ui S33u3nb3suoo jpqj sESjsqM 'EJEP sqj jo XJIJEU
-uspijuoo sqj oj snp psjiuiij si sjssj suodBSM
JESpnu JsjEAuspun ptre ousqdsouijB sqj oj snp
sjndui uo UOIJEUUOJUI sqj 'snqj, 'XiJB3J§ SSUBA
jusjsjjip uiojj 3uisuB sjndui spipnu
uo UOIJBUJJOJUI jo A"jiiiqB[iBAB sqx
SAIJOEOIpEJ JOJ EJEp Sqj SJDSJJOO A"l[BDI
-JBUJOjnB AJOUISUJ B SB SUOIJOUnj qDiqM UlSJsAs V

V3vi
PUE apX^ pnj jBapnjvj jo UOISIMQ V3VI
JJBJS B SI UIO|qofs Sp\ pUB 33UBJJ UI 1U3U13UUOJIAU3,| 3p

' i os ajioiEJoqBi jo jaqiuaui JJBJS B si jaui[B3 jp\

-U3UJUIOD3J pUE SUOIJIUIpp 3AI§ pUB S3IpnjS JHO

AJJBD oj S3ijiiiqisuods3j Dijpsds qji/v\ ygyi sqj
psjsiujus 3ABq SUOIJU3AUOD 3UJ, ('9Z JSod 'xoq

JU3UIUOJIAU3 3UUEUI 3qj UI UOIjn|Jod SAIJDBOIpEJ

PUB :E3S sqj ojui s3pi[onuoipBJ jo ssBspj psjip B
oj pB3| XBUI qoiqM BSS JB ssssoj puB sjuspiDDB •

'SUOIJU3AUOD [BUOIJEUJ3JUI /CuBUI UI p3SS3jdX3 SI

•

pmblj SAIJDBOIpBJ I3A3J-MOI p3J|OJJUOD

sqj puB '(DQl) uoiju3Auo3 SuiduinQ uopuoq
sqj 'UOIJU3AU03 B3§ sqj jo MBI sqj SB qons

•sojnos qoB3 joj psjssnbsj UOIJBUJJOJUI Dijpsds
jo JEASUJSJ pidBJ pire S§BJOJS sqj joj A~pjE.red3S
psqsijqBjss ussq SBq sinpoui SSBQBJBP
•sjirejd JBspnu uiojj SJSJBM JBJSBOD ojui

JU3A3jd OJ SUOIJBU XuBUI JO IU30UOD 3qj_

SUUJBD 3UB[doj3B UB jo sso] sqj 'pnj iBspnu Sui
-AJJBO diqs B jo suuBUjqns psjSMod-JBSpnu E SB
qons [3SS3A B jo ssoj aqj 'sjduiBxs joj 'SJEUSIBUJ

•ssjnpoiu sgjqj qjiM psqsij
-qBjss ugsq sBq sseqBjBp pszusjnduioo y

3J|[[3JBS B JO AJJU3-3J 3qj JO 'SUOdESM JB3pnU

•

-DBOlpBJ 13A3J-A\OI JO SUOIJBJsdO (BSOdsip B3S

•SJBU3JBUI JB3pnu SUIUIBJUOD

ISSJSBM 3AIJ

'SUOSUBdlUOD pUB 'SUOIJBjnOIBD 'JU3UJSS3SSB JDBd

-uii ui pspssu UOIJBUUOJUI sqj jo /
puB tuoijBULiojui gjnjnj jo uoisnpui 's

SAIJOBOIpBJ SUIA|OAUI SJUSppDB 3UUBUJ

PUB SSDIJDEjd JSBd UO UOIJBUJJOJUI JO 3§BJOJS

•

:aoj /(jpBdBo sqj SBq ji jcqj os psuuBjd ussq
SBq ujsjs/Cs gq^ "V3VI 3l(J JB psiicjs usaq seq
XJOJUSAUI UB qons dopAsp oj suiurejSoad y

•

puB 1SB3JB jusuiqojBD jpqj uo uoijisodsp B JO
SB3S (Booj ojui sspipnuoipBj jo uoijisodsp josjip
E pssnBO qoiq/w 'jusppDB jXqouj3q3 sqj •
:s3iji[pBj psuoijusui XjsnoiA3jd sqj jo XUB JB
SuiJBUlglJO 'psSBiJDBd XlJEHSn 'SJSBA\ SAIJDEOlpBJ
PA3J-MOI JO JOOJJ UB3DO 3qj UO (BSOdsip 3qj •

aseqeiep
SUOdESM JBSpnU pUB 'SSJJUSD qDJBSSSJ DIJIJ

-OBOIpBJ [3ASJ-MO[ JO 3SB3[3J pS[[OJJUOO 3qj 0

p3pU3UIUIO33J UBqj 3JSBM 3JOUI JO (BSOdsip 3qj

-usps 'sjBjidsoq 'Xjjsnpui 'sjuBjd Suisssoojdsj
'sjUBjd JSMod JBSpnu UKXIJ sjusnyjs pinbij SAIJ

'UISBq OIUB3DO SjSuiS B OJUI

iSutjssj JsjBAvispun Suunp JQ 3JsqdsouijE 3qj
ui J3qjp 'suodBSM jBspnu jo uoisojdxs sqj •
:psqsm8uijsip

JSUIB§B JU3JJ9J3p B SB 3AJ3S OS(B p|HOM AJOJU3A

jo UOIJBSJD sqj ji qjiM jqSnojq SBq 'ssdojosioipBj
jo ssn sqj qgnojqj qojB3ssj puc supipsui

S3JSBM 9AIJ3BO[pBJ JO A~JOJU9AUI UE dO[3A3p

SABq SSJSEM 3SSqj JO 3UIOJS "S3JSBM SAIJOBOIpBJ

-JHOS HE UIOJJ JU3UJUOJIAU3 3UUBUJ 3qj 8UU3JU3

UIEUJ SAIJ

OJ SI XJOJU3AUI 3qj SUIJB3J3 JOJ 3IEUOIJEJ 3qx 'S33

-UO3 OJ §UIpB31 S3IJIAIJDB UBUJnq JO SSUOSSJBO

-ui sqx 'B3S sqj ojui SJSBM SAIJDBOIPBJ S3SB3pJ
qoiqM soijDBJd jusuiaSBUBiii SJSBM XUB jo
jDBduii aqj SUISSSSSB joj Bjcp SJBJHDOB apiAOjd oj
pasn sq UBD qDiq/v\ 3SBq UOIJBUUOJUI UE qsijqBjsa

°J VHVI

Sq UBD JU31UUOJIAU3 SUUBIU 3qj JO UOIJBUIUIBJ

3U

.l pajssnbsj 3Qq sqj 'X(jU333y
'SE3S 3qj JO UOIJBUIUJBJUOO

-JUSUJUOJIAUS SUUBUJ Sqj pSJSJUS

uioiqpfs

OJ pUB 'UOIJBJ3U3S J3MOd JBDUJ33p OJ UOIJBOIjd

anbrniuiOQ Aq

-dB SJI pUB XSJ3U3 JB3|Dnu JO JU3UldO|SA3p Sq I

3AIJDBOIpBJ JO UOIJU3A3jd 3qj §UIUJ33UOD SUOIJBp

duiaq si dseq UO/IBLUJOJUI UB
d}SBM JUdSdjd PUB }SBd JO }3BdiUI 9LJ} SSdSSB

OJ_

lueujuojjAue GUUBLLI eqi Buueiue

FEATURES

the marine environment are well known. The
controlled releases of low-level radioactive liquid effluents from civilian nuclear facilities are
well documented by national authorities.
The United Nations Scientific Committee on
the Effects of Atomic Radiation (UNSCEAR)
periodically reviews the data on radioactive contamination of the environment. In its reports,
data on liquid effluent releases and the results of
radiological impact assessments associated with
these practices are presented, as well as those
connected with the nuclear weapon tests and,
more recently, the Chernobyl accident. The
UNSCEAR documents can be of direct use for
comparative purposes in relation to the various
releases from the nuclear fuel cycle.
Because the sources of marine contamination
due to "sea disposal operations" and "accidents
and losses at sea" are most closely related to the
objectives of the LDC, the eleventh consultative
meeting (1988) of the Convention gave priority
to the establishment by the IAEA of the
databases on these sources. This article presents
a summary of the data collected on low-level
radioactive waste disposed of at sea and on the
accidents and losses at sea reported by Member
States of the IAEA.

Sea disposal of low-level waste
As the first output of the inventory database
the IAEA in 1991 published the document Inventory of Radioactive Material Entering the
Marine Environment: Sea Disposal of Radioactive Waste.* It was presented during the 14th
Consultative Meeting of the Contracting Parties
to the LDC in 1991. This document provides on
a country-by-country basis the information on
the disposal sites and the yearly amounts of
radionuclides disposed of at these locations.
Many different kinds of waste have been
disposed of in the sea. Various amounts of lowlevel radioactive waste have been disposed of at
more than 50 sites in the northern part of the
Atlantic and Pacific oceans. The first sea disposal operation took place in 1946 at a site in the
North-East Pacific Ocean, about 80 km off the
coast of California. The last officially known
disposal operation was in 1982, at a site about
550 km off the European continental shelf in the
Atlantic Ocean. (See map.)

Worldwide
distribution of
reported sea sites
used for disposal
of low-level
radioactive waste

* IAEA TEC-DOC 588, Vienna (1991).
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International legal
framework

The international legal framework related to
radioactive waste practices at sea includes:

Law of the Sea:
The first United Nations Conference on the Law
of the Sea in 1958 recommended specifically that
"the IAEA should pursue whatever studies and take
whatever action is necessary to assist States in
controlling the discharge or release of radioactive
materials to the sea, in promulgating standards, and
in drawing up internationally acceptable regulations
to prevent pollution of the sea by radioactive
materials in amounts which would adversely affect
man and his marine resources".

London Dumping Convention:
The Convention for the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter
(London Dumping Convention, LDC) entered into
force in 1975. The LDC prohibits, inter alia, the
dumping of high level wastes and requires that
low-level wastes be dumped only after a special
permit has been issued. A record must be kept of
the nature and quantities of the matter dumped and
the location, time, and method of dumping.
The LDC entrusted the IAEA with specific
responsibilities, especially to evolve a definition of
high-level radioactive wastes unsuitable for disposal
at sea, and to make recommendations to national
authorities on the issue of special permits for ocean
disposal of low-level radioactive wastes. The IAEA
was mandated to keep its definitions and recom-

During these years, an estimated 46 PBq (1.7
MCi) of radioactive waste originating from research, medicine, nuclear industry, and military
activities were packaged, usually in metal drums
lined with a concrete or bitumen matrix, and
disposed of at sea. The inventory also includes
some unpackaged waste and liquid waste which
was disposed of between 1950 and 1960. Betagamma emitters represented more than 98% of
the total radioactivity of the waste. There were
fission and activation products, such as tritium,
carbon-14, iron-55, cobalt-58 and 60, strontium90, and caesium-137. Of these, tritium alone
represents one-third of the total amount of disposed radionuclides. The waste also contained
low amounts of alpha-emitting nuclides, with
plutonium and americium representing 96% of
the alpha emitters present.
Until 1977, sea disposal operations were performed under national authority. In 1977 the
Council of the Organisation for Economic Cooperation and Development (OECD) started to
co-ordinate ocean disposal operations of its
Member States and set up a Co-ordinated Research and E n v i r o n m e n t a l Surveillance
Programme (CRESP) to keep the suitability of
disposal sites under review. As a result, the
North-East Atlantic dumping site, which was
26
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mendations to limit the impact of the disposal operation under review.

Voluntary moratorium on disposal:
In 1983, during the 7th Consultative Meeting of
the Contracting Parties to the LDC, concern was
expressed about possible damage to the marine
resources due to the dumping of low-level wastes,
mainly by countries that did not have a direct share
in the benefits of nuclear energy. An amendment to
the LDC annexes was proposed to prohibit the disposal of all radioactive waste at sea, and a resolution
calling for suspension of all disposal of radioactive
wastes was adopted. The Contracting Parties finally
agreed on a voluntary non-binding moratorium on
ocean disposal of low-level wastes while awaiting
the conclusions of an inter-governmental panel of
experts to consider the wider scientific as well as
political, legal, economic, and social aspects of sea
disposal of low-level wastes.

Safety Code for Nuclear Merchant Ships:
The International Convention for the Safety of
Life at Sea containing safety recommendations applicable to nuclear merchant ships was signed in
London in 1960. Safety requirements for nuclear
ships came under the responsibility of the International Maritime Organization (IMO) in 1974. The IMO
Subcommittee on Ship Design and Equipment put
extensive and detailed work into the preparation of
a Safety Code for Nuclear Merchant Ships which
was published in 1981.

used until 1982, was surveyed on a yearly basis.
A radiological survey of the Pacific and NorthWest Atlantic Ocean sites is carried out from
time to time by the US and Japanese environmental protection agencies. So far, samples of
sea water, sediments, and deep sea organisms
collected on the various sites have not shown any
excess in the levels of radionuclides above those
due to fallout from nuclear weapon tests, except
during certain occasions when caesium and
plutonium were detected at elevated levels in
samples taken close to packages at the disposal site.
Recently, there have been reports that
radioactive waste dumping has occurred in the
Arctic seas (Barents and Kara Seas). It is alleged
that some of the wastes are high level and that
dumping has occurred in recent years. An official request by the IAEA for information on the
alleged disposal operations and a scientific
cruise planned in the late summer of 1992 is
expected to provide further details on this
dumping activity.
Accidents and losses at sea
Various human activities may, due to accidents or loss at sea, lead to direct releases of
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radionuclides into the marine environment.
These sources and applications can be divided
into:
• nuclear reactors used for the propulsion of
surface ships and submarines;
• nuclear weapons carried aboard surface
ships, submarines, aircraft, and rockets;
• radioisotope thermoelectric generators
(RTGs) used to generate electricity for marine
navigation aids, unmanned weather stations, and
spacecraft;
• sealed radioactive sources used in engineering, construction, oil and gas prospecting and
extraction; and
• cargoes of radioactive materials in transit.
A detailed draft document entitled Inventory
of Radioactive Material Entering the Marine Environment: Accidents and Losses at Sea was
presented during the last consultative meeting of
the LDC. It was based on open literature and
some of the accidents reported have been confirmed officially by the Contracting Parties to the
LDC. It will be finalized when supplementary
information is received. The document presents
a description of the accidents at sea including
locations, quantities of radioactive material involved, and monitoring. (See map.)
The development of nuclear propulsion for
seagoing vessels started in the 1950s, en-

Submarine

Aircraft or rocket

Spacecraft

Cargo carrier

couraged by the prospect of the durability and
independence of the fuel capacity. In the event of
an accident, a range of consequences can be
postulated including the leakage of significant
amounts of radionuclides and, in the worst case,
the loss of a vessel along with its nuclear reactor
on the sea floor.
No civilian losses of nuclear-powered vessels nor accidental leakage into the marine environment have been reported. However, for
military vessels, four nuclear-powered submarines have been officially reported as being
lost in various places in the Atlantic since 1963.
The depth of the accident sites, below 1500
metres, and the technological difficulties involved have not yet permitted the recovery of the
nuclear reactors. The airtight steel shell of the
reactor vessels is designed to contain contamination from either normal or accidental operating
conditions and is expected to limit the amount of
radionuclides released into the marine environment. In addition to the four officially confirmed
losses of nuclear submarines, several other losses have been reported, but not confirmed.
The number of nuclear weapons associated
with the accidents stated above is unknown.
However, nuclear materials used in nuclear
weapons and nuclear weapons themselves have
been officially reported lost at sea following the
IAEA BULLETIN, 3/1992

Locations of
reported accidents
at sea involving
radioactive
materials

27

FEATURES

The IAEA's database will
include information
about losses at sea.
(Credit: CEA)

losses of military aircraft and rockets. One
nuclear weapon has since been recovered, the
others were lost at deep-sea sites and at sites for
which only approximate coordinates are known.
Another type of accident which may lead to
direct or indirect contamination of the marine
environment is one involving spacecraft. Four
nuclear-powered spacecraft have been lost over
the sea. Three of these had RTGs on board containing plutonium-238. One RTG vaporized
during re-entry, causing a widespread low-level
contamination, and two fell into the sea. Of
these, one was recovered without release to the
environment and the other is still on the seabed.
The fourth satellite, containing an enriched
uranium (U-235) reactor, re-entered the earth's
atmosphere due to a malfunction. It is likely that
the reactor core broke into small fragments
which fell into the South Atlantic Ocean.
Sealed radiation sources are commonly used
for a variety of purposes in the offshore oil and
gas industry, such as radiography and bore-hole
logging, as well as marine navigation aids.
Several losses of sealed sources have occurred as
a result of shipping accidents, during transportation or in connection with damage of the drilling
installations. In general, due to the packaging
and the properties of the containment, the
releases will take place over a long period and
the radiological consequences of particular incidents will be relatively minor. In some cases,
sources have been recovered intact although the
recovery was not considered necessary by the
national authorities.
Concern also has been expressed regarding
the safe transport of radioactive materials. Since
28
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1989, the IAEA has generated a computerized
accident and incident reporting system, covering
all shipments of radioactive materials. In the
civilian surface ship category, a civilian carrier
sank with its cargo of nuclear material in shallow
water in 1984. H o w e v e r , it was r a p i d l y
recovered before any contamination of the environment occurred.
Radiological surveys including sampling of
sea water, sediments, and deep sea organisms
near the various sites of the past accidents, mainly those of the submarines, are carried out from
time to time. So far, monitoring data has not
shown any excess in the levels of radionuclides
above those due to fallout from nuclear-weapons
testing, except in certain samples collected close
to the wreck.
Development of the inventory database
The IAEA will make every effort to respond
to the request of the LDC to maintain an inventory of radioactive wastes entering the marine
environment. The database on sea disposal
operations of low-level radioactive wastes will
be completed in the near future, if the alleged
dumping operations in the Arctic Seas are confirmed. The development of the database on accidents and losses at sea needs a serious contribution from IAEA Member States. At present
the inventory contains a great deal of data about
accidents which have been publicly reported, but
not officially confirmed.
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