Table IV). Tritiurn, together with other beta-gamma emiiters such as *"Sr, '**Cs,
s, "Fe, **Co, *"Co, '“'I and C, constitutes more than 98% of the total activity of the waste.
The waste also contains low quantities (less than 2%) of alpha-emitting radionuclhides, with
plutonium and americium isotopes representing 96% of the alpha-emitters present [58].

The initial information on the radionuchde composition of waste disposed of by the
former Soviet Union is presented in the 1993 "White Book" and concerns only the reactor
compartment of the nuclear icchreaker Lenin at the time of disposal. It includes estimations for
the reactor cormnpartment with three nuclear reactors without fuel and for a special container with
damaged spent nuclear fuel from one of the iccbreaker reactors (nearly 60% of the total fuel
toading). Table A.17-a indicates that radionuclides present in the special container include '¥'Cs,
#Sr, ®*Pu, *'Am and *“Cm. The activity of the fission products was 3.7 PRq, primarily *Cs and
*'Sr, and of the actinides, approximately 0.07 PBqg. Table A 18-a indicates that the primary
radionuclide m the reactor compartment of the icebreaker is “'Ca [30]. The results of the special
analysis of radionuclide composition performed by the Source Termm Working Group is
summarized in Tables A.17-b and A 18-b. The activities of radionuclides in the reactor
compartment and special container with damaged spent nuelear fuel {SNF) from the Lenin were
calculated to be approxamately 17.41 PBqg of fission products, | .87 PBq of activation products,
and 0.27 PBg ot actimdes at the time of dumping. The current activity in dumped reactors and
fuel containers as of 1994 was estimated to be 2.2 PByg. Similar calculations were performed by
the TASAP group for all dumped reactors in the Kara Sea [57]. A special analysis related to the
durnping operations and inventory of four reactors without spent nuclear fuel dumped in the Sea
of Japan in 1971 and 1979 was carned cut by Y. Sivintsev and O. Kiknadze of the Russian
"Kurchatov Institute Research Centre”, the results of which were published in 1997 [32]. The
study suggests that the total activity of activabion products in dumped reactors exceeds the
corresponding estimate given in the White Book [30] by nearly 100 nmes.



Bi

'3|'|'|'|'_T'|li 1

1950 52 54 56 58 60 62 64 66 68 TID 72 T4 76 78  BO
Year

FIG. 3. Temporal distribution of radioactive waste disposads af the North- Fast Atlantic Ocean dump sites,

82




|

80

70

60 —

50 —

1964 66 68 70 72 74 76 78 80 82 84 86 88 80 92
Year

FIG. 4 femporal distribution of fow and imtermediate fevel solid waste disposals in the Arctic Qcean (spent muclear fuel pot included).



TBq

350

195

40

20

10 -

1959

61

63 65 67 69 74 73 75 77T 79 81 B3 85
Year

FIG 3 Temporal disiribution of low Jeved liguid waste disposals in the Arctic Ocean

87

89

91




[12]

[13]

[14]

(i3]

REFERENCES

UNITEDR NATIONS, Conference on the Human Environment, A/Conf. 48/14 and Annex
IIT, UN, Stockholm {1972).

INTERNATIONAL MARITIME ORGANIZATION, International Conference on the
Convention on the Dumping of Wastes at Sea, London 30 Oct—i13 Nov 1972, Final Act
of the Conference with Attachment Including the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter, IMO, London (1972).
INTERNATIONAL ATOMIC ENERGY AGENCY Convention on the Prevention of
Marine Pollution by Dumping of Wastes and Other Matter, Provisional Definition and
Recommendations Conceming Radicactive Wastes and Other Radioactive Maiter
Referred to in Annexes [ and [f to the Convention, IAEA INFCIRC/205/Add.1 (1975).
INTERNATIONAL ATOMIC ENERGY AGENCY, Convention on the Prevention of
Marine Pollution by Dumping of Wastes and Other Matter, the TAEA Revised Definition
and Recommendations Conceming Radicactive Wastes and Other Radioachve Matter
Referred to in Annexes [ and IT to the Convention, JAEA (1978}

INTERNATIONAL ATOMIC ENERGY AGENCY, Definition and Recommendations
tfor the Convention on the Prevention of Marine Poliutton by Dumping of Wastes and
Other Matter, 1972-1986 Edition, Safety Senes No. 78, TAEA, Vienna (1986).
INTERNATIONAL ATOMIC ENERGY AGENCY, Radigactive Waste Disposal into the
=ea, safety Series No. 5, [AEA, Vienna {1961).

INTERNATIONAL ATOMIC ENERGY AGENCY, Methods of Surveying and
Monitoring Marine Radioactivity, Safety Series No. 11, TAEA, Vienna (1964).
INTERNATIONAL ATOMIC ENERGY AGENCY, Reference Methods for Manne
Radioactivity Studies. Sampling Techmgunes and Analytical Procedures for the
Determination of Selected Radionuchides and their Stable Counterparts 1: Strontium,
Caesium, Cerium, Cobalt, Zinc and Others, Technical Reports Senes No. 118, LIAEA,
Vienna (1970).

INTERNATIONAL MARITIME ORGANIZATION, Resglution LDC.14(7): Report of
the Seventh Consultative Meeting of the Contracting Parties to the Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter, LDC 7/12,
1MO, London (1983).

INTERNATIONAL ATOMIC ENERGY AGENCY, Packaging of Radioactive Wasies
for Sea Disposal, JAEA-TECDOC-240, TAEA, Vienna (1981).

INTERNATIONAL ATOMIC ENERGY AGENCY, Considerations Conceming "de
mimmis” Quantities of Radioactive Waste Suitable for Dumping at Sea under a Suitable
Permit, [AEA-TECDOC-244, TAEA, Vienna (1381},

NTERNATIONAL ATOMIC ENERGY AGENCY, Control of Radicactive Waste
Dhsposal inte the Marine Environment, Safety Series No. 61, IAEA, Vienna (1983).
INTERNATIONAL ATOMIC ENERGY AGENCY, Environmental Assessment
Methodologies for Sea Dumping of Radipactive Wastes, Safety Senies No. 65, [AEA,
Vienna (1984),

INTERNATIONAL ATOMIC ENERGY AGENCY, The Oceanographic and
Radiological Basis for the Definition of High Level Wastes Unsuitable for Dumping at
Sea, Safety Series No. 66, JAEA, Vienna (1984),

INTERNATIONAL MARITIME ORGANIZATION, Resolution LDXC.21{9): Report of
the Ninth Consnltative Meeting of the Centracting Parlies to the Convention on the
Prevention of Manne Pollution by Dumping of Wastes and Other Matter, LDC 9/12,
MO, London (1985).

2]



[16]

{17]

[18]

[19]

[20]

[21]

[22]

{23]

{24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

22

INTERNATIONAL ATOMIC ENERGY AGENCY, Sediment K 5 and Cencentration
Factors for Radionuclides in the Marine Environment, Technical Reports Series No. 247,
[AEA, Vienna (1985).

INTERNATIONAL ATOMIC ENERGY AGENCY, An Oceanographic Model for the
Dispersion of Wastes Disposed of in the Deep Sea, Technical Reporis Series No. 263,
IAEA, Vienna (1986),

INTERNATIGNAL ATOMIC ENERGY AGENCY. Assessing the Impact of Deep Sea
Disposal of Low Level Radioactive Waste on Living Marine Resources, Technical
Reports Series No. 288, JAEA, Vienna (1988).

INTERNATIONAL ATOMIC ENERGY AGENCY, Principles for the Establishment of
Upper Bounds to Doses to Individuals from Global and Regional Sources, Safety Series
No. 92, IAEA, Vienna (1989).

INTERNATIONAL ATOMIC ENERGY AGENCY, Estimation of Radiation Risks at
Low Dose, IAEA-TECDOC-557, Vienna {19%0).

INTERNATIONAL ATOMIC ENERGY AGENCY, Low Level Radicactive Waste
Drisposal: An Evaluation of Reports Comparing Ocean and [and Based Disposal Options,
IAEA-TECDOC-562, Vienna {1990).

INTERNATIONAL ATOMIC ENERGY AGENCY, Inventory of Radioactive Material
Entering the Marine Environment: Sea Disposal of Radicactive Waste,
IAEA-TECDOC-588, Vienna (1991).

INTERNATIONATL ATOMIC ENERGY AGENCY, Risk Comparisons Relevant to Sea
Disposal of Low Level Radioactive Waste, IAEA-TECDOQC-725, Vienna (1993).
INTERNATIONAL MARTTIME ORGANIZATION, Resolution LC.51(16): Report of
the Sixteenth Consultative Meeting of the Contracting Parties to the Convention on the
Prevention of Marine Pollution by Dumping of Wastes and Other Matter, LC 16/14, IMO,
London {1993},

INTERNATIONAL MARITIME ORGANIZATION, Report of the Third Consultative
Meeting of the Contracting Parties to the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter, LDC 3/12, IMO, London (1978).
INTERNATIONAL MARTTIME ORGANIZATION, Report of the Eleventh Consultative
Meeting of the Contracting Parties to the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter, LDC 11/14, IMO, Londoen (1988).
INTERNATIONAL MARITIME QRGANIZATION, Report of the Twelfth Consultative
Meeting of the Contracting Parties to the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter, LDC 12/16, IMO, London (1985}
POVINEC, P.P, et al, Global Marine Radivactivity Database (GLOMARD) —
Radioactivity of the Arctic Seas, Report R4/96, TAEA-MEL, Monaco (1996)(internal
repott).

Information supplied to the International Atomic Energy Agency on 21 May 1993 by the
Russian Federation in accordance with the request of the 15th Consultative Meeting of
Contracting Parties to the Convention on the Prevention of Marine Pollution by Dumnping
of Wastes and Other Matter.

Facts and Problems Related to Radiozctive Waste Disposal in Seas Adjacent to the
Territory of the Russian Federation (Materials for a Report by the Government
Commission on Matters Related to Radioactive Waste Disposal at Sea, Created by Decree
Ne. 613 of the Russian Federation President, October 24, 1992), Office of the President
of the Russian Federation, Moscow {1993).

DANILOV-DANILYAN, V.1, Statement (LC/16/1/4) made at the 16th Consulative
Meeting of the Contracting Parties to the London Convention 1972, 10 November 1993
{1993).



[32]

[33]

[34]
[35]

[36]

[37]

[38]

[3%]

[40]

[41]
[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

SIVINTSEV, Y., KIKNADZE, O, "Inventory of radionuclides in the ship nuclear reactors
dumped in the Sea of Japan" Proc. part 2 of an International Sympesium on Radionuclides
in the Gceans (RADOC 96-97), 1997, Norwich/Lowestoft {1998).

INTERNATIONAL MARITIME ORGANIZATION, Notification of an authorization
1ssued by the Mmistry of Protection of the Environment and Natural Resources of the
Russian Federation for disposal at sea of low level radicactive wastes, LC.2/Circ.324,
MO (1993).

SWEDISH RADIATION PROTECTION INSTITUTE, personal communication, 1952
TITLEY, J.G., et al,, Memorandum-Assessment of the Radiological Implications of
Dumping in Beaufort's Dvke and Other Coastal Waters from the 1950s, NRPB Rep.
No. MB59 (1997).

SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION
{(UNSCEAR), Sources, Effects and Risks of Ionizing Radiation (Report to the General
Assembly, with Scientific Annexes), UN, New York {1988).

SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION
{(UNSCEAR}, Sources, Effects and Risks of Ionizing Radiation (Repert to the General
Assembly, with Scientific Annexes), UN, New York (1593).

UNITED NATIONS, Imstitutional Arrangement for the Implementation of Global
Programme of Action for the Protection of Marine Environment from Land-based
Sources, Resolution 51/189, 51st General Assembly, UN, New York (1996).
SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION
(UNSCEAR), Sources, Effects and Risks of lonizing Radiation (Report to the General
Assembly, with Scientific Annexes}, UN, New York (J982).

GROUP OF EXPERTS ON THE SCIENTIFIC ASPECTS OF MARINE POLLUTION
(GESAMPY: The State of the UNEFP Regional Seas Report and Studies No. 115, UNEP
{19903

INTERNATIONAL ATOMIC ENERGY AGENCY, [AEA Bulletin, 38 | (1996).
COMMISSION OF THE EUROPEAN COMMUNITIES, The Radiological Exposure
of the Population of the European Community from Radiocactivity in North European
Marine Waters, Project ‘Marina’, Rep. EUR 12483EN, CEC (1990}.

SALD, A, Selected Contaminants: Radicnuclides, in UNEP, Technical Annexes to the
GESAMP Report on the State of the Marine Environment, UNEP Regional Seas Reports
and Studies No. 114/2, UNEP (1990).

NUCLEAR ENERGY AGENCY OF THE OECH, Decision of the OECD Council of the
22nd of Tuly 1977 Establishing a Multilateral Consultation Mechanism for Sea Dumping
of Radioactive Waste, QECD, Paris (1983).

NUCLEAR ENERGY AGENCY OF THE OECD, Interim Oceanographic Description
of the Nornth-East Atlantic Site for the Disposal of Low-Level Radicactive Waste, QECD,
Paris (1983},

NUCLEAR ENERGY AGENCY OF THE QECD, Guidelines for Sea Disposal Packapes
of Radicactive Waste, OECD, Paris {(1974).

NUCLEAR ENERGY AGENCY OF THE QECD, Recommended Operational Procedure
for Sea Dumping of Radicactive Waste, OECD, Paris (1979).

NUCLEAR ENERGY AGENCY OF THE GECD, Coordinated Research and
Environmental Surveillance Programme Related to Sea Disposal of Radioactive Waste,
CRESP Final Report 19911995, QECD, Paris (1996).

BAXTER, M. S, et al., "Marine radicactivity studies in the vicinity of sites with potential
radionuclide releases”, Epvironmental Impact of Radioactive Releases (Proc. Int. Symp.
Vienna, 1995), JAEA, Vienna {1995}.

INTERNATIONAL ATOMIC ENERGY AGENCY, Impacts of Nuclear Releases into
the Aquatic Enviromtnent (Proc. Int. Symp. Otamierni, 1975) IAEA, Vienna (1973)..

23



[51]

(52}

f53]

[54]

[55]

(36]

[57)

[38]

24

UNITED  STATES NATIONAL OCEANIC AND  ATMOSPHERIC
ADMINISTRATION, Commumication NOAA 1995,

JOINT NORWEGIAN-RUSSIAN EXPERT GROUP FOR INVESTIGATION OF
RADIOACTIVE CONTAMINATION IN THE NORTHERN AREAS, Dumping of
Radicactive Waste and Investigation of Radioactive Contamination in the Kara Sea,
Results from 3 years of Investigations {1992-1994) in the Kara Sea, Norwegian Radiation
Protection Authonty, Osteras (1996).

PETTERSON, HB.L., et al., Radiomclide Analysis of Samples from the 1994
Japanese-Korean-Russian Expedition fo the Sea of Japan, IAEA-MFEL, Monaco
(1995 internal report).

PETTERSS0N, HB.L., et al, Radionuchide Analysis of Samples from the 1995
Japanese-Korean-Russian Expedition to the Far Eastern Seas, IAEA-MEL, Monaco
{1996){internal report).

INTERNATIONAL MARITIME ORGANIZATION, Resolution LDC.28(10): Smudies
and Assessments Pursuant to Resolution LDC.21(9), Report of the Tenth Consultative
Meeting to the Convention on the Prevention of Marnne Pollution by Dumping of Wastes
and Other Matter, LDC 10/15, IMO, London (1986).

INTERNATIONAL MARITIME ORGANIZATION, Summary of Responses to the
Questtonnamre on Radioactive Waste Disposal: Resolution LDC.28(10), Document
LDC.2/Circ.217/Rev.1, IMO, London (1988).

INTERNATIONAL ATOMIC ENERGY AGENCY, Predicted Radionuclide Release
from Manne Reactors Dumped in the Kara Sea, JAEA-TECDQC-938, IAEA, Vienna
(1997).

NUCLEAR ENERGY AGENCY OF THE OECD, "Review of the continued suitability
of the Dumping Site for Radioactive Waste in the North-East Atlantic”, OECD, Pans
(1985).



Annexes A.1-A.22

INVENTORY OF RADIOACTIVE WASTE DISPOSALS
AT SEA BY COUNTRY

NEXT PAGE(S)
feft BLANK

=



Annex Al
BELGIUM

Disposal period: 19601982
Total number of years of disposal operations; 15

Total pumber of sites: 6

Total number of containers dumped: 55324

Total weight of containers durnped: 2.31 x {0* tons
Total activity: 2.12 x 10° GBq (5.73 = 10* Ci)
Information provided to IAEA on: 14 November 1989
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FiG. A1 Geographical positions of the dump sites, disposal periods and total activity disposed.
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CORORIINATES OEPTH COMNTAINER* Total ACTIVITY H-3
DATE | Latitade Longitude m Packape | MNumber Type helutrix weight Total Alpha  Bela-gamma GBg
t GBq Glig Ghg**
1543 490 o 50'M I o 18'W £3-160 Yy i 2840 5439 259 3130 -
1962 49 @ 50N 2 & 13'W 65— 160 Yes BiC 431.0 1B52.2 22 1850.0 -
19243 45 a2?N 6 a 18'W A100—4R0} Yes L1 TE00 2600 400 22200 -
10657 42 8 50N 14 o 3O'W S200-3200 Yes 1945 M2200 B 3999 0300 EYRH EUOL 0 -
1969 49 @ 0¥N 17 o 5'W 40H1D 4000 Yes 2222 K 2201 B G004 17945 0 g 175750 -
1971 46 @ IFN 17 o I3'W 36004750 Yes 2861 M2 1 B 703.0 S4501.¢ 332260
1948 bA 220 1 c 317095 162290
42 M 400 | B 10730 10460
144 M400 1 { 19240 {850.0
¢ Cwokl O F184.0 -
Subtolsls 5033 [765.4 21094.1) 7030 391.0 G6341.0
1972 45 o SN 17T a 23'W J600—37 5} es 2064 W 2200 1 B 70
I8 m 4k | { -
Subiatal 362 Lz Tid47 4 30 714100 FOA0 D
1973 46 o 18N 17 o 257W I&00. 4750 Yes 2083 MM20 1 B g14.0 a2 Bed 92062
379t bt 220 & C 555 -
136 b 400 | C 0.4 -
145 bd GO0 | c 3298 33228
2 Moo0l C 3.7 -
Subtotal 177 22498 ah193.0 &14.0 G530 624190
1975 46 o 13N 17 @ I3'W 36004750 es 5920 hi22i | (31 296.0 12003591 1119250
127 Ma 1 O 39 -
9 ba 400 | B i110.0 2.0 -
Subtotal #0546 200t.6 1217670 1406.0 120361.0 1119250




T

CO-ORDINATES DEPTLI CONTAINER® Total ACTIVITY H-3
DATE Latitude Longsitude m Package | MMumber Type bedatrix weight Tl Alpha  Beta-pamma Gl
t Gillg Glig iRy
197 46 e 13N 17 & 23'W Fa00—4750 Yes 2887 M2 I 25000 47390 I75554)
2196 b 220 ] c 16942.3 142450
138 Ma | C 407 -
300 Mool ! O (IERE Ma2afr -
Subtotal 551 22427 THIIZY O NG 732321 51800.0
1078 45 g OUN 16 8 45W 3000. 4750 Yes 3761 M220 1 B L4330 120657.0 112357.0
1691 M 220 | C 29EL -
165 b 400 ] C 24050 -
45 kel 4000 | Cm 553.0
48 Mo 1 C 740.0 -
28 1001 Cm 22200
302 Cl5001 Cm 10237.9 -
123 Cls1 P 201 50,2 -
Sublotal G198 NS 1693601 94354 1399251 1 12ZBET.0
1979 46 o 00N 16 & 43W 3900—4750 Yes 1463 r 220 1 B 10241 360408 343170
343 bA 220 ] C £3.1 3957 -
144 M220 1 Cm TR
mn MAOo 1 C 74 B76.9 -
135 MADG 1 Cm 6280 o
Subtotal 2157 §72.0 419358 11764 4(755.2 34817.0




0e

CORORDIMATES [3LPTH CONTAIMER®* Tuolal ACTIVITY F1.3
[DATE Latitude Lengilude n Packape | ™ionber Type Matrix weight Tutal Alpha Beta-gamma {GBq
t Cillq By GlaghY
148 46 e W 16 o 43'W I00-4 750 Yo 3438 M220 1 f1 1868.5 2400183, 0 2350980
m Mz20 1 O 355 490,10 -
Wi MZ220 1 Cm 185.0 —
53 M 400 | C 347.3 108040 (L Grars)
2ad kT 400 1 Cm AO64.0 -
10s Meod 1l O 404 1) -
152 o Cm 74 SR3564.0 192400
il | Cisgal Cm 432490 -
177 13001
Subtotal 5049 15 szan B3%61a.2 22792 R3a337.0 2643650
1981 456 e 40 16 o 45'W 3000-4750 e 3102 M2201 B 25863 14204 3 BI84.3
5 M220 | C 222 0.n -
1716 W 400 1 C i068 4 7104 344
27 b 400§ Om 11470
40 Me00 | C GTT 196.1
1 M1l 333.0
25 C o0 Cin il c] WK
234 1500 Cin G190
1146 15061 P 23750 -
Subicial 5547 445010 1450517 43789 3413758 5320.%
1982 44 o Q0N 14 G 45W F000-47 560 Yom 2984 b 220 1 R 320967 T84 2913
106 p 220 1 C 37 -
19a{ b 4040 | o 21014 1036 i




e

CO-ORDINATES DEFTH COMTAINER" Tuotal ACTIVITY i1-3
DATE Lutituede Laongitude m Packape ] Mumber Type pAatrid weight Tintul Alpha  Bela-pamma Bq
t CiBg {iBq GBRy**
5 m a0 | Cm 3404.0 -
pliY i 600 | C 40.7 g25.0 -
2 M AON | Cm 111.0 -
34 M L2000 C vza.0 -
233 C 13001 {m L5349, -
166 C 15001 P 131424.0 -
Subtatal | 6307 ko 2464005 58388 2407627 120930
Tolal 53324 ST 212332.5 2924260 INOI089 9 TROGET.A
{5.73 < 10" Ciy
* Key for the type of containers and matrix: B: hitumen
0 aonerele
Cm: cernent
kA metpllic
P: polvmers.

** Tritium activities are included in the beta-gammia figures.




Annex A2,
FRANCE

Dnsposal period: 19671569

Total number of years of disposal operations. 2
Total number of sites: 2

Total mumber of containers dumped: 46 396
Total weight of containers dumped: 14 299 tons
Total activity: 3.53 x 10° GBq {9.54 x 10° Ci)
Information provided to IAEA on: 1 June 1989
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FIG. A2 Geographical positions of the dump sites, disposal peviods and total acrivity disposed.
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CO-ORIMNATES

DEPTII

CONTAINER Torl ACTIVITY
DATE Lalitude Langitude Min.  MWax. | Packape | Mumber Type Matrix weight Telal Alpha Beta-gamma
m m t GiRg GiHg {ilig

1967 42 a 50N 14 2 30"W 4500 5310 Yes 0100 hetal #5370 21E360.0 50200 2126400
B Metal Concrete 3470 410.0 40.0 3700
Subiotal 31594 MME4.0 218970.0 59600 2130100
1969 40 5N 17 ad3'W 4000 400 Yeg 14800 10] R 1344210 25160 1310050
Total 46356 141940 3533010 24760 340150

[9.54 = 107 Ci)




Annex A3
GERMANY

Dhsposal period: 1967

Total number of years of disposal operations: 1

Total number of sites: |

Total number of containers dumped: 480

Total weight of containers dumped: 185 tons

Total activity: 2.03 x 10° GBq (5.3 Ci)

mformation provided to IAEA on: 26 September 1990
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FiIG. A.3. Geographical position of the dump site, disposal period emd total activity disposed
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COLORDINATES DEFH CONTAINER Total ACTIVITY
DATE Latitude  Longiede m Packape [Momber Type batrix | weight | Tolal Alpha Bola-gamma
t {iBg iBg GEq
1967 42 o 30N 14 @ 30W | 2300 - 5200 Yes 480 Barrel* Concrete | 13005 203.3 18.5 (&R
£3.5 Ci)

* Rolling hoop harrel, DIN-Standards 6635 and 6636.




Annex A.4
ITALY

Disposal peniod: 19269

Total number of vears of disposal operations: |
Total number of sites: 1

Total number of containers dumped: [(0

Total weight of contamers dummped: 44.74 tons
Total activity: 1.85 x 10° GBq (5 Ci)
Information provided to JAEA om: 18 May 1990
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FIG. Ad. Geographical position of the dump site, disposal period and total activity disposed,
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CO-ORDINATES DEFTH CONTAINER Tatal ACTIVITY
DATE Latidude  Longilude m Package | MNumber  Type Mlatrix weight Total Alpha  Beta-gamma
L GBy GByg Bq
1959 43 a 05N 17 o O3W AU0-A600 Yes o Metal d* Conerete 4. 1850 4.0 G
{3 Ci}

* Type of container: metal drum lincd with concrete,




Annex A5
JAPAN

Disposal penod: 19551969

Total number of years of disposal operations: 12
Total number of sies: 6

Total number of containers dumped: 3031

Total weight of cuntamem durnped: 606.2 10° m’
Total activity: 1.51 x 10" GBq{407.5 Ci)
Information provided to IAEA on: 30 May 1989

FIG. A5 Geographical positions of the dump sites, disposal periods and total aciivity disposed.
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CO-ORDIMNATES DEFTH CONTAINER AUTIVNITY
DATE m Package Muwmber Type* Matrix Total Alpha  Beta-pamma
GRq 3B Ry
1955 34 a 53N 139 @ 25°E 1400-150H) Yos 23 b 200 ) Wiartar T4 - T4
1957 i e 34N 138 @ 32'E 2CHIB=25100) Yes " M 200 hlortar 9.4 - 2846
195% 34 a 42N 139 a 56T 24002800 Yes 11 M 2001 hAortar 29.6 - 206
54 M 2001 1 hAortar 185.0 - 1850
1959 3¢ v 42N 132 a 36 24002300 s 52 M 2001 kortar 2220 - 2730
43 M 2001 kortar 1850 - 1850
1960 4 e 12N 132 & 56'E 24002300 ey 40 M 2060 | kortar 185.0 - 185.0
M ox 4N 139 a 33E 2400-2 800 Yes 70 N 2001 hortar 370.0 -- T
19462 34 5 41'M 13% g 53E 2400-2300 as 1523 M 2001 bortar [323.9 .3 1mie
1963 4 6 427N 139 o 55'L 2402300 Yes 165 M 200 | bortar 2410.0 5.0 24150
1064 J4 a 42N 139 o S6'E 2402800 ey 135 M 200 | hortar 23538 a1 255317
1965 34 a0 42N 139 a 56E 26002600 Yes m 20D Mortar 0072 LR 10064
1967 4 a 41T 139 @ 35'E 26002600 es 225 b 2040 | Muortar 28137 04 ZH13.3
1968 4 a 42N 139 & 56'E 26002600 Yes 230 kg 200 | Mortar 13033 0.0z 13033
1969 34 a8 42M 139 & 56°C 26002600 Yes 245 b 200 | Mortar 27335 0.3 2753.2
Total: 3 606200 15078.9 (A 13066.0
{407.5 Ci)

6E

* Key for the type of contairer: 3M: metal,




Annex A4
REPUBLI{L OF KOREA

Disposal period: 1968-1972

Total number of years of disposal operations: 5
Total number of sites: 1

Total number of containers dumped:; 115

Total weight of containers dumped: 45 tons

Total activity; ? GBq

Information provided to IAEA on: 11 Angust 1989

11440
11840
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FIG. 4.6 Geographical position of the dumyp site and disposal period
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CO-ORDINATES DLEPTH CONTAINER Total ACTIVITY

DATE Latilude Longitude m Package [Mumber Type®  Matrix | weight | Total  Alphe  Rela-pamma
1 Gliyg GEyg GBy

1968 VM e 20N 130 v 44E 21022142 s 21 CLD  Concrels B 2 ? ?

1965 37 a MM 13 & 44C 21922192 Yes 21 CLD.  Concretle & ? ? ?

1970 A7 g 20N 130 a ME 21022192 YVes 23 CLD  Conercte 9 2 ? ?

1971 I oa 20W 130 & 44°F 21922102 Yes a5 C.LD Concrete n ? ? ?

1972 3T 0 PN 530 a 44°F 219221492 ¥es 25 C.L.In  Concrete 10 ? ? ?

Total: s 45

Iy

* Key for the type of container: C.L.[3%: metal druin lined with concrete {200 1).




Annmex A7
NETHERLANDS

Disposal period: 19671982

Total number of years of disposal operations: 14
Total number of sitcs: 4

Total number of containers dunped: 28 428
Total weight of containers dumped: 19 162 tons
Total activity: 3.36 x 10° GBq (9 % 10° Ci)
Information provided to IAEA on: 22 June 1989
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FiG. A 7. Geagraphical positions of the dump sites, disposal periods and total activity disposed,
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CO-ORDHNATES DEPTH COMTAINER Total ACTIVITY H-3
DATE Latinde  Longiode m Package | ™umber Type*  Batrix | weight Total Alpha  DBeta-gamma GBy
t GRq GRq GRg**
1967 42 o 50N 14 o 3w 5200 ¥es - AL C/WC T 2070 73.0 1.0 T0.0 -
19640 49 a 03N 17 o 05w 40004600 ey - PALCAHAC C 3030 10100 104 1000.0 -
1971 46 3 P3N 17 o L5TW 312004100 Yes - MLC/BAC C 3600 T50.0 10.0 40,0 -
1972 46 5N 17 alsW 312004100 Yoy - MLCIMC C G260 20300 - 203406 -
o7 46 e I3™ 17 p25'W 3200 4100 Yes - ML C 6570 1&350.0 - 1R300 -
1074 46 g 15 17 o 23'W 32004100 Yez 118% MLCMC C SQ1.0 280200 40,0 200800 [ 2035600
14975 46 @ 15T 17 a 23'W F200-4100 Yes 2162 MLCNMC [ 1.1} 181500 G0 FS130L0 | 148000
1976 48 @154 17 a 25'W 32004100 Yos 4400 rATECIMAC C 19114 36370 400 IG3300 31000
177 48 a0 16 o 45'W 32004750 Yes 3812 MLCML C kLIEN) 22190 3300 218600 TH0.0
1978 46 adFd 16 453w 32004750 Yes 246 MLOMC [ 15620 ST060.0 1500 5687000 | 174600
(o749 46 adli™ 16 ad43'W I200-47350 Yes 333 MLOMC [ IO 313100 300 32600 [ 114000
1980 4% aldlN 14 o 45'W 32004750 Yes 20 MLOCWC C 153830 19960 0 20,0 193400 38500
TOR1 46 a0 16 p45W 32004750 e a0l% MLCHC C 2063.0 GERAOD 2400 GRECOD 30700
(o082 46 a 00N 16 8 43W J200-4750 Yes 4455 MLC/MC L K1LLTRE S540HLD 1200 552800 [ 177000
Total: 284728 19162.0 J3a0530 11130 3349400 | 94300

(9= 10° Ciy

* Key for the type of containers and matrix:

MLC: metal deam lined with concrete

MCE: monolithic concrete block
0 concrete.

** Tritiom aclivities are included in the bela-gamma figures,




Annex A8
NEW ZEALAND

Disposal period: 1954-1976

Total nurnber of years of disposal operations: 11
Total mmmber of sites: 4

Total number of containers dumped: 9

Total volume of containers dumped: (.62 m® approx.
Total activity; 1.04 x 10° (Bq approx. (28.1 Ci)
Information provided to LAEA on: 23 March 1990
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. c
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FIG. A.8. Geographical position of the dump site, disposal period and total activity disposed.
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CO-DRDINATES DEPTH TONTAINER Total ACTIVITY
OATE Latitude Longitude Packape | Numnber Type Malrix | volume Total Alpha Reta-gamma Ha-220
m ] Cifiq GHy il GiBgimg
1944 Site | 18 Yes 4 Drm - - - - - -
1055 Site | 15 Yes 1 Barrel - - - -
1934 Site 1 13 s 1 Barrel - - - - -
1956 | Site ] 13 es t Barrel - - - - - -
1961 Site 1 18 Yes 2 Tirum - 396 - - - 5my
2 Irum - 150 - - - -
! Waooden Box - - - -
ton Site 2 549 Yus 2 Drum - 306 0.z - - 074
1 Drum - - - - -
Site 3:
1765 | 428 138 176 o WE 2600 Mo 4 Black  Concrete - - - 4mg
Site 4 {arca A
1u67 42 ¢ 15% 175 a O0E 2834 Yes i Dirum Concreote 463 - - 1T mg
Mo i Block Conerets - . - - -
1&72 42 o |5'5 175 0 O0'C 2834 Yes Q Druin Concrate 46.3 1170 - 222
1973 42w 158 175 8 MTE 2834 Yes 2 PIrum Concrete 223 4440 - - -
1974 42 @ 135 175 a OOE 2834 Yo K Dirum Concrete 125 4773 - - R.14
Total: 39 1108.3 1039.0
{28.1 Ci)

Keys for co-ordinates:

Site 2; Six miles south of Baring Heads,

Site 1: Throe miles noth-north wost of Lyttelion Heads,

Rite 3 At a beartng of 135% at a distance of 30 miles from Cape Palliser; disposal from an aircraft.




Annex A9
SWEDEN — ATLANTIC OCEAN

Disposal period: 1969

Total number of years of disposal operations: |
Total number of sites: 1

Total mumber of containers dumped: 2895

Total weight of containers dumped: 1080.3 tons
Total activity: 3.24 x 10" GBq (86.9 Ci)
Information provided to JAEA on: 11 Apni 1990
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FIG. A 9. Geographical pasition of the dump site, disposal period and total activity disposed.
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CO-ORDINATES DEMTH CONTAIRNER Toral ACTIVITY
DATE Latitnde  Longitude m Package | Mumber Type* hatrix weight Total Alphy  Beta-pamma
t GBq GBq By
14965 490 05N 17 adi'W 4000—44600 Ves 120 M2001  Concrete 820 2590 74.0 1850
Yes 2045 M 20!  Concrete NE2.0 27010 3510 1850.0
Yes 3 M2001  Conerete .9 6.3 04 259
Yez 4 M2 Congrets 7.4 969 111 L
Yes 13 M 2001 Concrete T.0 136.5 1.1 1554
Tatal 2853 1088.3 32427 93ta 23051
(B6.9 Ci)

* Key for the type of containers: b metal doum.




ANNEX A10
SWEDEN — BALTIC SEA

Disposal peried; 1959 and 1961

Total number of years of disposal operations: 2

Total number of sites: [

Total number of containers dumped: 230

Total weight of containers dumped. 64 tons

Total volume of waste: 43.75 cubic metire

Total activity: 14.8 GBq (0.4 Ci)

Information provided to TAEA on: 23 September 1992

"+, 54 00
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A

FIG. A.10. Approximate geographical position of the dump site, disporal period and
total activity dispased in Baltic Sea,
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CO-ORDINATLES DLEFTH CONTAINER Total Totul ACTIVITY
DATE Lalilucle Longitude m Fackiee (Mumber Type* Weight Volume Total Alpha  Beta-gamma
1 m’ GRg Glig GRq

1654 200K 2001 air 44,000 4.4

[Abowt 30 km Aboud

South East of 40} Yo

Landsort)
1961 st 2001 4 1.750 104

Tatal 230 L 43,750 14.8
(0.4 Ci)

* Key for the type of containers:  M: metal drum.




Annex A.ll
SWITZERLAND

Disposal period: 19691982

Tatal number of years of disposal operations: 12
Total number of sites: 3

Total mumber of contamers dumped: 7420

Total weight of containers dumped: 5321 tons
Total activity: 4.42 x 10° GBq (11.94 x 10* Ci)
Information provided to IAEA on: 7 July 1989
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FIG. A 11 Geographical positions of the dump sites, disposal periods and total activity disposed
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CO-ORIMMNATES GEPTH CONTAINER Total ACTIVITY H-3
DATE | Latitude Longitude rm Package | Mumber  Type® Matrix | weipht Total Alpha Bcta-gamma CiBg
t GBy  GBy  GBg**
196y 42 a5 17 a25W 40004000 Yes 100 MDLC i 224 12617.0 12617.0
1971 45 @ 13N 17 325W 3600-4750 Yes 150 MDD C
128 MDLC C
Subtatal 278 i7a 13242.3 703 131720
1972 46 a 15N 1T g 25W Jat0—4750 Yes 1075 MO C
45 MDLC C
Subtoial 112G 509 2223740 25900 219780 T040
1974 46 g 15'M™ 17 2 25" 3600-4750 oy 587 MD C
121 MDLC C
Subtolal TO8 500 FiLEE KN B FR440.0) 674140
1975 an e 15N 1T v 23'W JeQ—a750 Yes 200 rAD c
a3 MDLC C
Subtoral 235 207 433566 RGL.G 425500 1572540
1974 46 @ 15N 17 a25'W | 3600 4750 Yos 541 MD Y
30 MDLC c
Subtotal H00 340 274244 5624 26862.0 17501.40
1977 46 o 00N 16 a43'W 3900-4750 Yes 030 D C
82 MDLC C
Subtatal 712 457 352684 3034 349650 133420
1978 45 a 0N 16 0 45W 39004750 Yes 201 MD c
165 MO £
Subtotal il 733 ety 1073 1650941 1443010




i

CO-DROINATES NEFTH CONTAINER Total ACTIVITY H-3
DATE Lalilude  lLongitude ril Packape [ “umbher Type* katrixt | weight Tevtal Alplis  Beta-gamma {ikg
1 Glg By GBgt*

1674 36 a DN 16 2 45%W T4 750 Ves 312 WD C
4 WD <

Subiatal 182 40 63717.7 37 G3714.0 SRGALD
1980 46 00N 16 ad3'W G004 75 Yes su4 rAD e
e oL C

Subtotal 604 m 19303060.0 4.8 19030460 | 18763070
1981 46 add™ 16 ed3'W 300-4750 Yes o7l D C
3% sDLC C

Subtotal T 404 14055560 4070 1405149.0 [ 13321110
1982 46 a MM 16 o 45w 390047510 Yos 8§53 MDD C
132 wWDLC [

Subtotal 1033 847 G4GR0R.0 27001 A4A538.0 490476 0

Total: 470 533 44193415 43179 44150250 | 30022420

(1194 = 10" Ci)

* key for the tvpe of containers and matrix:

hAD: metal drumm

hWIDLC: metal drum Lined with concrate

C: concrate.

* ¥ Tritiuin aclivities arc included in the beta-gamma figures,




Annex A12
LNITED KINGDOM

Disposal penod: 19491982

Total number of years of disposal operations: 34
Total number of sites: 15

Total number of containers dumped: ?

Total weight of containers dumped: 74 052 tons
Total activity: 3.51 x 10" GBq (9.5 x 10° Ci)
Information provided to LAEA on: 5 December 1989

1963 18ed= 1370 1843
e BRER00 GRy | (41730 AT.0Gllg
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5.0 QB ATATELO GHg 270 GRg

L]
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1141, GBy
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1855
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]

FIG. A 12 Geographical positions of the dump sites, disposal periods and roral activity disposed.
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CO-CEDTNATES DEFTH Total ACTIVITY H-3
CATE Lanfude Lomgitufe m Packupe® weight Total Alpha Beta-gmmma GBq
t LiBq By Ghg*r*

1949 df a 30N 13 5 00W 36004000 Yes o 37.0 - 370 -
1540 #9530 218w 465-160 Yes 330 Bl4.40 T4 7400 -
1931 4% @ 507 26 18W f3-160 Yes ES LY 7F03.0 370 6Ga.0 -
550 200 Lo 20'W 2700-2700 Yes i3 22214 370 185.0 -

1942 49 a 50™ 2a 8w 63160 Yes 534 11470 4.0 1073.0 -
1353 S50 08N 128 I0'W 28002800 Yes 5T 148.0 740 740 -
49 @ 50 2o 13w &i-160 Yes Fak 1813.0 370.0 14430 -

1954 49 a SUN 25 18W 65-160 Yes 1145 2886.0 $31.0 2035.0 -
19553 49 o 30N 28 18'W 65160 Ve 1164 2923.0 1295.0 16280 -
J2a 3TN 145w 40004200 Yes 1433 1665 10 444.0 12210 -
1936 49 S0 2a 1AW 65-160 Yes 1038 28440 1628.0 1221.0 -
1957 49 o A0 20 I8W f5-160 ey V53T 2990.0 40330 U570 -
3P 47N 192 30W 3600- 4100 fes 4404 652310 353350 29R%6.0 -




&5

CO-ORDINATES PEMTTI Tatal ACTIVITY H-3
DATE Latitude Longitude m Package* weight Total Alpha  Beta-pamma GBy
t Gilg Cilig At
1058 32 8 42N 19 o 30 3600410 Wes 2674 £5860.0 257150 401450
49w 50N T 1BW GA-160 ¥es Hn 42550 2146 21090 -
1G5 40 @ 50N 2 13'W 65-160 Yos 1198 2E8G.0 L4R.0 27350 -
1960} 40a 50N 20 I3W 65160 Yes 2551 10804 0 2738.0 ROE6.D -
1961 4G @ SN 2e IRB'W 65— 160 Yes 1967 12136.0 7400 113960 -
320 IEN 20 e 05W 21004800 Yes 4560 £1141.0 208310 603104
1962 60 2TN 68 1YW 4200 4600 Yes 253 66600 6290 603140 -
d9 @ 50N 2918w G3-100 Yes 1444 2097 10 185.0 28120 -
63 49 g M 2o IFW £5-160 Yo 1543 1739.0 1110 16280 -
15 9 ITN 6als'W 41044800 ¥es 5809 2752430 136160 261627.0 -
1954 45 a8 27N G oo 360 4 1(HI—4 8040 Yes 43492 5747580 16428.0 5583300 -
1965 a2 s l6'W 19004500 Yes 1759 513116.0 42180 SORRYE.0 -
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CO-ORIMMATES DEFTH Teral ACTIVITY H-3
DATE Latitude Longitude m Package* weight Total Alpha  Beta-gmumg (GRg
t CiBqg GBqg GBqg**
1966 4% a 20N 13 2 16W 1M —4500 Yes 1044 104340.0 28860 101454.03 -
1967 42 @ SN 14 g 30'W 2500 5200 Yes 722 65501.0 33674 2234 0 -
1968 48 @ 20N 13 2 16'W 190045040 Yes 1G4 2796015.0 27047.0 27RE9659.0 -
1969 49 a2 05'N 17 & G5"W 4054600 Yes I57% G65260.0 14430.0 6308300 -
1970 48 o 20'N 13 o 16'W 19004500 s iG74 TEOHO09.0 #621.0 F4H2RE0 -
1971 do @ 15N 17 @ 25'W 320041410 s 1434 J30TE5.0 120300 JIRT550 -
a7z 46, 15 17 0 25'W 32004100 Wes 1585 297510 24934, TR0 -
1973 460 15 17 a 23'W 3200-4100 Yes 1433 4587630 2734340 A3 14200 -
1974 dé e 15N 17 o 25"W 320041010 Yos 1256 3457425.0 147630 34826624 -
1975 468 15N 17 a 25w IH-4100 Yes 1350 19678080 26048.0 194 17600 ERTEFAVEE




LE

COCORDIMATES DEPTIH Trotal ACTIVITY H-3
DATE Lakilude Loengilade in Magkage™ wedg il Total Alpha  Bela-pamma GBqg
t (kg {iBqg Glhig*t
1376 df v 15M 17 @ 25" 2004100 Y¥us 2264 1870430 29195 0 1841750.0 B30 .0
977 46 a2 DN 16 o d3'W 1004750 Yes 2140 2E03116.0 Ra4410.0 2THET6 0 11591360
1978 45 o OO'N 16 @ 45 I200-4750 Yes 20380 25944780 301140 2564360.0 12002000
1970 46 a DO 16 ¢ 457W J20-4750 Yas 2014 10510540 S1097.0 2900957 1 13166670
1930 46 a DIFH 16 g 45 J200—4750 Yes 2693 091190 BG207.0 3024523110 14862530
1981 46 & (H'M 16 a 45" 32004730 Yes 2517 19494150 751840 IBTA2I10 14149010
1932 46 o 0N 16 & 457 IMW—a750 Yes 26407 Ix0rT0.0 457700 Y5594 0 23517040
Total: 24052 I50TIERT N 6262650 IA51318.0 TR 1207 .0
(9.5 = 10° Ci)

* Key for the type of containers and makeix:

most of the packages had an outer shell of sicel,
a small iinerity were monalithic Blocks:
mnst of the packages wore lined with concrete,

** Tritium activities are included in the beta-gamma figures.




Annex A 12-a
TNITED KINGDOM — ADDITIONAL DISPOSAL QPERATIONS
RETRIEVED FROM ARCHIVE

Disposal period: 1948-1976

Total number of years of disposal operations: 29

Total pumber of sites: 18

Total activity: >9.397 x 10° GBq {253.97 Ci)

Information provided to IAEA on: 10 December 1997 and 27 November 1398
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FIG. 4.12-a. Geographical positions of additional dump sites,
disposal periods and total acrivity disposed.
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CO-ORDINATES

DEFTH Total ACTIVITY H-3
DATE Lalitude Longitude bdin, bdax. Package weight Tolal Adpha _'—Hem-gmmtm GBg
m m * t GRq (iBq GBy**
1948-1951] Off Lowestoft as 40 Ligquid waste 7.3 maximum Mot Mot ot tat
(Owiside heming fishing arca) from fish per disposal knorwn kniywn known known
tolerance (exact number of
cxperiments. dispasals ngt
Poured {tum known)
drums
1G4 Mot kinown whether sca Mat IF dumnpred 35,000 faulty Mot ot Between st ot
| dumping actually took place. kacwn at s, lwimintzed knoan ki 093 and known knowrn
Advice was to dump at least 3 miles pribably dials pussibly 1.9 of
uffshore {probably from the less than segled in 2 tadium
Tay Estaary) or to landfill, &0 melres drum ar drums 226 and
progeny
1950- 14957 Unknowi - described as Mt Frobably Considerable Nt Mot Radiwm Mot Mot
"well oyt to sea”, known less than fuantity nf known known 226 and known knuown
probably from the &0 mctres serap radiom progeny
Tay Estuary luminized
dials - type of
packaging
unknown




CO-ORIMMATES DEPTH Tatal ACTIVITY H-3
DATE Latitude Longitude kin. Mdax. Package weight Tatal Alpha Beta-faunma GBq
m m * t (iRq Cibq Glig*s*
1953 Beaufort's ke Prohably Around 1953 Mot Mt ot ™ol certain Mot
{rumber af {exact dumpsite araund &1 300 aperalion comprised knawn known known  but may have 1 known
disposuls atikown metres metres twa bins containing included
uncerntain) rubber gloves and Ca-43
braken glassware
195419560 Mol known for certain. ot Prabatdy Scrap radio Mot Mot Radinm 226 ™ot ot
Thought 1o be in deep known less than valves knrwn known  and progeny, ko known
water ¢lose to Forth Raii 40 believed o be Estimated to
Bridee at Worth mcires in perforated be arpand (1,16
OQueensferry, Firth of drums in the farm
Forth of radium
hromide every
& months
1459 54 5 54N 05 o 20W 200 7 containers .5 Mot Mat Mot Mat
of waste from known known ke known
Scottish
universibics
1957 34 8 56N 05 @ 19W Lo % bins af 0.4 Mot N Mot Mot
wasle from knmwn kvt known Knowin
Edinbureh
LUniversity




9

CO-0ORDINATES DEFTH Total ACTIVITY I-3
DATE Latitude Longitude tin hdax. Package weight Total Alpha Beta-pamma GBy
m m * L By By GBg**
1857 5d @ 56N D5 a 19'W 1M Caesium contaminated 0.3 .32 Mo 932 ™ot
sofids and liguids in knomwn known
4 steeb containers
1957 54 o 56'N 03 & 19'W 110 Twao galvanized 0.1 Mot Mot Mot MNat
cylinders containing known known knowa known
luminized and
other malenal
1957 34 @ 5T 05 a 2I'W 192 1 large corlainer of 0.1 Mot May have Mot Mot
sorap cadio valves known been radivm kneavn Bnown
bromide
1958 Heauforl's Dyke {exact Probably Arond Unkmnown, Mot Wt Mot ot Mot
bocation unknown} arolind 00 Prosumed o be a knowwn ktioaan ko koown known
£0 metres melrcs batch of Faulty
Iuminized
watch dials
1938 S3 @ 3TN 04 a 59" 44 172 Unknown — 2 small | Mot known, bui Mot Mot Strontium 90 Mot
antistatic devices likely ta have been | knpwn krpwn known

thought to have been
dumpid in & container
wilh other waste

fairly light {foil
bonded ko plastic)




9

CO-ORDIMATES DEFTH Total ACTIVITY -3
DATE L.atitude Longitude Min. hdax, Package weight Tutal Alpha Beta-gamna GBg
m m * t (GBq (iBq Glag+
1963 55 o 39N 05 a "W Mt Around Laose rubble X} Mot Tdof Mot ot
known 20 & soil Known raclium known known
26
1966 Bonndary Boundary 54 69 Liguids & | Mot Mot {hrantium- et
6 e 10N 02 4 29'W sludges known known known 81, iron-33, known
s6a 1N 02 a 31'W - 5 &
cobalt-60
19701973 |  Boundary Boundary 25 45 Ligquid eftluent Mot Upto 0.0 Lpta 0.
51 5 41N 01 a 48" peoured inlo known 4900 4500
51 o 42N 01 a So'W vessel wake :
3 e 3N Nl e 437
3 F 3N 0l e 52°W
1972 1974 53 & 31'N 03 e I5W 20 it Sludges poured Lp o 2240 Up o L to 0.0 0.0
It is also possible direct into the {this is the 4400 4400

that 4 small unount
amount of Lhis
mnaterial could have
been dispased of
in tho Morccambe
Bay arza

sca from vessels

raximnm weight
authagized for
disposal -+ actual
amount dumped
unknown)




£y

CO-ORIMMNATES DETTH Tuotal ACTIVITY H-3
DATE Latitude Longitude bdin. kax. Package weight Total Mlpha LBeta-ganms GBq
m m * t {iBq kg il
19741975 Boundary Boundary 50 0 Co-60 in the form Mot 52 0o 52 0.0
53 e 23N 04 o a3'W of a soluble salt koown
530 23'N 04 2 45'W contained in phials
53 9 I9N 04 ¢ 43'W with soluble plugs
i3 a 16N 04 o 43'W
19786 Boundary Houndary 160 200 Hubhle & sail Around 9600 355 355 0.0 0.0
id e IFN 0% a 04'W depositad
i @ 40N a5 a 10'W from vessel

*  Bdost of the packages had an outer shell of slee],
# small minority were monalithic blocks;
emost of the packages were lined with concrete.

** Tritium activitics are included in the beta-gamma figures,

Total >9.397 = 107 OBy (253,97 Ci)




Annex A.13
UNITED STATES OF AMERICA — ATLANTIC OCEAN

Disposal period: 1949-1967

Total number of years of disposal operations: ?
Total number of sites: 11

Total number of contamers dumped: 34 252

Total weight of containers dumped: 7

Total activity: 2.94 x 10° GBq (7.95 x 16* Ci)
Information provided to IAEA on: 27 Qctober 1989

1952-1959
9028000 GBq

- 13511360
Unitad States of
m Amelica [ Tri00.00 GBy /
we | 1952 19531960 |
000 BBy 177£0.00 GBq

1945.1967
e . | 19551961 3145.00 GBg
0551957 / 1110 EBg
= A297 88 1962
N o T4.00 GEg

19551958
e 2442 GBg

FIG A 1L {reographical positions of the dump sites in the Atlantic Goean,
disposal periads and total activity disposed.
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[PATE CO-ORDINATES DEMTH CONTAINER NATUIRE GF WARTE® ACTIVITY
Start End | Latijude Longilude m Packape MNumber RPR SM Yhehd Toral
OBy
1949 1967 | 36 a 56'N 74 e 23'W 1820-1947 Yes 834 Yes 314500
1951 1960 | 3% 2 30N T2 06w 18292800 Yey 14301 Yes** 273Z800.00
1951 1560 | 37 @ 30N e I¥W 1329351 Yes 14300 Yes 0000
Fos2 1959 | 428 255N The 35'W 922 feg 4008 e Yes SOZRO.O0
9353 1957 | 25 40'N 850 ITW o Yes 78 Yes n.o7
1955 1960 off Sapelo lsland 11 Mo-liquid Yes ni9
1953 1961 | 34 @ 32N Th | 40N 19 No Yes 11.10
1955 1962 | Mo 3TN 6o MW &135.-3060 es 1% Yes 24.42
%38 1958 | 27 e 4N 89 a 33W 1829 Yes I Yes 370,00




99

DATFE CO-ORDINATES DEFTH COMNTAINER NATUEE OF WASTEC* ACTIVITY
Start End | Latirade Longilude m Package Mumbcr BERT SM SMM Total
GBg

1350 1360 3o e 2N 45 g 00w IGo0-5280 Yes 432 Yes 1776000

1939 1568 43 a 49N a5 o 00

1962 31T e OON T oa 3T 421 Yog G Yes Td.00

Subtatal; 34282 204216478

(7.95 = 10° Ci)

‘Totals {Atlanlic + Pacific): 1543 3495411 .83

(9.45 = 10" Ci)

Eays o table:

M.Ii.: Radioactivity {5 the cstimated activily at the time of packaging.

*BPFM = hyproduct materials; 38 - source matartals; SNh = special nuclear materaks,
*¢ = ncludes the Svawolf submarine reactor shell, dumped in 1959 estimated activity 1221 Thiq {33000 ).




Annex A.14
UNITED STATES OF AMERICA — PACIFIC OCEAN

Disposal peniod: 19461970

Total numnber of years of disposal operations: 7
Total number of sites: 18

Total number of containers dumped: 56 261

Total weipght of containers dumped: 7

Total activity: 5.54 x 10° GBq (1.50 x 10* Ci)
Information provided to TAEA on, 27 October 1989

o
SERRTAREREY RREREER-> 2o
T AT
o AN

1962-1569
1058.00 £Bq

1682
18.58 Gi5q

o 1960 /
1962

o / 518 GBq 3603.30 GBg
HH

- 19561960 1580
= 3.33 GByg 4.14 GBq
.
HH
-

™

nm f Ty 1955-1958

= [+ 35,15 GBy 1545-1963
1Tk

. 3586.0 GBqg
(k1 J

[§F J

- 19551960 19461570 [ 1359-1952

1m 40,70 GEq 536500.00 GBg| | 1258.00 GBgq
[F ]

1

am

AM

ik

Tam

gt

FIG, A 14 Geographical positions of the dianp sites in the Pacific Ocean,
dispesal periods and total activity disposed.
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DATE CO-ORINNATES DEPTH COMTAIMER MATURE OF WASTL* ACTIVITY

Start Fnd Latirude Longitude m Packaps Number 13k Shl SHM Total

(GBy
1246 1962 33 o 4N 119 @ 35 1529 - [940 ¥s ni4 Yes Yoes 3996 .00
19462 51 o M¥N 136 o 10°W - - Yos kL] - - - 1944
1962 52 @ QSN 140 @ QO — - Yes 4] - - - 1998
1962 47 o 00N 118 o 54'W - Yes 361 - - 303,80
1967 - - 1530 k= 37 - - 44 40
1562 - . : Yes 231 - - - 35T
1044 1970 37 v 2TH 123 & 3TW 86 — 1700 ey 47504 Yoy Y5 Yos 3365000000
1035 1958 42 a 12N 129 @ 31'W 292 = Yoy s Yos 3515
1255 1958 W e 4N I3 @ (5"W 3538 — 4560 Yeu 20 Yes 3515
1455 1960 R a 4TN 135w OW 477 = Yes 20 Yes 40,70
1954 |56 S oa 36N 136 o 03'"W 3341 = Yes 197 Yes Yes 355200
[949 [ 460 21 o 2B 157 o 253'W 3456 < Yors KL Yes 133
[35% 1943 32 o N 121 o 30FW 2210 — 3658 Ycs 4415 Yes Yes Yus 125800
1960 34 o 3N 174 o 52" 487 < Yes T Yes 51804
1960 43 o 52N 127 o 44 290 < Y 4 Yeos 206
1961} 42 un 4N 125 o OI'W oo - 4007 Yes 4 Yesx 3 Q45
196 40 o OTM 135 o M'W 1829 — 19N Yes 20 Y= Y3 514
19462 1469 3 o MM 140 @ 20 4 = Yes 143 Y o5 Yug 1036.00
Subtotai: in2al 554247.05
(150 = 10 Ciy
“Trual {Athantic + Pacific): )543 J496411.83
(945 = 0%

Koys: +BPM = byproduct materials; 5hd = sgurce materials; SMNM = special nuclear matarials.

— = po datp available

hE.: Total activiey is the sstimated activiry al the time of packaging.




ANNEX A.15
FORMER SOVIET UNION — DISPOSAL OF LIQUID RADIOACTIVE WASTE
(LRW) IN THE ARCTIC SEAS

Disposal period: 19591991

Total number of disposal operations: 98

Total number of sites: 5

Total volume of liquid radicactive waste disposed: 190 334 cubic metres
Total activity: 764 TBg (20.650 kCi)

Information provided to IAEA on: 21 May 1993

LT

Araa 1
Area 2 19932-1358
1980-1930 26T THY

aw

AraLd
L1
TT.03 TBy

rm

Russian Federation

N.B. Discharge outside areas 1-5 (co-ordinates not available) = 314.5 TBq (8.5 kCi}.

FIG. 4.15. Geographical positions of the dumyp sites in the Arctic Seas,
disposal period and total activity disposed.
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SUMMARY
CO-0ORDIMATES DEPTH ACTIVITY
AREA Latitude Longilude m THq Ci GEOGRAPHICAL LOCATION
1 TBe ON 45 o UE 180300 235107 6336.00 Barcots Sea {open sca)
e ON 52 s 'E
Jda 0N 48 o OE
4o 0N 2 el
2 Ta ON 43 a ('F. 200 300 123.62 g Barents Sea (open sea)
TTa N 47 ¢ 'E
T2 o 30N 43 p 'E
T2 30N 47 a OE
3 Tr o 45 33 2 I'E 200300 TG 2082.00 Barents Sea (open s&a)
T2 o 45N 3o o I0C
T2 153N I3 o 3'E
T2 a 15N M g 30E
4 &9 a 5I'N 4 15E 100-2030 2.00 54.00 Darents Sca (coustal)
a9 a 51N 14 8 51'E
69 @ 34N 3 a IfE
69 0 34N 34 a 51'C
& 68 o 18N 40 @ 1VE S0-100 11.73 11700 Barcnts Sea {coastal)
6% a 18N 40 7 J0'E
68 2 10N 406 n 13'E
a4 o 10N 40 a I0'E
Tokal Areas 1-5 4449 55 1215000
Chatsicle Areas 1-3 314.5) 500,22 Baltic Sca; Kara Sea
Grand total Ted.05 20650.22
= Thd 206410




IL

CO-DRMMNATES DEPTH YOLUME ACTIVITY
13ATE Latitude Lungituds m m’ ThHq i
Area § 78 5 O'N 48 a 02 180300

8 a PN 52 aQE

74 9 N 48 a I'E

74 o N 52 a OE

Baretits Sea {opety Sea)

968 3530 0o 281
1969 KA FAR 404 109, 5]
1570 2703.0 242 63,47
1072 R50.0 0.22 .40
173 k320 ngl 1200
1975 1947.0 151 34000
19706 150480 233 6300
1977 1a0d.0 253 65.32
1978 400 112 019
1979 & 0 0.44 12.01
1R 15010 Lo 27.06
1952 125040 .25 16800
1983 685.0 2.468 741
(121 3645 195 300 527850
Taotal 14244 Q) 21517 635600




(43

CO-DRINATES DEEFTH VOLUME ACTIVITY
DATE Latiule Lungitude i m' THq Ci
Area 2 Tra ON 410 QE 200300

T O'M 47 a JE

72 8 30N 41 a ('E

T e W™ 47T a O°E

Barents Sea (oper Sea)

1960 Ted.d . 022
1941 9I0.0 6T 16.50
1962 B3N 17 4.61
1943 1054.0 13.25 35815
1964 QL0 5.67 ES3.01
1965 0520.0 3505 6362
12ty 354010 1357 366,84
1967 144.0 i 12 KN I
1960 34160 .92 51.8%
1o 23710 0.76 2045
o772 230.0 .72 19,30
1973 43570 2.83 a6l
1974 Rf45.0 o943 265,70
1975 47200 204 55.27
1974 2291 81 FE.00
19377 41500 1.75 47.35
1980 14050 083 2232
1981 21460 o993 i




&L

CO-OHDINATES DEFTH wLUME ACTIVITY
DATL Latitude Longitude m m TBy Ci
Area 2 {(contd.
1982 1745.4 41 rag
19483 1772.1 D82 26534
1984 51254 §22 222.13
1986 a0 (.39 U3
1987 1740.0 124 34 80
1540 751.0 .01 085
Total 6681 1.0 123.62 334100
Areal 72 e 45N 11 & 30E 200- 300

T o 45N 36 e IR

728 1¥N 3 e 30E

728 15'N 36 @ W'E

Barcnts Sea (opun Sca)

1966 12200 0.22 5.97
1567 5300 0.08 .20
1963 1357.0 0.02 .51
1560 1290.0 o .29
1974 4370.0 156 06,14
1971 0G5 10 013 163
1G72 41010 3.75 101,33




L

CO-URDINATLS DEPTH VOLUME ACTIVITY
DATE Lalitude Longilude m m’ Thq Ci
4
Area 3 {contd.)

1973 1872.0 4.70 129.36
1974 ILE50 1t.89 32130
1975 2310 0.37 15.30
1976 27880 a0 81119
1977 260.0 .06 1.50
i978 S170.0 334 0025
1979 72860 2.90 78.42
1580 30570 1.39 3767
1981 21300 7.44 201 .06
1982 1476.6 0.69 18.52
1983 4720 0.41 11.06
1984 E20.0 0.22 590
1985 2376 4 744 65,85
1986 R70.0 1.0% 29 49
1987 780.0 0.54 14.70
1985 2472.0 1.47 39,76

Total $3300.0 77.03 2082.00
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CO-ORDINATES DEFTH VOLLUMLE ACTIVETY
DATE Latitude Longitude n ' THq L
Aread 69 a 51 3 o t5SE T0C-200

(9 a 51N 342 51'E

G0 p 34N e l3E

&0 n 34N 4 airE

Barents Sea {coastal)
1975 8350 n.23 6.33
1951 Q6.0 L B kR
1984 T40.1) .11 2,78
1984 t410e0 02t 5.74
1957 22110 83 R
1930 8730 .03 1.4
| ¥y 12670 026 112
1491 2632 013 4.00
Teaal 5070 2.00 54.00
Area s 6k a 13N 40 o 13E 50-100

68 & 3N 40 a 38'F

68 a 10N 40 a 13E

68 o 10N a0 I0E

Harents Sea {coastal)

1956 449.0 .04 102
1967 20000 Q.10 269
1968 i400.0 0.06 £33
1969 1500 a.02 {4
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CO-ORDINATES DEFTI VOLUME ACTIVITY
TIATE Latitude Lomngitude m m' THqg i
Arca 5 {contd.)

1970 2257.0 .02 0.56
1971 1549.0 0.3 .41
1372 2560.0 .4 40
1973 2350 0.13 4.00
1974 #38.0 0.03 A7)
1975 1610.0 0.30 516
1476 g3n0 0.41 1E20
1977 &70.0 0.32 BT
1980 R0 .34 8.00
1351 27550 0.78 21.14
1982 18550 1.36 0.7
1983 12470 .83 22.34
1984 1614 .8 1.5 5138
1983 300,58 0.81 21.50
1988 341040 088 2373
1987 20630 0.76 2081
1989 275240 0.4} 11.16
1940 50134 214 5904
1921 2382.3 0.73% 19,61
Total 467720 1173 3lyon
Tedal Areas 1-3 182634.0 449 55 1215000
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CO-ORDINATES

DEPTH YOLIUME ACTIVITY
DATE Latitude Lovgitude m m’ TBq Ci
Discharge ontside Areas 1-5

19539 65 a 44'N 35 o B9E, a0n.0 .00 n.2
Baltic Sea

1960 Mear Gapland 1sland, 1000 ] 20
Laltic Sen

1976 Kara Sea, LRW from nuclear ? 314.50 B506.00

izebreaker "Lenin®
0.0 31450 450022
+7
Grand total 1953340 764.05 2063022
+7 = Tha = B0




ANNEX A6
FORMER SOVIET UNION — DISPOSAL OF LOW AND INTERMEDATE LEVEL
SOLID WASTE IN THE ARCTIC SEAS

Disposal period: 1964-199]

Total number of disposal operations: 46

Total number of sites: & + 3*

Total number of containers dumped: 6508 (excluding dumping of unpackaged objects and ships)
Total volume of solid radioactive waste dumnped: 31 654 cubic metre

Total activity: =585 TBq (=15.502 k(i)

Total number of vessels dumped: 15

Total number of unpackaged big size objects dumped: 153

Information provided to JAEA on: 2] May 1993

| 4 R = = 8 5 ] g 2 = B 3 B B | B
L] E [ ] Y A A 3 1 a a F E E - £ r = [
Area 2
e 10821984
Area 3
19681553 126172 TBq
T5.000 TBg
L E] Amea d Ared 8
1564-1978 1582-1368
85.302 Tq
£8.242 TBg
N Area ¥
Arga & 1972
19431975 %\H.m TBq =4 )
47.351 THg
q
nE
Area 1
Area & 1867-1991
1965-1941 122 17 TBq

14487 TBq QD.
O

Puaelan Feteralion

* Disposal sites outside areas 1-8, activity discharged: 13.28 TBq {440 Ci),

FIG. A 16, Geographical positions of the dump sites in the Arctic Seas,
disposal periods and rotal activity disposed.
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SUMMARY

CO-ORDINATES DEPTH ACTIVITY
AREA Latitude Longitude m TEqg Ci GEQGRAPRHICAL LOCATION
1 T2 a N 57 8 30E 3RG 122,817 3320.00 Fara Sca
Tia 17N 6l @ OF Movaya Semlya Depression
2 T4 @ 40N 5% & 53E 13--33 126,172 3410.00 Scdov Inlet
T4 o 42N G o ITE east const of Novayva Zemlya
3 T4 o 35N 50 a IRE 24 75000 202700 Oga Inlet
T4 0 TH 50w 12E east coasl of Novaya Zemlya
4 T4 @ IXN 3% 0 42B 56-115 o302 268400 Tsivalka lrler
T4 oF 22N 58 2 41'E east coast of Movaya Yemlya
5 72 8 33N 35 @ ME 2527 47,361 1280.04) Stepovay Inlet
72 a 32N 5% @ 23E cast coast of Novaya Zemlya
& T oa 56T 55 a 12E 12-20 24.467 a61.00 Abrosimoy Inlet
M e 56N 55 w I9'E cast coast of Movava Zemlya
7 15 e 400N &3 v 59E 13-16 LT 3 23500 Blapopoluchiye Inlel
east coast of Novaya Zemlya
R 75 a 38N 6a e 20E Lpto 50 68,249 18435.00} Techenive [nlet
73 0 39N &5 o 18°F east coast of Novaya Zemlya
Outside Areas 1 B - > 13280 = 440,00 Morthwest of Kolguyev 1sland;
Harents Sea; Chernaya Bay,;
Tatal =AR5337 = 15902000 west coast of Novaya Zemlya
> 585 = 15902




04

CORORNDINATES LTI b YO TIMI ACLIVITY FORM O DISPOSAL
DATE Latitude Longitude m m' TRy Ci
Containers Shipes Uepackage:]
Area 1, Kara Sea gL
{MNovaya Zemlyus Depression)
1967 T3 a 17N 50 @ 54'E 21200 1.306 35,30 3 pumps of icedwaaker "Lenin”
1967 12 all'M 57 o 30E $10.00 13283 355,00 miv "Diac"
1364 T3 8 06N 59 e 10'E 156,00 0207 5.60 Bargc Mo, 3
1969 144 84 5.890 15020 ? ? 7
1470 T 211N 3w MR [ 4400 ¢.207 360 v ? ?
1972 72 024N ST » SSE 7 54240 16000 Lighter Sayany
1973 T2 023N SHe DE ! ? Tanker THTIS
1474 e ll'N 57 @ A0'E ? ? Tanker "Goryn"
1975 T oo JEN 5% @ 20K SO00.00 1.1 e Lighter Chna
1977 T2 o0 ivN 57 0 A'E £00.00 0.022 060 Lighter L-3
1980 Td e 18N 57 & I6E 243.00 4.381 11240 miv-BH 250
1940 T2 2 ISN 57 8 35'E ? ? ? ? N




I8

CO-ORDIMNATES DEFTH | VOLUME ACTIVITY FORM OF DISPOS AL
DATE Latitudu Longitude m mi Thy i
Cioekners Ships Lnjwickaged
Area 1, Kara Sea (contd.)
1484 72 a ISN 57 @ 30E 295,10 8176 245.00 Coemainers (V¥+)
1984 72 n 15N 57 e I0E 4.00 Q2is 5.80 {Class 11 furfural - acetone resin {V-F)
19%4 72 o 15N 5T o 30°E 1 0.54% 14.30 Primary loop circulating pump
1953 2 821N 57 o SOE 18200 27.315 738,24 1az7 1 large object
L1245 73 o 06N 3 g I0E 69376 18,719 506.99 335
1984 72 8 2I'N 37 v SOE 419,40 54803 | 56 83 i
14987 71 a UTM e IDE 130230 2341 628,14 27 Sieam gencrator, primary loop
circulaling pump
1954 T3 8 06N a9 o 10°E 26 1223 LI 256
1980 T2 8 2I'N T o 50°C 14200 [LE95 2418 57
1941 73 e 1T 59 0 534E 264.40) 0764 20,66 131 I large ohject
1991 T oe 17N 39 a 54E 54.50 0.552 1492
Tulal 16134, 04} 122,817 3320.00 KANE 8 g

* W s desipnated as vessel,




[

CORDRINNATTS DT WOLAME: AV LIVITY TCHERA O ISP S AL

NDATL Lantude Longriud: m m’ TRy Ch
Contaner Ships Llnpackaged
Area 2, Sedoy Inlet 11-33
{eust coast of Novaya Zemlya)
1982 T4 @ d0'M 30 a 53'E g 3700 100 00
1982 T4 040 30 2 35'E 2357 6 a3 573 1718 20 208 91 JK-650 [ hundles
1982 T pd42N &2 a 56'E Ed 2333 G356 182
1982 T4 adl™N 2 a33E a0 4 3TH 1ig 32 230
1443 T4 addM™ 5% e 56T 2EQ S 41 493 112] 44 231
1934 T4 od41M™ oo ITE 136 % 394 172 50 [L15]
1984 M adl™ ata 17N o 0222 a0 & filters
134 TMedl™N 608 ITE 175 1943 52 50 T pes pomary loap
circulatig g
1934 TMed4IN sde IVE 150 9 2107 5721 59 1 steam penerater
T onat 43340 126 172 1410 00 1 IR ins
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CO-OQRDINATES DEPTH | YOLLIMT ACTIVITY FORM OF DISPOSAL
DATE Larituds Langitude m m" TBy Ci
Containers Ships Unpackaged
Arca 3, Ouea Fjord 24
(east cost of Novaya Zemlya)
196% 4 @ 07N 59 0 I2'E 4000 0148 4.00 Barge 58B-5 1 |atpe object
1576 ¥4 3 38N 59 a I5'E 500.0 34373 929.00
| 48 17N 58 o 13E 170.0 0.574 15.50 1 targe ohiect
1930 T4 @ 3N 30 oa 14'E 2870 10.151 274,35 1 large ubjest
1980 T4 a 35N 59 5 14C 0 2.1M 5921 ?
19341 2 7 7 12,915 349,06 Containers, 7 1 large abject
tog3 T o 35N b R 5400 7.597 05,32 212
D83 74 @ 3N 9 al1¥E 5800 7.052 190.60 260
Total 3028.0 75.000 202700 47247 t 4




CO-ORDINATES DUTED | WO ACTIVILY UMM OH DISTORS AL
DATE Lantude Laongrude m m’ TBy i
Contamncrs Ships Unpackaged
Area 4, Tsivolka Fjord 56-135
{east coast of Novaya Zewmlya)

1964 T4 o 22N SR a4l fetl 35163 XY 1607 Laghter "M Plaomaa” I lurge objpect
1965 T4 @ 22H 58 v 4l'E 2660 16652 448 96 1 large obyject
15968 T4 8 1IN 58 8 11E a1 19 Ta4 34017 1 large alyect
LELT T4 a 22N 58 a42E 240 ¢ 13874 37497 1 large ahyect
1967 T4 a 2N 58 s 41E 252 oEd 28 64 1 large ohject
%47 T oe 23T 58 o A2E T2 2856 | 1 large olyect
157 T4 a 22N 58 8 12E 123330 0 dd4 1200 Lighter "Kolezhma"

1973 T4 a 22N 1 438 it §529 230 50 ?

Tutal 33604 99302 | 268400 1600+7 2 f




L5

CO-ORDINATES DEPTII | VOLIME AVTIVITY FORM OF DISPOSAL
NATE Latitude Longituhe m m' TBq Ci
Contabners Ships Vnpachaged
Arca 5, Stepovoy Fiord 25-17
{east coast of Novaya Zemlya)

22 72 8 3N 55 2 33E 1852 6837 184.7% | larpe oliject Fom foa
breaker Lenin
197¢ T30 33N 55 ¢ 1OE 234 L3TEY 3Tiog 1 larpe object
1972 72 e 13N 55 0 26'E 242.0 7.844 212.00 1 large object
1973 T2 0 3FN 55 0 I7E 5320 [PRTEL 3514 1 larpe ohjecs
1975 T2 a 33N 3% p ME 4450 6.91Y 187040 1 largc object

Total 1647.0 47.361 128004 b
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CO-ORIMNATES DEPTH | YOL1IME ACTIVITY FORM OF IMSPOSAL
DATE Latitude  1.onpitude m i m THy e
Containers Ships Unpackaged
Area 6, Abrosimoy Fjord 12-20
{east coast of Movaya Zemlya)
1966 e 56N 558 19E ? T Barge
1967 e 36M 55e2IT ? 0.010 .28 Rarge WTWN 23] 500
1967 714 56™ 35 a0 21'E v 1110 3000 Barge MSM-3T78250 I large crhject
1974 Tl 4 56N 35a21E 3200 R.473 224,00
1977 11 as5%M 3558 I7E 2540 14.31% IRT.00 R
1980 185N 35alE 500 037 10.00 Lightcr L-8711 3 slean gensrioTs
b Targe ohjoct
1981 Ma 56™ 55 a21'E Jozn 0185 5.00 ?
Total 1217.0 24467 &51.00 R+7 4 7




i3

CO-ORIHNATES DEITH | VOLUME ATTIVITY FORM O IHEFOS AL,
DATE Latitude Lowgitude tn m’ ThYq i
Containgrs Ships Unpackaged
Area 7, Blapopaluchiye Inlet 13 16
(cast coast of Novaya Zemiya)
1972 T5 040N 483 0 YE nan %649 234 84 1 large ghicet from 1 enin”

Tl RE] R k449 235.00 1

Arca 8, Techeniye Inlet Lip t2 50

{east coast of Novaya Zemlya)
1982 TéE 0 SEN A6 o MR a3 108G 2%.34 Th
1982 oo 58N &6 @ 0'E R4 0,148 4.0 T
1988 T3 059N Gé o 13E 22940 67.015 181121 Lighter Mo, 4

Toial 404.0 6R 24g 1%45.00 146 1

Chatside Areas 1-8

197% 67 o MI'N 47 0 36'5E 1100.0 1.480 441000 Lighter "Nikel" 7 leads of reactor,
{20 milcs o north-west 3 Fteanm generatons,
af Kulpuyey 1sland) 2 steam reductors,
I steany lube
1721 {“hernava Bay (Movaya Zemalya) - 11.100 3004} 1 L0 (Ship)
? Rarents Sea - =47 =100 Barge with solid BW
in welided hodd
Tonal LRLILIN/ =>13.280 = 440,40
Grand faral a5 = 585337 = 15902 G508 2 14
r 585 16 155




Annex A 17
FORMER SOVIET UNION — OBJECTS WITH SPENT NUCLEAR FUEL
DUMPED [N THE ARCTIC SEAS

Disposal period. 1965-1981
Total pumber of disposal operations:
Total number of sites: 4
Total number of objects: 5 objects (6 reactors and special confainer with spent nuclear fuel)
Total weight: Mot available
Total activity: 36.876 PBq (9906.6 kCi)
(Rewvised information - Annex A.17-b.)
(86.9 PBq {2350 kCi} — initial information, Annex A 17-3]
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FIG. 417, CGreagraphical positions of the dump sites T the Arctic Seas, disposal periods and totaf
activity disposed based an IAEA, FASAP study (1996).
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Annex A F7-a
FORMER SOVIET UNION — OBRJECTS WITH SPENT NUCLEAR FUEL
DUMPED IN THE ARCTIC SEAS': INITIAL INFORMATION

Olject Co-ordinates,? | Depth, | Total activity, Radionuelide Description of
year metres {max.} PBg* content protective harmiers
Compartment <f | 71"56'27 N, 20 9.6 Fission producis | Reactor
NS Number 285 55"18'57 E, {800 kCi} eompartment and
with 2 reactors Abrogimov interior stmctures
{one reactor Fiord, 1965 filled writh furfural
cantaining SNTE) mixture
Compartment of | 71°36°2" N, 0 14.% Fission products | Reactor
NS MNutmnber 901 55718°9" E, (400 kCi) compartment and
{with 2 reactors Abrosimov interior stnucheres
conlaiming SWF} Ejord, 1965 filled with furfiral
mixture
Shielding 7473217 N, 49 3.5 13Cs (1.85 SNF residue bound
assemibdy of T S (150 kCi PBq), by furfural
reactor from Tsivolka #Sr (1.85 PBg). | mixture, shiglding
muclear Fjord, 1967 Dy, assembly placed in
icebreaker Lerin MaAm, reinforced concrete
with residual BOm (0.7 comtainer and
SMNF (80% of PBqg;) meta! shell
original UQ,; fuel
charge}
Reaciors of NS T30 N, 300 28.6 Fission products | Metal container
Wumber 42t 5810 E, (B0 kCi) with lead shell
{containing SNF} | INovaya dumped along with
Zemlya barge
Trough, 1972
NS Number 601 TR N, 50 7.4 Fission products | Reactor
{with 2 reactors 3370715 R, (200 kCi) compartment and
confaining SNF) Steporvoy nterior structures
Fjord, 1981 filled with furfural
mixtre
Total: 5 objects 1963-1951 E6.9
with 7 reactors {2350 kCi)
containing SNF

b Information from [Ref. 29] and 19%3 White Book [Ref. 30]. For revised information see Annex A 17-b.

* These are the co-prdinates given in the official information provided by the Russizn Federation (White Book)
[30]. The joint Russian-Norwegian tovestigations in the dumping areas [32] showed thal a number of the co-
ordinates of dumped objects cited in the "White Book" are inaccurate. Thus in Abresimov Fierd, two reactor
compartments were discovered at point 71736 4™N 35°18°817E, one reactor compartment at poiml 71°36" 307N
5571371 "E; a submarine in Stepovoy Fjord was found at 72931°33"N 35°33°507E. Work on establishing which
nuclear submarines (factory mumbers) these reactor compartments belong to 13 vel o be completed.

* Expert estimates were tmade at (he lime of dumping, based on pawer generated by NS resctors (12.5 GW. day).
NS = nuoclear submaring.

5KNF = spent nuclear fuel.

39



Annex A.17-b
FORMER SOVIET UNION — OBJECTS WITH SPENT NUCLEAR FUEL
DUMPED IN THE ARCTIC SEAS: REVISED INFORMATION DEVELOPED IS
1996 BY THE TIAEA, JASAP STUDY

Object Co-ordinates' | Depth, Total activiry, Radicnuclide Reference’
and year metres FBq content
Cornpartment of T1%56°2" N, 20 11610 Fizsion produets, Table 9,
NS Number 285 J3"18'5" E, (313.8 kCi) activation IASAP-5
with 2 reactors, Abrosimov products and
jonc Teactot Fjord, 1965 actinides
containing SNE)
Cormnpartment of TI956"2" W, 20 2.946 Fission products, Table 18,
NS Nurpber 901 35°I89™ E, {79.6 kCi) activation JIASAP-5
(with 2 reactors Abrosimov procucts and
containing SWF) Fjord, 1963 actinides
Shielding assembly | 74"22°1" N, 44 19,5352 Fission products, Table 4,
of reactor from 822" E, (528 4 RCD acrivation IASAP-]
nuclear icebreaker Tsivalka products and
Lenin with residual | Fjord, 1967 actinides
ENF (80% of
original 170, fuel
charge)
Reactors of N3 TR N, 300 1.048 Fisston products, Table 12,
Number 421 F8"10° E, {28.3 k(i) activarion IASAP-5
(containing SNF) Novaya products and
Zemiva actinides
Trough, 19532
NS Number 601 F2"317150 N, | 50 1.720 Fission produocts, Table 13,
| iwith 2 reactors S5"HY 15T E, {46.5 kC1i) activation TASAP-G
containing SNF) Stepovoy products and i
Fjord, 13581 actinldes
Total: 5 objects 1963-1981 36,876 i
i reactors and {996.6 kCi)
special confainer
with SNF}

' These are the co-ordinates given in the official information provided by the Russian Federation (White Baok)
[30]. The joint Russian-WNorwegian investigations in the dumping areas {32] showed that a pumnber of the co-
ordinares of dumped objects cited in the "White Book™ are inaceurate. Thus in Abrosimov Fiotd, two reactor
compartments were discovered at point 71°35°44™N 53°1%°B1"E; one reactor compartment at point 71°56'50"N
55*18'T1"E, a submarine in Stepovoy Fjord was found at 72°31733"N 55°33°50"E. Work on establishing which
nuclegr sybtmarines {factory numbers) these reactor compartments belong to is yet to be completed.
1 Reference [57] and JAEA-TASAP-1, 5 and ¢. Working material of the Inlcrnational Arctic Seas Assessment

Project {IASAT).
R

nuclear submarine.

S5MF = spent nueclear fuel.
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Annex A.18
FORMER SOVIET UNION — OBJECTS WITHOUT SPENT NUCLEAR FUEL
DUMPED IN THE ARCTIC SEAS

Disposal peried: 19631988
Total number of disposal operations:
Total number of sites: 3
Total number of objects: 5 ohjects with 10 reactors without spent muclear fuel
Total weight: Not available
Total activity: 0.143 PBq (3.9 kCi)
(Revised information — Annex A.18-b)
[3.7 PBq (100 k(i) - initial information, Annex A [8-a]
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* Co-ordinates cited in the “White Book™ are not cofrect. Approximate lacation of the dump site
Techeniye Fjord is as shown here.

FIG. 418 Geographical positions of the dump sites in the Arctic Seas, disposal periods and total activity
disposed based on I{EA4, IASAP study (1996).
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Annex A.1R-a
FORMER SOVIET UNION — GBJECTS WITHOUT SPENT NUCLEAR FUEL
DUMPED IN THE ARCTIC SEAS!; INITIAL INFORMATION

1
I

Information from 1993 Whire Book [30]. For revised information see Annex A.18-h,

Object Co-ordinates ? Depth, Total activity Radionuclide | Description of
year metres PBg’ comtent protective
barriers
Reactor compartment | 71%5°2" N, 20 Requires Unclear Reactor
ulf N§ hhumber 283 55°18'5" E, special analysis COMTIPATtInent
with 2 reaclars Abrosimov structures
{one reaclor without Fjord, 1965
ENF)
Reactor compartment | 71°35°137 N, 20 Requires Unclear Reactor
of NS Number 234 55932732 E, special analysis Compartment
{with 2 reactors Abrosimeov structures
without SNF) Fjord, 1965
Reactor compartment | 7273627 N, i Requires Unclear Reactor
of NS Number 260 35"18'5" E, spectyl analysis COTMpArtment
fwith 2 reactors Abrogimoy LITETINES
without SMF) Fjord, 1966
Stearn generating T4726'47 N, 30 ~1.9 Mainly ¥Co Biological
installation of 387373 E, {30 kCi) shielding unit
icebreaker Lenin Tsivelka {B-300 steel +
{comprising 3 Fjord, 1967 concrete)
reactors withow SNFE
and with primary
loop pipelines and
water tight stock
equipment}
Reactor cotopaniment | 73%59° N, 35.40 Requires Unclear Meral
of N3 Number 538 618" E, special analysis container with
(with 2 reactors Techenive lead shett
without SNF) Fiord, 1988
[ Total: 5 objects with | 1965-1988 Requires
10 reactors without special analysis
SNF {possibily up o
3.7 PRg (100
| kCi) at time of
dumping)
— I p——.

These are the co-prdinates given it the official information provided by the Ruossian Federation {While Book)
f30]. The joint Russian-Norweglan investigattons in the dumping areas [52] showed thal a number of the co-
ordinates of dumped objects cited tn the "White Book" are inaccurate. Thus in Abrosimoy Fjord, two reacior
compartments were discoversd at point 71°56°44 N 535°18°B1"E; one reactor compartment at paint 71956'50™N
5571871 "E; a submarine in Stepovoy Fiord was found at 72°31733"N 53°33°507E. Work on eslablishing which
nuclear submarines {factory nurnbers} these reactar compartments belong to is vet to be completed. It is obvions
that the coodinare of Techeniye Fjord are wrong in “White Book"™. Approximate co-ordinates of the dump site
Techeniye Fjord are 75°59° N, 667I8" E.

1 Expert estimartes were made at the time of sinking, based oo power penerated by NS reactors (12.5 GW.

day}).
NS = nuclear submarine.
SNTF = spent nuclear fuel.
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Annex A.18-b
FORMER SOVIET UNION — OBJECTS WITHOUT SPENT NUCLEAR FUEL
DUMPED IN THE ARCTIC SEAS; REVISED INFORMATION DEVELOPED IN
1996 BY THE [AEA, [IASAP STUDY

R e — — —
Object Co-ordinates ' | Depth, | Total actviy, | Radiomuclide | Reference °

and year mettes FBy conLent ‘II

Reactor compartmoent of TISGE2T N, 0

NE Number 285 wih 2 55°18'5" E,

Teaclots {one Teachor Abronmory

without SNF) Fjord, 1963

Reaclor compartment of 718557137 N, 20 0003 ACUvaton Table 3,

NE Number 254 5532327 E, (25 kCy) Products IASAP-5

{with 2 reactors Abrosumoy

without SHNF) Flord, 1965

Reactor compantment of T2756'27 I, 20 044 Activahion Table 6, “

NS Number 260 55°18°5" E, {I 2 kC1) Products IABAP-5

(with 2 reactors Abrosimev

withoul SNF) Fjotd, 1966

Steam genetaling Ta"26'4" N, a0

mstallatign OK-150 of 5873773 E,

icebreaker Lerin Tsrvolka

(comprising 3 reactors Fjord, 1967

without SNF and with

pomary loop pipelmes

and water Light stock

equIpInent)

Reactor compartiment of TINEY N, 3540 0 006 Achivation Table 15,

NS Number 538 a6°1%" E, {02 kCi} Products IASAP-5

{with two reactors Techeniye

without SNF} Frord, 1988 I

Total 5 objecis wiuth 10 | 1963-1958 0 143

reactors without SNF (3 9 kLD

' These are the co-ordipates given in the officzal mformanon provided by the Russian Federation {Whuts Book}
[30] The joint Russian-Norwegian myestgalions i the dumpng areas [52] showed that a number of the co-
ordinates of dumped objects cied 10 the "White Book” are maccurate Thus 1 Abrosunove Frord, two reactor
compartments were discovered at pownt T1956'44"N 331881 7E, ope reactor companiment af poant 71°36'50°N
35°18'71"E, a submarnine n Stepovoy Flord was found at 72°317337N 55°33°50"E Wark on establishing which
nuclear submarenes {factory numbers) these reactor compartments belong to 15 yet to be completed  Approx:maie
co-ordinates of the dump site Techenrye Fiord are 75°59° N, 88°18" E

*  Reference [37] - and [ABEA-TASAP-5 Working material of the Internanonal Arctic Seas Assessment Project
{IABAPY

NS
SNF

nuclear submarine
spent nuclear fuel
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ANNEX A.19
FORMER SOVIET UNION — DISPOSAL OF LIQUID WASTE IN THE PACIFIC

Dizposal peniod: 19661992

Total number of disposal operations: 61+

Total number of sites: 2

Total volume of liquid radicactive waste dumped: 123497 cabic metre
Total activaty: 456 TBq (12337 kCi}

Information provided to IAEA on; 21 May [993

L
Mim
THén
R L]
L1
Rl ]
1
1w
4t
-
| -]
R
1t
IF
Lr]
rom

Fussan Fadwratian -
b =
L=
B Ty

M = 'f;*

™ rl

FIG. 4.19. Geographical positions of the dump sites in the Pacific,
disposal periods and torad activity disposed,
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L6

SUMMARY

CO-ORMNNATES DEPTH ACTIVITY
AREA Latitude Lonpiinde [i] TBq i GEQGRAPHICAL LOCATION
1 42 a M 133 o 10'E 12503700 0.056 1.50 Sea of Japan
42 a O™ 134 @ 3I0'E
4l & OM 133 8 1&'E
41 a ™M 134 2 30'E
2 41 & 10N 131 a 1B 29003300 N.033 .91 Sca of Japan
41 & 10'H 134 0 30E
39 o 30N 131 » IYE
30 o IO 134 & 30
3 53 a O'N 148 a INE 7 o.004 G.10 Pacific Qleean
53 a O'N 46 & 401 (east coas! of Kamchatka)
51 & 20 1483 » 10°C
5l a 20'N 146 2 40'E
4 S0 o O 162 8 45'E t 0.00°7 020 Pacific Oeean
50 @ N 161 @ 35E {east coast of Kamchatka)
4% p O'N 162 o 40'E
45 o O'N 161 2 I3E
5 42 o 26N 131 @ 37TC 110013500 4325 115.84 Sea of Japan
42 o 26N 1320 20'E
42 o 17N 131 & 37E
47 5 17N 132 a5 2'E
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CO-ORDINATES {YEPTH ACTIVITY
ARFA Latitude Longitude tn TBy Ct GEOGRAPHICAL LOCATION
& 40 5 55'M 131 a 47C 1900-3300 18.084 435.00 Sea af Japan
41 5 553™ 132a I3E
41 5 43'N 131 a 47E
41 o 45™ 1323 13E
7 32 a 28N 159 @ 02T 148301 300 13.001 352.00 Pacilic Qcean
52 a 28BN 156 ¢ 120 {east coast of Kamehatka)
52 a 40N 159 a 02'E
52 a 40N 153% @ 12'E
o 41 a8 36'N 133 g 22E 32503700 401 0R7 [DEELREE Sea of Japan
41 a 36 PR g 42TS
41 8 4a'™ 133 @ 22E
41 o 46N 134 @ 42'E
Lo 4 o 10 312 135 290% 3300 19,616 536,00 Sea of Japan
41 a 1N 131 e 15'E
4 a 1N 1M e ME
41 & 1N 131 e 35'E
Tuotal 436,413 1233856
= 456 = 12337




Lé

CO-ORIDINATES DEPTH VOLUME ACTIVITY
DATE Lalitude Longiude m m T8y ¥
Area | 3250-3700
. 42 g OW 133 o IDE 1625000 0056 1.500
42 0 0N 134 & 'E
41 a N 133 e IOE
41 ¢ OI'N 132 a W'E
Area l U330t
" 419 10N 133 2 WE 315,00 0.033 0.500
41 2 WON 134 o 30F
3@ 3PN 133 2 IDE
39 4 0N 134 2 30F
Aread 7
* s1alM 148 a LOE 151200 0.004 0.100
Sia 0N 146 m 4D'E
S5te 20N 148 2 WOE
512 20N 146 a 40E
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CO-ORDINATES DEETH VOLUME ACTIVITY
DATE Latitude Longilude m m’ TEq Ci
Arcad 7
* 48 @ ON 161 & 35E 4803.00 0.007 £1.200
500N 162 o 40E
Area § 1 100-1500
1966 42 g 26M 131 @ ITE ? 0.005 (123
42 @ 26N 132 a 20E
1967 420 ITN 131 @ 37E ? 0.006 0. 160
420 ITN 132 & 20E
1968 ? i1 1100
196 2 0.033 0,592
1970 ? 0.067 1.800
197 s 0.057 1.500
1972 2 1,197 32.353
1973 203,00 0967 23,400
1974 G00.00 1.036 28000
1986 13.08 0.006 0150
1986 223.00 - 0.007
1988 130800 0.692 18.700
1990 133.00 0.070
1991 900,00 0.196 3.300
1962 906.00 0.048 1.300
Tatal TR36.00 4,325 116895

* For arcas [—4, year by yoar breakdown not available,




CO-ORDIMNATES DEPTII VOLUME ACTIVITY
DATE Latilude Lunginude m m' ThBg L]
Area b 19003300
1986 41 a 55N 131 & 47E R24.00 1712 g5z
41 @ 35N 132 @ 13E
TURY 41 a 45W 131 a 47E 87200 2072 56.000
dl o 45N 132 e 13E
1987 S04 Ol Y705 47 700
1987 64,00 bBES 50.400
1347 904,00 0.514 1344
1987 ke 00 0096 2600
Total S072.00 13084 479,000
Area 7 14001500
1966 528 JEN 159 & OFE 800.00 0004 0.09%
520 58N 159 o I2E
1067 52a 4N 150 @ O2E SO0.00 (001 02
52 @ 40 159 a2 12E
158 .00 0.002 0032
j3:l30 1200.0H) RENE] 020
1970 ? R 02440
1571 ? 0.044 1IR0
1672 200,00 0.004 0172
1973 3700.00 0189 5008
1974 ? 00052 0.050




001

CO-OR DI AT DM VOLLIRALL ACTIVITY
DATL Laritude Longitude m m Thq Ci
Area 7 (contd.)

1975 £36.00 - 0.009
1rr 1517.00 04035 0950
1378 2334.00 0,150 5.0
1980 2335.00 001t 0.290
1331 153000 0103 2797
1982 2960.00 5.546 149,380
1983 173000 10356 28.542
1984 526,00 0,708 §9.140
1985 a0 n.474 12.810
1986 255000 047 26 446
1987 TEOLO0 L 1ED 3159402
1o8s 123000 b3RT 42,501
1989 1660.90 0402 10,260
1990 £90.00 0.043 1.300
191 SR0.00 0.369 94980
1692 906,00 0.048 1.340

Total 3428900 13.001 352,000

g
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CO-ORDINATES DEPTH VOLUME ACTIVITY
DATE [atitude Longitude m m' TRy Ci
Arca® 3250-3700
1974 41 @ 36N 133 o 27E 2835.00 0.%22 22.212
41 @ 36N 134 o 42E
1975 41 o 46N 133 @ 22E 2028 00 0.128 3450
Al o 46N 134 0 42'E
1576 3630.00 0.483 13.057
1977 221000 0.04 0.376
1978 4124.00 0.739 19966
1984 F500.00 0.121 3.270
1985 299750 7,044 156,490
1986 3608.74 379.264 10250370
1987 2710.00 £.044 217,400
1983 720.00 (387 10.450
1989 1507.00 3.289 £8.900
1990 002 00} 0112 8,440
1991 2034.00 0.155 4,178
1992 1774.00 0.281 7,600
Total 32970.00 401 087 10840000
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CO-ORDINATES LPTH VOLUME ACTIVITY
DATE Latitude Longirude m m’ TBq Ci
Area 10 2000-3300
1979 40 8 1ON 131 & IST 3400 15.208 411037
41 9 10N 1351 6 ISE
1980 40 @ 1N 131" @ 35K 3545.0 1,926 52.051
41 p N 13 @ 35E
1981 4290 0.148 3.99%
1982 2840.0 01502 13.570
1983 3553.6 0.754 10,487
1984 3600 1.278 34,550
Total 1 7608.0 19.816 536.000
Grand total 1234970 436,413 12336.564
Arcas {!-10)
x 454 = 12337




ANNEX A.20
FORMER SOVIET UNION — DISPOSAL OF SOLII
RADIOACTIVE WASTE IN THE PACIFIC

Digposal periad: 19681992

Total number of disposal operations: 152

Total number of sites: 4

Total number of containers dumped: 6642

Total number of vessels dumped: 39

Total number of unpackaged big size objects dumped: 100+

Total volume of solid radioactive waste dumped: 21 880 cubic metres
Total activity: 418 TBq (11,297 kCi)

Type of container: Metallic box with/without matrix

Information provided to JAEA on: 21 May 1993
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FIG. 4.20. Geographical positions of the dump sites in the Pocific disposal periods and
toral activity disposed.
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SUMMALRY
CO-ORDINATES DEFT ACTIVITY
AREA Latitude Longitisde m 'THg i GEOGRAPHICAL LOCATION
6 41 a 55N 131 o 47E 1940 3300 1193949 A227.00 Sea of Japan
41 o 55N 132 2 1YE
41 o 45N 131 o 4TE
41 o 45N 132 w 13'E
& 52 p 28N 159 o Q4'E 20002570 F10LAD2 2001 .65 Pacific (cean
37 o 28N 159 a 1I'E feast coast of Kamchatka)
52 & 34N 159 a 2B
92 o 34N 159 a 1I'E
9 41 2 36N e 2YE 3250370 A2 144 2230.00 Sea of Japan
41 o 36N 134 a 42'E
41 o 46N 133 a 22'E
41 a 46'™ 134 @ 42'E
i1 40 a 10N 131 & i5F 29003300 105,385 ZE48.00 Sea of Japan
41 o YN 13! & I5F
40 a 1N 131 0 35E
41 a 10'N 131 o 35E Total 41762 11265.65
= 414 = 11297




L1

CO-ORBINATES MEPTE WOHLLME ACTIVITY FORM OF DISIMOSAL
DATF | metucle Longitude m m I'ig 1
Unntamers Shaps UInpackaged
ATea b 2003300

106% o A 1360 o 2100 136

1969 ™o duta 11450 T 7133 200 00 1145

1570 Mo data 693 O ORI 22 TH SLE ]

1971 41 o B3N 131 & 4T'E ZUHD 43 309 13170 530 | NS N 143 KB and

43 04| 1187 &0 {M45 Mo 143 LB Muclcar
Submarue reactors without SME *

1971 Ho data 4R1 0 4 177 111 6 471

1973 Mo dain 10 4514 122 (4} 241

1973 Mo data 5500 2146 SR 00 mA "Lity"

1973 Mo fata Mo ol EQLI Floating cramwe

1486 41 o 50N 121 o 30'E 500 2 60d 7200 a2

1956 41 a2 0% 131 @ 30°E 40 G143 400 40

1946 41 @ 50N 13l s E Mo 0407 1100 Frshig vessel

“Indrp”
1944 41 2 51 132 a OF 1400 4 255 1500 tfv "Kapitan Aron”
1987 41 o 50N 132a 0E 210 I 591 4300 Part of a crane

* Ref [32] Sovimisey, Y, and Kaknadze, O | "Inventory of Radionuclhides 1o the Shup Nuclear Reactors Dumped inthe Sea of Japan”, Proceedings of Part 2 of an
Internaticnal Syrmposium on Radwauchdes m the Qoeans (RADOC D697, Apnl 7-11, 1997, Norwich [ 1998)




01

CO-ORINNATES NEPTH WOLUML ACTIVITY FORM OF ISPPOSAL
DaATE Lattuabe Longmude It w’ 1Eiq C
T ontainers Ships Linpackaged
Aread (contd.)
1987 41 a 50N 132 o VL 200.0 g.629 [FRLL Barac
1987 4] v 30M 132 & °E ELR 03y 14,00 44
1957 41 o 50N 132 o E in 0.037 140 Metal
1957 Al o S0 132 & O 310 | 238 3400 ki
1987 41 o 30N 132 2 O'F 48.0 0.185 500 3z
1984 Al @ 30N 132 o OE 26,0 0253 490 14
44000 119 354 332700 M3 & 4
Area 8 2000-2570
1< M1 dala Gl 4921 133 40 &l
197 Mo duta 20 03Ik 14 06 n
HoF 52 o I8N 13% a &' 1a 518 14 )} 14
1970 32 @ 28N 158 ¢ 1'% 4.0 0232 & 4
1970 52 e 3N 139 a XE 411 (.189 510 4
19740 32 @ 34N 1533 o IT'E 160 0.592 L& 0 15




LOI

CLRORDINATES DEPTH YVOLUMIE ALTIVITY FORM OF LAISTIRAL
IDATE atitued Lungitude m W' g Ci
Containcrs Ships LInpack aped
Area 8 (contd.)
(970 Mo data 160 2331 63.00 16
1971 Mo data 2040 0333 n.00 0
1971 o data 50 2.594 Fi00 3
1972 M dlata 30 141 380 my TSy
1972 Mo daks 14.0 IR 120 4
1973 Mu data BRL G 0.962 26.0M 6l
1974 Mo data 560 0178 4.50 36
1575 Mo datz el 1.739 47.00 fid
1976 N data 270 B.629 17.00 7
1977 Mo dati 250 LATY 41 8 i
1978 Mo data S0.0 1,332 KLALI) 5l
1580 3 @ 34N 1% a2 ¥E it 0 0,599 FT.00 4
1981 52 a 28N 159 0 11T 45.0 LR ] 27.00 43
1982 3 g 3N 159 a 111 3.0 B934 242.00 05
T983 520 4N 159 a 2 a0 1628 44 4 ol
1985 32 o 30N 159 a 4E 820 56,569 153700 51
1986 52 a 3N 159 @ OF 47.0 a7 11.00 41
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L0-0RIDINATES DRI T VOLUME ACTIVITY FOIRM O DIRPIS AL
DATE Eatitude Longilude m w’ Thy i
{inntaimcrs Ships Lingrackaged
Arca 8 (contd.)

1986 52 8 30N 1539 o B'F 5.0 0.294 .04 15

1586 528 31N 15% o 8°F £ 1.143 LR 0 pumps
1584 F2 a3l 150 2 'E 1050 1.665 45,00 104

1o87 520 31N 139 o §°F 50.0 1.517 41.00 50

1987 L 150 v B'E 510 1440 40,00 50

1988 52 o 30N 159 a 8'E 27 0.2%4 £.00 1 pusnp
1088 52 0 30°N 159 a L 0.0 2.1%3 50.00 10 steam generplors
1988 51 v N 159 ¢ L g7 13649 310 97

1589 52w 30N 155 o 'E 4l 0.441 13.00 46

19%49 52 p 30N 15% & ¥E T4 2.590 00 1 protective sereen
1989 52 2 30N 159 a ¥E ki 0031 055 1 pump
FoRG 32 0 10N 15% o ¥E Jo.0 0.629 17.00 Kl¥

193G 2w N 152 o 9E 14.0 0130 15 Gas bags
YR 52 4 10N 159 0 9k 6.0 [.311 %.40 5




600

CORORTHNATIES DEFTI VOLUME ACTIVITY FORM OF DIBMSAL
DATE Lajitade Lavmsitude m m' TEy Ci
Containers Ships Linprack aged
Area 8 {contd.}

19490 2w 30N 59 & OE 0 G481 13.00 12

1990 52e 3N 159 o PE SO0 106 13800 Barge

1990 S2 010N 159 8 UE 550 1073 2000 S

1991 320 I0H 159 o O'E 1.0 D.4%0 13.00 41

1992 52 a 30N 159 a ¥E 46.0 1,444 1200 41

25330 110.6%92 2991.6% 1502 2 G2+




o1l

COWDRDINALES [P VOLUME ACTIVITY FORM OF IHEPOSAL
BATE Latituade Longiude m m fBg 1
Contaimners Shapa Unpackaged
Arca® 32503100

1974 41 o 40N 133 5 30E 14 nxam a0 4

1974 4T & 43T 134 2 41'E 32 0G24 170 32

1974 d1 a d4'N 134 a 2XE 28 004 20 23

1974 41 a 36N 133 v 22E 132 1221 330 Semner Mo 100
1975 41w dl'N 133 & 40'E 4 1332 iAo 4

1975 47 o 0N 134 a I'L 4 Nxl4 224 4

1473 41 o 40N 3da 12 40 104951 2560 4l

1975 41 o 19N 134 & 10K 18 1 {156 2810 I8

1975 41 a 40 133 2 30'E 22 0311 R4 22

1975 41 e 40N 133 a 30E 20 0 962 G0 20

1975 41 o 6N 132 0 22'R 130 0 5% 1o Seimer Ne 5
1975 41 2 6™ 1322 22E a3 0 148 40 63

1475 41 o 16N 132 @ 2202 230 0740 0 Scimer MNe 6
1975 41 o 36N 132 w 22E 2d 0703 1940 Scimer No 4
1975 4l o 1N lid o 4|'E 196 09462 260 Scier Mo 2
1975 4l g AIN 134 2 41'E 154 0592 164 Seiner Mo 3
1975 4] #41I'N 134 & 41T o 0133 15 [}




LIl

CORURDINALLLY DEPTH YOLUME ACTIVITY FORM OF DISFOSAL
DATE L atitude Longitude m m’ Tliq Ui
Coniaincrs Ships [Inpackaped
Area P {eontd.)

1976 41 o 4I'N 133 ¢ WE a0 {1392 16.00 40

1937 41 o 42 133 & 307 46.0 6,068 164.00 46

LU 41 w4l 133 » 27'E 620 LIALR 300 1%

1977 41 & 3TN 33 9 42'E 1740 n.213 fr. 0} Heiner

19477 4] a 3TN 133 o 421 160.0 0.222 6.00 Scincr

1978 Al o AN 133 @ 40'E 290 0407 11.00 29

1978 41 5 40N 133 a 40'F 130 0.o66 18.00 13

1978 4] a 40N 133 2 40F 230 0120 3.40 23

1978 4l @ 43N 133 o 358 20 0.0t 2,50 28

14978 41 1 41N 133 2w 3IE a0 2514 ak.(H) i

1978 41 840%™ 133 2 31E 360 0Xe 7.50 36

1974 4% o 38N 133 » 41'E 330 183 5.00 X

1978 41 0 37N 133 o 421?.. 2350 0,555 15.00 Seiner

1978 41 8 37N 133 n 92°E 1750 0407 11.00 Seinar

1978 41 o 44™ 132 0 26'E 290 0074 26m T

1974 41 a 44 133 o 26E KNI 0155 5.00 e




ZlI

CO-CQHINNA T DEPTH VOLUME ACTIVITY FORM OF LMHSIPOSAL
NaTE .| Laktude Eamigitucle m m' 1Bq i
Comtalpers Shaps Unpackaged
Area 9 {contd.)

1984 4] & 4™ 134w 2% 340 E732 23600 34

1984 41 o 39N 133 a 30E 290 0315 £ 50 249

b A 41 o 38N 133 a 30E R0 03w L 31

|9E5 41 o MW |35 a 307 GO0 0358 o &)

|G85 41 o 40N 133 o 23'E 00 0515 14 (M) miy Ungur
19K5 a1 a ¥ 134 o OT 8O0 0T 2150 R

1985 47 2 41'N 130 IE ing 3am ) £ h1i]

1955 41 o 38N 133 o 25E 580 0122 330 bl

19%a 41 @ 40N 133 & IUE iz0 2 5% Ty iKY i

1984 41 a 407 134 0 18T no 0555 1500 31

984 41 ¢ 167 134 o 1U'E mo 0183 AL 13

1947 4] @ 40N 134 & 20E EYRY) 0 962 2600 4

1987 41 a di'N 134 @ 30E 410 3145 &5 00 28

1947 41 & 6™ 133 » 22T 4740 0 499 1340 Sener
1957 41 a 36N 134 @ J0E 20 0294 500 28

huziner

1958 a1 ¢ 36N 134 2 J0E 20 02064 5 0o

1938 41 o 40'N 134 & 30E 30 0 34




CO-ORTINATIN DEFTT VOLUME AUTIVITY FORM OF DISPOSAL
DATE Latitude - Lohgitude m m’ Tiig Ci
Conlaincrs Ships Unpack aged
Area % (contd.)

198% 4Y o 40N 134 & 3°E 16650 f20 Y100 Tanker-4

LT 41 @ 40™ 134 & 1¥'E 1ol 1.332 ELRLY fiw-%

1983 41 w0 42N 134 a 3'E .0 2.294 62,00 a6

1988 41 p N 134 o 18E 110.0 303 820 427

10RE 41 a 40N 134 a 0E 30 0518 14.00 5

1982 4w 0™ 134w VE KL 13801 37300 Earge

1900 41 o 40N 1340 OE 1140 s 103.00 'Igglnhﬂ;y

1991 41 @ 40 13 v OB 184 052 1.40 14

1991 41 & 4N 13 8 (E 15.0 0.241 650 5 slenm penerators
1501 41 a*Iill]‘N 1% a 0T 21 pumps
1991 41w 40N 133 o MIE 124.0 1461 3950} fi's Onwaxshny

[EED 41 o 40N 133 o 3T 26:d0.0 0537 14.50 Tanker-11

1952 41 a4 133 & 30E 55.0 0.029 (50 41

Tatal 45460 R2.144 223000 1689 20 26

£EIT




¥l

CO-ORDINATES LEPTH YOLUME AUTIVL Y FORM OF DISPOS AL
DATE Latitude Longitude m m’ ThBq Ci
 naiiners lapy Unpahaped
Area 10 2EH3--3300
1978 00 IH 131 0 ISE 31 1.702 46 Submarine reactor
tank (2 pos)
1979 A e YK 131 0 15E 3000 3T 622 10168 { NS ™a, 172 BB and
41. 1K) 11108 [ N&Ma IT2LE
tucicar sulynarine
reactors wWithout SNF *
1979 4l @ 30M  13] @ IFE LT 4623 125 Tanks of rescrvoir
for spent process
channels {2 pes.)
1979 an e 10W 131 & 153'E 162 0.340 a2 Fishing ship
1979 4l w 23N 131 @ 23T 50 155 4.2 42
1974 a0 e 10N 131 8 15'E £ (17605 MLT |
1930 41 0 0™ 131 o0 W'E &R 2 68Y T27 T
1930 41 2 25N 131 5 20E 65 035 0.95 53
19340 a0 e 10N (3 a 15K 200 sl 22 Fishing ship
Tedshum
1950 a0 @ 1N 131 & 15'E 240 11 3 Fizhing ship Tauz
1980 41 29 13l e IFE 3 0007 n2 34
14930 a0 e 100 131 o IRE 284 0133 340 R5-309
5981 40 e 1M 131 o I8 [45 6093 25 Fishing ship Tekeli

* Rel [32] Sivintsey, ¥ and Kiknadye, O, "Inventery of Radionoclides o the Stup Noclear Beactors Dunped in the Sea of lapan”, Proceedings of Part 2 alan,
Intermational Sympozivm an Radipouclides in the Oozons (LADOC 96-97), April T-11, 1997, Narwich {1998).




&TI

CO-ORNINATES DEFTAH YOTAIMIE ACTIVITY FORM O DSPOSALL
DATE Latitwd Longilude m n' Thq Ci
Containers Ships Unpackaged
Area 0 {contd.}

1981 4L o 20H 131 » 26'E 183 3.347 144.5 18R
1981 41 g 0ON 131 @ 26'E T4 g.019 0.5 ag
1451 40 g B0M 131 @ 15°E 472 0250 1.3 - Sciner "Tagil"
1981 40 @ WN 131 2 13E 217 01064 2.8 - =300
|982 41 8 20 131 w 26 40 1.421 ELE ] 40
{952 A e DFN 3I'g IVE 36 .866 214 3o
1982 409 10N 131 e ISC 255 0.263 kA Fishirg ship Troitsk
1982 41 g 20N 131 9 26°E Y 0.004 .62 31
1982 4l p 23N 131 0 2TR 42 0013 0.35 ig
1952 40 10N 131 & I5E 450 0407 ir Fizhing ship

Kasmonavt Yegomay
1953 4l @ 20M 131 @ 26'¢ 107 3415 ) &3 Rezactor §id

{5 pos }

1953 41 2 25 131 0 25E 47 0087 238 47
1983 4l ¢ 25 131 @ 25'E 40% .32 1.6 fefezclium fishing

b lendra e i peralor

ship




QI

CO-ORDINATES DT YOLUME ACTIVITY FORM QOF THSPOSAL
DATE Latitude Longtude: ™ m' TRy Ci
Lontamers Ships Unpackaged
Area 10 {contd,)
1983 40 a 30M 131 a 35E 436 0459 124 Semet "lzvolta”
1984 40 @ 2N 131 0 T LIR 2 B4 2 1o
Total 3072 103 383 2Hag o A E] 11 14
Sulmatal 21ER 417 620 11296 65 G2 ia 100+

{Arens 6-11]

= 418 = 11287




Annex A21

RUSSIAN FEDERATION — DISPOSAL OF LIQUID RADIOACTIVE WASTE
IN THE BARENTS SEA AND FAR EASTERN SEAS IN 1952

‘ Disposal ares Type of dumping Activity
I {co-ordinaies) ]
TBq Ci
it Barents Sea
Area 5' (coastaly 3066 m' LRW 0.666 18
Far Eastern Seas
Area 5, 5ea of Japan 3é m' LRW 0.043 I.3
Area 70, cast coast of Kamchatka %06 m* LRW 0.048 1.3
Area ¥, Seq of Japan 1774 m* LRW 281 T.6
Area £ 52730 N, 159%9 E, east coast of | 46 m* SRW, 41 containers 0.444 12.0
Eamchatka
Atea 9%, 41940 N, 133°30° E, Sea of 2640 1@’ SBW, rapker TNT-71 0.534 14.5 I
Japan
Area ¥, 4190 N, 133%30° E, Sea of 55 m* SRW, 41 conainers 0.019 0.5
Japan
Total by type 6652 m’ LRW 1.043 28.2
270 m’ SRW 0.997 27.0
Total activity 20440 5.2

b Ref Annex A.15, Area 5 {coasial).

! Ref, Anmex A.19, Area Tand 9.

*  Ref. Annex A.20, Area 8.
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FIG. A21. Geographical positions of the dump sites and activity of liquid radioactive waste disposed in 1992

by the Russian Federation in the Bavents Sea and Far Egstern Seas.




Annex A22
RUSSEAN FEDERATTION — DISPOSAL OF LIQUID RADIOACTIVE WASTE
IN THE SEA OF JAPAN IN 1993

1 Drisposal area Type of Radionuciides** | Concentration Tatal activity h
{co-ordinates) dumpinp
BgiL CirL GHy Ci
It o
Arca 6 discharge of Cs-137 12029 325 = 107 1073 0,293
4196 - 42936, liquid
133724 - 134%2°E radioactive Sron 3318 .97 x 10° 796 0.081
wasle i
Co-60 83 2.24 = 107 0.074 Q.002

Total activity = 13.912 GBq (0.376 Ci)
= 0.0139 TByg

*  Based on LC 16774 statement Ref, [31] made on 10 November 1993 by Mr. V.1 Danilov-Danilyan,
Minister of Environmentzl Protection and National Resources, Russian Federation, at the 16th Consulative
Meeting of the London Convention 1972,

=+ SIVINTSEY, Y., DANILYAN, ¥., VYSOTSKII, V., "Envivonmental Impact of Ligquid Radicactive
Releases inio the Sea of JTapan™, Environmental [mpagt of Radicactive Releases {Proc. Int. Symp. Vienna,

1995y, IAEA, Vienna (1995) B20-821.
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FIG A22. Geographa! position of the dump site and activity of liguid radioactive waste disposed
in 1993 by the Russion Federation in the Sea of Japun
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JAEA SAFETY RELATED PUBLICATIONS

TAEA SAFETY STANDARDS
EInder the terms of Anticle TIT of its Statute, the TAEA is anthorized to establish standards
al salety for protection against ionizing radiation and 1o provide tor the application of these
standards to peacetul noclear activities.

The regalatory related publications by means of which the [AEA establishes safery
standards and measures are issued in the JAEA Safety Standards Series. This series
covers nuclear safety, radiation safety, transport safety and waste safory, and also gencral
safety (that is, of relevance in two or more of the four areas), and the categories within it
are Safety Fuondamentals, Salety Requirements and Safety Guides,

&  Safely Fundamenéals (sibver lettering) present basic objectives, concepts and
principles of safety and protection in the development and application of atomic
encrgy [or peaceful purposes,

®  Salely Requircments (red lettering) establish the requirements that wmuost be met to
ensure safely, These requirements, which are cxpressed as ‘shall’ stalements, are
govemed by the objectives and principles presented in the Safery Fundamentals.

&  Safety Guides (green leudeong) recommend actions, conditions or procedunes [oy
mecting salety requirements. Recommendalions in Safety Guides are expressed as
‘should” statements, with the implication that it is necessary to take the measures
recommendoed or equivaicnl alreenative measuees w0 comply with the requircments,

The JAEA's salety standards are not legally binding on Member States but may be adopted
by them, at their own discretion, [or use in national rcgulations in respect of their own
activities. The standards are binding on the TAEA for application in relation to its own
operations and o operations assisted by the JAEA.

OTHER SAFETY RELATED PUBLICATIONS
Under the terms of Articles I and VIILOC of its Statute, the TAEA makes available and
fosters the exchange of information relating to peaceful nuclear activities and serves as an
interiediacy among s members for this purpose.

Reports on sulety and protection in nuelear activilies are issued in other series, in particular
the TAEA Safety Reports Series, as informational publications. Safety Reports may
describe good practices and give practical cxamples and detailed methads that caan be used
to meet safety requirements. They do not establish requirements or make
cecornmendations.

Cher JATA serics that include safety related sates publicutions are the Technical Reports
Series, the Radiological Assessment Reports Series and the INSAG Series. The 1ATA
alzo issues reports on radiolngical aceidents und other speeial sales pubdicaions, Unpriced
safety related publicativns are issued in the TECDOC Series, lhe Provisional Safety
Standards Series, the Training Course Series, the IAEA Services Series and the
Compuler Manual Series, and as Practical Radiation Safety and Profection Manuaals.
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